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PREFACE 
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INTBODCCTlON @J S L W ? Y  

S e v e r a l  of our never  s t a t e - o f - t h e - a r t  f i g h t e r - a t t a c k  a i r c r a f t ,  whi le  
va l l - su i :ed  to the  day 'JXC r o l e ,  c r e a t e  s i g n i f i c a n t  problems f o r  t h e  p i l o t  
&.en f l m n  a t  n i j h t  o r  i n  IYC. Xuch of t h e  problem stems from t h e  f a c t  t h a t  
dssi3ne:s ha-re no: : d e n  i n r o  c o n s i d e r a t i o n  how :he p i l o t  func t ions  o r  what he 
needs i n  o r d e r  t o  naln:aln b a s i c  a::itude awareness .  Thus on one hand,  t hese  
alrcrar ' :  con:ain fed:urei z h i c h  tend to mis lead ,  confuse ,  , o r  d i s o r i e n t  t he  
pllo: ,  sh i l e?  on :he o t h e r  hacd they f a i l  t o  pro.ri.de adequate r e f e r e n c e s  fOK 
co?ing - f o r  mafn:a:ning o r  r ega in ing  a i r c r a f t  at t i :ude awareness.  

i: f ;  our  rzs;onslSl11::r t o  anJ1;r-a t hese  problems,  t o  detzrmine uha:her 
c o s t - e f f e c f i o e  remedies e x i s t  f o r  our  c u r r e n t  f l e e t ,  bu t  perhaps even mora 
:npor:an:ly, t o  insure? t h a t  t hese  problems n o t  be perpe tua ted  i n  fu:ure 
a i r t r a f : .  For, unless :he pr io r i : i e s  a r e  p rope r ly  e s t a b l i s h e d ,  many o f  t hese  
u l t r a - e x ? e n s i v e  a i r c r a f t  and t h e i r  c r e v  w i l l  n e e d l e s s l y  be l o s t  i n  t r a i n i n g  
nishaps. t ha  firs: p r i o r i t y  is a i r c r a f t  c o n t r o l ,  t he  i n g r a d i e n t s  o f  which are 
awareness of  a : t i tude,  al:i:ude, a i r s p e e d ,  and v e r t i c a l  v e l o c i t y .  

This workshop cons ide red  a i r c r a f t  a t t i t u d e  avareness  no: onl:r i n  ths 
cor.;ext o f  spacia? d f s o r i s n c a t i o n ,  i n  which t h e  p i l o t  is aware of  an 
orien:a:lon p rob lea ,  b u t  a l s o  i n  the  c o n t e x t  o f  s p a t i a l  " m i s o r i e n t a t i o n , "  i n  
wnich t h s  a i r c r a f :  has  s u b t l y  a t t a i n e d  a n  a t t i t u d e  o f  which t h e  p i l o t  is  
umsrare .  F u r t h e m o r e ,  i n  view o f  t he  preponderance of mishaps due t o  
Controlled-FLight-Into-Terrain (CFIT), c o n s i d e r a b l e  a t t e n t i o n  was devoted t o  
a i t i t u d z  avareness .  c o l l i s i o n  warning and avoidance sys tems,  au tomat ic  
recovery  sys tems,  and G - L i m i t e r  o v e r r i d e  c a p a b i l i t y .  

The workshop developed a number of f i n d i n g s  and recommendations 
summarized below: 

To avoid c o l l i s i o n s  v i t h  t h e  surface. t h e  p i l o t  needs i n p u t s  t o  
senso ry  channels  o t h e r  t h a n  the  f o c a l  v i s u a l  system. P rope r ly  des igned  
a u d i t o r y  and p r o p r i o c e p t i v e  i n t e r f a c e s  have t h e  p o t e n t i a l  t o  r e d i r e c t  t h e  
p i l o t ' s  a t t e n t i o n  t o  h i s  f l i g h t  p a t h  i n  t i m e  t o  i n i t i a t e  c o r r e c t i o n .  
F a i l i n g  t h i s ,  t h e  a i r c ra f t  should  a t t empt  t o  au to - recove r .  

To maintain o r  r e g a i n  a i r c r a f t  a t t i t u d e  awareness,  t h e  p i l o t  
r e q u i r e s  v i s u a l  d i s p l a y s  t h a t  are d e d i c a t e d  and p rope r ly  i n t e g r a t e d  
w i t h i n  t h e  cockp i t .  There a r e  c u r r e n t l y  t h r e e  basic components: t h e  
p r i n a r y  and s tandby a t t i t u d e  i n d i c a t o r s ,  and t h e  head-up d i s p l a y  (HL'D); 
and mounted 
d i s p l a y s  and p o s s i b l y  th ree -d imens iona l  sound. The hub of a i r c r a f t  
a t t i t u d e  awareness is a l a r g e  pr imary d e d i c a t e d  a t t i t u d e  d i s p l a y  (PDAD) 
c e n t e r e d  HUD. 
I ts  purpose is t o  p rov ide  con t inuous ly  and i n s t a n t l y  the  immediate b i g  
a t t i t u d e  p i c t u r e  t o  t h e  p i l o t ' s  b a s i c  o r i e n t a t i o n  channel ,  t h e  ambient 

t h e r e  is p o t e n t i a l  f o r  emerging t echno log ie s  such as helmet  

high i n  the  in s t rumen t  pane l  and l o c a t e d  j u s t  benee th  t h e  
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v i s u a l  mode. I t  should  be v i s i b l e  when t h e  p i l o t ' s  a t t e n t i o n  is d i r e c t e d  
to t h e  HCD. The second componen: is t h e  head-down at;i:ude d i s p l a y  
(forxa1l:r the Standby A=:itude I n d i c a t o r  OK SAI). l 3 i s  shou ld  also be i n  
the midl ine  and s u f f i c i e n t l y  lov t o  p e r m i t  i ts  use i n  the presence  of  
a n b i z n t  v i s u a l  mode d ls : rac t ions .  such as movtng g l a r e  and r e f l e c t i o n s  
o f t '  the  canopy, o r  f a l s e  ho r i zons .  The t h i r d  component providing 
at: i tudr information i s  the HL'D, y e t  the  UCD is no: an at:i:ude 
i n d i t a E o r .  T5e ? o t e n t i a l  exLs:s t o  improve the HUD as an  a t t i t u d e  
a:artLng devicz,  d i r e c t i n g  the p i l o t  t o  r e f a r  t o  the PDA3. Su3ges:aci 
ixqrovemants included t h e  a d d i t i o n  of a zeni:h po in te r  t o  t h e  F l i g h t  Path 
Yarkzr t o  provide a b e t t e r  roll cue,  and r a d i c a l l y  a l t e r i n g  t h e  p a t t e r n  
be:;reen posi:fve and nega t ive  F l i & t  Path Sca le s  to  p rov ide  be:ter p i t c h  
c u e s ,  

Current f t & h t a r / a t t a c h  a i r c r a f :  a r e  poorly sui:ad t o  t h e  enhanced 
nf3frt r o l e .  p i l o t  
vho f l i e s  a: n i g h t .  As a minimum, a i r c r a f :  need b e t t z r  at:itude 
r e f e r e n c e s ,  t o  i n c l u d e  a l a r g e  PDAD, c r i t i c a l  c o n t r o l  parametars 
f o r n a t t e d  f o r  i n s t a n t  unequ iv ica l  r e c o g n i t i o n ,  improved c o c k p i t  and 
inszrument l i g h t i n g ,  l e s s  canopy g l a r e  and r e f l e c t i o n s ,  b e t t e r  f o n a c i o n  
l i g h t i n g ,  and no f a l s e  h o r i z o n s .  

Zemediss nus: cons ide r  the compromised n a t u r e  o f  the 

Several  c r a i n i n g  i s s u e s  emerged: b a s i c  instruments ,  t h e  us* of the  
HUD's as ins:rumezts, t h e  use of  a:tention and the proper u s e  of v i s i o n .  
Tha USAF/IX should be supporEed i n  t h e  a c q u i s i t i o n  of a t r a i n i n g  
a i r c r a f t  equipped w i t h  a programmable HUD for instrument r e s e a r c h  and 
t r a i n i n g .  

V i r t u a l  d i s p l a y s  p r o j e c t e d  onto t h e  v i s o r  a s  helmet mounted d i s p l a y s  
o f f e r  g r e a t  p o t e n t i a l  f o r  a v a r i e t y  o f  purposes ,  e s p e c i a l l y  a i r c r a f t  
a t t i t u d e  awareness. This technology should  be pushed v i g o r o u s l y .  

There have been several i n s t a n c e s  i n  F-15 's  where t h e  r ecove ry  from 
a s p a t i a l  d i s o r i e n t a t i o n  inc fden t  r e q u i r e d  the p i l o t  t o  over-C h i s  
a i r c r a f t .  A t  l e a s t  one F-16 might s i m i l a r l y  have been saved  had the 
p i l o t  had access  t o  e v e r y  G a v a i l a b l e .  Cons idera t ion  shou ld  be g iven  t o  
the  inco rpora t ion  o f  a C - l i m i t e r  by -pass  as an emergency o v e r r i d e  i n  
a i r c r a f t  such as t h e  F-16. 

The enormous i n f o r s a t i o n  p rocess ing  c a p a b i l i t y  of  s e n s o r y  channels  
such a s  the  ambient v i s u a l  mode, h e a r i n g ,  and p r o p r i o c e p t i o n  i s  
u n d e r u t i l i z e d .  This t h r u s t s  the t a s k  of  main ta in ing  awareness of  
c r i t i c a l  a i r c r a f t  c o n t r o l  parameters upon the  f o c a l  v i s u a l  mode, tending 
t o  ove r load  it. S t rong  emphasis should  be p laced  upon d i s p l a y s  which can 
be processed  by n o n - f o c a l  v i s u a l  mode senso ry  channels.  
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An innovative audio-technology known as three-dimensional sound 
appears to offer promise in such areas as warnings and alerts, 
localization of objects in space, and possibly aircraft attitude 
awareness. Research and development should be pushed. 

The nofse in modern cockpits is commonly such as to hamper effective 
communications and potentially helpful auditory cues. A technology is 
currently under development that can effectively reduce relatively steady  
state background noise by a significant amount, improving the audio 
environment for sounds chat matter. Research and development efforts in 
this area should continue. 

There are times when a pilot requires certain information yet does 
not want to look away from h i s  primary task to obtain it. A voice call 
out of such information upon command would be very useful, and could 
include parameters much as attitude, altitude, airspeed, WI, fuel state, 
rounds count, weapons mode selected, etc. 
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'XRXSHO P F I N D I N G S  &'ID RECCP!!EXDATIONS - 

1. ALTITLDE A'dhRE!IESS 

Currsn: fighters commonly lack adequate warnings and alerts to altitude: 
i.2. a::i-,.~d!a au3raness is even aore critical tSan atti:udz awareness, in viw 
o f  :he prspnCer3ncs of ~ o n ~ r o l ? e d - f l i S 5 t - i n t o - ~ e r ~ ~ i n  ( C F I T )  mishaps (Fis 1). 
Thas+ ;n:3hd?s ar:a due ?rhari:;r to lack of asrareness. failure to monitor 
flL3h: pazh, dis:rac:lon, e x ,  though the:r may often be s e t  up by 
mts?arcep:ion of aititQde ACL or of vector converzence with terrain. The 
p i l o :  needs some:hin3 to v3ke hin up, to redirec: his ai:ention to his fli3ht 
3 - 1 ~ 5 .  as ;.e:: as an Jbsai.liE2 5 e l j ' n t  g3u3a. 

SZCCY2E:iSXT iG!l 1 : 

Aural Crocnd Proxiaity Warning System 

Radar A1:ineter 

?.ish deve?oFxertt of more effec:ive audio warnings/ a l c r z s  io 
i;n?ending co?.Lision vi:h tSe surEace (e.g. 3-dimensional sound) 

2 .  A T T I X D E  DISPIASS 

Attitude Displays are inadequate. They are too small and too deep in the 
cockpit. Under suboptimal lighting, they may be subject to misinterpretation. 
Current configuration delays to rapid transition from outside to inside and 
inhibits the vingman from sneaking a peek during close formation. It hampers 
the pilot from maintaining his own big attitude awareness picture, especially 
when h i s  attention is focused on the head-up display (HUD). It impedes the 
recognition of unusual attitudes (in cases of unrecognized spatial 
disorientation or misorientation). Furthermore, it impaLrs coping with 
spa:ial disorientation ( S D O )  and unusual attitudes. The obvious solution is 
to utilize the space below the HUD (presently the up front control panel) for 
a large, prominent primary dedicated attitude display. Several methods for 
accomplishing this vere suggested: one involved the projection of an attitude 
depiction onto the up front control panel (UFC). Others were t o  take 
advantage of  emerging flat panel technologies for the PDAD, and consider touch 
sensl:ive overlays for the UFC, or consider dis?lacing the UFC to the left 
side of the HL'D container for access by the pilor's left hand. 
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Re3sor.s f o r  a prominent P D X 3  a r e  as fol lows:  

o Keep P f l o t  Or i en ted  

H a i n t a i n  b i g  p i c t u r e  when a:tentfon focused on HUD 
I n  c o n d i t i o n s  oE p o t e n t i a l  s p a t i a l  d i s o r i e n t a t i o n /  
misor ian:A: i o n  
‘ihsn p i ! o ~  compromised. e . g . ,  €a: i~”e  

- For p ~ p - u p ; ’ ? u l l - d o ~ ~ s  
Faci1i:J:a t r a c s l t i o n  Erm o u t s l d z  :o i n s i d e  

- Enable w i n p a n  t o  m J f n t J l n  own &LA whfle f l y l n s  formnation 

o Reduce Cockpit  Sorkload 

o Aid Recogni t ion  o f  L‘r.ex?ected Inad-rercent Unusual Atti:uCe and 
Fac ili  t i  t e  Coping 

0 73ciIi:a:a Capin3 vL:h Frank Spa:ial Disorizn:a:ion o r  P i l o t ‘ s  
7 i e  * - i -.30 

- Large, prominent ,  primary d e d i c a t e d  a t t i t u d e  d i s p l a y  ( P D A D P ,  
d e d i c a t e d  f u l l  t ime,  fmmediately below the  HUD ( F i g  2 A ,  B, and C ) .  

3 .  HUD I?IPROVLYE.STS 

The HL‘D is n o t  an a t t i t u d e  ind ica tor . ,  nor should it e v e r  b e ,  although i t  
does provfde  some in fo rma t fon  regard ing  a t t l t u d e .  Gihat t h e  HUD needs t o  be 
a b l e  t o  do r ega rd ing  a t t i t u d e ,  is a l e r t  the  p i l o t  when t o  r e f e r  to the  primary 
d e d i c a t e d  a t t i t u d e  d i s p l a y  ( P D M )  which, i d e a l l y ,  shou ld  be l o c a t e d  
immediately below t h e  KUD. To lmprove t h e  HUD a s  an a t t l t u d e  a l e r t  r e q u l r e s  
a t  Least  two changes: one to the F l i g h t  Pa th  Marker (FPY) and t h e  o t h e r  to 
the  p i t c h  s c a l e s ,  ( F i g s  4 & 5 ) .  

The b a s i c  problems w i t h  the  HUD, as f a r  as a t t i t u d e  is concerned, a r e  
t h a t  i t  does n o t  t e l l  t h e  p i l o t ,  a t  a g l a n c e ,  whether he is u p r i g h t  o r  
i n v e r t e d ,  o r  whether he is p i t ched  above o r  below the h o r i z o n ,  o r  t o  what 
g e n e r a l  e x t e n t  he is p i t c h e d .  Humans a r e  b a s l c a l l y  p a t t e r n e d  r e c o g n i z e r s ,  and 
s i n c e  t h e  g e n e r a l  p a t t e r n  of  t h e  p i t c h  s c a l e s  a r e  symmetric abou t  the  ho r i zon ,  
i t  is  p o s s f b l e  t o  confuse  a n  inve r t ed  d ive  f o r  an u p r i g h t  cLimb ( F i g  3 ) .  
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This vas  r e c e n t l y  i l l u s t r a t e d  i n  the  f u l l  mission F-16 UVTIRV s imula to r  
by subjec:s pa::icipa:ing i n  a c e r t a i n  s tudy .  The i n t e n t i o n  of  t h e  s u b j e c t s  
was t o  pe r fo ra  a pop-up pul l -down d e l i v e r y  (by popping, r o l l i n g  inve rzed ,  
p u l l i n g  d o n ,  and r o l l i n g  o u t  u p r i g h t  t o  bomb the  t a r g e t ) .  I n  r epea ted  
f n s a n c e s ,  s u b j e c t s  would become so engrossed i n  t h e  t a r g e t  t h a t  they would 
forge: they had r o l l e d  o u t  u p r i g h t .  A:tempting t o  s o r t  i t  our by looking  a t  
:he X ' D  was of  no he!?. The f l i g h t  pazh s c a l e  provided no inna te  sense  o f  u p .  
3 a s i Z s 3 ,  i: was m0vlr.g too r a p i d l y  f o r  i n t a q r e t a c i o n .  I n  t h e s e  i n s t a x a s ,  
c f i inkfn j  himszlf  t o  s t i l l  be inver:ed, t h e  subjec: would r o l l  a g a i n  ( : o  
inverzzd)  and p u l l  i n t o  :he ground. I: is t o  avoid  jus:  such e r r o r s  :ha: xe 
should  s:rive t o  provide a r o l l  cue on t h e  F l i g h t  Path Xarker,  such as a 
Zeni th  or Vertex P o i n t a r  (Figure 4 ) .  

Another mos: dangerous aspec: is tha: the  HUD does n o t  i n s c a n t l y  
d i s t i n g u i s h  be=veen c l i n b s  and d i v e s .  The problem l i e s  wi th  t h e  g l o b a l  
;:nme:ry of  t h e  f l i g h t  pa th  scales (FPS),  i . e .  bo th  t h e  p o s i t i v e  and nega:i*re 
? ? S ' s  h s r e  the  same gene ra l  shape wi th  ho r i zon-po in t ing  t a i l s  i n  t h e  same 
:ocat ion.  Though g e n e r a l l y  a u s e f u l  cue ,  t h e  s o l i d  l i n e  f o r  p o s f t i v e  p f t c h  
and dashed f o r  nega t ive  p i t c h  does n o t  always r e g i s t e r ,  e s p e c i a l l y  i n  a 
dynamic s i t u a t i o n .  b u t  a l s o  o c c a s i o n a l l y  i n  a s t a t i c  one as we l l .  E?or 
sxample,  it is p o s s i b l e  t o  confuse  a n  i n v e r t e d  d ive  f o r  a n  u p r i g h t  c l i n b .  
Angling the  F?S's l i k e  chevrons forzting a channel  tovard  the  ho r i zon  h z l p s  
Locats :he ho r i zon ,  b u t  i f  t h e  g l o b a l  p a t t e r n  remains s y e t r i c a l ,  i: is s z i l l  
? o s s i b l e  t o  cor?fsse an  i n v e r t s d  d i v e  f o r  an u p r i g h t  c l imb.  For t h i s  r eason ,  

FPS p a t t a r n  be txeen  p o s i t i v e  and nega:ive. 
L L  . C  is urged t h a t  a:tempts be made to maxiaize t h e  d i f f e r e n c e s  i n  the  o v e r a l l  

For suggas t ion  s e e  F i g  5 . 

itEC0MX:iDhTION 3 :  Improve HUD a s  a n  a t t i t u d e  a l e r t i n g  dev€ce by: 

FPX: add v e r t e x  p o i n t e r  ( e . g .  F ig  4) - P i t c h  scales:  r a d i c a l l y  change p a t t e r n  from p o s i t i v e  t o  nega t ive  
and v i t h i n  nega t ive  ( e . g .  Fig 5 ) ;  cons ide r  c o l o r  as a redundant  cue .  

4 .  NIGHT-WEATHER ROLE CONSIDERATIONS 

The n igh t -wea the r  role r e q u i r e s  s p e c f a l  c o n s i d e r a t i o n s ,  b o t h  f o r  the 
p i l o t  and f o r  t h e  a i r c r a f t .  For the p i l o t ,  f a t i g u e  is a g iven;  r e a c t i o n s  are  
slowed, pe rcep t ions  impaired,  and t h e  p i l o t  is more s u b j e c t  t o  i l l u s i o n s ,  
p a r t i c u l a r l y  those  o f  f a l s e  motion and those  of  f a l s e  ho r i zons ;  he is more 
s u s c e p t i b l e  t o  d i s o r i e n t a t i o n ,  d i s t r a c t i o n ,  channel ized  a t t e n t i o n ,  and loss o f  
t h e  sense  o f  t h e  passage o f  t i m e .  Regarding a i r c r a f t  c o n s i d e r a t i o n s ,  p r e s e n t  
s i n g l e - s e a t  f i g h t e r s  are n o t  adequate  for t h e  n ight -weather  r o l e .  Their 
bubble-shaped canopies  g a t h e r  g l a r e  and r e f l e c t i o n s ,  movement o f  which a c r o s s  
t h e  canopy c r e a t e s  d i s t r a c t i o n s ,  o r  worse,  t h e  d i s o r i e n t i n g  s e n s a t i o n  o f  s e l f  
motion ( v e c t i o n  i l l u s i o n  or S t a r  Wars e f f e c t ,  Fig 6 ) .  A t  n i g h t ,  t h e  g l a r e  and 
r e f l e c t i o n s  impede o u t s i d e  v iewing ,  impair  t h e  a c q u i s i t i o n  o f  a valid external 
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orisnt.t:ion cue ( t r u n  h o r f z o n  or s ~ I K E ~ c ~ ) ,  and h.ampar t h e  ablllty t o  
d f s t f n y u f s h  EJlna hor fzonr  ( F l j  7 ) .  Qulre commonly, tha I f g h t  sou rces  for the  
g l a r e  and r e f l e c t i o n s  a r e  from wi th in  the  c o c k p i t ,  where l i t t l e ,  if any, 
at:empt has  been made a t  p roper  sh fe ld ing .  The r o u t e s  of i n fo rma t ion  t r a n s f e r  
r ega rd ing  c r i : i ca l  c o n t r o l  parameters  such a s  a t t i t u d e ,  a i r s p e e d ,  and a l t i t u d e  
a r a  inadequate .  V i sua l  d i s 7 l a y s  a r e  n o t  always format ted  f o r  i n scan t  
Iinec,qil*rocal l n t a r ? r e c a t f o n ,  nor  a r e  the:/ adequazely i l l u m i n a t e d ,  1acklr.g 
ind l* r idus l  r h e o s t a t s .  Thus they  ?remota spa:ial  d ~ s o t ~ e n t a c i o n ,  or v o r s e ,  a 
o o r a  s + h : l a  f o r s  o f  un recog i i zad  d i s o r i e n t a r i o n  (misorien:ation) , more l e t h a l  
because i c  f a l l 3  t o  a l e r t  t h e  v i c t i a  t h a t  an:lzhing is amiss .  Ys: they f a i l  t o  
? r w i d e  t h e  informa:ion necessary  f o r  r a c o g n i t i o n  and coping i n  a qu ick ly  
rzco~n!23ble ,  u m i s z a k a b l e  format .  

Inadequacies  i n  1ij’n:ing apply no: on ly  t o  the  cockpi: and i n s t r u e n t n s ,  
5 u t  ver;r much so t o  f o r s a t t o n  l i g h c s .  P resen t  schemes deny t h e  vlngman 
adequa:e r e c o g n i t i o n  of  l e a d ’ s  d i s t a n c e ,  r e l a t i v e  heading and r e l a t i v e  
a”  ,..,ude. I - 
of  c e r t a i n  e x t e r n a l  l i g h t s .  e . g .  the a e r i a l  r e f u e l f n g  l i g h t  g e n e r a t i n g  a f a l s e  
ho r f :on. 

Proper a c t e n t i o n  h a s  not  a lvays  been pa id  t o  t h e  hazardous aspec:s 

f o r  :he n i g h t  role, a i r c r a f t  need the f o l l o v i n g  as a mininun: 

Bet:er at:i:ude r e f e r e n c e s ,  t o  i nc lude  a l a r g e  pr imary  ded ica t ed  
a t t i t u d e  d i s p l a y  (PDAD) h igh  i n  t h e  c e n t e r  o f  t h e  in s t rumen t  pane l  

Cr i t i ca l  c o n t r o l  parameters  f o r s a t t e d  for i n s t a n t  unequivocal  
r e c o g n i t i o n  

- Better c o c k p i t  and ins t rument  l i g h t i n g  

- E f f o r t s  t o  minimize/el iminate  canopy g l a r e  and r e f l e c t i o n s  

- Better format ion  l i g h t i n g  

No fa l se  hor i zons  

5 .  TUINIZJG 

Se-reral  t r a i n i n g  i s s u e s  emerged: b a s i c  ins t rument  t r a i n i n g ,  t h e  use  of 
HUD’s a s  in s t rumen t s ,  a t t e n t i o n ,  use o f  v i s i o n ,  and G- to l e rance .  

Review of  c e r t a i n  r e c e n t  mishaps has  r evea led  a s  c a u s e s ,  i n s u f f i c i e n t  
Much o f  t h i s  is a t t r i b u t e d  t o  a de-emphasis  o f  mastery o f  b a s i c  i n s t rumen t s .  
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ins::umen: t r a i n i z g ,  a s  i l1us:rated by t h e  c l o s u r e  o f  t he  Ins t rument  P i l o t  
Ins : r*xtor  School ( I i ' I S ) ,  and :he cur:ai?sent of instr*Yaent s o r t i e s  by A X .  
u?on the  p r e n i s e  tha: s i n u l a t o r s  would s u f f i c e .  

Despi:e t h e  presence o f  KD's on many of ou r  s t a t e - o f - t h e - a r c  f i g h t e r s .  
no forsa!. program has  bean undertaken t o  t r a i n  t h e i r  u se  i n  instrument  
s ~ c d l c l o r s .  The e v o l u t i o n  o f  HCD's a s  f l i g h t  c o n t r o l  instr- iments  p r a s a n t s  a 
c5a::ec3+ f o r  A i r  Force piLo:s acd  d e s i g ~ e r s :  tha: o f  de:ers lning :he o p t h u n  
layau: to :n:e3~3:a head-up acd  head-down (convent iona l )  d i s p l a y s .  Hfl)'s with 
u r : ~ l  Idacpd ins:rv.nent ca?aSili :y have been i n t e g i t e d  in:o t h e  s3ne cock?ics  
:hat have r e l e g a t e d  proven head down d i s p l a y s  t o  l e s s  a c c e s s i b l y  v i s i b l e  
:xa: ions deepar  i n  the  c o c + f t s .  R e r e  is concern :ha: t h e  changss i n  
s * ~ . r t e n :  coc:<?i:s m:i be 3: t b e  e:i?ense of m i n m i n i c z  a::l:ude a * ~ 3 r e r . e ~ ;  and 
3i~craf: c o n t r o l  i n  condi:ions of  reduced v i s i b i l i t y .  The s f t u a z i o n  may 
worsen wi:h inc reas ing  miss ion  cornplexi:y and :he d c s i r e  t o  p l ace  top  pr ior f t ; r  
on Cispl.1:;3 associ3:ed wi th  use o f  the a i r c r a f t  a s  a weapon sys tem.  Vhi le  no 
one dispu:es tha  importance o f  ordnance d e l i v e r y ,  the  top p r i o r i t y  should 
a1va:;s be t o  mafntain aircraft c o n t r o l .  

The L'S.43 needs t o  examine the  complete ins:rument t r a i n i n g  progran  f o r  
1:: p i l o t s  acd r ecomend  me:hods :o b e t c e r  ? re?are  u s e r s  t o  cope wi=h tks;r 
L2cr2asin3ly hL3har irork- l oad  s i a a : i o n s .  The c e n t r a l  agency t o  develop such 
: ra ining programs should l o g i c a l l y  be  t h e  USXF Instrumen: F l i g h t  Center  ( I X )  
3t Xar.dol?h A 3 ,  TI<, Logic would a l s o  dicta:e thac  t h e  I Z C  f u r t h e r  cor.duct 
chi? r e s e a r c h  on which t o  b a s e  such t r a i n i n g  programs. I n  o r d e r  f o r  t h e  IFC t o  
be a b l e  t o  do t h i s ,  they  w i l l  need s p e c i a l  equipment. I t  is f o r  t h i s  reason 
:ha: ve s t r o n g l y  recommend IFC acqu i re  programmable HUD-equipped t r a i n i n g  
a i r c r a f c  f o r  pur?osss on ins t rument  t r a i n i n g  development and f o r  o p e r a t i o n a l  
eva lua t ion .  

I n  a d d i t i o n ,  i t  shou ld  be racognized t h a t  des ign  impacts t r a i n i n g .  The 
o l d  "T" was r e l a t i v e l y  s imple  compared t o  what ve now have. S ince  IFC is  the  
l o g i c a l  agency t o  develop ins t rument  t r a i n i n g ,  i t  would make s e n s e  t o  inc lude  
them i n  the  cockp i t  ins t rument  des ign  and d i s p l a y  approval  p rocess  a s  w e l l .  

Regarding t h e  t r a i n i n g  of  a t t e n t i o n  and use of v i s i o n ,  one a t t e n d e e  
s t a t e d  t h a t  both of t hese  were p o s s i b l e  and ,  i n  f a c t ,  had been  done du r ing  
World War 11. He was r e f e r r e d  t o  IFC f o r  fo l low-up.  

Rsgarding C - t o l e r a n c e ,  t h e  connec t ion  between t h a t  f a c t o r  and a i r c r a f t  
a t t i t u d e  v a s  brought  o u t .  During gradual  G o n s e t  t he  p e r i p h e r a l  v i s u a l  f i e l d s  
c o n t r a c t  caus ing  t u n n e l - v i s i o n ,  grayout ,  o r  b l ackou t .  Such v i s u a l  na r rov ing  
may permi t  t h e  a t t a inmen t  of undetec ted  a t t i t u d e s .  This  f a c t o r  may be  reduced 
through proper  a n t i - G  t r a i n i n g .  
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RECGME!;T)ATION 5 - 1 :  Xmprove t r a i n i n g  o f  b a s i c  ins t ruments  

- Support  IFC t o  r e s u r r e c t  IPIS - Support  ATC t o  i n c r e a s e  ins t rument  t r a i n i n g  s o r t i e s  

i?ECS?tX!i2ATICN 5 - 2 :  T r a i n  use o f  t h e  HCD: suppor: IFC t o  acqu i r e  a HUD- 
eqyli?ped t r a i n i n g  a i r c r a f t  f o r  da-ie'lopmen: o f  a p p r o p r i a t e  d i s ? l a y s ,  
t r a i n i n g ,  and ope raz ions .  

RZCCY:IE!;;)hT:I?4 5 - 3 : Supper: t r a i n i n g  medsuras t o  inpro-re C -  t o l e r a r x e ,  because 
of  i t s  b e n e f t c f a l  e f f z c t s  on t he  presarvac lon  of  ambient v i s i o n  on 
o r i a n t a t  i on .  

2E~:C~XYE!;3ATiON 5 - k :  Push t he  i n v e s t i 3 a c i o n  o f  methods t o  improve a t t e n t i o n  
, a d  t h e  Ltse o f  v i s i o n .  

5 .  A U T O - R Z C O V E T f / C U S H  RESISTXVCE 

Should :he p i lo :  become inca7aci:a:ed f o r  wk.a:ever reason  physica1L:r from 
a carCiac  o r  n e u r o l o g i c a l  e v e n t ,  phys io log ica l ly  from G-induced l o s s - o f -  
consciousness  o r  hypo:<ia, pharmacologica l ly  from chemical war fa re  a g e n t s  or 
:heir an:ido:es, p sycho log ica l ly  from severe  disor iant j : ion/ver : igo,  or 
v i s u a l l y  from l a s e r / n u c l e a r  f l a s h - b l i n d n e s s ,  t he  a i r c r a f i  should  r e s i s t  
c r a sh ing  and r ecove r  i t s e l f .  The s t a t e - o f - t h e - a r t  is r a p i d l y  approaching the  
p o i n t  of  be ing  unable  t o  a f f o r d  to do o therwise  i n  terms o f  a i r f r a m e s ,  p i l o t s ,  
and l i t i g a t i o n .  The system should  be  capable  of a c t u a t i o n  a c t i v e l y  ("Panic  
a u t t o n " )  o r  p a s s i v e l y .  

RECOMXNDATION 6 :  Push t h e  development of  c r a s h - r e s i s t a n t  f l i g h t  c o n t r o l  
systems and a u t o - r e c o v e r y .  

7 .  VIRTUAL DISPWfS 

V i r t u a l  d i s p l a y s  p r o j e c t e d  o n t o  t h e  v i s o r  a s  helmet  mounted d i s p l a y s  
(LYD) e s p e c i a l l y  i n  
a i r c r a f t  a t t i t u d e  awareness .  An example is the  " V i r t u a l  Umbrella" which 
provides  f o r  t h e  s u r f a c e ,  a checker -board  f o r  a n  unmistakeable  ground 
r e f e r e n c e ,  and f o r  t h e  sky,  a s e r i e s  of  v e r t i c a l  l i n e s  spaced a t  c e r t a i n  
i n t e r v a l s  l i k e  t h e  r ibs  of a n  umbre l la  (F ig  9 A & 
B ) .  Regard less  of where t h e  p i l o t  l o o k s ,  t he  v i r t u a l  umbre l la  keeps him 
o r i e n t e d .  j u s t  l i k e  be ing  VFR. 

( F i g  8 )  o f f e r  g r e a t  p o t e n t i a l  f o r  a v a r i e t y  of  purposes ,  

which j o i n  a t  t h e  v e r t e x ,  
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S i s L l a r l y ,  v i r t u a l  c o c k p i t s  o f f e r  g r e a t  promise i n  o v e r a l l  s i t u a t i o n  
m a r e c e s s .  

A by-product  of t h e  HXD is p o t e n t i a l  p r o t e c t i o n  a i p i n s t  l a s e r / n u c l e a r  
f l a s h - b l i n d n e s s .  

ZIZCCY?E!II)ATTCN 7 :  Vigorously ?ush :Se de*re:opmant o f  vlr- ira l  halnre: mounted 
C i sp I a;? t a chno l o g t  . 

There ha-re been a t  l e a s t  t h r a e  i n s t a n c e s  i n  F-15's where the  recovery  
from a severa s p t i a l  d f s o r i e n t a c i o n  i n c i d e n t  r equ i r ed  the p i l o t  t o  over-C h i s  
a i r c r a f t .  Cne such i n s t a n c e  was t h a t  of C o l  Nicholas 8 .  Kehoe, former Wg DO 
(now si3 C'l) 1 T F J ,  Lanj ley  AF3, 'JA, whose episode of  11 February 1935 vas 
recorded on VTR and shown a t  t h f s  confe rence ,  wi th  h i s  b l e s s i n g .  There has 
a l s o  been a t  l e a s t  one i n s t a n c z  i n  a F-16 i n  which a C - l i m i t e r  bypass would 
have saved the a i r c r a f t  from hit:ing the ground. ( I n  t h a t  i n s t a n c e ,  which 
k i l l a d  the  p i l o t ,  the  H r D - K X  sur l i*red  the c r a s h  and makes f o r  a dramat ic  
r a v i e v . )  The consensus o f  t h i s  conference  vas tha: therz  should  be some way 
o f  o v e r r i d i n g  the  l i n r i t e r  i n  an emergency t o  g e t  a l l  the  C's the  a i r c r a f t  is 
capable o f  g e n e r a t i n g ,  even at the  e q e n s e  of s t r u c t u r a l  damage. ( A  benc wing 
is p r e f e r a b l e  t o  a smoking h o l e . )  

RECOMY&YDATION 8 :  Consider i n c o r p o r a t i o n  of  C - l i m i t e r  by -pass  as an emergency 
o v e r r i d e  i n  a i r c r a f t  such as the  F-16. 

9 .  NON-FOCAL VISUAL NODE SEUSORY CUES 

The enormous p rocess ing  c a p a b i l i t y  of  non-foca l  v i s u a l  mode senso ry  
systems a r e  p r e s e n t l y  u n d e r - u t i l i z e d .  

- Auditory & T a c t i l e  cues  

Curren t  a i r c r a f t  l a c k  adequate t a c t i l e  and a u d i t o r y  cues t o  a i r s p e e d  
making i t  easy  t o  i n a d v e r t e n t l y  g e t  t o o  slow, i n t o  s t a l l s ,  o r  i n t o  s i n k  r a t e s  
unawares. Feel  of the  a i r c r a f t  is no l onge r  a v a i l a b l e  a s  a p o r t i o n  of t h e  
c r i t i c a l  t r i a n g l e  of agreement r ega rd ing  b a s i c  a i r c r a f t  c o n t r o l ;  nor a r e  
audio i n p u t s .  Auditory cues a r e  cons ide red  necessary  f o r  a i r s p e e d  (and 
a i r c r a f t )  c o n t r o l ,  e s p e c i a l l y  i n  a i r c r a f t  l ack ing  such t a c t i l e  c u e s ,  such as 
the  F-16. The same a p p l i e s  t o  c e r t a i n  i n s t a n c e s  o f  f l i g h t  c o n t r o l  a c t i v i t y ;  
eg .  the speed brakes  on t h e  A - 1 0  prov ide  no t a c t i l e  nor a u d i t o r y  cue when 
deployed, w i th  s e r i o u s  i m p l i c a t i o n s  f o r  s i t u a t i o n s  of  reduced t h r u s t .  
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RECOKYEYDATION 9 - 1 :  Inco r?o ra t e  a u d i t o r y / t a c t i l e  cues  t o  c r i t i c a l  parameter  
c o n t r o l s .  

- Ambient mode d i s p l a y s  

Present d i s p l a y s  a r e  des igned  to be processed only  by t h e  f o c a l  v i s u a l  
aodz thus :endin3 t o  over load  i t ,  Be::er use  of the  ~ K O C ~ S S ~ ~ I ~  c a p a b i l i t g  o f  
:5e anbien: visuaL mode cou ld  be made by the  proper forma:ting of  d i sp laz r s :  
“ 3 .  pat:arned ana:o3 forxa: f o r  paraae:ers such as  a i r s p e e d  and al:i:ude. 
Such paraae:ers lznd thaxsel.res wel l  t o  t h e  moving tape forsa: ( F i j  10 h & 3 ) .  
For sugges t ions  s e e  F igs  11 61 12. 

RZ,’CXIZ:iC,\’::CN 9 . 2 :  Prej s  € a r  dzvslopnen: of  d!s?l~y3 for cr1:ical ?arJ:nc:ers 
( a i t s ? e e d ,  a1:i tudz) t h a t  can  be processed  b:i the  ambient v i s u a l  mode. 

LO. THREE - DI!C!iS IO!UL SCUND : 

h technique knovn a s  3-D sound appears  t o  o f f e r  promise i n  s e v e r a l  a r e a s :  

‘dacnings and a1er:s when i t  is i n p e r i t i v e  t o  g e t  :he p i l o t ’ s  a : tent ion,  
e 3 .  t o  a-;old c o l l i s i o n  wi th  t h e  s u r f a c e ,  another  a i r c r a f t ,  or a missile. I n  
such ins:ances, such  
t h a t  i t  would appear  t o  be coming from w i t h i n  one’s  e a r  o r  head ,  and t h u s  
i n p o s s i b l e  t o  i s n o r e .  

t he  q u s l i i y  and i n t e n s i t y  o f  t h e  warning sound would be 

To l o c a t e  objec:s, e i t h e r  i n s i d e  t h e  c o c k p i t ,  such as a f i r e / c a u t i o n -  
l i g h t ,  o r  o u t s i d e  t h e  a i r c r a f t ,  such a s  an  element mate, c o n t r o l  agency,  
bogey, o r  h o s t i l e  missile on t h e  way. For example, i f  your  wingman c a l l s  from 
your  8 o’c lock  h i g h ,  t e l l i n g  you where t o  look.  Same w i t h  t h e  h o s t i l e  
missile:  t h e  r a t t l e s n a k e  tone  comes from t h e  d i r e c t i o n  of t h e  m i s s i l e ,  
d i r e c t i n g  your s e a r c h  and p repa r ing  you f o r  t h e  proper d i r e c t i o n  t o  break .  

Sound has  h i s t o r i c a l l y  provided  e x c e l l e n t  cueing t o  one c r i t i c a l  a i r c r a f t  
c o n t r o l  parameter .  Perhaps i t  can a l s o  be used t o  a i d  cue ing  t o  o t h e r  
c r i t i c a l  c o n t r o l  parameters  as w e l l ,  such as a t t i t u d e  ( v e r t e x  tone?)  and 
c l o s u r e  wi th  the  s u r f a c e .  

RECOXYGL’DXTION 10: Press t h e  development of  audio t e c h n o l o g i e s ,  such as 3 
dimensional  sound,  f o r  u s e  i n  warnings and a l e r t s ,  i n  l o c a l i z a t i o n ,  and 
i n  ma in ta in ing  a i r c r a f t  c o n t r o l .  
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11. INDICATOR 

... *:de sepa:a:ion o f  t he  Standby A t t i t u d e  I n d i c a t o r  ( S A X )  from the  pr imary 
a::i:x!e i n d i c a t o r  p rec ludes  t h e  immediate r ecogz i t ion  of a mismatch between 
the  two and upse:s o n e ' s  composi te  ins t rument  c r o s s - c h i c k  should  t r a n s i t i o n  
become necessary .  I t  shou ld  a l s o  be a s  r e l i a b l e  a s  p o s s i b l e  t o  avoid  
n i s l e i l d i n j  tha p i l o t .  I t  should  be cen te red  be lov  the  P r i a a r y  Dedicated 
..\tti:zCa Dis?lay (?DAD) t o  s e r r e  a s  a head-down a t z i t u d e  d i s p l a y ,  and 
sufflcient!:r l a r j e  t o  be inc luded  i n  the  b a s i c  InsErilment c r o s s - c h e c k .  
i z n t a r l n g  i t  be:ueen the  s tandby a i r s p e e d  and a1:ineter diSp!a:/S also 
p r e s e r r e  3 the  b a s i c  r e l a t i o n s h i p  ing ra ined  through t r a i n i n g .  V i e w  should  n o t  
be b h c k 3 d  b:r o b j e c t s  such a s  t h e  s t i c k .  

RSiC:L'!t:IDXfiCN 11: S a n d b y  A t t f t u d e  Indicacor  should be r e l i a b l e .  l a r g e ,  
1oca:ed wi th  the  standby a i r speed  and a l t i m e t e r  cen td r sd  below t h e  PDAD, 

d i s ? l a p s ,  and f u l l y  v i s i b l e .  

12. ! ;OISE-CAUCELLIJC HEADSET 

. X technolog:? is  curran:ly under  dclelopmen: (by AL%?L/BSD) t o  reduce 
no i se  i n  t5e h e a d s e t .  A microphone i n  t h e  headse t  p i cks  up the  no i se  s i p a l ,  
phase r eve r ses  i t  and p l ays  i: back ,  c a n c e l l i n g  o u t  about  20 db. Uorks q u i t e  
well f o r  more o r  less s teaCy s t a t e  background n o i s e ,  such as t h a t  from t h e  
e n g h e ,  environment c o n t r o l  system, o r  av ion ic s  equipment. Shows promise i n  
fnproving  the  audio  environment for sounds t h a t  m a t t e r .  

RECOYXXDATION 12 :  Push t h e  development of  n o i s e - c a n c e l l i n g  t echno log ie s ,  
such a s  t h a t  c u r r e n t l y  underday a t  f i Y R L .  

13. AUDITORY CALLOUT OF SELECTED INFORUTION 

There a r e  times when a p i l o t  needs t o  know c e r t a i n  informat ion  y e t  does 
no t  want t o  look away from h i s  pr imary t a s k  t o  o b t a i n  i t .  For example, i f  h i s  
a t t e n t i o n  focussed upon a n o t h e r  a i r c r a f t  t h a t  is d i f f i c u l t  t o  keep i n  v iew,  he  
might resist  look ing  away, even momentarily,  f o r  f e a r  o f  b e i n g  unable  t o  
r eaqu i r e  t a l l y .  i t  would be h i g h l y  d e s i r a b l e  t o  have t h e  
a i r c r a f t  speak t o  him, p rov id ing  him t h e  informat ion  he wants on command. 
Such i n f o r a a t i o n  should  be p i l o t - s e l e c t a b l e ,  and could  inc lude ,  b u t  n o t  be 
l i m i t e d  t o :  a i r s p e e d ,  a l t i t u d e  AGL, f u e l  s t a t e ,  a t t i t u d e ,  rounds-count ,  
ordnance mode s e l e c t e d ,  e t c .  

I n  such i n s t a n c e s ,  

RECOMYENDATION 13: Voice c a l l o u t  o f  c e r t a i n  informat ion  on command, 
s e l e c t a b l e  by t he  p i l o t .  
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WELCOME TO AIRCRAFT ATTITUDE AVARENESS WORKSHOP 

8 October 1986 

Lieutenant General Thomas H. McMullen 
Commander, Aeronautical Systems Division 
Wright-Patterson Air Force Base, Ohio 

by 

B I OGRA PI 1'1 

Lieutenant General Thomas H. McMullen is Commander o f  Aeronautical 
Systems Division, Wright-Patterson Air Force Base, Ohio. 

General McXullen was born July 4 ,  1929 ,  in Dayton, Ohio, and graduated 
from Alamo Heights High School, San Antonio, Texas. He attended St Mary's 
University in San Antonio and graduated from the US Military Academy, West 
Point, NY, in 1 9 5 1  with a bachelor of science degree in military engineering 
and a commission as a second lieutenant in the US Air Force. He received a 
master' of science degree in astronautical engineering from the Air Force 
Institute of Technology, Wright-Patterson Air Force Base, in 1964 ;  a master of 
science degree in administration from The George Washington University, 
Washington, DC, in 1971 ;  and graduated from the Industrial College of the 
Armed Forces, Fort Lesley J. McNair, Washington, DC, in 1971 .  

A f t e r  p,rnduating froin t h o  acndmy, Cciiet-,il, M t - M i i I  I c ' i r  ( h i i t  t * i . a t ( l  1 ' 1  Io( 
LroLiiLIig :it: Iluticlo A i r  Lj i i~e ,  Texas, and received his pilot wings at Bryan Air 
Force Base, Texas, in August 1952 .  He then completed fighter combat crew 
training at Nellis Air Force Base, Nevada. In December 1952 he was assigned 
to the lGth Fighter-Interceptor Squadron, 51st Fighter-Interceptor Wing at 
Suwon, South Korea. While in Korea he served as a flight commander and flew 
78 combat missions in F-86's. 

In November 1953 General McMullen went to Kelly Air Force Base, Texas, as 
a flight test maintenance officer. He test flew 30 types of aircraft after 
they had undergone depot maintenance. In 1959 he joined the General Dynamics 
Air Force Plant Representative Office in Fort Worth, Texas, and for the next 
three years was a B-58 flight test acceptance pilot. 

He entered the Air Force Institute of Technology in September 1962  and 
two years later, following graduation, was assigned to the Space Systems 
Division at Los Angeles Air Force Station, Calif, as project officer in the 
Gemini Launch Vehicle System Program Office. He managed the effort for real- 
time monitoring of slow guidance malfunctions, abort situations and crew 
safety during boosted flight in the National Aeronautics and Space 
Administration's Gemini program. 
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The general went to the Republic of Vietnam in February 1967 as air 
liaison officer for the 25th Infantry Division at Cu Chi and flew more than 
4 5 0  combat missions in 0-1 Bird Dogs. In March 1965 General McMullen joined 
National Aeronautics and Space Administration headquarters, Washington, DC, as 
assistant mission director of the Apollo program. He assisted in coordinating 
the preparation of hpollo space vehicles for flight, and for training ground 
and flight crews for missions six through 13. 

He graduated from the Industrial College of the Armed Forces in August 
1 3 7 1  and was assigned to the Aeronautical Systems Division at Wright-Patterson 
Air Force Base as deputy system program director of the B-1 development 
program. In June 1973  he was assigned as the system program director of the 
A-10 close air support aircraft. General McMullen managed the A-10 through 
the development and initial production phases. 

Gsneral McMullen became vice commander of the US Air Force Tactical Air 
Warfare Center at Eglin Air Force Base, FL, in December 1 9 7 4  and took command 
in September 1975. He served as deputy chief of staff for requirements, 
Tactical Air Command, Langley Air Force Base, VA, from October 1976  to March 
1 9 7 9 .  He then was appointed deputy chief of staff for systems, Air Force 
Systems Command, with headquarters at Andrews Air Force Base, MD. In July 
1980  General McHullen returned to Langley Air Force Base as Tactical Air 
Command's vice commander. He assumed his present command in August 1982.  

The general is a command pilot with more than 7,300 flying hours in 46 
types of aircraft and wears the master missile badge. His military 
decorations and awards include the Distinguished Service Medal with one oak 
leak clusters, Silver Star, Legion of Merit, Distinguished Flying Cross with 
one oak leaf cluster, Bronze Star Medal, Meritorious Service Medal with one 
oak leaf cluster, Air Medal with 18 oak leaf clusters, Air Force Commendation 
Medal with one oak leaf cluster, Purple Heart, Presidential Unit Citation 
emblem, Air Force Outstanding Unit Award ribbon with "V" device and one oak 
leaf cluster, Air Force Organizational Excellence Award ribbon with one oak 
leaf cluster, Republic of Korea Presidential Unit Citation and Republic of 
Vietnam Gallantry Cross with palm. He also received the National Aeronautics 
and Space Administration Exceptional Service Medal and two Group Achievement 
Awards for the Apollo program. He is a life and hereditary member of the 
Order of Daedalians; an associate fellow of the American Institute of 
Aeronautics and Astronautics; a registered professional engineer in Ohio; and 
a member of Tau Beta Pi National Honor Society. 

He was promoted to lieutenant general July 1, 1 9 8 0 ,  with same date of 
rank. 

General McMullen is married to the former Clara Kirkwood. They have 
three children: Susan, Thomas and John. General McMullen is the son of Major 
General Clements McMullen, now deceased, an Air Force pioneer. 
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Good morning! I'm pleased to welcome you to Aeronautical Systems 
Division--the "Bicycle Shop." As some of you know, we take pride in the 
association we feel fo r  the Wright Brothers--and to the great engtneering work 
they did in starting aviation, right here, in their bicycle repair and sales 
shop on Third Street in Dayton. In fact, the development of military aviation 
has centered in the Dayton area since the Wright Brothers successful early 
flights over Huffman prairie, about a mile from here. It seems appropriate to 
hold an important meeting on aircraft actitude awareness here where flight was 
pioneered and where the future of Air Force aviation is taking shape today. 

The topic of this workshop addresses one of the most critical areas of 
the pilot-vehicle interface ( P V I ) .  We have experienced events of pilot 
disorientation since the beginning of man's flight. All too often these 
events result in an accident that costs us a pilot as well as the aircraft. ' 
And our new aircraft--particularly our newest single-sent fiehters--prescnt 
a i o i i i t .  c I i , i l  l i : r ig+* : j  tti.1t i i i ( : i . a + . i s v  t l i o  tcinclcrrcy f o r  p L L o t  t l l . i o r L c . i i c , ~ t l o i i .  We* Lirt? 

preparing to take the next step in acquiring our next generation single-seat 
fighter, the Advanced Tactical Fighter. If we have a problem today in the 
PVI, we need to ensure that we undertake the efforts needed to address it, 
now. 

Currently we're flying aircraft that perform better and are far safer 
than in the past--aircraft that malfunction and break less often than their 
predecessors. This hasn't come easy; we've devoted lots of effort to get 
where we are. And because we know we have lots yet to do, we're bunching our 
muscles to take further big steps on ATF. We need to make the same commitment 
on the pilot and his interface with the machine. We need help on how the 
pilot functions, how his brain works, how his visual and perceptual systems 
operate, and how he breaks down. We need help in understanding man as a 
critical systems component. We need that help to take advantage of the 
pilot's strong points while giving full consideration to his weaknesses as we 
work for the optimal interface design. This has important implications for 
the types of displays, whether visual or auditory, that most effectively 
convey the information he needs to maintain his orientation, and if he loses 
it, to help him quickly regain it. To help us resolve this critical problem, 
we've invited a number of experts in the human sciences fields here today to 
share their knowledge on how the pilot functions and what he needs for 
attitude awareness. 

Fighter pilots face a challenging job. Because of that they go through a 
special selection process and then rigorous training. To be successful, they 
must be bright, quick to learn, adaptable, and competitive. It seems to me 
they're excellent copers; they take great pride in their ability to master the 
machine and can learn to make do with whatever they are given. There's even a 
certain amount of pride and prestige at being able to handle aircraft with 
less than optimal design features. Pilots can learn to work around even 
poorly designed features; eventually, though, there must be some cost 
involved, either in terms of operational or performance effectiveness, or of 
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s.i!’ct;i. Once they’ve le‘irned to cope with some suboptimal design feature, it 
may no longer appear to them as a significant problem; they may fail to 
realize that it could be reducing their efficiency. They may even develop 
some resistance t o  change for improvement since they‘ve learned to do it the 
h.irrl wily ntid their h.rbit pi1t“erns are established. Flgliter p t l o t s  love to 
f l y ;  I’ve observed over l o t s  of years that they tend to fall in love with 
whatever aircraft they happen to be currently flying, tending to minimize its 
undesirable features--although I think that’s less now than formerly. But, 
for these reasons, they may not always be the most  objective of evaluators-- 
even though their inputs are essential. When they discuss problems about 
their aircraft, we need to listen. 

The single-seat pilot has the most challenging mission. He must do it 
all himself. He has no one to help him with his job of aviating, 
communicating, navigating, and attack; no one to catch his oversights or 
errors and no one to help him cope with in-flight problems or emergencies. No 
question he has fewer of those long boring hours and that more of his time is 
intensely exciting, busy and disorienting--or even frightening--though he 
might not admit it. 

He may fly when he is tired; surely that’ll be his lot in combat. He 
commonly flies at night when being tired is a given. And when he’s flying 
tired or at night or in the weather, he’s more subject to illusions and 
disorientation--the classic pilot’s vertigo. 

There’s another form of spatial disorientation to which he is subject and 
which I believe warrants our attention; that is, unrecognized disorientation 
or “misorientation,” an insidious and lethal form because it does not alert 
the pilot that anything is wrong. It is this subtle form of spatial 
disorientation that is being seen more frequently now in our single-seat 
fighters. 

Now a word about these single-seat fighters. These aircraft share 
certain features such as head-up-displays (HUDs) which provide a less-than- 
optimum attitude reference; wide area bubble shaped canopies that gather glare 
and reflections; often a cockpit lighting system that is a tradeoff to meet 
conflicting demands, and flight control systems which provide him less 
feedback than he’s historically gotten. Over the years we‘ve emphasized the 
daytime air superiority role, trading down features that might make the 
aircraft better at night or in weather. When flown in such conditions, the 
aircraft may deceive the pilot or fail to provide him the information he needs 
in a form he can quickly grasp. 

I believe we have here, today, the necessary ingredients to shed some 
We have a group of fighter pilots who will discuss 

After listening to their stories 
light on this challenge. 
their problems in their particular aircraft. 
and evaluating their aircraft, we need to address some critical questions: 
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o Is t he re  something about the des ign  of these a i r c r a f t  t h a t  tends t o  
l e a d  t o  loss of a t t i t u d e  awareness? 

o I f  so ,  a r e  t h e r e  any reasonable  f i x e s  t o  improve a t t i t u d e  awareness 
i n  these a i r c r a f t  i n  which t h e  b e n e f i t s  outweigh t h e  c o s t ?  

o And f i n a l l y ,  what can  we do t o  opt imize  man and machine i n t e g r a t i o n  
and ensure we do no t  r epea t  p a s t  mistakes i n  f u t u r e  a i r c r a f t ?  

These a r e  the b a s i c  ques t ions  t o  which I hope we f i n d  some answers during 
the nex t  few days. The goa l s  of t h i s  workshop a r e  r e a l l y  twofold: F i r s t ,  t o  
emphasize t o  our av ion ic s  and airframe people the p re s s ing  need f o r  b e t t e r  
a i r c r a f t  a t t i t u d e  awareness i n  our s i n g l e - s e a t  f i g h t e r s ,  and second, t o  t u r n  
loose the  c r e a t i v i t y / i m a g i n a t i o n  t h a t  e x i s t s  i n  t h i s  group t o  help us t o  
p rogres s  i n  so lv ing  t h i s  very  r e a l  problem. 

A t  a meeting l i k e  t h i s ,  some of the  best work occurs dur ing  the breaks o r  
the Informal g e t - t o g o t h e r s .  We hope y o u ' l l  a t t e n d  the g e t - t o g e t h e r  t on igh t  a t  
the Fly-Wright and tomorrow n i g h t  f o r  supper a t  the  Defense E l e c t r o n i c s  Supply 
Center O f f i c e r s  Club. We a l s o  i n v i t e  you t o  v i s i t  the A i r  Force Museum which 
we're c e r t a i n  y o u ' l l  f i n d  worthwhile. 

EDITOR'S NOTE 

General McMullen added t h a t  ATF Requests f o r  Proposal had been r e l eased  
t h i s  week, and t h a t  f u t u r e  a i r c r a f t  des igne r s  must place much g r e a t e r  emphasis 
upon t h e  p i l o t ,  s t a t i n g  t h a t  the  p i l o t  needs a b e t t e r  cockp i t .  
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L O S S  OF A I R C R A F T  A T T I T U D E  AWARENESS : 
IMPACT ON TtIE USAF 

NEW TECHNOLOGY - OLD E'ROBLEMS 

B r i g .  General A l b e r t  L .  Pruden, J r  

BIOGRAPHY 

Brigadier General Albert L. Pruden Jr. is director of aerospace 
. safety, Headquarters Ai r  Force Inspection and Safety Center, 
Norton Ai r  Force Base, Calif. 

General Pruden was born Feb. 14, 1934, in Rolesville, N.C. 
He graduated from North Carolina State University with a 
bachelor of science degree in aeronautical engineering and was 
commissioned a second lieutenant in the U.S. Air Force 
through the Reserve Officer Training Corps program in 1955. 
The general received a master of arts degree in business 
management from New Mexico Highlands University in 1977. 
He is a graduate of Air Command and Staff College at 
Maxwell A i r  Force Base, Ala., in 1966 and Industrial College 
of the Armed Forces in 1973. 

Beginning his career with pilot training at Kinston Air 
Base, N.C., and Greenville Air Force Base, Miss., General 
Pruden received his wings and was assigned to Perrin Ai r  
Force Base, Texas, for F-860 interceptor training in May 1956. He joined the A i r  Defense 
Command in April I957 and was assigned to the 3 17th Fighter-Interceptor Squadron, McChord A i r  
Force Base, Wash., flying F-102 Delta Daggers. He later moved with the squadron to Elmendorf 
A i r  Force Base, Alaska. In April 1959 General Pruden joined the 71st Fighter-Interceptor 
Squadron, Selfridge A i r  Force Base, Mich., and began flying F-106 Delta Darts. During this 
assignment he completed Instrument Pilot Instructor School and Interceptor Weapons School. 

From September 1962 to August 1965, he served as an F-106 instructor pilot and weapons 
systems instructor at Tyndall A i r  Force Base, Fla. While there General Pruden assisted in forming 
the Combat Crew Training Squadron, was selected to conduct high-altitude tests in F-106s and 
began efforts which led to the 20" cannon being added to the F-106 armament system. 

Following graduation from Air Command and Staff College in July 1966 and F-4 transition 
training at MacDill Air Force Base, Fla., General Pruden was assigned to the 366th Tactical 
Fighter Wing "Gunfighters" at Da Nang Air Base, Republic of Vietnam, from December 1966 to 
August 1967. While in Southeast Asia, he flew 140 combat missions in F-~C'S, including 100 
missions over North Vietnam. 

Upon his return to the United States, he was assigned to the F-4 System Program Office at 
Wright-Patterson A i r  Force Base, Ohio. He later served as deputy director of the F-4E 
Operational Test and Evaluation Program and led development of the modified cockpit 
swi tchology incorporated in present-day F-4E's. He was also actively involved in developing and 
testing the Target Identification System Electro-Optical and leading edge slats for the aircraft. 
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In July 1970 he became a member of the Jo'int Strategic Integrated Planning Staff, 
Organization of the Joint Chiefs of Staff, Washington, D.C. General Pruden returned for a second 
tour of duty in Southeast Asia in February 1973. He was assigned to the 8th Tactical Fighter 
Wing, Ubon Royal Thai Air Force Base, Thailand, as operations officer for the 433rd Tactical 
Fighter Squadron and later commanded the 25th Tactical Fighter Squadron. At  the end of the 
Vietnam conflict, he had flown 233 combat sorties in F-~C'S, D's and E's. 

He returned to the United States in I974 and served at the Air Force Test and Evaluation 
Center, Kirtland A i r  Force Base, N.M., where' he managed the F-15 operational test and 
evaluation and was chief of the Fighter Branch. 

Moving in April 1977 to the 32nd Tactical Fighter Squadron, Camp New Amsterdam, 
Netherlands, General Pruden served initially as vice commander. He assumed command of the 
squadron in January 1978 and led the unit's transition from F-4E's to F-15s. The squadron was 
later awarded the A i r  Force Outstanding Unit Award and the Hughes Trophy for this period. On 
departing that assignment in November 1979, General Pruden was awarded the Commandeur de 
Orde van Oranje-Nassau, met de Zwaarden (Commander in the Order of Orange-Nassau, with 
Swords) by the Queen of the Netherlands. 

From November 1979 to May 1980, General Pruden was vice commander of the 50th Tactical 
Fighter Wing, Hahn Air Base, Germany. He took command of the 26th Tactical Reconnaissance 
Wing at Zweibrucken Air Base, Germany, in May 1980. Under his command the wing integrated 
improved production and prototype all-weather, near real time reconnaissance systems into i t s  
operational mission. In February 1982 General Pruden became the director of inspection at the 
Air Force Inspection and Safety Center. He assumed his present duties in July 1984. 

The general is a command pilot wi th more than 4,800 flying hours in fighter aircraft. He has 
flown F-860's; F-102s; F-106s; F-~C'S, D's and E's; RF-4C's; F-15s; and F-16s. H is  military 
decorations and awards include the Legion of Merit wi th  one oak leaf cluster, Distinguished Flying 
Cross, Meritorious Service Medal with one oak leaf cluster, Air Medal with 16 oak leaf clusters 
and Joint Service Commendation Medal. 

He was promoted to brigadier general Sept. I, 1982, with same date of rank. 

General Pruden is married to the former Constance Bijold of Duluth, Minn. They have three 
children: Robert, Adele and Mary. H i s  hometown is Rolesville, N.C. 

. 
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INTRODUCTION 

In 1 9 8 4 ,  20 o f  41  operator-factor accident reviews cited "loss  of 
situational awareness" as a probable contributory factor. 

- -  5 of these were inadvertent flight into the terrain (spatial 
disorientation/misorientation). 

- _  This group had a high fatality rate due to ejection out of the 
envelope or no ejection attempts. 

- -  I n  1 3 8 5 ,  similar patterns. 

THE IMPACT OF AWARENESS ON TWO OF OUR HUMAN FACTOR PROBLEMS IN NEWER AIRCRAFT --- 
To date, inadvertent flight into the terrain and G-induced loss of 

consciousness (GLC) appear to have contributed to half of F-16 operator-factor 
mishaps. 

_ -  Spatial Disorientation (SDO) is an old problem that is very much 
still with us. 

_ -  Loss oE feedback through stick, rudder, tlieotclr~ vi!;ut~L a i d  
auditory channels; ( a  good sportscnr is good because of "road 
feel"). 

- -  Overconfidenca or "euphorCn" is s u b t l e .  (MngLc v t s i h i l  Lty and 
smiiiinoooothrioss) . 

- -  Less than ideal cockpit for instrument flight. 

_ _  GLC represents a recently recognized threat and is an example of 
good results of increased awareness. 

- -  G onset rate may be more rapid in fly-by-wire. 

- -  Confidence in the G-limiter contributes to abrupt pulling. 

_ _  Body position basic to effective straining. 

- -  Period of incapacitation (>12-15 seconds) 
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- -  MentaL and physical preparation, early and effective straining, body 
position (especially checking 6 ) ,  adequate duration. 

- -  So far in 1385, only one GLC ( 4  in 1384). 

Potential measures to counter the SDO threat include both training and 
design concerns. 

- -  Training (not always preventive, but rather to enhance recognition 
and recovery proficiency). 

- -  We can increase emphasis on instrument training in UPT/RTU 
programs (SEL rewriting ATC chapter on S D O ) .  

- -  We are making improved training films on SDO. 

_ -  We can inore widely apply low altitude awareness training type 
approaches (teaches attention management). 

- -  We have the VERTIFUGE, 
simulate unrecognized SDO? 

but can we design a trainer adequate to 

- -  Cockpit Design concerns include flight instruments, warning systems, 
and distractions, 

- - -  Flight instrument options. 

1. Reduce the number of digital displays. 

2 .  Improve information display on the HUD. 

3 .  Review basic efficiency of information transfer through 
flight instruments. (Instr. Flight Center) 

- -  Reduce cockpit distractions. 

1. Continue to pursue traditional control/switch position, 
and glare/reflection issues. 

2 .  Exploit automatic processing of orientational cues such as 
peripheral vision or auditory. 

As we proceed, let's be more aware of cues robbed from the 
pilot . . .  and if he still fails; 
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- -  Warning system options. 

1. GPWS. 

2 .  Can we build a system for automatic recovery? 

CONCLUSION 

Teamwork, the integration of multiple brands of expertise will move us 
ahead on the awareness issue more efficiently. 

_ _  Starts for safety with the whole mishap board asking the right 
questions . 

- -  Regular, recurrent human factors working groups between appropriate 
USAF agencies have begun. 

- -  Continue focused working groups such as this one as specific needs 
become apparent. 

_ -  We must continue the study of human information processing and its 
limits. 

We will progress. We've seen some on GLC and are moving on SDO. We will 
make some on situational awareness. We will find out where to best invest our 
resources to prevent mishaps, New technology has given us fine equipment. We 
can bring a helpful perspective to that activity, a new technology of our own. 
Let's pull ahead together. 

Editor's Note 
Brig. Gen Pruden also included the following in his remarks: 

o The trend in spatial disorientation/misorientation mishaps is increasing 
- hope the F-16 C/D will be better. 

o SDO situations: might aerial refueling or refueling in the weather. 
Night low level formation approaches: wingman's problems when lead's 
formation lights do not work. 

o Fighting in clear blue sky - SDO has happened more than once to 
experienced F-15 pilots. 

o HUD dependence - canted cloud-deck viewed through HUD creates a mismatch. 
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13 Hecent F - 1 6  K'rU g r . d ~ l i ~ t r ?  t i l t  an 1LS stsrichlon making ii n igh t  approach out  
of  low o v e r c a s t .  H i s  UPT was a t  Williams AFB (Arizona) where h i s  
instrument f l y i n g  was a l l  i n  s imula to r s ;  LIFT was ACBT on ly  wi th  no 
instrument t r a i n i n g ;  RTU w a s  l e a r n i n g  t o  d e l i v e r  ordinance,  no instrument 
t r a i n i n g .  Now a t  h i s  o p e r a t i o n a l  base ,  he is making h i s  f i r s t  a c t u a l  
n i g h t  weather approach, e v e r .  We need . to  improve t h a t .  

o ATF should be a g r e a t  leap forward i n  A i r c r a f t  A t t i t u d e  Awnrcrress, t , i k i n y ,  
d v a n t n g e  of pes t  mishaps  t r fs tory and a l l  t h e  n e w  technology i n  dlsy1,lys 
and the P i l o t  Vehicle I n t e r f a c e .  There 's  l o t s  o f  new technology and 
we're i n  a p o s i t i o n  to  make it  happen. 

o We need t o  t e s t  our systems us ing  new as we l l  a s  o l d  f i g h t e r  p i l o t s ,  

Those f l y i n g  f r e q u e n t l y  i n  a c t u a l  weather cond i t ions  tend t o  go heads 
down i n  weather whereas those who fly less fraqurntly I n  cictual wetither trnd 
I I O ~  t o  80 heads d o w n .  B u t ,  the roc11 L N S I I O  Is iiot w l i t b t l r u r  heads u p  Ls tJtbr-tcr 
thon tiends down or vice versa.  

We need t o  maximize t h e  technology a v a i l a b l e  t o  us today t o  make 
something t h a t  is b e t t e r  than e i t h e r  the  HUD o r  instruments  - o r  maybe a 
combination o f  the  two. 
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There a r e  se- re ra l  t o p i c s  and poin:s I ' d  l i k e  t o  d i s c u s s  fn  t h i s  
b r i e f i n g :  the  r o l e  of v i s i o n  i n  s p a t i a l  d i s o r i e n t a t i o n  (SDO); des ign  f e a t u r e s  
t h a t  i m p n c t  a:titude awareness;  importance of  t h e  a t t i t u d e  i n d i c a t o r ;  the f a c t  
t h a t  t he  HUD fs no t  an  A D I ,  al though i t  cou ld  be improved a s  an  a t t i t u d e  
r e f e r e n c e ;  and p a t t e r n - t y p e  d i s p l a y s  t h a t  t ake  advantage of  the  f a c t  t h a t  the 
huaan i s  b a s i c a l l y  a p a t t e r n  recognizer .  We'll f i r s t  t a l k  about  s p a t f a l  
d i s o r i e n t a t i o n  ( S D O )  and how the  inan-machine i n t e r f a c e  and o t h e r  inputs  can 
l ead  t o  a loss of a t t i t u d e  awareness i n  some of  our  s t a t e - o f - t h e - a r t  f i g h t e r s .  
Though Dr. Lsibowi:;: w i l l  d i s c u s s  the two modes o f  v i s u a l  process ing  i n  mors 
&:ai1 t h i s  a f t e rnoon ,  I need t o  exp la in  something about i t  t o  provide some 
re la*:an t background f o r  th  is t a l k .  I 

H i s t o r i c a l l y ,  we've considerad SSO t o  r e s u l t  from a mismatch betveen 
v i s i o n  and the balance organ.  We now know t h a t  is  only  p a r t  o f  the s t o r y .  
J u s t  a s  inporcsn t  is  a misma:ch wi th in  the  v i s u a l  system i t s e l f ,  between i t s  
;YO modes of process ing  *r i sua l  in format ion .  Cne of  t hese  modes i s  the a l l  
f J m i l i a r  f o c a l  mode which focuses ,  reads  t h e  c h e c k l i s t ,  i d e n t i f i e s  the  bogey, 
and aims the  gun. This  mode is h ighly  d i s c r i  i n a t i n g  and is  exc lus ive ly  
v i s u a l ,  i n  f a c t ,  is  l i m i t e d  t o  the  c e n t r a l  1 - 2  of t h e  r e t i n a .  I t  r equ i r e s  
good l i g h t i n g  and good r e s o l u t i o n ,  and i t  t y p i c a l l y  involves  conscious 
a::en: ion .  

3 

The o t h e r  is c a l l e d  the  ambient mode because i t  o r i e n t s  onese l f  t o  the  
a z b i e n t  environment.  To demonstrate t o  y o u r s e l f  t he  o r i e n t i n g  c a p a b ' l i t y  of 
t he  ambient mode, jus:  t r y  t h i s  l i t t l e  t e s t  popu la r i zed  by Dr. Nalcolm. # 

o Place your f e e t  i n  a tandem ( h e e l - t o e )  p o s i t i o n ,  c l o s e  otie eye ,  
cover the  open eye with your f i s t  through which you've made an 
ape r tu re  s u f f i c i e n t  t o  maintain c e n t r a l  o r  f o c a l  (or fovea l )  v i s i o n  
while  b locking  inpu t s  from t h e  p e r i p h e r y ,  and determine how long you 
can maintain your ba lance .  

o Now t r y  t h e  converse of  t h a t  t e s t  by c lenching  t h e  f i s t  t o  block 
f o c a l  v i s i o n  b u t  move your f i s t  a n  inch  o r  so away from your open 
eye so a s  t o  permi t  p e r i p h e r a l  i n p u t s .  You should f i n d  you can hold  
your balance considerabl>r?onger,  i f  n o t  i n d e f i n i t e l y ,  because your 
o r i e n t a t i o n  inpu t s  a r e  going s t r a i g h t  from your primary o r i e n t a t i o n  
sensor  t o  t h e  co re  o f  your ba lance  c e n t e r s .  

This  mode is concerned n o t  w i th  o b j e c t  r e c o g n i t i o n  b u t  wi th  o b j e c t  
q u a l i t y ,  o r  more c o r r e c t l y ,  t h e  q u a l i t y  of  t h e  sur rounds ;  f o r  example, the  
" su r faceness"  of t he  s u r f a c e ,  "hor izoness"  of  t h e  ho r i zon ,  o r  "cockpftness"  of 
a n  a i r c r a f t .  I t  i s  a q u a l i t y  assessment  mode, undiscr imina t ing  and 
u n c r i t i c a l ,  and i t  can  be e a s i l y  deceived,  which,  of  cour se ,  is p a r t  o f  t he  
problem. 

- 
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Although t h I s  mode Involves  the  e n t i r e  r e t i n a ,  i nc lud ing  c e n t r a l  v i s i o n ,  
is by no aeans e x c l u s i v e l y  v i s u a l .  I t  connects  - >  the  same te rmina ls  which 

r ece ive  or iencac ion  i n p u t s  from our organs  of ba l ance ,  p ropr iocept ion  and 
h e a r i n g .  Ins tead  of a n  ambient visual system, w e  have,  i n  e f f e c t ,  an ambient 
orient3:ion system, i n t o  which v i s i o n  c o n t r i b u t e s  its sha re  o f  t he  inpu t s  
a locg  wi:h those from t h e  ocher  s enses .  Gihen ambulating about  on the  s u r f a c e  
- J i th  our  e;res open, v i s i o n  Con t r ibu te s  the  g r e a t e s t  p ropor t ion  o f  o r i z n t a t i o n  
inpl ics ,  2erhaps 9C% o r  s o r e ;  and o f  those i n p u t s ,  t he  ambient mode provides  
2erhaps 303.  so i t  s u p p l i e s  t h e  l i o n ’ s  s h a r e .  I f  we can s e e ,  o r  t h ink  t h a t  w e  
can s e e ,  v i s i o n  w i l l  dominate as far as o r i e n t a t i o n  inpu t s  a r e  concerned. 

2 This  mode works a t  any l i g h t i n g  l e v e l  : i t ’ s  the  one w e  use i n  the  da rk .  
Tbough you cannot read  i n  a dark  room, you can o r i e n t  provided thera  is a 
minLmum of l i g h t  (F igure  1 ) .  

EF F IC1 E NCY 

100% 

60% 

AMBIENT MODE / 

Figure 1: Focal vs. Ambient Visual Mode Ef f i c i ency  - Effect o f  Decreasing 
I l l umina t ion .  

e 
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Resolu t ion  is t o t a l l y  uninpor tan t  (F igu re  2 ) .  You can  o r i e n t  v i t h  20 
The ambient mode t y p i c a l l y  func t ions  a t  more 

Along t h e  s c a l e  of  e v o l u t i o n ,  i t ' s  the  mode t h a t  appeared 
dfop:er 1er.ses before  your e y e s .  
of  a r e f l e x  l e v e l .  
f i r s t .  2 

OR I ENTATION 

EFFECTIVENESS 

Figure  2 :  Focal vs.  Ambient Visual  Mode - Effec t  of Decreasing Resolut ion.  

There a r e  th ree  consequences of  ambient mode r e a c t i o n s  o f  concern t o  
v e c t i o n  i l l u s i o n ,  and t h e  tendency t o  p i l o t s :  t he  d i s t r a c t i o n  po ten t i a l , , - t he  - 

o r i e n t  t o  f a l s e  ho r i zons .  I - 
F i r s t ,  t he  brain con ta ins  r e c e p t o r s  t h a t  are s p e c i f i c a l l y  tuned t o  t h e  

components of  motion, An o b j e c t  whose motion is 
d e t e c t e d  by the  eye w i l l  t r i g g e r  a neuron o r  clump of neurons t o  f i r e .  I f  t h e  
v e l o c i t y  changes,  i t  w i l l  f i r e  a d i f f e r e n t  neuron o r  clump, and i f  t h e  
d i r e c t i o n  changes,  s t i l l  a d i f f e r e n t  neuron o r  clump. There is thus an  
a r c h i t e c t u r a l  b a s i s  f o r  responsiveness  t o  pe rce ived  motion! And a f t e r  a l l ,  
p i l o t s  are cocked t o  s p o t  bogeys and avo id  mida i r  c o l l i s i o n s  and will l i k e l y  
snap  g lance  t o  any movement. I f  t h e  snap g lance  r e s u l t s  i n  a s u b s t a n t i a l  
er.ough head motion, t h a t  may tumble t h e i r  gyros  caus ing  v e r t i g o .  Thus, any 
motion can  d i s t r a c t ,  even t h e  s lewing motion of  t he  p i t c h  s c a l e s  on the HUD. 

bo th  v e l o c i t y  and d i r e c t i o n .  

. . .  
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1 . .  THE VECTION ILLUSION I 
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I7igure 3 :  V e c t i o n  Illusion 



The same can apply t o  anyth ing  appear ing  o u t  o f s p l a c e ,  . s u c h  a s  bug s p o t s  
on the  windscreen; one experienced figh:er p i l o t  a 9 i t t e d  t o  breaking f o r  a 
bug s p o t ,  then  breaking  aga in  w i t h i n  minutes  f o r  t he  same bug s p o t .  

L le reas  a small motion i n  the  pe r iphe ry  m a l l  be ' i n t e q r e t e d  as o b j e c t  
motion, more of  t h e  pe r iphe ry  t h a t  moves w i l l  be i n t e r 7 r e t e d  as se l f -mot ion .  
You've all experienced t K i s  s e n s a t i o n  whi le  s i t t i n g  a t  a s t o p  l i g h t :  a s  t h e  
53:: ne:<: t o  you begins  t o  r o l l  backwards, your impulse i s  t o  s l a m  the  brakes 
on ;rour motionless  c a r .  I t  can be t r u e  
o r  i l l u s o r y ,  and i t  i s  the  p r i n c i p l e  upon which f u l l  v i s u a l  s imula tors  a r e  
basad .  The s e n s a t i o n  of motion c r e a t e d  by these  devices  is s u f f i c i e n t l y  
commanding t h a t  t h e  motion bases  a r e  unnecessary and have commonly been 
de32t i*~a:ed.  

This  s e n s a t i o n  is  known a s  v e c t i o n .  

Design f e a t u r e s  t h a t  p o t e n t i a t e  d i s t r a c t i o n  and d i s o r i e n t a t i o n  include a 
wide a r e a  cJnopy, bubble-shaped l i k e  a "Eishbowl"; a head p o s i t i o n  h i sh  up  i n  
t h i s  " f i shbov l "  suhJec:lng thc  amblent mode t o  m'i:ciinum bombardment w l t h  g l a r e ,  
r e f l e c t i o n s  and f J l s e  motions; l i g h t  sou rces  t h a t  cause g l a r e  arid r e f l e c t i o n s  
off the  canspy, t h a t  impede o u t s i d e  v iewing ,  t h a t  impede the  a c q u i s i t i o n  of a 
v a l i d  o r i e n t i n g  phenomenon (ho r i zon  o r  s u r f a c e ) ,  o r  t h a t  cause sys temat ic  
motions such as desc r ibed  by A - 1 0  p i l o t s  f l y i n g  over  a l i g h t e d  runway a t  
nigh:. These r e f l e c t i o n s  running from a f t  t o  forward up t he  canopy make i t  
appear  a s  though a n  a i r l i n e r  i s  pass ing  overhead. They dub t h i s  the " S t a r  
~ a r s  E f fec t "  and admi: t h a t  i t ' s  a r e a l  a t t e n t i o n  g e t t e r  (Figure 3 ) .  
Furthermore,  t he  ambient mode is adequa te ly  a c t i v a t e d  by t h e  low s p a t i a l  
f r equenc ie s ,  such as fuzzy shadows and r e f l e c t i o n s ,  t y p i c a l l y  s t i m u l a t i n g  
l a r g e  a r e a s  of t he  v i s u a l  f i e l d ?  The v e c t i o n  i l l u s i o n  can  be excep t iona l ly  
deceiving"as  w e l l  as d i s o r i e n t i n g .  

I .  

er f i n d i n g  of  i n t e r e s t  is t h e  f a c t  t h a t  t h e  b r a i n  c o r t e x  subserving 
ambient v i s i o n  c o n t a i n s  r e c e p t o r s  s p e c i f i c a l l y  respons ive  t o  l i n e s  and t o  
edges .  Th'is has  a c t u a l 1  been mapped o u t  i n  t h e  b r a i n s  o f  c a t s  by Hubel and 
Weisel a t  Harvard,  Since t h e  
human c a n ' t  t o l e r a t e  a sense  of  d i s o r i e n t a t i o n  and s i n c e  t h e  ambient mode is 
u n c r i t i c a l ,  i t  w i l l  l i k e l y  accep t  any th ing  wi th  the  q u a l i t y  of  "horizoness"  a s  
a vnltd hor izon .  There nppailrs t o  b& n s o r t  o f  mans r u l e  o p e r a t i n g  he re :  t he  
l a r g e r ,  the  more commanding. . That may e x p l a i n  i n  p a r t ,  a t  l e a s t ,  t he  
commanding na tu re  of  phenomena such as s l o p i n g  cloud decks ,  s l o p i n g  t e r r a i n ,  a 
haze o r  fog-depressed ho r i zon ,  t h e  Northern L i g h t s ,  o r  s u r f a c e  f e a t u r e s  
resembling a hor izon .  

A p a r t i c u l a r l y  l e t h a l  combination is  a n i g h t  t a k e - o f f  ac ross  a l i g h t e d  
s h o r e l i n e .  Since t h e  ba lance  organ cannot  d i s t i n g u i s h  between a c c e l e r a t i o n  
and a cl imb,  a s  what appears  t o  be t h e  ho r i zon  passes  benea th  h i s  wingl ine ,  
t h e  p i l o t  becomes convinced he ' s  doing a loop ,  and h i s  tendency is t o  dump the  
nose and f l y  i n t o  t h e  wa te r .  

1962j and is probably t r u e  a s  w e l l  i n  humans. 

.- 
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‘de thfnk t h a t  su r f ace  f e a t u r e s  resembling a hor izon  have been r e spons ib l e  
f a r  n n m h o r  o f  ou r  mish<ip:;. One fnvolved an exFerienctad €ight i . r  p i l o t  € l y i n g  
.I:\ F - 1 6  o n  .I n L & t  bomb drop.  The $tin h.iJ J u s t  sQ? t ,  a113 from h f s  orbit at 
17,000 f e e t  MSL, looking wes t ,  he cou ld  see  i n  o r d e r ,  r a p i d l y  blackening sky, 
whi te  c louds ,  b l a c k  mountains,  wh i t e  t e r r a i n ,  b lack  c i r c u l a r  d i s c o n t i n u i t i e s  
throu3h the whi te  t e r r a i n ,  then more l i g h t e r  t e r r a i n  benea th  him (Flbure L ) .  
.As he descended toward bomb r e l e a s e  ( “ p i c k l e ” )  a l : i tude,  he s t J b i l i z e d  i n  h i s  
t r a c k  suf f ic ien t1 ; r  f o r  h i s  balance organ  t o  re3is:er s t r a i g h t  and l e * i e I ,  such 
chat when he l e - i e l l e d  t o  p i c k l e ,  h i s  balance organ r e g i s t e r e d  a c i i n b .  I n  
;rant o f  b e t t e r  v i s u a l  in format ion ,  h i s  tendency would be t o  cont inue  t h e  
descen t .  V i s u a l l y ,  while inbound t o  t h e  t a r g e t ,  he had t h e  l i g h t s  o f  a l a r g e  
ci.t:i o n  the e.is:ern hor:zon t o  en.itila o r f e n t . i t i o n .  b i t t  once he turned t o  
dowiwin(1, he w 3 s  con€:oiitt.d with  a l i g h t l e s s ,  bl‘ick h o l e .  From h i s  new 
.r!esrpoint, the  mountains and c louds  both blended with the  black sky,  m.ikfng 
t h e  more d i s t a n t  white  t e r r a i n  appear  a s  the  c loud ,  t h e  b l ack  d i s c o n t i n u i t i e s  
as the  d i s t a n t  mountains,  and t h e  nearby l i g h t  t e r r a i n  a s  ,tha: i n  :he 
dis:ance. The e f fec :  was t o  d i s p l a c e  t h e  hor izon  downward 35-GO . 

There were two addi:ionsl f a c t o r s  impacting t h i s  p i l o t .  One, t he  bomb 
f l i l e d  t o  s p o t  ( i . e , ,  i t  f a i l e d  t o  f l a s h )  and t roub leshoo t ing  a p o s s i b l e  
malfunct ion t rap?ed  h i s  a t t e n t i o n .  And tvo ,  he was p i c k l i n g  t h a t  bomb a t  
about  h i s  normal bedt ime,  so he probably  wasn’t  a s  sha rp  a s  u sua l .  These,  
coupled v i t h  t h e  co r robora t ing  f a l s e  v e s t i b u l a r  and v i s u a l  cues provided him 
t h e  comfortable premise o f  a climb t o  downwind a s  in tended ,  and he probably 
never  bothered t o  c ross -check  h i s  i n s t rumen t s .  

Wfth t h a t  background on t h e  r o l e  of  v i s i o n  i n  SDO, l e t ’ s  d i scuss  soma 
problems with c u r r e n t  f i g h t e r  a t t a c k  a i r c r a f t .  I see  them a s :  

o F a f l i n g  to provide adequate  a t t f t u d e  r e f e r e n c e s ,  both e x t e r n a l  
rc fcrencns  and Instruments .  

o F a i l i n g  
a l t i t u d e  i n  a quick ly  d i g e s t i b l e  format .  

t o  provide c r i t i c a l  c o n t r o l  parameters  such a s  a i r speed  and 

.- e 
o Confusing,  d i s o r i e n t i n g ,  mi so r i en t ing  t h e  p i l o t .  

o Provid ing  inadequate t a c t i l e  and/or aud i to ry  cues .  

A number o f  human f a c t o r s  problems a r e  exposed i n  t h e  A - 1 0  (F igure  5 ) .  
F i r s t ;  the  angled  canopy r a i l  d e n i e s  t h e  p i l o t  a r e fe rence  t o  t h e  h o r i z o n t a l ,  
and the  s tubby nose  denies  him a ready  motion cue ,  e i t h e r  i n  the  v e r t i c a l  o r  
t h e  l a t e r a l  p l a n e s .  Because t h i s  a i r c r a f t  is so h i g h l y  maneuverable, it is 
easy  t o  i n a d v e r t e n t l y  over bank i t ,  i n  which case  it w i l l  f l y  a descending 
f l i g h t  pa th .  I f  t h e  p i l o t  f a i l s  t o  ca t ch  t h a t  nose dropping through t h e  
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hor izon  e a r l y ,  h e ' s  committed t o  a d ive  recovery f o r  which he may have 
i n s u f f i c i e n t  a l t i t u d e .  T h a t ' s  important  f o r  t h i s  a i r c r a f t  because of the  low 
a l t i t u d e  where i t  o p e r a t e s .  I t  a l s o  has ,  no r ada r  a l t i m e t e r  o r  ground 
proximi:y warning system. 

From the  c o c k p i t  (Figure 6), one can a p p r e c i a t e  t h a t  t he  v i ev  ou t  t he  
f r o n t  i s  c l u t t e r e d :  HUD suppor t s ,  windscreen b race ,  and canopy bows can mask 
b i r d s  and a i r c r a f t .  There a r e  some p o t e n t i a l  a t t e n t i o n  t r a p s :  some o f  the  
a v i o n i c s  needed f o r  f l y i n g  i n  IXC, e . g . ,  the  r a d i o s ,  TXCXU, a d  ISS a r e  
loca red  down on t h e  s i d e  c o n s o l e s ,  c o n s z i t u t i n g  p o t e n t i a l  head-down 
a t t e n t i o n a l / v e r t i g o  t r a p s .  F t r i n g  t h e  Xa-rerick Xissile involves  a m u l t i - s t e p  
procedure r e q u i r i n g  t h e  p i l o t  t o  d i v i d e  h i s  a t t e n t i o n  between the s t o r e s  
managsment pane l  a t  lower l e f t ,  t h e  TJ monitor a t  upper  r i g h t  f o r  f i n a l  
s lewing and l o c k - o n ,  and the  HC'D t o  c l e a r  h i s  f l i g h t  p a t h - - a  p o t e n t i a l  
procedur; l l ,  a t t e n t i o n c i l  and focus t r a p .  The engine ins t ruments  a re  s tacked  
l e f t - r t g h t - l e f t - r i g h t  s o  t h a t  i n  the  event  oE a mismatch, f t ' s  not alwa:rs 
inmedia:ely appa ren t  which eng ine ' s  a t  f a u l t .  

The a i r c r a f t  e x h i b i t s  f l i g h t  c o n t r o l  c h a r a c t e r i s t i c s  which has c r e a t e d  
problems f o r  p i l o t s .  khereas  most a i r c r a f t  b u f f e t  b e f o r e  they s t a l l ,  
s e n e r a t i n g  a r e l i a b l e  t a c t i l e  cue tha: p i l o t s  i n g r a i n  and come t o  r e l y  upon, 
t h e  A - 1 0  s t a l l s  b e f o r e  i t  b u f f e t s .  Ke l o s t  a number of  them before  breaking  
t h a t  code. 

Another a r e a  where t a c t i l e  cue ing  could  s t a n d  improvement is the speed- 
b r a k e .  There i s  no cue ,  t a c t i l e  o r  a u d i t o r y ,  t o  remind t h e  p i l o t  t h a t  h i s  
speed brakes a r e  deployed. Of c o u r s e ,  he can see them i f  he th inks  t o  look 
f o r  them ( s p l i t  a i l e r o n s ) ,  bu t  under p re s su re  of a n  emergency, he may n o t  
t h i n k  about them. This  is important  because ,  whereas t h e  a i r c r a f t  has  a 
r e l a t i v e l y  i n e f f e c t i v e  propuls ion  sys tem,  i t  has  a ve ry  e f f e c t i v e  speed b rake ,  
such t h a t  i f  a n  engine  i s  r e t a r d e d  wi thout  r e t r a c t i n g  t h e  speed-brake,  t h e  
a i r c r a f t  w i l l  n o t  main ta in  a l t i t u d e .  We have l o s t  s e v e r a l  a i r c r a f t  because 
t h e - p i l o t  d i d  j u s t  t h a t ;  shu t  down a n  eng ine ,  f a i l e d  t o  r e t r a c t  the  speed 
b r a k e ,  and was unable  t o  f i g u r e  o u t  why he  could no t  main ta in  a l t i t u d e  i n  
s u f f i c i e n t  time t o  avoid  having t o  e j e c t .  I n  a t  l e a s t  two of  these  i n s t a n c e s ,  
t h e  p i l o t s  were i n  IMC, and j u s t  @ i n t a i n i n g  a t t i t u d e  whi le  coping with t h e  
emergency absorbed a l l  t h e i r  a t t e n t i o n .  

The F-15 w i l l  be  d iscussed  i n  more d e t a i l  by Major Merrill Beyer, bu t  l e t  
m e  p o i n t  o u t  j u s t  two des ign  f e a t u r e s  impact ing a t t i t u d e  awareness:  

F i r s t ,  t h e  cons ide rab le  amount of  prime r e a l  es ta te  taken  up by t h e  
r a d i o ,  t ransponder  and HUD c o n t r o l  pane l  (F igure  7 ) .  T h i s  has  forced t h e  
l o c a t i o n  of t h e  A D I ,  which is only  3" i n  d iameter ,  down over  35@ below t h e  
d e s i g n  eye l i n e .  I t  i s  not  ea sy  f o r  t h e  wingman t o  s imultaneously f l y  
format ion  and ma in ta in  h i s  own a t t i t u d e  awareness.  H e  must t u r n  h i s  head 
cons ide rab ly  t o  t h e  s i d e  i n  order  t o  f l y  good format ion;  t h e  r e s u l t  can be a n  
angu la r  d i f f e r e n c e  between the  o u t s i d e  formation r e f e r e n c e s  and the  l i n e  of 
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s i g h t  t o  h i s  HUD o r  AD1 by as much a s  60'. This r e q u i r e s  h i n  t o  make 
s i g n i f i c a n t  head movements whenever he wishes t o  c ros s -check  h i s  cockp i t  
instrumen:s. P i l o t s  know t h a t  l a r g e  head movements i n  t h e  cockp i t  can produce 
v e r t i g o .  I n  o r d e r  t o  minimize t h e s e  head movements, t h e  wingmen p r e f e r  t o  
s l i d e  down and back from the normal format ion  p o s i t i o n .  However, i f  t h e  
vingnnan drops too  f a r  down and i n  toward l e a d  during i n t e n s e  weather formation 
f l izh: ,  the  wingman's a i r c r a f t  wing ove r l aps  the  h o r i z o n t a l  s t a b i l i z e r  of t he  
lead a i r c r a f t .  Not o n l y  i s  t h i s  somevhat dangerous,  b u t  i t  a l s o  can i n t e r f e r e  
vi:h the normal f l i c h t  d;inamics of t h e  l e a d  a i r c r a f t  t o  t he  ex:ent tha: l ead  
c.in " f e e l "  when the  wingmm is i n  t oo  t fAh t .  P i l o t s  have a l s o  reported t h a t  
the:/ lose t he  F-LS  when f l y i n g  formacion dur ing  day weather  condi t ions  more 
than  any o t h e r  t a c t i c a l  f i ghze r  t hey  have flown. This is due t o  the gray  
p a i n t  scheme of t h e  F - 1 5  which minimizes c o l o r  c o n t r a s t  w i th  gray backgrounds, 

4 enab l ing  the  a i r c r a f c  t o  e a s i l y  b l end  i n t o  weather .  

The o t h e r  f e a t u r e  is  the  l o c a t i o n  of  the  Standby A t t i t u d e  I n d i c a t o r  
I t  is  deeper  y e t  than t h e  pr imary ADI, and it  i s  behind the  s t i c k ;  i c  (SAX). 

r e q u i r e s  moving t h e  s t i c k  (o r  l ean ing  way forward) t o  view i t .  

The F-16 (F igu re  8 )  was o r i g i n a l l y  b u i l t  a s  a day VFR l igh tweight  f i g h t e r  
conce?t  demonst ra tor ,  and a s  a day VFR d o g - f i g h t e r ,  i t  is  probably 
u n p a r a l l e l e d .  But i t  was no t  des igned  f o r  the  n ight -weather  r o l e ,  and when 
flown i n  such c o n d i t i o n s ,  i t  g e n e r a t e s  i t s  share  o f  human f a c t o r s  problems 
( t o  be d i scussed  1a:er by Major Ar:hur Fowler) ,  n o t  t h e  l e a s t  of  which a r e  
canopy t h e  
r a d a r  scope.  In  a d d i t i o n ,  canopx r e f l e c t i o n s  from c l i p b o a r d s ,  helmets ,  and 
o t h e r  cockp i t  i tems occur  about 30 f o r d a r d  of the  p i l o t ' s  e a r  l i n e  and prove 
d i s t r a c t i n g .  P i l o t ' s  helmets were p a i n t e d  gray t o  dec rease  such r e f l e c t i o n s . ,  

g l a r e  and r e f l e c t i o n s  from c o c k p i t  and ins t rument  l i g h t s  and from 

The F-16 a i r c r a f t  l acks  n a t u r a l  a t t i t u d e  r e f e r e n c e s .  From h i s  s e a t e d  
p o s i t i o n ,  t h e  p i l o t  may no t  be a b l e  t o  s e e  much o r  any o f  t h e  a i r c r a f t .  The 
canopy bow i s  behind the  p i l o t  where some c la im it  b locks  t h e i r  view t o  t h e  
r e a r .  Most p i l o t s  love  the  unsurpassed  v i s i b i l i t y ,  however, and would res i s t  
any change. o r  
suspended above i t ,  l i k e  be ing  on t h e  nose of  a d a r t  o r  on a "magic c a r p e t . "  
T h a t ,  coupled w i t h  t h e  spec tacu la r  performance and l a c k  o f  cues ,  has l e d  t o  a 
f e e l i n g  of  unwarranted contentment-or complacency, dubbed by a former F-16 
Wing Commander, "F-16 Euphoria.J What impact i t  may have on one ' s  t i m e  
s e n s e ,  c ros s -check ,  o r  s i t u a t i o n a l  awareness ,  i f  any ,  h a s  n o t  been formal ly  
s t u d i e d ,  b u t  we've had in s t ances  of i n a t t e n t i o n  t o  c r i t i c a l  parameters f o r  
excess ive  pe r iods  o f  time, r e s u l t i n g  i n  thousands of f ee t  o f  a l t i t u d e  l o s s  and 
c r a s h e s .  

Yet t h e  p i l o t  may g e t  t h e  f e e l i n g  of be ing  "on" the  a i r c r a f t  

This  a i r c r a f t  was b u i l t  a s  a v i s u a l  a i r c r a f t  t o  keep t h e  eyes ou t .  I t  
does no t  cue t h e  p i l o t  t h a t  any th ing  has  changed o r  t h a t  i t ' s  time t o  
t r a n s i t i o n  back i n s i d e ,  and when i t  is t i m e  t o  t r a n s i t i o n  back i n s i d e ,  t h e  
a i r c r a f t  p r e s e n t s  a cha l lenge .  T h i s  begs the ques t ion  as t o  what the p f l o t  
needs to t r a n s i t i o n  back i n s i d e .  I f  conf ronted  wi th  s i t u a t i o n s  of f a l s e  
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INSTRUMENT PANEL @a 

1. HUD Combiner Glass 
2. Television Sensor 
3 AR Statur/NWS Indicator 
4. HUD Control Panel 
5. Standby Attitude Indicator - 24 AOA Indicator 
6. Fuel Flow Indicator 25 Insirument Mode Select Panel 
1. OUAL fC FAIL Warning Light (Red) 26 Airspeed Mach lndicaior 
8. HYO, OIL PRESS Warning Light (Red) 27 Stores Control Panel 
9, CANOPY Warning Light (Red) 28 AUIOPI~OI ROLL Switch 

10, ENGINE Warning Light (Red) 29 AUTOPILOT Switch 
11. Radio ChanneVFrequencv Indicator 30 Autopilot PITCH Switch 
12. Vertical Velocity Indicator 31 MASTER ARM Switch 
13. Oil Pressure Indicator 32  ALT REL Button 
14. RPM Indicator 33 SMS PWR Switch 
15. Nozzle Position Indicator 3 4  IFF D E N T  Button 
16, FTlT Indicator 35 ENG FIRE Warning Light (Red] 
17. Fuel Quantity Indicator 36 T 0 /LAND CONFIG Warnmg Light (Red) 
18. Altimeter 37 THREAT WARNING Controls and lndicaiort 
19. MRK BCN Light 38 MASTER CAUTION Light (Amber) 
20, Anitilde Direcfor Indicator 39 THREAT WARNING Azimuth Indicator 
2 4. Horirontal Situation Indicator 40. Spotlight 
1L Radar/EO Display 41 AOA Indexer 
23. Rudder PEDAL AOJ Knob 42. W O V R O  Light 
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motions, false horizons or no horizon; i.e., if he lacks God's big outside 
horizon, the pilot needs man's horizon. and the bigger the better. Llereas it 
may be permissible to miniaturize some instruments, miniaturization does not 
apply to the ADI. The ADX represents one instance where BIG is definitely 
BETTER, ideally big enough to see out the corner of the eye, as in flying 
formation. 

But what in the way of an A D 1  does the F-16 provide (Figurz 9 ) ?  Like the 
F - 1 5 ,  the l.ir=e H U D  control p.inel forces tht.. primirry XDI deepl:r i n t d  th~: 
c o c k p l t ,  over  25' below the  dnn!.en rrya I l n e .  Iliider c e r ' t a l ~ i  Llgh,t Lrry ,  
conditioris, t h e  top half may appear uniform, allowing the pilot to miss the 
fact that he's in a descent. The ADX is small; it's barrel is less than 2 "  in 
diameter, and depending upon how the seat is adjrisceti ,  could be 3n:rJhcrr. from 
2 5 - 3 3 "  froin the e y e ,  ;~.it:h th:it It t ' . r I l s  tl1 si ibtcnd .t large i ingle  o r  a large 
arc4 iat the eye; it is not particulsrlg commanding. Finally, wide separation 
betveen the primary AD1 and SA1 precludes the immediate recognition of a 
mismatch between the two and upsets one's composite cross-check if required to 
switch. Although the SAX is less reliable than the primary ADI, its proximity 
to the eye line has resulted in its use to the exclusion of the primary ADX 
with disastrous results when it (the SAX) was in error. 

I'd like to discuss a mishap illustrating the attitude instruiient problem 
in this aircraft. The mission involved a day formation departure into a low 
overcast; the lead pilot was inexperienced, the wingman highly experienced, 
and as they depar:ed, the wingman was on the right wing. Upon entering the 
overcast, the lead became disoriented, and after some gyrations, exited the 
clouds in a steep dive at a steep left bank. At this point, the wineman had 
movcd to the left wing, so he was looking up nt l e i ld .  As soon as  they brciko 
out, lead saw the trees, rolled and pulled hard, hitting some trees but 
getting the aircraft back. Wingman was just a millisecond too late. 

This mishap illustrates two points. One. lead was unable to transition 
from outside to inside in a timely, positive manner; and two, despite his 
experience, the wlngman could not simultaneously fly formation maintain 
his own attitude awareness, because of the small size and deep location of the 
AD1 . - 

Again, the importance of the attitude indicator: it's the hub of the 
cross-check. Studies have shown that pilots flying in IMC spend between 70- 
90% of their eye time dwelling on the ADI. It should be large, high, 
centrally located, to 
facilitate the transition from outside to in; to enable the wingman to sneak- 
a-peek while flying formation; to facilitate maintaining one's own aircraft 
attitude awareness; to speed recognition of unusual attitudes, and to 
facilitate coping with unusual attitudes. 

and prominent enough to see out the corner of the eye: 

We haven't always had small ADI's, as illustrated by the instrument 
cluster developed at ARJAL by former Luftwaffe Colonel Siegfried Knemeyer 

1 - 3 - 1  7 



(F igu re  LO). 
105 and F-106 was a n  A D [ ,  
(The 
and C-141.  and were a l s o  used i n  t h e  B-70.) 

A t  the hub o f  t h i s  c l u s t e r ,  which was near  eye l e v e l  i n  the  F- 
t he  sphere of  which m e s u r e d  a f u l l  3" i n  diameter .  

C - 5  s.me i n t e g r a t e d  f l i g h t  i n s t rumen t s  are  c u r r e n t l y  used i n  the  F-111,  

- - - ,  

The "forward-looking" portion of the panel i s  planned to provide a single frame of reference in 
interpreting instrument indications by prowdin; a common center line that extends across a l l  
1r:struments in the row (see Fig. 13. 6). When the aircraft  goes into a climb, for example, changes in 
.dl the rate and displacement indications (displayed side by side) a r e  consistently related to the center 
reference line and to the pilot's control movement. Insofar a s  possible, scale displacements a r e  in 
.L Sl:i;le direction. Note also that 3ctu3.I performance data and desired performance values are  
:ispl;lyed so that the pilot does not have to remember specific values. Instead, he flies the aircraft - 1 -1s 10 keep the indices aligned across the reference line. 
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There was another popular feature: the moving tape formats for airspeed 
and altitude. By the use of cursors shaped like Captain's Bars. one could 
mark some preselected parameter sufficiently to not require foveation; i.e., 
could monitor it with peripheral vision. The numbers on the tapes were such 
that the smaller airspeed was at the top and vice versa for altitude. Gihile 
flying straight and level, the cursors formed an even line with the ADI's 
horizon. If one drifted off, however, say inadvertently entered a descent, as 
airspeed increased, the lefc (airspeed tape) cursor would move up as the 
higher airspeed cams into view; the horizon line would move up as attitude 
changed; and the altimeter cursor would move up as altitude was lost and the 
lower altitude moved i n t o  vlt2.4. The oppo.;1 t t a  w o i t l ( 1  happen for cin nr;c:tnrit.  

Thl:; pr-ov[ded ;1 v c r y  i i l c ~ t  rcdiInt?.qrit cue to a t t l c l i d d  , ~ n t i  EacLlitated the c r o s s -  
check. Once pilots Learned how to interpret and use the moving tape format, 
the:/ generally preferred it to round dials. Mr. Pete Lovering may discuss 
this device tomorrow. 

Another approach is that of Dr. Richard Malcolm, in his Peripheral Vision 
Horizon Display, an at:itude indicator projected onto the instrument panel 
that is wide enough to be monitored out the corner of the eye. It enables 
at:itude awareness by the ambient mode thus freeing up the focal mode for 
tasks  requiring focal mode processing: this has significant potential not only 
for reducizg spatial disorientation but also for reducing cockpit workload. 
Dr. Gillingham has formally tested this device in the lab and demonstrated an 
in7rovement in instrument approaches. 

There's a second source of attitude information--the SAX--about which 
we'll hear more tomorrow from Xr. Dick Geiselhart. There are some issues 
regarding the position of this instrument relative to the primary ADI, as well 
as basic reliability. 

Before proceeding to the third source of attitude information, I'd like 
to digress a moment on the characteristics of man versus displays, and make 
some remarks about attitude depiction. As you'll hear from Dr. Malcolm and 
others this afternoon, from birth on. 
The more that you can organize information for him visually, the faster he can 
acquire and understand it, which is why a picture is worth a thousand words. 
When a pilot looks at a display, he usually wants to know only whether the 
parameter it represents has changed, and if so, in which direction, how much 
and how fast; i.e., he wants trending information. He also likes limitations 
cues--whether the parameter is too low, too high or right on. 

man is basically a pattern recognizer, 

The problem with digital, symbolic and alpha-numeric displays is that 
they require focal mode to read, decode and integrate, and provide no inherent 
trending nor limitations information. Analog displays generally overcome 
these objections but can be misread, as illustrated by the old altimeter which 
could be misread by 10,000 feet. Finally, any display which traps the pilot's 
attention can kill him. 
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Instrument Modes (Typical) 

INSTRUMENT 
MODE SELECT 
PANEL 

DIRECTOR AD1 
NOTE Gllde slope and locahzer 

bars indicate deviatlon 
only. not rteermg 

BEAaING TO 
INS DESTINATION ihS MAOhETlC riEADiNG 

M I L E S  TA I N I  I 

LOCALIZER 
COURSE 

Figure  1 1 :  A D 1  and HUD 
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, 8 -  , , i ,  
. ,  ,.. 1 ,  

N o w ,  l e t ' s  t a l k  a moment about  a t t i t u d e  d e p l c t i o n  In gene ra l  (Flgure 11). 
The way w e  d e p i c t  a t t i t u d e  gene ra t e s  an important  human f a c t o r s  problem: 
raversed  r o l l - s e n s l n g .  The most commanding p a r t  o f  t he  A D 1  is  t h e  p a r t  t h a t  
moves - t h e  ho r i zon .  In  o r d e r  t o  "level" the  ho r i zon ,  you must move the  s t i c k  
in t he  d i r e c t i o n  oppos i t e  t o  i t s  d e s i r e d  motion. This  r eve r sed  r o l l - s e n s i n g  
is  0r.e reason  i t  takes  so long f o r  a p i l o t  t o  l e a r n  t o  f l y  ins t ruments ,  so 
t h a t  t h e  c o r r e c t  response becomes automatic .  S t i l l ,  t h i s  i s  a n  unna tu ra l  a c t ,  
and even t e s t  p i l o t s  with over  2500 h r s  i n  f i g h t e r s  have conf ided  t h a t  when 
cop ins  wi th  an  unusual  a t t i t u d e ,  they must f i r s t  tweak the  s t i c k  t o  see  which 
way t h e  b a l l  moves before  i n i t i a t i n g  recovery.  So f o r  some, perhaps most of  
us, i f  t r u t h  be known, the  response never does become automat ic .  Those who 
l ea rn  t o  cope s u c c e s s f u l l y  ofcen  do so by imagining themselves i n s i d e  t h e  
a i r c r a f t ,  looking  ou t  a t  t he  world through a po r tho le  the  s i z e  o f  the  AD1 
window, which is why i t ' s  c a l l e d  an " i n s i d e - o u t "  d i s p l a y .  

A t  l e a s t  t he  A D 1  i s  an a t t i t u d e  i n d i c a t o r .  The l i t t l e  "W" (wa te r l ine  
symbol) which is f i x e d ,  t e l l s  where the  a i r c r a f t  i s  po in ted  r e l a t i v e  t o  t h e  
ho r i zon ,  which moves. On t h e  sphe re ,  the  sky i s  b l u e ,  s u r f a c e  brown and 
hor izon  unmistakably dep fc t ed ,  and the  f i e l d  of view approxfmates 90°-1100 of  
the s p h e r e .  

This b r i n g s  us  t o  the  t h i r d  source of a t t i t u d e  informat ion ,  which is on 
the  HUD. The HUD is a l s o  an  i n s i d e - o u t  d i s p l a y  wi th  r eve r sed  r o l l - s e n s i n g  
l i k e  a n  X D I ,  b u t  i t  is not an  A D I .  The a i r c r a f t  symbol, & , which moves i n  
p i t c h  and yaw ( b u t  no t  i n  r o l l )  t e l l s  n o t  where t h e  a i r c r a f t  is poin ted  b u t  
where t h e  a i r c r a f t  is going.  p a t h  
marker. (Some HUDs a l s o  d i s p l a y  a "W" w a t e r l i n e  symbol o r  gun c r o s s  
i n d i c a t i n g  where the  a i r c ra f t  is poin ted ;  t h e  d i f f e r e n c e  between where t h e  
a i r c r a f t  i s  going and where i t  i s  poin ted  c o n s t i t u t e s  a n g l e - o f - a t t a c k ,  F i g  
1 2 A .  ) 

I t  is r e a l l y  an  i n e r t i a l l y  d e r i v e d  f l i g h t  

O n  t h e  HUD, t h e r e  is no c lear  d i s t i n c t i o n  between sky and s u r f a c e - - t h e  
only  d i f f e r e n c e  be ing  t h e  type  of l i n e s  on t h e  p i t c h  scale: s o l i d  f o r  
p o s i t i v e ,  dashed f o r  nega t ive .  The o v e r a l l  p a t t e r n  o f  t h e  s c a l e s  is symmetric 
about t h e  00 p i t c h  l i n e  (ho r i zon  l i n e )  which, i t s e l f ,  is n o t  much longer  and 
t h e r e f o r e  h a r d l y  more commanding than  any o t h e r  p i t c h  l i n e .  The hor izon  l i n e  
i n  most HUD's i s  s t r a i g h t ,  whereas a l l  o t h e r  p i t c h  s c a l e s  have " t a i l s "  
p o l n t i n g  toward t h e  ho r i zon .  

I n  t r y i n g  t o  determine one ' s  a t t i t u d e  from the  HUD, i t  is no t  always 
immediately apparent  whether one is upr igh t  o r  i n v e r t e d ,  o r  c l imbing o r  
d i v i n g ,  or i f  s o ,  t o  what g e n e r a l  e x t e n t ,  because t h e  scales a l l  look about  
t h e  same. 

Whereas t h e  AD1 g ives  a 60-110° FOV ( t h e  b i g  o r  macro -p ic tu re ) ,  t h e  HUD 
provides  on ly  a 14-20' FOV, o r  i n  t h e  case  of t h e  F - 1 6 ,  16'. This  i s  t h e  
m i c r o - p i c t u r e ;  it is  l i k e  t a k i n g  a 16' c i r c l e  o u t  o f  t h e  ADI, and expanding i t  
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over t h e  face of  the  combiner. I t  n o t  only magnifies the  s c a l e  t o  1:l with  
the o u t s f d e  v o r l d ,  i t  a l s o  magnifies the  dynamics of the  FPH and, i n  
p a r t i c u l a r ,  the F l i g h t  Path Sca le s  (FPS, a l s o  c a l l e d  p i t c h  s c a l e s ) .  Vhereas 
the  FPX moves as if on a pendulum, suspended from the  gun-c ross .  the FPS 
r evo lves  around the  FPX. The dynamics a r e  such t h a t  a t  h igh  p i t c h  o r  r o l l  
r a t e s ,  o r  i n  h igh  c r o s s  winds, the FPS can  n e a r l y  slew o f f  the  face of the  
combiner ( F i g  123) and may become unreadable .  I n  o t h e r  words, a t  r ap id  r o l l  
O K  p i t c h  r a t e s ,  the FPS does no t  ho ld  s t i l l  f o r  i n t e r p r e t a t i o n .  Thus, the  
f i r s t  s t e p  i n  recover ing  from an unusual dynamic a t t i t u d e  v i a  t h e  HC'D i s  t o  
f i r s t  s r o p  the r o l l  o r  slow the  p i t c h  r a t e  so you can read t h e  numbers on the  
FPS! Th i s  t akes  some f i n i t e  amount of  t i m e .  The next  s t e p s  are combinations 
of p u l l i n g  t o  the  ho r i zon  and r o l l i n g  u p r i g h t ,  o r  r o l l i n g  u p r i g h t  and p u l l i n g  
t o  t h e  horizon.  There a r e  cues on the FPS ' s  t o  he lp  you reach the horizon:  
i n  t h e  F-16 HL'D, t h e  F P S ' s  have hor izon  p o i n t i n g  tai'ls; i n  t h e  F - 1 8 ,  the  
e n t i r e  FPS is  angled  l i k e  a chevron, (F ig  12C), aimed a t  t h e  h o r i z o n ,  forming 
a channe l .  However, t h e r e  is  s t i l l  the problem of de te rmining  which way is  
u p r i g h t .  Since t h e r e  i s  no c l e a r  d i s t i n c t i o n  betveen sky and s u r f a c e  on the  
HUD, you must reduce the  dynamics s u f f i c i e n t l y  t o  t e l l  whether t h e  F P S ' s  a r e  
s o l i d  ( f o r  p o s i t i v e  p i t c h )  o r  dashed ( f o r  n e g a t i v e ) .  Again, t h i s  takes  some 
f i n i t e  amount of  t ime.  Furthermore, s i n c e  t h e r e ' s  no th ing  i n t u i t i v e l y  obvious 
about t h e  symbology f o r  u p r i g h t  vs i n v e r t e d ,  i t ' s  e n t i r e l y  p o s s i b l e  t o  recover  
t o  s t r a i g h t  and l e v e l ,  i n v e r t e d ,  and no t  recognize  i t  f o r  some time (F ig  12D). 

Although t h e  F l i g h t  Path Scale  yaws and r o l l s  (and,  of  c o u r s e ,  s c r o l l s  up 
and down i n  p i t c h )  over  and o f f  the combiner, t h e r e  is a cons ide rab le  q u a n t i t y  
of symbology and s c a l e  t h a t  does not  move: f o r  example, t h e  a i r s p e e d ,  heading 
and a l t i m e t e r  s c a l e s  as w e l l  as the  d i g i t s  f o r  G and mach, and o t h e r  symbols 
f o r  a v i o n i c s ,  r a d a r  and weapons modes a r e  f i x e d ;  and b e i n g  f i x e d ,  they 
c o n s t i t u t e  a s t a t i o n a r y  frame of  r e f e r e n c e .  With t h e  preponderance of  
ev idence  t o  the eye be ing  t h a t  no th ing  is moving up t h e r e ,  motions of the  FPS 
may n o t  even r e g i s t e r ,  e s p e c i a l l y  i f  o f f  c e n t e r  o r  n e a r l y  o u t  of view. 
(Motion of  the FPS w i l l ,  o f  c o u r s e ,  r e g i s t e r  as motion, b u t  n o t  n e c e s s a r i l y  a s  
a i r c r a f t  motion.)  In some c a s e s ,  the  FPS can  a c t u a l l y  g e n e r a t e  more " q u a l i t y  
of  ho r i zoness"  when r o t a t e d  90' (F ig  12E). so f o r  a l l  t h e s e  r e a s o n s ,  HUDs a r e  
l e s s  t h a n  optimal a t t i t u d e  in s t rumen t s .  

Another problem a r e a  of the HUD is a t t e n t i o n  a l l o c a t i o n - A t h e  
e f f e c t i v e n e s s  of in format ion  t r a n s f e r  and t h e  p o t e n t i a l  to t r a p  a t t e n t i o n .  
D i g i t a l  fo rma t t ing  aggrava te s  t h i s  because o f  t y i n g  up t h e  f o c a l  mode. 
Furthermore,  your span of focus is too narrow t o  read more than  one parameter 
a t  a g l a n c e .  you must make as many 
eye s t o p s  and then  you s t i l l  must decode and i n t e g r a t e  i t .  So, d e s p i t e  the  
c l u s t e r i n g  of i n fo rma t ion ,  i t  d o e s n ' t  i n v a r i a b l y  speed up t h e  c ros s -check .  As 
a m a t t e r  of f a c t ,  many p i l o t s  f e e l  t h e r e ' s  too much s t u f f  up t h e r e  (Fig 12F) 
and t h e  f i r s t  t h i n g  they r each  f o r  is the  d e c l u t t e r  swi t ch .  

If you want 4 o r  5 d i f f e r e n t  parameters ,  
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' Another phenomenon regarding HUDs is the tendency to stare at all that 
symbology and become mesmerized by it, deceiving yourself that you're 
processing all that information when, They even have a 
name for this: "HUD Hypnosis." 

in fact, you are not. 

Another as 
virtually imagery. Looking at the virtual imagery of the HUD is like looking 
at something through the knothole in a fence; various combinations of the 
pilot's eye position and the FPS position may move it beyond his view. 
Another point, although the HUD imagery is collimated to infinity, the eye 
does not necessarily focus to infinity when looking at the HUD. In fact, the 
eye resting 
dark focal length. For many pilots with 20/20 vision, their dark focus (the 
distance to which they accommodate in the'dark) is only 3 or 4 feet. As you 
will hear from Joyce Iavecchia and Stan Roscoe, this has implications for 
clearing the flight path. 

problem arises because HUD symbology is projected into space 

tends to focus at an intermediate range corresponding to its own 

Finally, looking through the HUD in visible precipitation or moving 
lights can create a disorienting vection sensation. 

This is not to say that you can't fly instruments on the HUD or recover 
from unusual attitudes. You can fly an entire mission on the HUD or an entire 
airshow on only the HUD--including loops, rolls and all sorts of aerobatics, 
provided you keep 9 with the maneuver. khat's difficult is attempting to go 
from some unknown, unrecognized or misperceived attitude to the HUD to 
recognize the problem, sort it out and cope. The HUD is simply not designed 
for that. to 
enable maneuvering against a visual scene, which it, in effect, calibrates. 
It's ideal for precision ordnance delivery or for clearing terrain. Because 
the Flight Path Marker (FPM) organizes so much information for you, you simply 
keep the FPM above the obstructions. Or even precision approaches: to shoot 
a 2 . S 0  glide-slope, simply keep the FPM at - 2 . 5 O ,  and you're wired. But the 
HUD was not designed nor intended for the recognition of or recovery from 
unanticipated, unusual attitudes. 

The HUD evolved from the gunsight and is designed spcciflcally 

The following mishap illustrates the confusion potential of the HUD. It 
involved a student pilot on his third night ride, a bomb drop on a pitch black 
range. The mission was uneventful till just following bomb release, when the 
student established an upright left climb and flew into an unforecast cloud. 
Within 30-40 seconds of entering that cloud, he rolled from an upright left 
climb, and impacted with no further call nor 
attempt to eject. The Mishap Investigation Board suspected a distraction, and 
sure enough, a warning light requiring him to throw a certain switch was found 
to have been illuminated at the time of the crash. Though we'll never know 
what was going on in his mind, it's likely his attention was trapped in coping 
with this "emergency". 

180' to an inverted right dive, 
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A t  t h e  moment t h e  a i r c r a f t  en t e red  I M C ,  the  AD1 would have 
looked something l i k e  t h i s .  

A t  t h e  moment of impact, t h e  AD1 vould have looked l i k e  
t h i s . . .  
as in t h i s  figure. 
t o  34'' from t h e  Design Eye Point. 
t o  confuse t h e s e  i n d i c a t i o n s ,  such a8 a t  n i g h t ,  v i t h  
canopy r e f l e c t i o n s ?  

The b a r r e l  of t h e  AD1 is l e s s  than 2" in diameter ,  
I t  is l oca t ed  between the knees, 24" 

Could i t  be p o s s i b l e  

Not+: Horizon line sub tends  an angle  of on ly  3.4 t o  
4 .8  a t  t h e  eye - not  p a r t i c u l a r l y  commanding. 

Figure 1 3 :  ADI's D e p i c t i n g  U p r i g h t  Le f t  C l i m b  & 
I n v e r t e d  R i g h t - D i v e  
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Suppose he'd looked at his AD1 the instant he entered that cloud and 
again the instant before hitting the ground (Figure 13). Is it possible, with 
the glare and reflections, that he could have confused depictions, or even 
made a roll-reversal? 

But suppose he'd glanced at his HUD at the same instant, realizing that 
in the ordnance delivery mode (which he was using) the pitch scale slews over 
the combiner and would not necessarily be centered as depicted in Figure 14. 
Since this aircraft does not "talk" to the pilot nor alert him of any change, 
he may not have been suspecting that anything had changed--he could easily 
become a victim of the element of expectancy, see what he expects or wants to 
see, and simply misinterpret the depiction.. We think he could have been a 
victim of this more subtle and insidious f z ? m  of spatial disorientation, more 
lethal because it fails to alert its victims to even question attitude, hence, 
they delay cross-checking attitude till it's too late. Some refer to this as 
"spatial misorientation." 

F i g u r e  1 4 :  H U D ' s  D e p i c t i n g  U p r i g h t  L e f t  C l i m b  & I n v e r t e d  
R i g h t  D i v e  - -  
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In some HUDs, the pitch scales are angled, like chevrons,.pointing toward 
as long 

the pattern,is symmetric about the horizon, it does not necessarily avoid 
the horizon. 
as 
the confusion of upright-inversion, as per Figure 15. 

Khile this may improve orientation toward the horizon, 

"\ 
45- z '0 

= \  
- 

60= 

35- \ '0 =z.o 

F i g u r e  1 5 :  HSD's w i t h  A n g l e d  F l i g h t  P a t h  S c a l e s ,  
D e 2 i c t i n g  U p r i g h t  L e f t  C l i m b  & I n v e r t e d  
R i g h t  D i v e  

To reiterate: 
unusual attitudes. 
the HUD. 

The AD1 is designed for the recognition of and coping with 
The HUD is not, and such actions can be very difficult on 

This is not to say the HUD could not be improved upon for attitude 
recognition. As a minimum, two changes would be needed: 

a .  Since the FPM is so commanding, it would seem reasonable to make it 
into a roll cue. This could be done by simply adding to it a 
zenith-pointer, as per Figures 16 A , B , C .  'The star is Dr. Malcolm's 
idea--to add "innateness" to the cue (stars are up, in the sky). 

b. The relative simplicity of pitch scales fails to cue regarding angle 
from the horizon, at least when the pitch lines are straight. 
Admittedly, using chevrons with angles increasing with offset from 

..- 
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t h e  ho r i zon 'does  provide  some cue.  But keeping with the  premise 
t h a t  humans a r e  b a s i c a l l y  p a t t e r n  r ecogn ize r s ,  why no t  a l t e r  
r a d i c a l l y  and 
s i n c e  nega t ive  p i t c h  i s  more time c r i t i c a l  than p o s i t i v e ,  why not  
a l t e r  aga in  the  p a t t e r n  o f  p i t c h  s c a l e s  from one range of nega t ive  
t o  the  n e x t ,  t he  s t e e p e r  becoming more u r g e n t ,  a s  pe r  t h e  "Shark 's  
Jaws" (Figure 1 7  A,B)? A t  l e a s t  i t  shou ld  cue him t o  go immediately 
t o  the A D I ,  which is  the  prime r e c o g n i t i o n  and recovery ins t rument .  
D r .  Robert Taylor  of  t h e  United Kingdom w i l l  d i s c u s s  HUD p i t c h  
s c a l e s  tomorrow. 

t h e  p a t t e r n  of  p o s i t i v e  from t h a t  of nega t ive  p i t c h ;  

Arrangement of c e r t a i n  ins t ruments  has  also been i m p l i c a t e d . i n  mishaps, 
e . g . ,  s tandby a t t i t u d e  i n d i c a t o r  (SAI14-and the  a l t i m e t e r .  One mishap 
impl i ca t ing  the  SA1 involved t h e  l e a d  of  a 3 - s h i p  t o  the  range.  Sandwiched 
between c loud  l a y e r s  a t  7000' ,  s h o r t l y  a f t e r  t a k e o f f ,  l ead  announced he had a 
problem and i n i t i a t e d  a ha rd  1800 t u r n ,  presumably t o  r e t u r n  t o  base .  I n  so 
doing,  he en te red  a c loud ,  from which he s h o r t l y  emerged i n  a d i v e ,  e n t e r i n g  
lower c louds  obscuring mountains.  There was no f u r t h e r  c a l l  nor  a t tempt  t o  
e j e c t ,  bu t  p o s i t i v e  c o n t r o l  movements i n d i c a t e  he was conscious immediately 
before  impact.  The Mishap I n v e s t i g a t i o n  Board w a s  unable  t o  a s c e r t a i n  the  
na tu re  of  t h e  problem. a i r c r a f t  
was mismatch of  over 100 between t h e  primary ADI, which c o r r e c t l y  depic ted  
a 67 d i v e ,  and the  SA1 which er roneous ly  i n d i c a t e d  a 40° cl imb.  This  p i l o t  
had a r e p u t a t i o n  a s  a s t r o n g  ins t rument  p i l o t .  Had he been r e f e r e n c i n g  the  
primary A D I ,  t h e  Board w a s  c e r t a i n  he would have recovered ( o r  a t  l e a s t  
a t t empted ) .  Their conclus ion  i s  t h a t  he was r e f e r e n c i n g  t h e  erroneous S A I ,  
l oca t ed  c l o s e r  t o  the  eye l i n e .  This  r a i s e s  t h e  quescion o f  whether i t  vouid 
improve ma t t e r s  t o  c o - l o c a t e  t h e  AD1 and SAX, e i t h e r  s i d e - b y - s i d e  o r  
v e r t i c a l l y .  

One of  t h e  only  th ings  found wrong wi th  t h e  
0 

As hard  as  some th ings  a r e  t o  l e a r n ,  once l e a r n e d ,  t h e y ' r e  even ha rde r  t o  
f o r g e t .  This  a p p l i e s  t o  the  l o c a t i o n  o f  s w i t c h e s ,  e j e c t i o n  handles  and even 
in s t rumen t s ,  i n  t h i s  c a s e ,  t h e  a l t i m e t e r .  The mishap p i l o t  had j u s t  completed 
h i s  replacement t r a i n i n g  u n i t  course  and had 50 hours  i n  models w i th  the  A D I ,  
A S I ,  ALT, and HSI instruments  a r ranged  i n  a "T" (F igure  9 ) .  He then a r r i v e d  
a t  h i s  new base t o  f l y  newer models with those ins t ruments  a r ranged  i n  a 
"square"  (F igure  1 9 ) .  The mod i f i ca t ion  was accqmplished by moving the 
a l t i m e t e r  from t h e  r i g h t  of t h e  ADI, t o  the  l e f t  o f  the  lower ho r i zon ta l  
s i t u a t i o n  i n d i c a t o r  ( H S I ) ,  p l a c i n g  it  even deeper  i n t o  the  c o c k p i t .  

Having been a t  h i s  new base  about a month, t h i s  p i l o t  was a s s igned  t o  f l y  
a s e r i e s  of  surge s o r t i e s ,  i n  which he awakened a t  0200, b r i e f e d  a t  0300, 
launched a t  0400,  f lew some i n t e r c e p t s ,  t hen  l anded ,  f lew ano the r  s o r t i e  o r  
two, headed back t o  q u a r t e r s  t o  t r y  t o  g e t  some r e s t  f o r  t h e  next  e a r l y  
morning go. The mishap occurred  on a p i t c h  b l a c k  n i g h t  over  a p i t c h  b lack  
range.  Th i s  was h i s  f o u r t h  morning, so f i r s t  o f  all, i f  he  wasn ' t  t i r e d ,  he 
should have been (a l though probably no more so t han  most of  t h e  o t h e r s ) .  
Second, which w a s  h i s  l ead  

then  

h e ' d  been having d i f f i c u l t y  acqu i r ing  h i s  t a r g e t ,  
_ -  
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INSTRUMENT PANEL LAPI 

1 
2 
3 
4 
5 .  
6 
7. 
8. 
9. 
0. 
1 .  
2. 
3 .  
4 
5 .  
6. 
7 .  
8. 
9. 
0. 
1. 
2. 
3. 
4. 

HUD Combiner Glass 
Te~ovision Sensor 
AR Status."WS Indicator 
HUD Control Panel 
Standby Anitude Indicator 
Fuel Flow Indicator 
DUAL FC FAIL Warning Llght (Red) 
HYDIOIL PRESS Warning Light (Red) 
CANOPY Warning Light (Red) 
RDR ALT LOW Warning Light (Red) 
ENGINE Warning Light (Redl 
Radio ChsnneVFrequencv lndicaior 
Vertical Velocity lndicaior 
Oil Pressure Indicator 
RPM Indicator 
Nozzle Position Indicator 
FTlT Indicator 
Fuel Ouantity Indicator. . 
AOA Indicator 

25 Radar/EO Display 
26 Autopilot PITCH Switch 
27 Autopilot ROLL Switch 
28 AUTOPILOT Switch 
29 MASTER ARM Switch 
3 0  ALT REL Button 
31. LASER ARM Switch 
32 IFF IDENT Butron 
33  Stores Control Panel 
34 Threat Warning h m u t h  Indicator 
35. THREAT WARNING Controls and Indicators 
36. ENG FIRE Warning Light (Red) 
37  T O . / U N D  CONFIG Warning Light (Red) 
38  MASTER CAUTION Light (Amber) 

Instrument Mode Select Panel 39. Spotlight 
Airspeed Mach Indicator 40. AOA Indexer 

41. MRK BCN Light Attitude Director Indicator 
Horironti l Situation Indicator 42. Rudder PEDAL ADJ Knob 
Altimeter 43. OVRD Light 

F i g u r e  1 9 :  F -16  I n s t r u m e n t  P a n e l ,  B l - c k  1 5  Aircraft 
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a i r c r a f t ,  so was under some se l f - imposed  p res su re  t o  g e t  the  t a l l e y .  When i t  
was h i s  t u r n  t o  be t h e  i n t e r c e p t o r ,  he thought he saw h i s  t a r g e t ,  c a l l c d  
"Ta l l ey" ,  l o s t  t a l l e y ,  then c a l l e d  "Ta l l ey"  aga in  from a p o s i t i o n  where h e  was 
b e l l y  up t o  h i s  t a r g e t  a i r c r a f t - - n o  way could he have seen  i t .  Over t h e  
ensuing 1 - 1 / 2  t o  2 minutes ,  he proceeded t o  l o s e  11,000 f e e t ,  impacting n e a r  a 
l i g h t e d  t r a i n  s i d i n g .  s e v e r a l  
minutes .  I t ' s  p o s s i b l e  t h a t  h i s  Doppler locked up t h e  t r a i n  and t h a t  he 
mistook i t s  l i g h t  f o r  t h a t  of h i s  t a r g e t .  Again, w e ' l l  never know. But j u s t  
suppose t h a t  he had decided t o  check h i s  a l t i t u d e  d u r i n g  t h a t  p i t c h  b l a c k  
n i g h t  ( a l t i m e t e r  c o n s t i t u t e s  a f a i r l y  c r i t i c a l  ins t rument  on a p i t c h  b l a c k  
n i g h t  over t e r r a i n  devoid of  h e i g h t  r e f e r e n c e s ) ,  and n o t  seen i t  i n  the  o l d  
l o c a t i o n ,  could  he have s imply  d e l e t e d  it  from h i s  c ross -check?  A f t e r  a l l ,  
no th ing  was a l e r t i n g  him t h a t  he w a s  going-downhill  - and he  c e r t a i n l y  d i d  n o t  
want t o  l o s e  s i g h t  of  t h a t  t a r g e t  a g a i n .  

I t  so happened t h a t  a t r a i n  had passed w i t h i n  

- 
O r  t ake  ano the r  t ack  and a s k ,  suppose the  a l t i m e t e r  ( o r  any of  t h e  o t h e r  

c r i t i c a l  c o n t r o l  parameter i n s t rumen t s )  were format ted  f o r  i n s t a n t ,  
unequivocal r ecogn i t ion  i n  such a way t h a t  they  could  be  monitored by the  
ambient mode o r  v ia  a f o c a l  mode snap  g lance ;  might p i l o t s  be prompted t o  
c ross -check  them o f t e n e r  and thus  main ta in  t h e i r  a i r c r a f t  a t t i t u d e / a l t i t u d e  
awareness wi th  less e f f o r t ?  

That raises t h e  ques t ion :  I n  t h e  P i l o t  Vehicle  I n t e r f a c e ,  what does the  
p i l o t  r e a l l y  need t o  main ta in  a t t i t u d e  awareness? A t t i t u d e  cues ,  a i r s p e e d  and 
a l t i t u d e  cues without  r e q u i r i n g  f o c a l  mode t o  dwell  on ins t ruments .  

Have we cons idered  adequate ly  how t h e  human pe rcep tua l  system works o r  
what man needs by provid ing  him a p rope r  mixture of i n p u t s  t o  sensory channels  
o t h e r  than t h e  f o c a l  v i s u a l  mode? For example, ana log ,  p a t t e r n ,  p i c t o r i a l ,  
c o l o r ,  o r i e n t a t i o n ;  focal /ambient  aud i to ry  d i s p l a y s ;  and t a c t i l e /  
p rop r iocep t ive  cues .  Have we asked  whether t he  a i r c r a f t  " t a l k s "  t o  t h e  p i l o t  
by providing him a . p r o p e r  mix  of  a u d i t o r y  and k i n e s t h e t i c  cues? 

The advantages of  provid ing  i n p u t s  t o  sensory r o u t e s  o the r . t han  t h e  f o c a l  
v i s u a l  mode a r e  t h a t  i t  f r e e s  t h e  f o c a l  mode f o r  t a s k s  r e q u i r i n g  f o c a l  mode 
a t t e n t i o n ,  promotes s i t u a t i o n a l  awareness ,  reduces t h e  p ropens i ty  f o r  SDO and ,  
ii formatted c o r r e c t l y ,  should reduce workload. Regarding workload, w e  should  
r e c a l l  t h a t ,  most of  t h e  t ime,  when a p i l o t  looks  a t  a d i s p l a y ,  he wants  on ly  
t o  know whether t h e  parameter i t  r e p r e s e n t s  has  changed, and, i f  so,  i n  which 
d i r e c t i o n ,  how f a s t  and how much. 

Now i n  keeping wi th  man's p a t t e r n  r ecogn i t ion  a b i l i t i e s ,  why n o t  des ign  
ins t ruments  t ak ing  advantage of  t h a t  i n n a t e  c a p a b i l i t y  and a l s o  u t i l i z e  the  
moving tape  format so popular  i n  t h e  p a s t ?  The moving t ape  lends  i t s e l f  w e l l  
t o  a i r speed  and a l t i t u d e .  Note Figure  20, i n  which t h e  p a t t e r n  of  a i r s p e e d  
changes r a d i c a l l y  from one range t o  t h e  next  t o  enable  r ecogn i t ion  o u t  t he  
co rne r  of t h e  eye ,  once one learns t h e  p a t t e r n .  I n  F igure  21, t h e  a l t i t u d e  is  
8 zlg-zag p a t t e r n  t o  c r e a t e  a s i d e - t o - s i d e  motion t h a t  might h e l p  c a t c h  the  
.. . 
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pilot's directed 
elsewhere. The 
reason fog this is that certain out-of-control maneuvers, such as roll rates 
over 100 /second, can exceed the fixating capacity of the eye, making 
everything a blur. It would take a big, bold, instantly recognizable pattern 
change in the altimeter at this point to alert the victim that the time has 
come to recover the aircraft now or else eject without further delay. 

eye should he enter an unplanned descent with his attention 
The pattern would again change radically below 10,000 feet. 

While on the subject of display improvement aimed at reducing processing 
time and workload, of 
the ambient mode for heading? As per Figure 2 2 ,  the entire compass might not 
need to be shown; perhaps the top one-fourth or one-third would be sufficient. 

The night-weather role needs mention*again. Regardless of the original 
intention in procuring the aircraft, if it has AF markings, it will sooner or 
later be flown at night and in weather. To answer the question of why train 
in night/weather, one has to look no further than a chart showing the average 
weather conditions for any typical 24-hour period during the winter in central 
Europe (Figure 23). This pie-graph shows that about 40% can be expected to be 
1%. The reason we train night/weather is that we may very well have to fight 
there. 

why not use the color pattern recognition capabilities 

- 

The night role requires some special considerations. For the pilot, 
fatigue is a given; reactions are slowed; perceptions inpaired--especially 
height and distance judgments; and he is more subject to illusions, 
disorientation, distraction and channelized attention. 

The aircraft needs special considerations, too. No longer is it 
permissible to say, "It's a day VF'R air superiority dog fighter," and wash our 
hands of it. That type of attitude constitutes negligence. For the night 
role, aircraft need, as a minimum: 

o Better attitude references to include a large, primary dedicated 

o Critical control parameters formatted for instant, unequivocal 
attitude display (PDAD) high in the center of the instrument panel. 

recognition. 

o Better cockpit/instrument lighting with minimal, if any, canopy 
glare and reflections. 

o Better formation lighting. 

o No false horizons from external lighting. 

1 - 3 - 4 5  



FLYING CONDITIONS - CENTRAL EUROPE 
WINTER - TYPICAL 24 HR. PERIOD 
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Well, with a1 that, just where are we headed in he design of the modorn 
cockpit? 'No dedicated primary 
AD1 (it's on call on any of the multi-function displays but it is not there 
all the time--which means that it is not there to alert the pilot that he 
needs it). low in the instrument panel and effectively out 
of view. On the F-l6C/D, Figure 2 6 ,  note that the primary AD1 has been moved 
even deeper than in the A / 0 ,  to a sort of "Y" cross-check pattern. Note, 
also, all that prime real estate occupied by the HUD control panel. As an 
improvement, why not use that area for a primary attitude display, as per 
Figure 2 7 ,  so that it displays attitude practically within the same field of 
view as the HUD? 

Note the F-15E and F-18 (Figures 24 and 2 5 ) .  

Each has an SAI, 

If we do not set our priorities u;perly in the design of future 
aircraft, we're going to lose many of these ultra-expensive machines, and 
their pilots, in training mishaps. The first priority is aircraft control-- 
and the ingredients of good aircraft control are an awareness of attitude, 
airspeed and altitude. Attitude control is basically a visual task. To 
improve attitude control requires improved visual displays, as we have 
attempted to illustrate. But that's not the whole problem. 

Just as important is altitude awareness--loss of altitude awareness 
results in collisions with the ground, the controlled flight-into-terrain 
(CFIT) mishap. Currently, CFITs outnumber SDO mishaps 2 or 3 to 1 (Figure 
2 8 ) .  account for the largest proportion of operator error mishaps and 
fatalities. To attack this problem, we cannot rely on vision. This is 
basically a problem of alerting the pilot, whose attention is invariably 
directed elsewhere, to check his flight path and pull up. What he needs are 
audio warnings and alerts; effective, unequivocal inputs t o  h i s  hearing 
system. You'll hear more about this in the days ahead. 

CFITs 

Finally, if all else fails, if the pilot is incapacitated, either 
physically, as in G-induced loss of consciousness or hypoxia, psychologically, 
as in severe disorientation/vertigo, or visually, as in laser/nuclear 
flashblindness, the aircraft should resist crashing and recover itself. The 
state-of-the-art is rapidly approaching the point of being able to do this, 
and we are approaching the point of building aircraft that are simply 
irreplaceable, dollar-wise, not to mention their occupants. You'll hear more 
about aircraft that resist crashing and auto-recovery on Thursday. 
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INSTRUMENT PANEL [m/DF] 

1 
2 
3 
4 
5 
6 
7 

' ,  8 

9 
10 

* 1 1  
, 12 

13 
14 
15 
1 6  
17 

18 
b 19 

HUD Comoiner Glass 
AOA Indexer 
A s  Status 'NWS Indicator 
lirtegrated Control Panel 
Standbv Atrltude lndicaror 
Fuel Flow Indicator 
DataEn;rv Displav 
ENG FIRE and ENGINE W a  ?bag 
Light (Red) 
HYD 'OIL PRESS '&ornlnS t1p51 ( 9 p i  
DUAL FC and CANOPY Warnlng 
Llght (Red) 
T O./LAND CONFIG Warning Ligh! fPr.d) 
Right MFD 
011 Pressure lndicaror 
Nozzle Positlon Indicator 
RPM Indcaior 
FTlT Inddator 
Vertical Vaoclry Indicator 

FUEL Q T Y  SEL Panel 
XOA lndisator 

2 0  Instrument Mode Select Panel 
21 Airspeed Mach Indicator 
22 Attitude Director Indicator 
23 Horizontal Sltuatlon lndlcator 
24 Altimeter 
25 Left MFD 
26 Autopilot PITCH Swltch 
27  Autopilot ROLL Switch 
28 TFSwitch 
?9 MASTER ARM Switch 
30 ALTRELBurton 
31 U S E R  ARM Switch 
32 IFF IDENT Button 
33 THREAT WARNING Controls and Indicators 
34 Threat Warning Azlmuth Indicator 
35 OVRD Light 
36 TF FAIL and OES WRN Warnlng LightfRed) 
37 ALT LOW Warning Light(Red) 
38 MAS?iR CAUTION Llght (Amber) 
39 MIX 9CN Llghr 
'0 Ruddfr PEDAL ADJ Knob 

4 F i g u r e  2 6 :  C / D  I n s t r u m e n t  Pane l  
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F-16C 

PRIMARY DEDICATED HUD - DATA 
ENTRY I DISPLAY (OLD) ATTITUDE DISPLAY 
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SPATIAL DISORIENTATION IN THE F-15 

Major Merrill Beyer 
Tactical Air Command, ASD/TACSO-A 

Wright-Patterson AFB, Ohio 

BIOGRAPHY 

Major Beyer graduated from the Air Force Academy in 1974,  majoring in 
Aeronautical Engineering. After UPT at Webb AFB, Texas, he flew F-4's, then 
had an OV-10 tour in Korea. He then flew the F-15, accumulating 100 hours in 
all models in PACAF, USAFE and TAG. His total flying time is 2500 hours. 

Major Beyer served as investigating officer on Col. Kehoe's spatial 
disorientation incident, the video tape of which introduces this conference. 
Major Beyer's current position is Tactical Air Command Systems Officer, Wright 
Patterson AFB. 

The opening photo depicts an F-15 firing an AIM-7F during an air-to-air 
engagement; it also shows the clouds with potential for a spatially 
disorienting environment. This represents but one example of the kind of 
weather in which an Eagle pilot must operate. 

Today, I'll discuss the attitude awareness problems that have been 
experienced in the F-15 and then relate these problem areas to three operating 
environments. A primary concern is spatial disorientation (SDO) during air- 
to-air employment. 

The Directorate of Equipment Engineering commissioned a study entitled 
"Investigation of Spatial Disorientation of F-15 Eagle Pilots," which produced 
Technical Report ASD-TR-81-5016, released August 1981. Although this document 
is four years old, it remains the authoritative source on the subject. This 
TR concluded that the following are riot major factors that contribute to SDO: 

o Flight handling characteristics 

o S l t T j l t r ,  h e 1 p . h ~  
o Cockpit de5igr1 - tlie cockpit, in p a r t i c u l a r ,  is designed to minimize 

head movements and provide easy access to the most commonly used 
items: UHF and IFF. 

( I  Bubble c n ~ ~ o p y  
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On the other hand, these are the factors that do contribute to SDO: 

Formation strip light asymmetry - 

As can be seen from the diagram, the pilot must maintain his formation 
position by using an unnatural sight picture. Whenever the wingman sees the 
lights lined up, he is either flying dangerously high on lead's wing, or, 
worse yet, he discovers that lead has rolled into him. Because ' of this, 
w€ngmen tend to fly further out to maintain a safety margin. Several 
suggestions for improvement included vertical strip lights on leading edges of 
the tails to enhance detection of lead's attitude and closure rates, and 
installation of a shielded light in the wings to illuminate the fuselage. 

o Tail lighting - due to vibration, 
stern rejoins at night and discernment of bank angle difficult. 

this is often inoperative, making 

o HUD - though a tremendous aid to precise instrument flying, the 
night brightness is difficult to control. One cannot see night 
targets when symbols are bright enough to be used. Effectiveness of 
the HUD as an attitude display will be discussed later. 

o The Air-to-Air Environment - a problem area not discussed in this 
study is SDO in the day-visual air-to-air environment. Shortly, 
we'll r c w i c b w  ii vic lc .otape  of n rc~cc~rlt i n c i t l c - n t  nnd onalyzc. t i l i s  {ireti 
in iiiorc clc. tci I 1 . 

Spatial Disorientation Environments: We can group these problem areas 
according to the method by which a pilot maintains his spatial orientation: 

o Instruments only 
o 
o Primarily visual 
o Formation flying - a special case, actually a subset of each of the 

Instruments and visual references are used together 

above 3 .  
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Instruments Only (IMC - Day or Night): In this group, mishap experience 
Each case involved a in the Eagle has involved the following two operations. 

pilot unable to recover from an unusual attitude brought about by his SDO. 

o Radar trail departure 
o Lost wingman 

Instruments and Visual References (Partial IMC/VMC - Day or Night): In 
the partial IMC/VMC environment, the problem these mishap pilots most likely 
encountered was futile 'attempts to maintain spatial orientation by use of 
inadequate visual references. They delayed too long before "going to the 
gauges. " 

o Night formation . 
o Attempting to maintain VFR at low altitude 

Primarily Visual References (Day VFR - Tactical Employment): This last 
group has had the least amount of attention. It is manifested on the gunnery 
range, for example, when an F-4 pilot looks over his shoulder to watch his 
bombs impact the target and flies his aircraft into the ground. It occurs 
frequently in the F-15 during air-to-air engagements over water. 

AFM 51-37, Chapter 7 (Spatial Disorientation), states that, "On a clear 
day, spatial disorientation simply does not happen." To illustrate the error 
in this statement, lets roll the video ('\rTR of Col Nicholas B. Kehoe, 1 
TFW/DO, Langley AFB, VA, Feb 1985. For narrative, please see 1-5.) 

Air-to-Air Employment and SD: Let's examine what factors are at work 
that enable a pilot to become disoriented when plenty of visual references are 
available. 

o False vestibular perceptions vs visual dominance - one factor that 
can be ruled out almost immediately is false vestibular perceptions. 
Visual dominance is just too overpowering. 

o Nature of aerial combat - To understand the problem, we must examine 
the very nature of aerial combat. 

- A pilot's brain is like a high speed computer, constantly 
integrating three frames of reference: the earth's surface, the 
bandit's flight path, and his own. To bring ordnance to bear, he 
must maneuver in relation to the bandit. This is drilled in 
repeatedly during Lead-In-Fighter Training. 

- Also, a fighter pilot's mindset is based on the admonition that 
"to lose sight is to lose fight." He's going to padlock his 
attention on that bandit, which then becomes his sole frame of 
reference. Flying the aircraft and avoiding the ground are still 
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"first priorities" - but they often drop out in the heat of the 
fight. 

- Fighter pilots are extremely competitive--keeping sight of and 
maneuvering in relation to the Bandit quickly become his top 
priorities. When I say that fighter pilots are competitive, I don't 
mean to say they are undesciplined. This incident happened to the 
Wg DO at Langley - a highly responsible full Colonel, not the kind 
of guy who would be out there shining his rear end. 

- Consequently, the cues that Eagle pilots use for spatial 
orientation during aerial combat are: 

- -  Bandit 
- - Wingman 
- -  Horizon: Over water, through the horizon may register 

- -  Ground references - -  Sun 
such as, it doesn't tell which way is up. 

- -  Clouds 
Order of importance of the instruments: 

The altimeter is probably used the most, followed by the w, the fuel 
gauge, and the rounds count. Note the HUD is not in there, except for the 
target display. If the target is in the HLJD FOV, he'll look at the HUD, but 
the pitch scale usually doesn't register: many pilots declutter the attitude 
reference symbols, rejecting them anyway. 

I HUD Deficiencies: 

o Attitude awareness 
o Recovery capability 
o Failure warnings 

The attitude presentation of the current HUD does not lend itself to easy 
attitude interpretations--Col Kehoe looked into the HUD, "and it didn't 
register." The instant he saw the ADI, he knew exactly where he was and 
he had to do. Recognition was instant via the ADI; so was recovery. 

HUD Picture: This picture of a typical HUD display looks fine on paper, 
but proves confusing and inadequate in the air. Note that everything can be 
rejected (decluttered) except the Target Designator box and Aiming Reticle. 
Even the FPM (of Velocity Vector) can be rejected in.the Air-to Air Mode. 
(Ed. Rote: All the more reason for a Primary Dedicated Attitude Display right 
below the HUD. ) 

Coupled with the shifted set of priorities during air-to-air comes the 
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problems encountered in over-water airspace: 
have the perfect set up for SDO.  

put these all together and you 
Happened a lot at Kodena. 

o Blue skyblue water 

o Unstructured field - no discernable landmarks; denies the eyes 
anything on which to focus. 

o Complacency - a problem on C A W  days: when you're flying in IMC or 
off the tanker, you expect SDO, so you are mentally prepared and 
alert for it and keyed to it. That's not so when it's clear and a 
million and you think you have all those visual references 
immediately available. You're not as keyed. 

Conclusions: 

o Spatial disorientation in general: 
the F-151 

How do we solve this problem in 

- Stress importance of A D 1  use 
Practice HUD-out approaches, especially for the new guys who 
grew up in that simulator environment, and their assignment is 
the first time they see a cloud. 

- Lost-wingman procedures; once lead has disappeared, don't 
hesitate to get on the gauges and go lost-wingman, and for lead 
to supply critical information like heading, attitude, and 
airspeed. 

- Radar trail procedures hammer into them: fly the aircraft! 
First priority is to fly the aircraft, second, fly the SID, 
then last try to get a radar contact on the Leader. 

o Spatial disorientation during air-to-air 

- AD1 cross-check still important: even though it's DAY VFR, 
guys are now aware of the fact that this can happen to them and 
they still have to look at the ADI. 

Rewrite applicable portions of AFM 51-37 to provide pilots an 
authoritative source. 

- Along with that, move to incorporate vertifuge training with 
visual displays. 

That concludes my briefing. Thank you. 

t' 
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AIRCRAFT ATTITUDE AWARENESS WORKSHOP 
8-10 October 1985 

Colonel Kehoe’s Spatial Disorientation (SDO) Incident 
In an F-15 During VMC 

fuarrator: Col Nicholas B. Kehoe, 1 TFW/DO, Langley AFB, VA 

This tape transcription depicts at least the third such episode involving 
SDO in an F-15 during VMC. All occurred during ACM over water. One involved 
an F-15 aircraft operating over the ACMI range at Decimomannu. Another, an F- 
15 aircraft operating over Lake Michigan. In this second instance, the sky 
was a milk-bowl with blending of sky and sea and no good discernible horizon. 
At the Knock-It-Off point, the F-15 pilot thought he was heading uphill, so he 
simply let go of the stick expecting to coast over the top. At that point, he 
looked up through the top of the canopy and saw the shoreline. His initial 
impression was that he was in an inverted climb, but then it occurred t o  him 
he might be in an upright dive. He immediately checked the AD1 and saw all 
black. He pulled over 11 G ’ s  and missed the water by very little--way less 
than 2000 feet, according to my source, Col (Dr) Leroy Gross (former F-15 
pilot-physician). 

Col Kehoe’s incident occurred on a clear day with unlimited visibility 
and good sea-sky contrast, and a distinct horizon. Through Col Kehoe does a 
highly professional job of narrating this episode, he does not say on the tape 
what it was that alerted him that something was wrong. In a telephone 
conversation with him, he explained that what alerted him was a noise cue. 
The aircraft sounded like it was going fast. (And sure enough, it was over 
the Mach). I think that‘s an important point to bear in mind--an auditory cue 
to airspeed helped save Col Kehoe. Later on, you’ll hear about another of our 
state-of-the-art single-seat fighters that lacks auditory cues to airspeed, 
the F-16, which sounds the same whether going fast or slow, with implications 
for attitude awareness. 

Now for t t w  trnnscription of Col K e l i o c . ’ s  V’I’R. 

I’m Col Nick Kehoe, Deputy Commander for Operations of the 1st TFI*’, 
Langley AFB, VA. I‘d like to take a few minutes of your time to narrate an 
incident that occurred a few days ago. Over the past few years, the TAF have 
lost several pilots and aircraft for unexplained causes. We’ve attributed 
those losses to GLC or in some cases to SDO, but we never really knew for sure 
because those pilots aren’t around to tell us what went wrong. I’m one of the 
fortunate ones who is here and able to tell my story, and you’re fortunate too 
in being able to listen to this story so you‘ll have something to stick in 
your werehouse of knowledge, so maybe it won’t some day happen to you. 
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Before getting into the details, I'd like t o  show you a short piece of 
VTR from the flight just to set the scene, and watch for a couple of things. 

First, as the merge occurs, watch the angles zf bank, first a roll to 90' 
right, followed by a roll all the way back to 135 left, a short roll out to 
90' left, followed by a roll to the inverted position very nose low, followed 
by the unusual attitude recovery. 

Second, watch how fast thLngs occurred once that nose got down well below 
the horizon. That unusual attitude took only a few seconds to develop. By 
the way, the weather was clear and there were no restrictions to visibility. 

All right, here goes. (Runs tape showing development of the inverted 
dive and the dramatic recovery.) Get your attention? Needless to say, it got 
mine. h'hat went wrong here? 

The mission was a 2V2 CAP V sweep with me giving a flight lead upgrade 
ride. We're the good guys, call sign Lion, and the other element, Wolf, is 
simulating Soviet tactics; Wolf's heading south and they're in a bearing 
formation to the northeast. They're the high element and their right hand man 
is high. 

Lion is flying north in a two mile split and we've offset our adversaries 
to the right. We're the low element and I'm on the left hand side. Okay, 
let's take things up to the merge. (Plays VTR again while narrating it.) 
Note just inside ten miles my radar goes into Home-On-Jam, then memory, then 
breaks lock, I reacquire lock and quickly get a tally on one above me, 
slightly right. So I reach the merge, tally one, with my threat and flight 
lead off to my right. Next I roll right to acquire the second adversar who I 
know is in a bearing formation to the NE. I think I've rolled maybe 3J where 
the VTR shows 90". I miss it. 
At that time, Lion one calls for a blow through to a 030 I check my 
heading, my fuel, and call joker, then look for the second adversary. Notably 
I don't check my attitude inside or outside. Now I roll to what I think is 
wings level. The VTR shows a roll from 90' right, all the way to 135' of left 
bank. I then roll out to about 90° of left bank. Remember, only a few 
seconds have elapsed. It is at that time that I pick up the second bandit 
over my canopy rail at about one to two o'clock. Note that when I'm in that 
90' of left bank, I think I'm straight and level. So while I think I'm 
looking over my canopy rail down at the bandit off my nose to the I'm 
actually looking up at the bandit. Better situational awareness would have 
told me that. My next intended move is to check left and pull my nose up 
slightly. What I actually do is roll from 90° to near inverted and pull my 
nose down. It's very quickly after that that I realize something is wrong, 
I'm now inverted, 60-70' nose low and over the Mach. I look outside for an 
attitude reference, but it doesn't register. 

That's the first clue that somethin 1 ' s  wrong. 
heading. 

right, 
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Let  me t e l l  you, from an  inve r t ed  60-70' d i v e ,  i t ' s  d i f f i c u l t  t o  g e t  your 
b e a r i n g s ,  p a r t i c u l a r l y  when your gyros a r e  a l r eady  o f f  t r a c k .  Anyway, I 
immediately come back i n s i d e  t o  the  AD1 and see b lack .  From t h e r e ,  it w a s  a l l  
i n s t i n c t ;  r o l l  t o  t h e  hor izon  and p u l l  f o r  a l l  you ' re  worth,  w i th  bo th  hands,  
as it  t u r n s  o u t .  t h e  
f l o o r .  j u s t  g r e a t  when you ' re  t r y i n g  t o  recover  from a n  i n v e r t e d  60- 
70' d i v e ,  and a r e n ' t  s u r e  how far  you need t o  r o l l  and p u l l .  The a i r c r a f t  
bottomed ou t  a t  2000 f e e t .  But t h a t ' s  n o t  a l l .  A s  my nose comes through t h e  
ho r i zon ,  I ' m  s t i l l  r o l l i n g  l e f t .  I 've  taken my r i g h t  hand and put  it on t h e  
r i g h t  console  t o  push myself  up o f f  t he  f l o o r .  My l e f t  hand is on t h e  s t i c k .  
A s  I g e t  t o  where I can see the  A D I ,  which is  t h e  only t h i n g  I ' m  i n t e r e s t e d  i n  
a t  that  p o i n t ,  I ' m  s l i c i n g  through t h e  hor izon  aga in .  

I a l s o  wound up doubled over t h e  s t i ck  and looking a t  
T h a t ' s  

What happened i s  I bottomed a t  2000 f e e t ,  came up through t h e  hor izon  i n  
topping  a t  3000 f t  then s l i c e d  back down through 2000 f t  a r o l l i n g  l e f t  bank, 

be fo re  making t h e  f i n a l  recovery.  

A l l  r i g h t ,  l e t  m e  show it a l l  t h e  way through a g a i n  one f i n a l  time. 
(Note t h e  time from first  r o l l i n g  inve r t ed  t o  r e a l i z i n g  something was wrong 
was about  4-6 seconds,  and from then  t o  f u l l  recovery another  18-20 seconds . )  

S o ,  why d i d  it happen? One of t h e  b a s i c  t o o l s  i n  a f i g h t e r  p i l o t ' s  t o o l  
bag i s  a good c ross -check ,  I M C ,  VMC, day o r  n i g h t .  How many times have you 
heard  t h a t ?  I dropped t h a t  t o o l  o u t  of my bag on t h i s  engagement and it  
almost  c o s t  m e .  I v i o l a t e d  one of  t he  fundamental p r i n c i p l e s  of s i n g l e  s e a t  
f l y i n g .  I go t  caught  up i n  keeping t r a c k  of everyone a t  t h e  merge except  one,  
and t h a t ' s  m e .  I overlooked the  number one p r i o r i t y :  What was my a i r p l a n e  
doing? Tha t ' s  t h e  bottom l i n e .  We've learned  t h a t  t ime and aga in .  And I d i d  
t h a t  i n  an  a i r p l a n e  t h a t  doesn ' t  g ive you as much o u t s i d e  sensory cues ,  a s  
much f e e l  i f  you w i l l ,  as d i d  the  F-4. And I understand t h e  F-16 i s  even more 
t h a t  way. So what do we l e a r n  from an  inc iden t  l i k e  t h i s ?  

F i r s t ,  it can  happen t o  anyone a t  anytime. I have over  3000 hours  i n  
f i g h t e r  type a i r c r a f t  and have flown i n  v i r t u a l l y  every  conceivable  
environment. I 've  had v e r t i g o  b e f o r e ,  b u t  I never thought anyth ing  l i k e  t h i s  
could happen t o  me. 

Second, t h e  environment.  I t  was a c l e a r  day, v i r t u a l l y  no haze.  We t a l k  
a l o t  about t he  over  water  sea-sky  c o n t r a s t ,  and i t ' s  a good th ing  w e  do 
because it's d i f f e r e n t .  When I was nose low, inve r t ed  and over  t he  Mach, i t  
d i d n ' t  r e g i s t e r .  Lucki ly ,  the  AD1 d i d .  A t  Langley we pu t  a l o t  of emphasis 
on t h e  danger of f r equen t  over water a i r - t o - a i r  t r a i n i n g .  

Thi rd ,  procedures--you know, those unusual a t t i t u d e s  you've p r a c t i c e d  
over t h e  yea r s .  I t ' s  important  your r e a c t i o n s  be i n s t i n c t i v e .  Someone t o l d  
m e  a f t e r  t he  f l i g h t  t h a t  i f  I had delayed by two s e c o n d s - - j u s t  two seconds - -1  
wouldn't  have had enough a l t i t u d e  t o  recover .  Tha t ' s  n o t  much margin f o r  
e r r o r .  ' I t  happens f a s t ,  r e a l  f a s t .  I was a l s o  asked i f  I be l i eved  the  ADI. 
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You bet I did, 
It had a lot higher reliability than my vestibular canals. 

just like the book calls for in an unusual attitude recovery. 

Finally, one thing we might not normally think about: after-effects. 
After I recovered and was headed home, I found it very hard to concentrate. I 
essentially did everything correctly, but I found it real hard to do it. I 
decided to take the lead and have my wingman keep a close eye on me. Whether 
it was the adrenalin, the effects of the G's or the disorientation, I don't 
know. The point is, it's important to realize that when a flight member has 
a serious incident, don't assume everything's okay just because you're 
straight and level and headed home. It doesn't end till the flight's on the 
ground. 

One more thing that's inevitably asked is the effects of the G ' s .  I 
pulled nearly 12.5 G ' s  in recovering that aircraft, and I've been asked 
whether I blacked out. As far as I know, I didn't. Remember I was bent over 
the stick with my head below my heart, looking 
at the floor and putting my right hand on the console to push myself up.  

and I can distinctly remember 

I but maybe that p l u s  
the adrenalin made a difference. The reason I mention it is I wouldn't want 
anyone to get the idea that you can beat the G ' s .  I certainly don't think I'd 
win that battle in the normal day to day business. 

don't recommend that as a GLC avoidance maneuver, 

Wcll, that's iny s t o r y .  L tell it in the hope that you'll add one more 
bit of reinforcement to your fighter-pilot's tool bag. I know I've learned a 
lesson and I hope you have, too. Check six, but don't forget to check your 
nose position, too. Head's u p .  
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PILOT'S VERTIGO AND ATTITUDE AWARENESS IN THE A-7D 

Captain David H.' "Zack" Zayachkowski 
Louisa Station, Santurci, Puerto Rico 

BIOGRAPHY 

Certificates and education: Commercial Rating; Multi-Engine Land; 
Instrument Rating; Single-Engine Land; M.A. - Human Relations and Management, 
Webster College, 1979; B.S. - Biology, Eastern Michigan University, 1971; 
Qualified - Investigator, Safety Investigation School, USAF, 1978; Squadron 
Officers School, USAF, 1976. 

Aircraft experience: B-707/720, DC-3, A-7D Attack Fighter, T-37/T-38 
Trainers, Light Aircraft. 

Flight time: 2,768 Total, 1,833 PIC, 1,335 PIC (Jet), 2,023 Multi- 
Engine, 1,500 Cross-country, 702 Instrument, 290 Night. 

Military Airlift Experience: May, 1971 to January, 1981. As a Pilot and 
Co-Pilot in Command, experienced in flights involving cargo and passenger 
transport throughout the United States and overseas. Operated under all types 
of adverse weather conditions at airfields ranging from major international 
aerodromes with high density traffic to small, isolated airports having 
limited navigational aids. 

Aviation Management Experience: Directly supervised eleven personnel as 
Airfield Manager monitoring all aspects of aerodrome maintenance and 
operation. For a period of two years, acted as Safety Officer conducting on- 
site investigations of accidents to determine extent, cause and 
responsibility. As Officer Controller from 1974 to 1976, in charge of all 
flying as well as non-flying activities throughout an entire air base with a 
personnel involvement of approximately 2,000. 

USAF Flight Instructor: Responsible for Flight Instruction at all levels 
to include: new pilot training, instructor training and up-grade training - 
both U . S .  Military and Foreign Nationals. 

Civilian Experience : Previous experience encompassed Contractual 
Maintenance and Service Vice President for Zelda Elevator Company; insurance 
sales. for Wisconsin National Life Insurance Company; insurance investigation 
for Equitable Life Assurance Society of America. 
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The A-7D w a s  designed i n  t h e  1960's. The A - 7  was t h e  f i rs t  a i r c r a f t  with 
a HUD t h a t  caused problems f o r  p i l o t s  geared t o  the o l d  "TI' and AD1 hub. Need 
to move t h e  s t i c k  t o  see t h e  HSI.  SAX impossible  t o  see  from h igh  sea t ed  
p o s i t i o n .  Ver t igo  t r a p s  t o  s i d e s :  TACAN, I1.S. There are t oo  many swi tches ;  
they say, " I t ' s  j u s t  nnot.lier swi t ch ,  b u t  t h e r e  o r e  a l r eady  so many of  them. 

S i t  h igh  - canopy r a i l  low. Suscept ib le  t o  canopy g l a r e  and r e f l e c t i o n s  
a t  n i g h t .  F ly ing  around Puer to  Rico a t  n i g h t  causes  canopy g l a r e  and 
r e f l e c t i o n s .  L ight ing  barely adequate;  ins t ruments  c l u t t e r e d  - o u t  o f  view - 
poorly lit. 

F i r s t  HUD system: I use  it f o r  l i m i t e d  func t ions :  bombing and a i r  
combat maneuvers (ACM) - n o t  f o r  ins t ruments .  When f l y i n g  i n  c louds  o r  with a 
x-wind, t h e  f l i g h t  p a t h  marker (FPM) slews o u t  of  view leading  t o  s p a t i a l  
d i s o r i e n t a t i o n  (SDO). HUD i s  n o t  recommended f o r  I M C .  AD1 i s  t h e  primary 
instrument .  

Day I M C  has  l e d  t o  SDO;  a f l i g h t  lead g o t  it whi le  f l y i n g  o f f  t h e  HUD. 
r e a l i z i n g  He 

anything unusual .  
f l e w  i n t o  a cloud and a t t a i n e d  135' l e f t  bank and 20' ND be fo re  

Wingman: worst  p o s i t i o n  - e s p e c i a l l y  be ing  #4 a t  n i g h t ;  t h e r e f o r e ,  we 
f l y  only  two s h i p s .  The formation l i g h t s  a r e  n o t  adequate ,  e s p e c i a l l y  i f  
t h e y ' r e  no t  working. Even working p rope r ly ,  they  only  l i g h t  up t h e  a f t  2/3  of 
the s h i p ,  making it appear a s  though t h e  a i r c r a f t  i s  f a r t h e r  away than  a c t u a l .  
No way t o  t each  v e r t i g o  coping t o  a wingman except  do i t .  

Automatic F l i g h t  Cont ro l  System (AFCS) malfunct ioning:  HUD t i e d  t o  the  
system; you should never ,  never  l and .  Must f i r s t  t u r n  i t  o f f  o r  i t  becomes a 
8 - 5 2 .  Tough enough t o  f l y  VFR - n i g h t  IMC impossible .  

Speed brake - 10' long  - s t o p s  a i r c r a f t  on a dime; produces a C o r i o l i s  
e f f e c t  a t  n i g h t  o r  i n  the  weather .  

Low Level Bombing - l i n e  a b r e a s t :  a t  540 k t s ,  a lo descent  from 50 feet  
AGL provides  only 3 seconds Time t o  Impact (TTI) .  

Smudge pot  f l a r e s  a t  n i g h t :  l eads  t o  S ta r  Vars Ef fec t  (SWE) on n igh t  
going from l i g h t e d  t e r r a i n  ground a t t a c k  - e s p e c i a l l y  p u l l i n g  o f f  the  t a r g e t ;  

and sky t o  p i t c h  black produces t h e  SWE and S D O .  

Fog  - a l l  f a c t o r s  - n i g h t  ground owurer ie s s .  Necd t o  watch c i l t i t u t l e  Nrld 

s t a y  on instruments. 

Night r e j o i n  - l o s t  U4 on normal/normal n i g h t  r e j o i n  fol lowing some range 
work. Lost SA r e j o i n i n g  on t h e  l i n e ;  he appa ren t ly  thought he was climbing 
when, i n  f a c t ,  he was g radua l ly  descending i n t o  t h e  t r e e s .  
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ACT - not supposed to do it in weather/clouds but may enter unforecast 
weather or sun. In Puerto Rico, over water, winds are usually light/variable, 
10 kts from east; do not disrupt sea. Over a smooth sea, it's impossible to 
gauge your height. 

Intense maneuver - 4 - 6  G's: big player - tough to get back on gauges. 
Aerial refueling - bad. 

Key: be aware - always be aware of attitude, airspeed, and what's going 
on around me. What I do if I lose these aspects of situational awareness is 
say, okay - knock it off. Trouble with young guy is competitiveness: pulls 
that extra G, trips over his fangs, hangs in there too long, and gets into 
situations he can't resolve. 

o Fatigue - big contributor in SDO 
o Hangovers - 12 hrs bottle to throttle is insufficient; I think that 

24 hours is required for all residuals of alcohol to be eliminated 
from the body's system. 

o Diet - Wendy's, MacDonald's - fast food - bad. 
o Physical Exercise (PE) - now being recognized as more important. 
o A-7 - not that much different from the F-16. 



F-16 SPATIAL DISORIENTATION 

Major Arthur F. Fowler 
56th Tactical Training Wing 

MacDill AFB, Florida 
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We're standard people - we have fears - I've flown over 2000 hours in the 
F-4, including combat and night; no spatial disorientation (SDO). F-16 - SDO 
is a fact of life - occurs everytime I fly at night/weather. I don't want to 
fly the F-16 at night and don't know any F-16 pilots that do. 

We had a recent scramble to get the aircraft away from a hurricane - 
Friday told we might have to fly emergency 
deployment the next AM - arrived home - phone's ringing - we deploy to 
Homestead at 3 AM. - raining 
so hard you couldn't see. If we had to eject, know we wouldn't survive. F-16 
was not designed for the night/weather role. 

PM party at Squadron Commander's; 

No one wants to fly at night or in the weather 

Bubble Canopy: Sit up high: 

Laminations - 2-3 images - aerial refueling light, landing light, 
VASI's. 
No canopy bow - don't want it back. 
Glare and reflections - impede outside viewing; if turn lights down 
to see out, can't see any instruments. 
Formation lights - from tail on, there's just one white light only - 
almost impossible to see; exterior lighting not designed for night 
or weather either. 
Wing tip lights - blocked by missiles. 
One big light on tail bbt only one in front - not like F-4. 
Sou can't fly weather-formation in F-16 - put wingie 5 miles on your 
trail - it's getting to be a standard in the community. If I know 
I'm going into the weather, I get wingie in 5 mile trail. I do not 
take him in on my wing. 
Instruments the 
F-16A/B, we'll have to live with it. 
I'd like to have an AD1 about 6" big, in front, at eye level, so no 
matter where I turn my head, it's right in perfect view. 

way low out of view - unless things are changed in 

Where the A D 1  sits right now, you have to transition from outside to 
inside totally; you cannot use both of them (stay out/in) at the same time; in 
other words, with the present display situation, you cannot quickly come from 
outside, or from the HUD, to check attitude, and get back outside onto the HUD 
immediately. 

The HUD lighting is such that if you'turn it bright enough to read what's 
So as a general rule, we'll 

the HUD down to where we can just barely see it so we can see out front. 
in the H U D ,  you can't see through it very well. 
turn 
That is not only doubled, it is tripled at night. 

When ' I  go in for an air-to-ground pass, I can't turn the HUD down far 
so I can see the ground and the target 

I have to turn it all the way down and then I just have to guess 
doggone 

enough, even with all the filters on, 
real well. 
because the CCZP and the other instrumentstion out there is just too 
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bright. We talk about HUD symbology, FPM, the pitch ladders; most of the guys 
just turn 'em off because they clutter so much that you can't see out. We 
teach guys to turn 'em on enough so we can review your film later on but it's 
very difficult to use 'em because of cluttering and brightness. 

Interior lighting - terrible. Canopy lighting must be turned up to read 
any instrument - worst is the DME on the HSI. Can't even see that unless you 
turn all instrument lights real bright. And there are no individual 
rheostats. I would've thought that when we went to individual rheos on the F- 
4, we'd have learned something. All the lights - there are two sets: I can 
turn up the AD1 and ALT and turn everything else that's not being used, down. 

The radar - in the F-4 at least we had a radar filter. Not so in the F- 
16, so if you turn the REO on, first it blinds you, and you can see two or 
three radars off the canopy, and then if you put a piece of red cellophane on 
it like I did, you can't see it very well. Or if you turn the REO down to get 
rid of most of the glare (and I'll guarantee you can't get rid of all of it), 
you lose some of the targets on your scope. So the aircraft, as I've pointed 
out, was not designed to be flown at night. 

Flight characteristics: It's the neatest aircraft to fly and it's easy 
to fly because we put limiters on it. 

There's no feel to the stick. You can't tell airspeed changes or how 
much you're pulling. 

It's very quiet and provides no noise cues. When the F-15 hit 600 kts, 
you could tell--not so in the F-16. It's very quiet. ' 

What would I like to see done to the F-16? Don't think night aircraft 
role should be single seat - think they should use B models and put ,all the 
equipment and navigation stuff in the rear cockpit. Don't think LANTIRN 
should be single-seat. 

Ground Warning Systems - We've talked about 'em for aircraft like the F- 
16 for years. And we still don't have one - but they could have put a simple 
one tied in like our Bingo fuel which just flashes if the altimeter hits the 
preset altitude which I've dialed in; it just gives me a tone. They could 
have done that years ago but they're waiting for an RA and other fancy things 
and we still don't have i t ,  I think thnt could have saved srveral Iivcbs i n  
t I i v  F - I ( I .  Su w e  i ieet l  SOIIIC: surt o f  u worniny, tone. 4 1  s l ~ i i p l e  unci; <Ion'$ beT So 
tlofifione c09111lc .  Ge+ I f  t o  LIB untl p,ct It to us totilorrow Iwc*iiurie this i a  whcri 
we nced i t .  By the tiiiir we get it, I won't be flying, and I want it now 5 0  I 
can continue to live. 

o We need a big AD1 
o We need rheostats 
o We need REO night filters 
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And one thing I'd like to stress because I've heard a lot about it here 
(I hope that's wrong); that's improving the HUD, improving the HUD, improving 
the HUD. Well, the HUD was designed for one thing - that's a weapon systems 
platform. The 
HUD should not be an instrument to fly instruments with. It ought to be used 
for what it was designed - that's to drop bombs and kill MIGs. When it comes 
time to fly instruments, use the primary ones. Don't use that one that is so 
spatially disorienting. And if we can do that, I think we're a long way away 
from the accidents that are caused by SDO. 

We ought to quit talking about flying instruments on the HUD. 

Don't teach guys to use the HUD. Teach 'em to, if they want, to turn the 
doggone thing off when they're flying instruments 'cause it's not needed. Go 
back to primaries. That's my little pitch about the F-16. I'm open for 
questions. 

Editor's note: Unfortunately, Major Fowler's Question and Answer session was 
not recorded; the following are excerpts from notes taken at the time.) 

Maj. Harold Gonzales, Hill AFB: HUD is useful for wind-direction data. 

Mr. Joe Bill Dryden, GD, Ft. Worth: Many of us use the HUD, the difference is 
probably in experience, background and especially training. Training use of 
the HUD is crucial, and when one is properly trained, he can fly good 
instruments safely by the HUD. 

Another Pilot: 
can cause confusion and spatial disorientation. 

Mr. Robert DeGiorgio, Lear Siegler Astronics, Santa Monica: I use all my 
instruments flying the A-7, including the HUD. Being emotionally aroused 
contributes to SDO, buy my training has helped. Maybe we're not giving 
sufficient instrument training, especially at RTU, before sending new-to-the- 
Air Force F-16 pilots to foul-weather bases like Hahn or Kunsan. 

Dr. Richard Malcolm: There are two aspects to the orientation decision - the 
macro or big picture and the micro picture. The HUD provides only the 
micropicture - a vernier scale that calibrates the outside world, like looking 
through a 160 porthole. It does not provide the immediate Big Picture as does 
an Attitude Indicator. kThereas oldsters use all the old tricks, newbies may 
not have as strong an idea of the macropicture: you first must make the macro 
decision - am I upright or inverted? Then, am I climbing or diving? And if 
s o ,  about how much? An analogy is in reaching for or grabbing an object. 
The brain's initial orders are ballistic - then fine tune. The HUD only 
enables fine tuning - which is only the latter half of that orientation 

Looking at the world through the HUD under certain conditions 
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decision. 

Another Pilot: The HUD is primarily a weapons system - t o  simply calibrate 
that porthole on the world. Even if everything were up there, would still 
want head down instruments. 

Another F-16 Pilot: I'm not sure we can attribute fatal class A ' s  to the HUD. 
Many Maybe we need to 
fix the cockpit, canopy, feedback, etc. 

of these mishaps involved experienced fighter pilots. 

Col. David Milan (Fromerly F-16 Joint Test Force Test Pilot): Several of you 
have expressed rather extreme opinions regarding the HUD, not necessarily 
regarding mainstream. 

B/G Pruden: My experience corresponds to Maj. Fowler. In weather, I tend to 
go head-down. The real issue is not HUD vs. AD1 - we need to maximize the 
technology to create something that's better than HUD or AD1 - maximize the 
information cross-tell from all these instruments and sensors. 

Others use it primarily. 

Mr. Bill Wilson: ENASI, WPAFB: The Avionics guys need to know whether it's 
to be head-up or head-down, or both. Comment: Maybe the answer is that the 
pilot needs both: and a big attitude display 
immediately below the HUD to provide the macro-picture practically within the 
same field of regard. 

the HUD for the micro-picture, 
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OVERVIESJ OF 
HCW THE BR\IN AVD PERCEPTL'AL S'ISTEX YORKS 

Dr. Richard Yalcolm 
Haltech Research Corporation 
Oakville. Ontario, Canada 

Richard !4alcolm was born in Ottawa, Canada. in 1941, where he received 
his prinary and secondary education. He enrolled in the Royal Canadian Air 
Forcz in 1959. Through the ROTP, he attended the University of Ottawa, 
majoring in solid state physics, and earned an Honours B.Sc. His summers were 
s?*nt at the RCXF School of Aeronautical Engineering, and during that time, he 
undertook course work in guided missile and space technology. 

In 1 9 6 4 - 6 5 ,  Richard was granted leave from the Air Force and earned an 
X.Sc. in Nuclear Physics from the University of Ottawa. Principal areas of 
s:ady were on the scattering and detection of high energy neutrons. Upon 
return to the RCXF in 1966, he was posted to the RCAF Institute of Aviation 
Xedicine in Toronto, Where he was responsible for designing a nuclear scanner 
for use on the human centrifuge. Richard's inventiveness resulted in a 
product which was ten times more efficient at detecting radioactive Xenon than 
the best commercial devices of the time. He also was the co-inventor of an 
automatic blood pressure measuring system. Machines based on this principle 
are now standard in intensive care units throughout the world. 

From 1967-70,  Richard was posted to the Aviation Medical Research Unit of 
ZlcCill University, Montreal. While there, he studied the perception of 
motion, and how the nervous system adapts to motion. A t  the same time, he 
held teaching appointments in neurophysiology, neuroanatomy and biophysics. 
During this time at McGill, he earned a Ph.D. degree in neurophysiology. - 

In 1970, Richard was posted to the Defence and Civil Institute of 
Environmental Medicine (DCILY), 'in Toronto, Canada. He published numerous 
papers in scholarly journals on the workings of the organs of balance, and 
while at DCIFA, was a member of a joint Canadianflnited States team doing 
research on the NASA Space Shuttle. He' was one of the two Canadians 
designated t o  fly as a mission specialist on the Space Shuttle. 

During this time, Richard patented a number of inventions, including a 
completely new concept of avionics for use by pilots flying on instruments. 
This system has been tested by military and civilian agencies in,both the U.S. 
and Canada with favourable results", and the "Malcolm Horizon" is now expected 
to become a standard flight instrument over the next decade. This invention 
is now being manufactured by Garrett Manufacturing Ltd. 

. .. 
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Roughly half of Richard's time since 1970 has been spent in the study of 
nutrition. The majority of information published .on this subject is 
inaccurate or misleading, and Richard undertook to trace a large body of 
nutritional writing back to its original sources. The results of this 
exercise is a bod;r of knowledge which is scientifically accurate. Richard has 
Eraquently lecturad to groups of professional health care discipLines on 
nutritional subjects, and is often consulted by medical practicioners 
regarding their patients. 

In 1979 he retired from the Armed Forces with the rank of Xajor and 
fotinded MJltcch Research Corporation. Xaltach is in the business of 
de-relopirig new products f o r  industry. Lt assesses the technology, arranges 
the financing and puts together a team to develop each new product. It then 
manases the project to the point where it is licensed to a manufacturer. The 
compJn;r has handled projects in such diverse areas as: blood samp1ir.g 
eguipmsnt. an all-terrain vehicle, an inflatable sleeping bag, robotics, 
microwave telecommunications systems, nuclear magnetic resonance detectors, 
time-of-use metering of electric power and data interface terminals. 

In 1383, some of Richard's pioneering work in neurophysiologj was 
recognized when he was asked to give the Howard G. Baker Lecture to the 
plenary meeting of the American Laryngological Association and the American 
Yeurological Association in New Orleans. He was also accorded the honour of 
presenting the 18th Harry G. Armstrong Lecture to the Aerospace Medical 
Association, in Houston, Texas in "recognition of his outstanding contribution 
to the field of Aerospace Nedicine". 

What I'm going to try to do is to present to you an overview of how the 
perceptual equipment in our bodies works. And Grant has given me one hour to 
do this, which is a l i f e  study in its own right. I'm going to take the added 
task of doing it in non-technical language because I think that if we can 
understand it in the English we use every day, then we'll be a long way 
farther ahead than worrying about whether we really know what these terms 
mean. Now there is a lot of technical information that I am going to be 
presenting to you in this mode and I don't want to so much focus on that, as I 
would like you to just sort of get a feeling for the subject. And the feeling 
I want to use the information on the slides to convey to you, the feeling that 
I want you to take away with you, is the richness associated with our everyday 
sensory experince. It's no good to talk about a visual experience, it's no 
good to talk about, say, a hearing experience; all our waking experiences are 
enormously rich. They include the room around us, the feeling of our clothes, 
how we happen to feel internally at the time, as well as, our emotional state 
associated with the situation at hand. When we form a perception, and then 
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u l t i a a t e l y ,  a memory of  t h a t  e v e n t ,  t h a t  memory o r  pe rcep t ion  con ta ins  a l l  
t h a t  information tagged on t o  i t .  And i f  ever  w e  want t o  r e f e r  back t o  i t ,  we 
g e t  the whole t h i n g  back.  I f  ever  w e  want t o  make a d e c i s i o n ,  t h e  exper iences  
we've t h i s  
d e c i s i o n .  So t h e  a c t  of pe rce iv ing ,  t he  a c t  o f  c o g n i t i o n ,  where we do 
zhinking about t h i n g s ,  where we manipulate those percep:ions i n  our minds, 
those a c t s  always i r ro l - i e  t h e  full panoply of  pe rcep t ion ,  t h e  f u l l  sensory 
exper ience .  So what I am going t o  do now is  show you a whole s e r i e s  of s l i d e s  
xhich  is des igned  t o  gi=le you an awareness of  the  machinery of pe rcep t ion  and 
j u s t  'now d i v e r s e  t h a t  machinery i s .  I ' m  going t o  s t a r t  o f f  showing you the 
very  b a s i s  f o r  p e r c e p t i o n .  

had t h a t  have s i m i l a r  t a g s  on i t  a l s o  come i n t o  p l ay  when w e  make 

The very b a s i s  f o r  a l l  pe rcep t ion  i s ,  of cour se ,  t h e  nerve c e l l s ,  
(F igure  1, a t y p i c a l  neuron) and I want t o  gi.re you jus:  a l i t t l e  t i n y  run 
down on how the  nerve c e l l  a c t u a l l y  works, what e l e c t r i c a l  e v e n t s  take  p lace  
when ve f i r e  a n e v e .  A nerve is made up o f  a c e l l  body i n  which t h e r e  is  a 
nuc leus .  The nuc leus  is t he  f a c t o r y  t h a t  makes a l l  t he  food t h a t  goes i n t o  
feeding  t h i s  equipment and a l lows  it  t o  grow. An e l e c t r i c a l  even t  t akes  p lace  
i n  the re  which causes  an  e l e c t r i c a l  d i scha rge ,  a vo l t age  t o  go hopping along 
t h i s  p i p e  and t o  d i f f e r e n t  p l a c e s ,  I n  o t h e r  
v o r d s ,  i t  w i l l  go a long  t h i s  wi re ,  c a l l e d  an  axon, t o  ano the r  p l a c e .  O r  i t  
migh: branch ou: he re  and show up a t  these  t e rmina l s .  (Terminal boutons o r  
synap t i c  knobs.)  So t h a t ' s  t he  way informat ion  g e t s  from one p l a c e  t o  
ano the r ,  e l e c t r i c a l l y .  

and i t  is always one d i r e c t i o n .  

Sow na tu re  had a problem t o  s o l v e ,  though, i n  g e t t i n g  a l l  these  
e l e c t r i c a l  connec t ions  encased i n  t h i s  t i n y  head box. You need t o  understand 
t h a t  i n  terms of connec t ions ,  t h e  a c t u a l  phys i ca l  connec t ions  between nerve 
c e l l s ,  t h e r e  a r e  more of  those  connect ions i n  our head than  t h e r e  a r e  s t a r s  in 
t h e  e n t i r e  u n i v e r s e ,  t h a t  w e  know o f .  Now i f  you d i d  t h i s  e l e c t r i c a l l y ,  the  
i n t e r f e r e n c e  problems would be  awesome. So what na tu re  has  chosen t o  do is a 
d i f f e r e n t  t h ing .  Those l i t t l e  connect ions t h a t  w e  saw o u t  h e r e  on t h e  s i d e  
a c t u a l l y  form n o t  a n  e l e c t r i c a l  b r idge  b u t  a chemical b r i d g e  (F igure  2 ,  
e l e c t r o n  micrograph o f  t h r e e  synap t i c  knobs l y i n g  a g a i n s t  t h e  membrane of a 
d e n d r i t e ) ,  and so those  l i t t l e  bu t tons  l i n e  up on t h e  s u r f a c e  of  t h a t  b i g  
blobby c e l l  t o  which i t  wants t o  Fransfer  in format ion ,  and t h e r e  are these  
th ings  c a l l e d  synapses  which are l i t t l e  t i n y  spaces  between t h e  two 
e l e c t r i c a l l y  e x c i t a b l e  t i s s u e s ,  and you can see t h a t  they measure about  one 
micron o f  gap-width.  So you a r e  looking a t  something which is s t a r t i n g  t o  
approximate a number of  molecular  d iameters  and t h a t ' s  a l l .  And when t h a t  
e l ec t r i ca l  f i e l d  comes down t o  t he  end of  t h a t  b u t t o n  it causes  some 
chemica ls ,  which a r e  s t o r e d  up h e r e ,  t o  be r e l e a s e d  and t o  migra te  j u s t  
through d i f f u s i o n  d o n  onto  t h e  t i s s u e  beneath them. When i t  g e t s  h e r e ,  t o  
t h e  t i s s u e  below, i t  causes  t h a t  c e l l  h e r e ,  t o  r e i n s t i t u t e  t h a t  e l e c t r i c a l  
even t .  That d i s c h a r g e ,  t h a t  e l e c t r i c a l  s p i k e ,  i s  then  propagated onto  the  
nex t  one.  And so t h e r e  a r e  two t h ings  t h a t  I want you t o  t a k e  away from he re .  
F i r s t  o f  a l l ,  t h a t  pe rcep t ion  is an  e l e c t r i c a l  e v e n t .  A l l  t h i n k i n g ,  a l l  
f e e l i n g ,  simply a l l  events o f  which w e  are aware t h a t  go on i n  our  body are 
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e l e c c r i c a l  e v e n t s ;  and second, t h e  t ransmiss ion  from one p l ace  t o  another  
a1wa;ts occu r s  over  these  j u n c t i o n s  which a r e  chemical .  And t h a t  means t h a t ,  
s ay  t h e r e  w a s  a n  e l e c t r i c a l  i n t e r f e r e n c e  i n  t h i s  a r e a ,  I c a n ' t  ha*.re t h a t  
i n t e r f e r e n c e  t u r n  t h a t  p a r t i c u l a r  c e l l  on; i t  has  t o  a c t u a l l y  in f luence  the  
chemistry b e f o r e  I can propagate  on to t he  nex t  l a y e r  of. c e n t r a l  p rocess ing .  
So i z ' s  a v e r y  c r a f t y  way t h a t  na tu re  has  go t  around t h e  bus iness  of 
compacting e l e c t r i c a l  equipment i n t o  the  small case  and no t  having a lo: o f  
c r o s s -  t a l k .  

Yow, it  h a s  been worked o u t  t o  a reasonable  degrei! how t h a t  molecular 
chemistry works,  (F igure  3 ,  a model OE synap t i c  t r a n s m i s s i o n ) .  I t  seems t h a t  
whan the e l e c t r i c a l  sp lka  or d e p o l a r i z a t i o n  a r r i v e s  h e r e  a t  t h e  membrane, (and 
t h i s  is the  gap t h a t  was c a l l e d  a synapse) ,  i t  r e l e a s e s  t h a t  neurochemical,  
and these  little chemical molecules come a long  h e r e ,  (and normally the  
channels ,  t h e s e  channels  through which ions can  f low,  are blocked by molecules 
which occupy t h e s e  s i t e s )  and i t  is thought t h a t  t h e  chemical t h a t  i s  r e l e a s e d  
up he re  a t  t h e  o r i g n a t i n g  axon c r o s s e s  t h i s  synapse,  and when i,t g e t s  down 
i n t o  t h i s  a r e a  on the  r ece iv ing  ne rve ,  i t  opens  the  channel ,  so t o  speak. I t  
Just  CUUSBR t he  blocking molecule t o  move ou t  oE tho way, and allows tl flow o f  
sodium i n .  Acrua l ly .  t h a t ' s  why our  bodies  con ta in  so much sodium. I t ' s  a 
very  important  chemical t o  us .  The neuro-chemical moves t h e  b locking  molecule 
( l i k e  opening a door ) ,  and al lows sodium t o  go rush ing  i n t o  t h i s  i n t e r i o r  p a r t  
o f  t he  r e c e i v i n g  c e l l  down h e r e .  That t r ansmiss ion  of  t h e  c u r r e n t  l i k e  t h a t  
causes  t h e  membrane of  t he  c e l l  to propagate  t h a t  e l e c t r i c a l  p u l s e  a l l  t h e  way 
down t o  t h e  ezd of t h a t  c e l l  and on down t o  t h e  next one of  t hese  sending 
u n i t s ,  o r  synapses .  

So t h a t ' s  how perceptLon t a k e s  p l a c e .  I cause  t h a t  
e l e c t r i c a l  and 
go through a whole s e r i e s  o f  t hese  t h i n g s ,  chemica l ,  

, e l e c t r i c a l ,  And t h a t ' s  why i t  t akes  
t ime.  i t  d o e s n ' t  t r a v e l  a t  t he  speed of  
l i g h t ,  i n  f a c t ,  p a i n  f i b e r s  are very slow. They might on ly  t r a v e l  a meter per  
second or so.  You can a p p r e c i a t e  t h a t  if you do bump your t o e ;  your f i r s t  
r e a c t i o n  i s  to p u l l  your t o e  away because t h e  touch and p res su re  f i b e r s  a r e  
ve ry  f a s t .  They might take  200 m n l f s e c o n d s  t o  g e t  t o  t h e  b r a i n ,  y e t  t he  
s e n s a t i o n  o f  p a i n  grows over a p e r i o d  of 1 o r  2 seconds because i t  t akes  t h a t  
long f o r  t h a t  p a i n  message on t h e  s lower f ibers  to get up to t he  b r a i n .  
T h a t ' s  one of t h e  th ings  you need t o  bea r  i n  mind, t h a t  t h e  informat ion  t akes  
time t o  g e t  from one p l ace  t o  ano the r .  And t h a t  has  proven ve ry  u s e f u l  f o r  
p h y s i o l o g i s t s  you 
can  measure t h e  t ime i t  takes  t o  g e t  t o  d i f f e r e n t  p l a c e s .  

h i e n  I bump my t o e ,  
e v e n t  t o  come a long  the nerves  and ways ta t ions  a l l  a long  h e r e  

where i t  is  e l e c t r i c a l ,  
chemica l ,  a l l  t he  way up i n t o  t h e  b r a i n .  

I t ' s  n o t  an ins tan taneous  r e a c t i o n ;  

i n  mapping o u t  how the  b r a i n  is  a c t u a l l y  organized  because 

Now, how does bumping my t o e  o r  touching something or sme l l ing  o r  s ee ing  
something actual ly  take  p lace?  How do I conve r t  a mechanical o r  chemical 
even t ,  how do I conver t  
t h a t  i n t o  t h e  e l e c t r i c i t y  in t h e  f i rs t  p l a c e ,  i n t o  t h e  signal which is' then 
c a r r i e d  on t o  t h e  b r a i n ?  Well ,  a very g e n e r a l i z e d  model is as fo l lows ,  

o r  a t a s t e ,  or l i g h t  even t  i n  t h e  r e t i n a  of my eye;  
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(F igu re  4 ,  The t h i n g  you need t o  remember is t h a t  t h i s  
is not even t y p i c a l .  i t  j u s t  ex3 la ins  the  p rocess .  I n  f a c t  t h e r e  a r e  a t  leas: 
20 d i f f e r e n t  types of r e c e p t o r s  spread throughout the body; we w i l l  t a l k  about 
what some of them do i n  a moment, b u t  f i r s t  you have t o  unders tand  how they 
work. You can s e e  t h a t  t h e r e  is  a s p e c i a l i z e d  c e l l .  tihy s p e c i a l i z e d ?  Well, 
very  e a r l y  p r i n i t i v e  animal ,  (and by p r i m i t i v e  animal I d o n ' t  mean someone who 
d o e s n ' t  f l y , )  what I mean is  a very  simple organism, very  low on the 
phITlogenetic s c a l e .  They used t o  have maybe only one o r  two d i f f e r e n t  kinds 
of c e l l s .  And c e l l s  which, s a y ,  we would c a l l  muscle c e l l s  s i n c e  i t  causes 
t h i n g s  t o  move, might a l s o  be a r e c e p t o r ,  so t h a t  the p a r t i c u l a r  animal might 
be caused t o  move as a r e s u l t  of the chemical s t i m u l a n t .  An example would be 
a simple organfsm i n  water :  when chemicals a r e  p r e s e n t  t h e y  s w i m  f a s t e r  t o  
g e t  ou t  of tha way. Temperature would a l s o  a f f e c t  them. They would s w i m  
f a s t z r  i n  t h a t  p a r t i c u l a r  environment and they c o u l d n ' t  d i s t i n g u i s h  between 
t h e  t w o .  Something made l t  go f a s t e r .  There could  be maybe f i v e  d i f f e r e n t  
t h i n g s  t h a t  could  make i t  go f a s t e r .  Well ,  when you Kave t h a t  k ind  of sensory 
a p p a r a t u s ,  what happens is  t h a t  you c a n ' t  d i s t i n g u i s h  between d i f f e r e n t  
e v e n t s .  They a l l  f e e l  o r  a r e  perceived the same by s imple  organisms. 

r e c e p t o r  c e l l  model). 

Well w h a t  we who a r e  higher  up on the  phylogenet ic  scale have done a s  a 
s:rategy is  we a r e  going t o  s p e c i a l i z e .  S p e c i a l t y  means t h a t  w e  have t o  have 
d i v e r s i t y .  That means t h a t  you have t o  have l o t s  of d i f f e r e n t  t h ings  capable 
of  d i s t i n g u i s h i n g  between temperature and l i g h t  and d i f f e r e n t  chemicals i n  the 
environment,  and p res su re  and touch and v i b r a t i o n  and sound and so f o r t h :  but  
when you have t h a t  d i v e r s i t y ,  i t  also means t h a t  you have t o  have a l o t  of 
equipment which is going t o  use t h a t  information.  And t h a t ' s  why we have a 
b i g  b r a i n .  I t ' s  because a l l  t h a t  r i c h n e s s  of  exper ience  i s  now o f f e r e d  t o  u s .  
Le now have t o  be a b l e  t o  d i s t i n g u i s h  t h e  s i g n i f i c a n c e  o f  even t s  which a r e  
d i f f e r e n t  i n  terms of t h e i r  q u a l i t y .  The mechanism f o r  doing t h a t  is a 
sensory  nerve c e l l .  

Here is the  ne rve ,  i t s e l f ,  which is going t o  c a r r y  t h e  information on 
towards t h e  c e n t r a l  nervous system. And what seems t o  happen is  t h a t  t he re  is 
a s p e c i a l  r e c e p t o r  c e l l  i n  most c a s e s ,  I t  could 
be l i g h t  t h a t  is s t i m u l a t i n g  i t ,  i t r o u l d  be touch,  it c o u l d  be whatever t u r n s  
t h i s  on,  what l i t e r a l l y  causes  t h a t  chemical r e a c t i o n  i n  which sodium, aga in ,  
flows i n t o  i t ;  and t h e  l i t t l e  pump ir is ide pumps t h e  sodium back o u t ,  
ma in ta in ing  h igh  potassium on the i n s i d e .  This is s imple  chemistry.  That 
a c t i o n  o f  the  sodium flowing i n  and be ing  pumped o u t  a g a i n  s e t s  up an 
e l e c t r i c a l  f i e l d ,  and t h a t  e l e c t r i c a l  f i e l d  i s  now f e l t  by t h e  sensory nerve 
ending h e r e  which t u r n s  on t h a t  nerve f i b e r  and sends e l e c t r i c a l  impulses down 
a long  t h e  pa th  t h a t  i t ' s  intended t o  go. T h a t ' s  the  b a s i s  f o r  a l l  s ensa t ion .  
I t ' s  t h e  convers ion  of  the event t o  be sensed  i n t o  an e l e c t r i c a l  pu l se .  

and it could  be  s t i m u l a t e d .  

There a r e  o t h e r  ways of doing it which a r e  a l i t t l e  less s o p h i s t i c a t e d ,  
and i n  t h i s  p a r t i c u l a r  ca se  (Figure 5 , '  a f r e e  nerve ending)  i t  is  thought chat 
i n  these  t h r e e  nerve endings,  j u s t  the  a c t  of bending it s t r e t c h e s  open these 
l i t t l e  pores  a long  h e r e  which allows t h e  sodium t o  flow i n ,  and t h a t  s e t s  up a 
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c u r r e n t  l i k e  t h a t  and the  pump is o u t  h e r e  pumping i t  back o u t  and a l l  t h a t  is 
enough t o  depo la r i ze  t h a t  membrane and cause  t h e  informat ion  t o  s t a r t  on i t s  
pa th  towards t h e  b r a i n .  So t h a t ' s  t he  b a s i s  of  s e n s a t i o n .  I t  s tar ts  a t  t h a t  
p o i n t .  I n t e r e s t i n g  t h i n g s .  

L e t ' s  go a l i t t l e  b i t  f a r t h e r  i n t o  d e t a i l  t o  show some of  t h e  f i n e s s e s  
t h a t  na tu re  has  p layed .  This p a r t i c u l a r  sensor  (F igure  6 ,  c a l l e d  a Pacinian 
c o r p u s c l e ) ,  is thought t o  be mostly a v i b r a t i o n  senso r ,  because i t  adapts  very 
qu ick ly .  in 
:he s k i n ) ;  i f . y o u  compress i t ,  f o r  i n s t a n c e ,  and i f  you s q u i s h  t h e  top ,  these  
l a y e r s ,  which a r e  l i k e  the  l a y e r s  of  an  onion ,  d i s t r i b u t e  the  fo rce  
mechanical ly  over  t he  whole l eng th  of  t h e  r e c e p t o r  p a r t .  And a g a i n ,  because 
i t  i s  a mechanical t h i n g ,  t he  d i s t o r t i o n  causes  a c u r r e n t  and then  a sp ike  of 
e l e c t r i c a l  a c t i v i t y  t o  be propagated.  Two p o i n t s :  t hese  onion s k i n  
arrangements a r e  a way of  damping t h e  r e a c t i o n ;  i t  a l lows  t h e  r e a c t i o n  t o  no t  
take  p l ace  so i n s t an taneous ly ;  i t  provides  a s o r t  of response t i m e  cons t an t  
which you w i l l  s ee  h e r e  (F igure  7, gene ra to r  p o t e n t i a l s  from a Pacinian 
co rpusc le  du,ring a p p l i c a t i o n  of  an e l e c t r i c a l l y  c o n t r o l l e d  t a c t i l e  s t i m u l u s ) .  
You ' l l  n o t i c e  t h a t  i f  you a r e  given an  ins tan taneous  s p i k e ,  (which is the  top  
l i n e  on the  upper l e f t  d iagram) ,  i f  you push t h i s  t h ing  ve ry  r a p i d l y ,  then the  
e l e c t r i c a l  a c t i v i t y  r i s e s  very  r a p i d l y  and very  r a p i d l y  decays aga in .  But,  
conve r se ly ,  i f  I push a l i t t l e  slower (as a t  the  upper r i g h t ) ,  t h e  e l e c t r i c a l  
a c t i v i t y  r i s e s  s lower and decays a t  t h e  same r a t e .  And i f  I push r e a l l y ,  
r e a l l y  s lowly ( a s  a t  t h e  bottom diagram),  a t  t h e  same ampl i tude ,  bu t  I j u s t  
t ake  a long t i m e  t o  do i t ,  y o u ' l l  n o t i c e  t h a t  t h e  e l e c t r i c a l  a c t i v i t y  doesn ' t  
g e t  ve ry  h igh .  The response t h a t  w e  have is no t  
a l l - o r - n o t h i n g ;  even though the  e lec t r ica l  even t  is a l l - o r - n o t h i n g  ( t h e  nerve 
c e l l  e i t h e r  f i r e s  or i t  d o e s n ' t  f i r e ) ,  b u t  i t ' s  pulse-coded  frequency 
modulat ion.  

L l a t  happens is  t h a t  i t  i s  a mechanical t h i n g  ( t h e y ' r e  embedded 

That's p a r t  of  t h e  r i c h n e s s .  

And t h a t  means t h a t  I have a n  ana log  s i g n a l  i n  a d i g i t a l  form. 

Now I have i n s t a n t l y  conver ted  t h i s  ana log  t h i n g  h e r e  i n t o  a t r a i n  o f  
a c t i o n  p o t e n t i a l s ,  a whole s e r i e s  of  l i t t l e  e l e c t r i c a l  s p i k e s  t h a t  a r e  f i r e d  
in time and t h e  r a p i d i t y  of the f i r i n g  is t h e  t h l n g  t h a t  I am measuring. What 
I want you t o  n o t i c e  is t h a t  I now have ana log  informat ion .  The f i r i n g  of 
t h e s e  c e l l s  would t e l l  m e  how f a s t  t h a t  p a r t i c u l a r  co rpusc le  g o t  pushed. A l l  
r i g h t ,  ' t h a t ' s  p a r t  o f  t h e  r i c h n e s s ' t h a t  I am t a l k i n g  abou t .  We can no t  only 
d i s c r i m i n a t e  t h a t  a push took p lace  on t h a t  p a r t i c u l a r  p a r t  o f  my f i n g e r p r i n t  
b u t  i t  can  also t e l l  you how f a s t  i t  i s .  And t h a t  i s  one o f  the  ways t h a t  w e  
a r e  a b l e  t o  perce ive  t e x t u r e  because when I rub  my f i n g e r s  o v e r ,  say  a c l o t h ,  
depending how 
f a s t  t hey  inden t  t h e  s u r f a c e  of  my s k i n .  And so t h e  r i c h n e s s  of my 
environment inc ludes  t h e  a b i l i t y  t o  d e t e c t  t e x t u r e .  

upon whether t h e  c l o t h  f i b e r s  are f i n e  o r  b i g  w i l l  depend upon 

T h a t ' s  how it happens. 

W e  have a l l  t h e s e  f i b e r s  t h a t  rise up down h e r e  i n  t h e  p e r i p h e r a l  p a r t  of 
our  body (F igure  8 ,  e x t r a - l e m n i s c a l  somatosensory pathway),  and you'll no t i ce  
t h a t  t h i s  is j u s t  in tended  t o  be  a s e c t i o n  of  my s p i n a l  column. You s e e  these  
f i b e r s  a l l  e n t e r  and t h e r e  a r e  these  chemical  j u n c t i o n s ,  and some o f  these  
f i b e r s  come up one s i d e  of  t h e  s p i n a l  column, o t h e r  f i b e r s  come up the  o the r  
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Figure 6: Cross section of a Pacinian corpuscle 
showing the core consisting of a sensory nerve- 
ending. 



Figure 7: Generatdr potentials from a Pacinian corpusele during q'plication 
of an elecirrcally controlled factrle st imulus ( a )  The srimdus onset as brief 
as possible. The st inrut~s stays on after application. (b )  The stirnulus onset 
occupytrig about 2.5 msec, ( c )  The Stimulus onset occuprng about 5.5 msec. 
( A l t e r  I A 8 Lrciy ti Sata, 1953) 
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s f d e  of t he  s p i n a l  column and they form these  t r a c k s .  Look a t  a l l  t hese  
in t e rconnec t ions .  There ,  t h e r e ,  t h e r e ;  more a r e  h ighe r  up a t  the  base of t h e  
b r a i n :  look what i s  happening: t h e r e  a r e  more of t h e s e  connec t ions  and they 
g e t  a l l  t he  way up h e r e  i n  the  b r a i n  where the re  is a s e c t i o n  of the b r a i n  
c a l l e d  the  thalamus ( t h e  only t e c h n i c a l  word t h a t  I am going  t o  use)  and 
t h a t ' s  a sv f t chboa rd .  All t h i s  fnformat ion  comes i n  and t h e  thalamus has  t o  
dec ide :  one ,  whether you're i n t e r e s t e d  i n  i t  and l e t  t h e  informat ion  go up t o  
the p a r t  o f  t he  b r a i n  t h a t  th inks  and f e e l s ;  and two, i t  h a s  to decide where 
i t  is going EO send i t  because why do I need t h a t  i n f o r n a t i o n ?  l 

! 
N t w ,  w h a t ' s  i n t e r e s t i n g  is t h a t  you can p re - load  p a r t s  of  t he  b r a i n  with 

progr,ims t h a t  a r e  going to  a c t  o n l y  i f  they ge t  c e r t a f n  informat ion .  For 
example, if y o u ' r e  going f o r  a swin i n  some murky wa te r  o f f  t he  beach near  
your cotcage and somebody says t o  you,  " I  l e t  t he  weeds grow around h e r e ,  
d o n ' t  worry about  i t , "  and i f  you f e e l  something brush your  l e g ,  wel l  t h a t ' s  
weeds.  But i f  somebody s a y s  t o  you ,  " W t ? l l ,  t h a t  v a t e r  h a s  e e l s  i n  i t ; "  you 
then f e e l  the same l i t t l e  brush a g a f n s t  your l eg  arid somehow you can magfcally 
walk on water .  And it  d0esnI.t t ake  you a long time t o  d e c i d e  whether i t  is  
g r a s s  o r  e e l s .  Bam! What you have done is t o  
p re load  the  system; t h e  information about  t h a t  l i t t l e  b i t  o f  p re s su re  comes 
r i p p i n g  up h e r e  and is  now organized i n  advance t o  where i t  is going t o  go,  
and what k ind  of  i n f o r n a t i o n  you a r e  looking  f o r ,  a s  opposed t o ,  s a y ,  somebody 
s i n g i n g  a song t o  you. You a r e  n o t  going t o  l i s t e n  t o  t h a t  song. This i s  
important  s t u f f ,  t h e s e  e e l s .  So t he  thalamus,  the  swi tchboard ,  is very  a c t i v e  
i n  dec id ing  what i t  i s  t h a t  you a r e  going  t o  a t t e n d  t o  and  how you a r e  going 
t o  at:end t o  i i ,  and where the  informat ion  has  t o  go i n  o r d e r  t o  be used.  

' I mean i t  happens t h a t  f a s t .  

The o t h e r  t h i n g  I want you t o  no t i ce  about  t h i s  i s  a l l  t hese  
in t e rconnec t ions .  You ' l l  s ee  i t  i n  t h e  nex t  one (F igu re  9 ,  l a t e r a l  view of  
t h e  b r a i n  and d i v i s i o n s  of  somatosensory sys tem) ,  which is a d i f f e r e n t  k ind  of  
a s l i d e .  I t  j u s t  shows more of t h e s e  t r a c k s  winding up i n  d i f f e r e n t .  p a r t s  o f  
t h e  b r a i n .  What I want you t o  g e t  from t h i s  is t h a t  every time t h e r e  i s  one 
of  t hese  j u n c t i o n s ,  n o t  only a r e  you r e l a y i n g  i n f o r m a t i o n ,  b u t  you are 
changing t h e  q u a l i t y  o f  t h a t  in format ion .  Those j u n c t i o n s ,  i n  f a c t ,  ac t  l i k e  
a l eaky  i n t e g r a t o r .  They can a c t  Ltke a d i f f e r e n t i a t o r ;  t h e y  can sum s i g n a l s ,  
they  can d i f f e r e n t i a t e  s i g n a l s ,  they  can  i n h i b i t ,  and they  c a n  enhance. There 
i s  all kinds  o f  s i g n a l  process ing  which is going on a t  e v e r y  one of t h e s e  
j u n c t i o n s .  You s a w  how many t h e r e  are .  That's one o f  the reasons  why, when 
you f i n a l l y  g e t  up i n t o  the  b r a i n ,  w e ' l l  see a l i t t l e  l a t e r ,  t h e r e  is ve ry  
l i t t l e  resemblance i n  t h e  b r a i n  t o  what a c t u a l l y  occur red  o u t s i d e .  We have 
t r a n s l a t e d  it i n t o  a brain-machine language which b e a r s  l i t t l e  resemblance t o  
t h e  r e a l  f e a t u r e s  t h a t  have been pe rce ived .  

But t h a t ' s  impor t an t ,  because t h e  brain-machine language  is  s e n s i t i v e  t o  
t r a i n i n g .  T h a t ' s  why t r a i n i n g  is so impor tan t .  You s ta r t  t o  i n t e r p r e t  t h i n g s  
i n  terms of  what and how you have been t r a i n e d  t o  i n t e r p r e t  them. Somebody 
c o l d  i n  a new environment o f t e n  d o e s n ' t  know what t o  do because  he d o e s n ' t  
know how t o  i n t e r p r e t  what is coming i n .  F i r s t  t i m e  I s a t  i n  f r o n t  of  a HUD 
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Figure ‘11: The peripheral fields of three cortical 
netirons. showrig how the firing pattern (not taking 
into accOunt gradatloris In firing rate) can indlcate in 
wh ich  of seven zones a slimthis has been applied 
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i: was p r e t t y .  3u t  t h a t ' s  i t ,  because I d i d n ' t  know what i t  meant. And you 
ha-le t o  learn what a l l  those th ings  a r e .  And those  l e a r n i n g  l i nkages  tha: you 
form a r e  p a r t  and pa rce l  of a l l  t he  s f g n a l  cond i t fon ing  t h a t  goes on. 

Xow t h e r e  is another  t h ing  t h a t  I want you t o  be aware of  in terms of  the  
r t chness  o f  t he  sensory  system. And i t  is i l l u s t r a t e d  i n  he re  (F igure  10 ,  
r ,eural  mechanism o f  two-point  d i s c r i m i n a t i o n ) .  Hare we have l i t t l e  ner-re 
f i b e r s  t h a t  a r e ,  s a y ,  i n  the  s k i n ;  and say  t h a t  what they  a r e  s e n s i t i v e  t o  i s  
p re s su ra  like we were looking a t  e a r l i e r .  And t h i s  is t he  s t e n g t h  of  the 
s i ~ n . 1 1 ,  two p o i n t s  on the  s k i n ;  and y o u ' l l  n o t i c e  we a r e  measuring tlit? 
s t r e n g t h  o f  t he  p re s su re  and t h e r e f o r e  the  f i r f n g  of t hese  l i t t l e  nerve 
endings t h a t  a r e  responsi-re t o  t h a t  a s  t he  he igh t  abo-le zero  of  t h i s  l i n e  here  
a t  the  ha:torn of the  diagr;lm. So theri.. is  the zero  a x f s  and you n o t i c e  the  
anp l i tude  on h e r e  is  something l i k e  about  4 inches .  Well ,  what happens i s ,  
because I have t h i s  net.*rork now of nerves  going up t o  t h e  b r a i n ,  w e  a l s o  have 
another  sysEem i n  our  sensory appara tus  t h a t  sends  branches o f f  t o  a l l  i t s  
neighbors .  So say  t h i s  f i b e r  he re  has  a branch going o f f  t o  t h a t  ne ighbor ,  
and a branch going t o  t h a t  neighbor .  Those branches i n h i b i t  whatever i s  on 
the  neighbors .  They s u b t r a c t  from the  a c t i v i t y  t h a t  would normally be f e l t  
t h e r e .  So what 
we have h e r e  is  a f i r i n g ,  w i th  l o t s  of  a c t i o n  p o t e n t i a l s  p e r  second h e r e ,  no t  
s o  many h e r e .  and t h i s  
g e t s  i n h i b i t e d  a t  every ways ta t ion  by t h i s  one ,  t h e r e  is a b i g  c o n t r a s t  
improvement by t h e  time they g e t  up t o  t h e  b r a i n .  What i t  means is t h a t  t h i s  
guy has  g o t t e n  louder  compared t o  t h e  two b e s i d e  i t ,  because t h e  two bes ide  i t  
have been i n h i b i t e d .  And so t he  re la t ive  ampli tude between the  two i n  the  
b r a i n  i s  much l a r g e r  than  what i t  was when i t  s t a r t e d  o u t .  And what t h i s  
t r a n s l a t e s  I n t o ,  is our a b i l i t y  t o  d t s c r l m i n a t e  between two f i n e  p o i n t s .  
You ' l l  n o t i c e  t h e r e  is a sharpening  h e r e  i n  c o n t r a s t .  T h a t ' s  a c o n t r a s t -  
enhancement c i r c u i t .  t h e  p i c t u r e  s e n t  back from Ranger on Mars had 
an  i d e n t i c a l  a lgor i thm w r i t t e n  on t h e  PDP 8 f o r  t h e i r  p r e - c o n d i t i o n i n g ,  be fo re  
you look a t  them on t h e  t e l e v i s i o n ,  t o  improve t h e  c o n t r a s t  o f  what was be ing  
viewed o u t  t h e r e .  And a l l  ou r  sensory  appa ra tus  c o n t a i n s  t h i s  c o l l a t e r a l  
i n h i b i t i o n ,  t h i s  a b i l i t y  t o  i n h i b i t  your ne ighbors  so t h a t  t h e  s i g n a l  becomes 
sharpened and i n c r e a s e s  i n  ga in .  - 

And y o u ' l l  n o t i c e  t h a t  a t  every  s t a t i o n  t h e s e  branches  e x i s t .  

By the  time t h a t  g e t s  i n h i b i t e d  a t  every  ways ta t ion ,  

I n  f a c t ,  

Now, how does t h a t  t r a n s l a t e  i n t o  r i c h n e s s  of exper ince?  Well ,  supposing 
t h a t  t h i s  is t h e  sensory f i e l d  of  a nerve l o c a t e d  t h e r e  (F igure  11, t h e  
p e r i p h e r a l  f i e l d s  of  t h r e e  c o r t i c a l  neurons ,  showing how f i r i n g  p a t t e r n  serves 
t o  l o c a l i z e  a s t i m u l u s ) .  That  is, I f  I poke i t  r i g h t  h e r e ,  I g e t  a b igge r  
response and a l l  t h e  way ou t  t o  the  end. And i f  I poke it  r i g h t  h e r e ,  I w i l l  
g e t  a t i n y  response from a nerve l o c a t e d  t h e r e .  S i m i l a r l y ,  f o r  t h i s  guy A and 
t h i s  guy B .  So I have t h r e e  nerves  now. Now i f  I have a poke l o c a t e d  a t  X ,  
y o u ' l l  n o t i c e  what happens.  The nerve  l o c a t e d  a t  C h e r e  f e e l s  l e s s  of  a 
response than  it  would a t  Y.  t h e  c e n t e r  of A ,  
f e e l s  no t  much d i f f e r e n c e  because i n  terms of t h e  r a d i u s  of A t h e r e  is n o t  a 
g r e a t  d e a l  of  d i f f e r e n c e  between X and Y and t h e r e  is a g r e a t e r  d i f f e r e n c e  a t  
B. So t h a t  s ays  t o  me t h a t  i f  I compare t h e  o u t p u t s ,  u s ing  this c o l l a t e r a l  

But t h e  nerve  l o c a t e d  a t  s a y ,  
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i n h i b i t i o n ,  between A and B and C ,  I would be a c t u a l l y  be a b l e  t o  d i sc r imina te  
a d i f f e r e n c e  i n  s e n s a t i o n  between a poke rece ived  a t  X and a poke received a t  
Y. even though the nerves t h a t  a r e  cabable  of s ens ing  t h a t ' a r e  loca t ed  almost 
f i v e  t imes f u r t h e r  a p a r t  i n  terms of a c t u a l - p h y s i c a l  l o c a t i o n  than  what they 
a r e  be ing  asked t o  r e s o l v e .  So what t h a t  means is t h a t  I d o n ' t  need nea r ly  so 
many nerves  spaced a long ,  say  the  s k i n  o r  t he  back of t he  r e t i n a  of  the eye 
i n  o rde r  t o  g e t  a p a r t i c u l a r  r e s o l u t i o n .  T h a t ' s  why when you a r e  f l y i n g  along 
i n  your a i r p l a n e ,  is  
alrnos: 10 times what the  phys ica l  o p t i c a l  r e s o l u t i o n  of  your eye i s  i n  terms 
o f  its Lens. Tha t ' s  because of  t h a t  c o n t r a s c  enhancement c i r c u i t r y .  

you ' r e  a b l e  t o  s e e  a te lephone wire  a t  a d i s t a n c e  which 

N o w ,  what I wanted t o  show he re  i s  a t y p i c a l  way t h a t  R n e n e  responds t o  
an inpu: szimulus (F igure  1 2 ,  frequency o f  impulses i n  the  a f f e r e n t  ne rves ,  
p l o t t e d  a g a i n s t  t he  d u r a t i o n  of d i f f e r e n t  l oads  a p p l i e d  t o  a musc la-sp indle  
r e c e p t o r ) .  Notice t h a t  i n i t i a l l y  i t  r i s e s  up;  i t  i n i t i a l l y  r ises up and then 
g radua l ly  adapts  o u t  t o  some lower l e v e l ,  n o t  always z e r o ;  i n  f a c t ,  u s u a l l y  
not  z e r o .  Another t h ing  then  t h a t  we have t o  t a l k  about :  a d a p t a t i o n .  Every 
nerve i n  our  body a d a p t s ,  i f  on ly  because you pump i n  so much sodium you 
overwhelm t h a t  pump and i t  won' t  f i r e  anymore and you have t o  w a f t  u n t i l  you 
can g e t  some of t he  chemis t ry  r e - e s t a b l i s h e d .  That means t h a t  w e  r e a l l y  only 
sense change. You never  sense anyth ing  t h a t  is c o n s t a n t  because we adapt  t o  
the  c o n s t a n t .  So we a r e  only  i n t e r e s t e d  i n  change. I t  is t r u e ,  a s  Grant 
YcN.inghton poln ted  o u t  t h i s  morning, t h e  human organism is a p a t t e r n  
r ecogn ize r .  Q u a l i f y  t h a t ;  w e  on ly  recognize p a t t e r n s  of  change. And we have 
a hard  time recogniz ing  t h i n g s  t h a t  a r e  s t a t i c  i n  terms of  a p a t t e r n .  You 
have t o  f o r c e  them t o  change. You s a y ,  w e l l  I can  s tare  a t  something f o r  a 
long t i m e  and I ' m  no t  moving and i t ' s  n o t  moving, b u t  I can s t i l l  see  i t .  
Gha t ' s  a c t u a l l y  happening i s  t h a t  your eye h a s  a d i t h e r  b u i l t  i n t o  i t  a t  about 
50 h e r t z  and i t  causes ,  it w i l l  magnify i t ,  b u t  it causes  i t  t o  d i t h e r  through 
a t i n y ,  t i n y  angle .  Enough though t h a t  t h e  image is  a c t u a l l y  s h i f t e d  t o  one 
o r  two c e l l s  on t h e  r e t i n a .  And i n  experiments  where they  have i n j e c t e d  
proca ine  i n t o  t h e  muscles around t h e  eye,  i f  t hey  clamped the head of t h e  
person  t h e  people  sa id  ve ry  r a p i d l y  
t h a t  t h e  whole world looked l i k e  they  were look ing  i n t o  t h e  inside of  a h a l f  
p ing  pong b a l l .  And i f  you tapped a per son ' s  head ,  j u s t  t h a t  l i t t l e  t i n y  
movement w a s  enough t o  r e - e s t a b l i a  t h e  v i s u a l  world and it adapted  o u t  t o  
ze ro  a g a i n .  

so t h a t  they c o u l d n ' t  move t h e  p l a t fo rm,  

A l l  t h e  senses  adap t .  A l l  t h e  s e n s e s  only  sense  change. 

And h e r e ' s  t h e  k ind  o f  r e l a t i o n s h i p  t h a t  e x i s t s .  Another i n t e r e s t i n g  
t h i n g ,  i f  you look here  (F igure  1 3 ,  f requency of  impulses i n  a n  a f f e r e n t  
ne rve ,  p l o t t e d  a g a i n s t  t he  logar i thm of  the  load  on a muscle s p i n d l e  s t r e t c h  
r e c e p t o r ) ,  t h i s  is the  logar i thm of t h e  load  of  one o f  those  c e l l s  and t h i s  i s  
t h e  number o f  impulses pe r  second taken  o f f  t h e  o t h e r  d r i v e .  From what you 
s e e ,  you see it  i s  a l o g  func t ion .  T h a t ' s  one o f  t h e  r e l a t i o n s h i p s .  We a r e  
capable  of  s ens ing  change w i t h i n  t h e  environment over  many many o rde r s  o f  
magni t i tude .  we 
would normally pe rce ive ,  I t  is a huge, 
huge, number of  o r d e r s  of  magnitude t h a t  o u r  sensory  appa ra tus  is capable  of  

So from t h e  dimmest l i g h t  w e  pe rce ive  t o  t h e  b r i g h t e s t  t h a t  
t h e r e  is  something l i k e  1012 o r  1015. 
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being  ava re  of acd func t ion ing  i n .  And t h a t ' s  one of  t h e  th ings  tha: you have 
t o  remember, t h a t  t h i s  compression, t h i s  l oga r i thmic  compressfan is an 
important  t h i n g .  L%en we t a l k  about  a change o f  a f a c t o r  of 2 ,  i n  t he  sound 
l e v e l ,  t h a t ' s  nothing when you t h i n k  about what we a r e  capable  o f  perce iv ing .  
I t ' s  s t a r t i n g  t o  ge t  down j u s t  t o  the  l i m i t s  o f  our  pe rcep t ion .  So our 
pe rcep tua l  e q e r i e n c e s  occur  over  an enoraously broad range o f  s t i n u l t .  

T h e r a ' s  another  t h ing  we have t o  be aware of, though, t h a t  some of the  
equipment d o e s n ' t  work j u s t  l o g a r i t h m i c a l l y ,  b u t  i t  works on a curve  r a t h e r  
l i k e  t h i s  (F igure  I&, t he  impulse frequency 3.5 seconds a f t e r  t h e  onse t  o f  
l i g h t  ( lower  curve)  and the  l o g s  of  same va lues  (upper  l i n e )  p l o t t e d  a g a i n s t  
the  logar i thms of  the l i g h t  i n t e n s i t y ) ,  and t h a t ' s  a power func t ion .  There 's  
a graa: d e a l  of work going on t o  d i f f e r e n t i a t e  between the  d i f f e r e n t  p a r t s  o f  
the  senso ry  system. Some o f  them i n  o t h e r  words,  work i n  t h i s  logar i thmic  
s c a l e  and some o f  them work on t h i s  power s c a l e .  !Aat i t  does mean is t h a t  
a l l  o f  them a r e  capable  o f  s ens ing  over a n  enormously wide range o f  input  
s t i m u l i .  

Now l e t ' s  g e t  a l i t t l e  more t o  the  t o p i c  w e  have been t a l k i n g  abou t ,  the  
ones t h a t  a r e  i n t e r e s t i n g  us  i n  t h i s  conference .  We a r e  going t o  s t a r t  with 
v i s i o n .  Here is a c r o s s - s e c t i o n a l  view of a human e y e b a l l .  (F igure  1 5 ,  a 
c r o s s - s e c t i o n  through the  human eye . )  I t ' s  g o t  a l e n s  i n  h e r e  which is 
a t t a c h e d  t o  muscles.  There a r e  two k inds  of  muscles .  One of them goes l i k e  
the  t i r e  around your b i c y c l e  wheel.  h i e n  i t  c o n t r a c t s  i t  squ i shes  the  l e n s  
and i n c r e a s e s  the  curva ture  h e r e ,  a l lowing you t o  focus  on t h i n g s  t h a t  a r e  
n e a r e r .  There is another  s e t  of muscles which are l i k e  the  r e l a t i o n s h i p  
between t h e  spokes of t h e  wheel and the  hub of  t h e  b i c y c l e  wheel.  They p u l l  
t he  hub open. And so when those  ones p u l l ,  t hey  f l a t t e n  t h e  l e n s  and t h a t  
a l lows us  t o  see nea r  and fa r  wi th  the  same l e n s .  When you go t o  your 
ophtha lmologis t  and s a y ,  "Gee Doc, I j u s t  c a n ' t  see t h i s  c l o s e  any more when I 
read  t h e  newspaper;"  he s a y s ,  "Tha t ' s  because t h e  l e n s  h e r e  has  gone a l l  hard  
on you."  R e l a t i v e l y  i t  h a s  gone h a r d ,  r e l a t i v e  t o  t h e  s t r e n g t h  of  t h e  
muscles ,  b u t  w e  have s p e n t  a l l  our  l ives  r ead ing  a t  t h i s  d i s t a n c e  and the  
muscles a r e n ' t  g e t t i n g  the  e x e r c i s e  they need,  and what happens i s  t h a t  they 
g e t  f l a c c i d ,  they  become unable  to-move t h a t  bag  of l e n s  e a s i l y .  Inc luding  
myself ,  I have taken a l o t  of people now and g o t  them t o  do eye  e x e r c i s e s ,  
n e a r - f a r ,  n e a r - f a r ,  5-10 minutes  a day,  r e - e x e r c i s e  t h e s e  muscles wi th  v i s u a l  
pushups and what happens is t h a t  they  g e t  t h e i r  v i s i o n  back i n  terms of  t h e i r  
a b i l i t y  t o  accommodate. So i t ' s  a very  f lex ib le  system. Marvelous th ing  t h e  
e y e b a l l .  What t h a t  l e n s  i s  doing  is t h a t  it focuses  l i g h t  on to  t h i s  r e t i n a  
whi'ch i s  a whole bunch of nerve  c e l l s ,  aga in  s p e c i a l i z e d  t o  r e c e i v e  l i g h t .  

Now, what does our  r e t i n a  look  l i k e ?  ( F i g  16, t he  connec t ions  of  a few 
t y p l c a l  c e l l s  i n  the  r e t l n a )  What i t  looks l i k e  is t h i s - - y o u ' v e  go t  r ecep to r s  
i n  here--remember e a r l y  l e s sons  of  cones and r o d s ,  w e l l  t h a t ' s  j u s t  from the  
shape o f  them. they  a r e  s e n s i t i v e  t o  c o l o r s  and b r i g h t  l i g h t s .  
The rods are s e n s i t i v e  n o t  t o  c o l o r  b u t  t o  very dim l i g h t ,  and a c t u a l l y  t h a t ' s  
t h e  back a t  t h e  top .  t h a t  

These cones ,  

The lower p a r t  o f  th i s  s l i d e  shows all t h e  nerves 
d 
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Figure 15: A cross Section through the humdn eye. 
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i t  connect  with i t  i n  the  f r o n t  and t h e  l i g h t  comes from t h e  bottom o f  t h i s  
p i c t u r e ,  sht2es  through a l l  these  ve ry  c l e a r  looking  c e l l s  which a r e  
t r a n s p a r e n t  and e x c i t e s  t hese  rods and cones i n t o  producing e l e c t r i c a l  changes 
which a r e  then sensed  by t h i s  middle row of  b i p o l a r  c e l l s  here .  The 
e l e c t r i c a l  h e r e ,  
a r d  they ,  i n  t u r n ,  r e l e a s e  chemical on to  these  b i g  f a t  gang l ion  c e l l s  a t  t h e  
bot tom o f  the p i c t u r e ,  which then s t a r t  t o  c a r r y  the  i n f o r n a t i o n  i n t o  t h e  
S r a i n .  T h e r z  a r e  o t h e r  c e l l s  a long he re  i n  the  middle la:rer acd t h e y ' r e  
associa:ed i n  p a r t  wi th  t h i s  c o l l a t e r a l  i n h a b i t i o n  we t a l k e d  about  e a r l i e r  on .  
So a g a i n ,  :here's sharaening  o f  t he  image r i g h t  a t  t h e  senso r  i t s e l f  and 
a l r e a d y  i t ' s  p rocess ing  because you can  s e e  t h a t  the  number of  connect ions 
tha: t hese  
niJd!+ rov  c c . 1 1 ~  i n ~ k e  i s  * ~ o r y  d i f f e r e n t .  And t h a t ' s  wh;t, f o r  inst.inco.. you 
c3n &t?rier.ill.;i on ly  sde b i g  o b j e c t s  o u t  h e r e  i n  the pe r iphe ry  a s  opposed t o  
r e a l l y  t i n y  l i t t l e  f i n e  p o i n t s  i n  the  c e n t r a l  p a r t ,  and t h a t ' s  because o f  t h e  
r a r i o  o f  i n t s r connec t ions  t h a t  i t  makes wi th  the  sens ing  c e l l s ,  depecding. upon 
where i t  i s  on the r e t i n a  o f  the  eye .  

changes a c t u a l l y  kind of g e t  summed up on t h i s  row of c e l l s  

t hese  bottom row c e l l s  make compared to the  number of connect ions 

Now, whdt I want t o  show here  ( F i g  1 7 ,  pathways o f  t he  mammalian v i s u a l  
system) is again the  r i chness  of s i g n a l  convers ion  o r  s i g n a l  enhancement a s  w e  
move from the eyes over  t he re  t o  t h e  l e f t  of the  p i c t u r e .  You no t i ce  t h a t ,  
say  t h e  l e f t  f i e l d  of  t h e  eyes a l l  go one way; f i r s t  o f  a l l  t h e  image i s  
f l i p p e d  over so t h e  l e f t  v i s u a l  f i e l d  now appears  i n  t h e  upper  p a r t  o f  t h e  
r e t i n a e  and they come over  t h e  upper c i r c u i t  of t h i s  p i c t u r e  ( t h e  r i g h t  s i d e  
o f  t h e  b r a i n )  and t h e  r i g h t  p a r t  comes around t h e  lower ( l e f t )  s i d s .  Never 
mind a l l  the  names of  t h e s e  th ings .  Th i s  middle p a r t  ( p r e - t e c t a l  n u c l e i )  h e r e  
is  a s s o c i a t e d  with t h a t  focus ing  t h a t  I was t e l l i n g  you abou t .  This  pa r t  h e r e  
( s u p e r i o r  c o l l i c u l i )  i s  a s s o c i a t e d  w i t h  d i r e c t i n g  your gaze ;  you see  something 
t h a t  you want t o  look a t ,  t h a t ' s  t h e  mechanism t h a t  a l lows  you t o  move t h e  eye 
i n  t h a t  d i r e c t i o n ,  And t h i s  p a r t  h e r e  ( l a t e r a l  g e n i c u l a t e  nucleus)  is  
a s s o c i a t e d  with a c t u a l l y  p re sen t ing  a n  image onto  the  ca l a r ine  co r t ex  of t h e  
b r a i n  a t  the  very back of  t he  s k u l l  which i s  thought t o  be a map of what 's  o u t  
t h e r e - - i t ' s  a kind of  an  e l e c t r i c a l  e x c i t a t i o n  map spread  o u t .  I t ' s  d i s t o r t e d  
b u t  neve r the l e s s  sp read  o u t  on t h e  s u r f a c e  of  the b r a i n  a t  t h e  back of  t h e  
s k u l l .  - 

N o w ,  we tnlkpd ahoiit  the  cones e n r l l c r  on ,  and what you no t l ce  fs t h a t  
thLs is ii s p e c t r a l  s e i w t t l v l t y  of those cones (F ig  18 ,  a b s o r p t i o n  curves f o r  
t h e  o u t e r  segments o f  t h r e e  types of  cones i n  pr imate  r e t i n a ) .  So the  p a r t  I 
want You n o t i c e  
t h a t  t h e  r ecep to r s  t h a t  s e e  b lue  ( l e f t - m o s t  c u r v e ) ,  f n  t h i s  ca se  a c t u a l l y  
ex tend  i n t o  the f i e l d  t h a t  a l l  t h e  o t h e r s  do ;  and so t h i s  one ( i n  the middle) 
sees ye l low;  t h i s  one (on t h e  r i g h t )  s e e s  r e d .  There ' s  a l o t  of over lap ,  and 
t h a t  c o n t r a s t  enhancement s t a r t s  t o  r e f i n e  what you s e e .  But i t ' s  because o f  
t h a t  over lap  t h a t  w e  a r e  capable  of  s e e i n g  hues of  co lor - -we d o n ' t  j u s t  s e e  
pr imary r ed ,  primary yel low,  primary b lue- -we can s e e  a l l  k inds  of c o l o r  i n  
between t h a t  rainbow. One o f  t he  reasons  is  t h a t  t he  r e c e p t o r s  are capable  o f  
ove r l app ing  what 

t o  mention h e r e  is  you n o t i c e  t h a t  it is  no t  a sha rp  l i n e .  

and then  w e  use  a neuro log ica l  enhancement i n  o r d e r  t o  f i n d  
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t h e  exac t  hue is  between the  c e n t e r  l i n e s  of  each o f  t h e s e  r e c e p t o r s .  
rLcS,r;ess of  expe r i ence .  

Again, 

Shen we g e t  back now i n t o  t h i s  a r e a  f a r  back i n  t h e  s k u l l  (F ig  1 9 ,  
arrangement of  v i s u a l  f i e l d s ) ,  what you f i n d  is  t h a t  t h e r e  a r e  a reas  of  
a c c i - i i t y .  i f  I gec a l i t t l e  p i n p o i n t  of l i g h t  on the  
c e l l  i n  the  r e t i n a ,  somewhere back i n  the  c o r t e x ,  y o u ' l l  s e z  a p inpoin t  where 
a bunch o f  c e l l s  o r  maybe only one c e l l  o r  hue would t u r n  on and the  neighbors 
vould be i n h i b i t a d .  And the  c o l o r  of  t h i s  is  a l s o  t r u e ,  some o f  them would 
;urn off and t h e r e  would be a pa:tern o f  neighbors  t h a t  a r e  e x c i t e d .  A long 
Eine a<,o now, i t  was J isco*iered t h a t  t h e  same also vas  t rue  f o r  l i n e s ,  ( F i g  19 
c . i r i t l  t i )  l f  t h e r e  is  .I 1 1 i w  oiit 111 t h , i t  vLsli.11 r e p r e s e n t d t t o n ,  t h a r e ' l l  be a 
group ot' c e l l s  t h a t  will f i r s  i n  response t o  the L i n e  b u t  o n l y  i n  a c e r t a i n  
o r i e n t a t i o n .  I f  you change the  o r i e n t a t i o n  o f  t he  l i n e ,  ( F i g  19 e and f ) ,  a 
d i f f e r e n t  group of c e l l s .  And, i t  goes on f a r t h e r  t han  t h a t ;  i f  a l ir?e now 
moves i n  one p a r t i c u l a r  d i r e c t i o n ,  one group o r  one c e l l  w i l l  f i r e  and i f  you 
change the  d i r e c t i o n  o f  movement, i t  s h u t s  up and ano the r  one t akes  over .  So 
we ' re  s t a r t i n g  t h e r e  t o  see  t h a t  what t he  b r a i n  is s y n t h e s i z i n g  o u t  of  a l l  
t S a t  in format ion  t h a t  comes onto  t h e  r e t i n a  o f  the  eye i s  p a r t i c u l a r  q u a l i t i e s  
t h a t  i t  is i n t z r e s t e d  i n .  I n  t h i s  c a s e ,  l i n e s  o r  s p o t s  o r  v e l o c i t i e s .  Other  
ones a r e  a n g u l a r i t i e s ,  roundness,  s i z e .  ALL r i g h t ,  is i t  a f i n e  d e t a i l  I ' m  
looking  a t  o r  a b i 3  d e t a i l ,  and so f o r t h .  All of these  d i f f e r e n t  f e a t u r e s  a r e  
e x t r a c t e d  become 
the  i n t e r n a l  r e p r e s e n t a t i o n  w i t h i n  the  b r a i n ,  the  language,  t h e  words wi th  
which the  b r a i n  uses  t o  desc r ibe  t h e  exper ience  a t  the  moment. 

Xoting Fib 13 a and b ,  

o u t  o f  t h a t  information t h a t  comes onto the  r e t i n a  and they 

We're gonna swi tch  f o r  a minute and we're going t o  t a l k  about  hea r ing .  
tje Here is  ( F i g  
20, the  middle and inner  e a r )  somebody's o u t e r  e a r  is o u t  h e r e  ( t o  the  l e f t  
s i d e  of t he  diagram).  In  o t h e r  words, I'm looking a t  you on t h i s  diagram 
h e r e .  Now what happens is t h a t  h e r e ' s  a s emic i r cu la r  c a n a l  a t  the  upper 
r i g h t ,  t h e  th ings  t h a t  make us  d izzy  o r  they d o n ' t ;  t h e r e  i s  t h e  eardrum. The 
normal e a r  uses  a s p i r a l ,  t he  s o - c a l l e d  coch lea ,  b u t  i n  t h i s  diagram i t ' s  been 
s t r a i g h t e n e d  o u t ,  because i t ' s  a c t u a l l y  a t i n y  s t r u c t u r e ,  on ly  about an inch  
long ,  and i n s i d e  of  i t  is  a membra=. I t ' s  anchored a l l  t h e  way around t h e  
s i d e s  and t h e r e  are nerves ,  about  20,000 sets  of n e r v e s ,  a l l  a long t h e  
d i s t a n c e  h e r e .  The sound p r e s s a r e  causes  t h i s  eardrum t o  move. F i r s t  o f  a l l  
i t  changes th ings  which a r e  impedance matching dev ices ,  t h a t ' s  l i k e  t h e  b e l l  
i n  a horn .  You know when you go t o  blow a t rumpet ,  you s t a r t  o u t  w i th  a sound 
o f  (puckered k i s s )  and what comes o u t  is  t h a t  b e a u t i f u l  n o t e ,  and t h a t ' s  
because i t  was through an impedance matching device ,  which is t h e  exponent ia l  
horn  on t h e  end of  t he  trumpet,  and couples  i t  o u t  t o  t h e  room. The same 
t h i n g  h e r e ,  t h e  a i r  i s  a b i g  excurs ion  of  a very  l i g h t  material and you've g o t  
t o  couple  i t  t o  t h e  water t h a t ' s  i n  t h e  cochlea  h e r e ,  so you go through t h i s  
40 t o  one r e d u c t i o n  i n  terms of l eve rage  ( p o i n t i n g  t o  t h e  o s s i c u l a r  c h a i n ) ,  
and now you g e t  a s t and ing  wave which is s e t  up i n  t h e  water .  The water  g e t s  
pumped along t h e  top  and down a long  the  back and through t h i s  f l e x i b l e  
membrane, whLch I'll show here  (Flg!iro 21, t r a v e l l n g  waves i n  membrcrnes 

d o n ' t  have enough t i m e  t o  dwell  on any of it long  enough. 
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UnSUpp0r:ed a t  edges and i n  a membrane s i m i l a r  t o  the  b a s i l a r ,  i n  which edges 
a r e  f i x e d ) .  You can see  t h a t  i t  causes  a k ind  of w a - ~ q  a c t i o n  i n  the  membrane. 
Remernber I t o l d  you the  s i d e s  of t he  membrane were ar.chored a s  w e l l  a s  t h e  
e n d s ,  so the  k ind  of wa-rj a c t i o n  t h a t  you g e t  is r ep resen ted  h e r e ,  a h igh  
degree  of e x c i t a t i o n  and then i t  s e t t l e s  down aga in .  So t h a t ' s  going t o  t e l l  
t h e  nerves  here  and h e r e  (Con-Jex bulges  on Figure 2 1  b )  t h a t  t h e  f requencies  
i t ' s  hea r ing  a r e ,   sa;^, i n  the midd?e o f  your expe r i ence .  Because i t ' s  
a c z u a l l y  s tanding  where t h i s  g e t s  s e t  up ,  t h i s  had p h y s i c i s t s  confused f o r  a 
long t ime.  P h y s i c i s t s  would say where t h e  speed of sound and water is so 
g r e a t  t h a t  i f  you were going t o  s e t  up a s t and ing  wave, i t ' d  be something 30- 
40 f e e t  long ,  bu t  i t ' s  a n  i n t e r f e r e n c e  dev ice .  Remember I s a i d  t h a t  on t h i s  
mernbrar.e, the  sound p res su re  f i r s t  went i n  through the  top  and then  back a long  
a long  the  botLom, and i t ' s  the d i f f e r e n c e  between the  two t h a t  is a c t u a l l y  
measured, the  i n t e r f e r e n c e  between the  two t h a t  d i s p l a c e s  t h i s  membrane a t  any 
0r.e i n s t a n t .  And the  n e r r e s  a r e  arranged a long  the  membrane i n  a row and they  
sense  the  movement o f  t h e  membrane and conver t  t h a t  i n t o  an e l e c t r i c a l  energy .  
Bu: t h e  t r i c k  t h a t  n a t u r e  used i n  t h i s  ca se  i s  i t  has  t r aded  t h e  b i g  ampli tude 
of  movement i n t o  something t h a t  is  a c t u a l l y  very  f i n e .  I t  t u r n s  out  t h a t  a t  
t h r e s h o l d  you a r e  capable  of a c t u a l l y  b a r e l y  sens ing  the  movement of  t he  water  
molecules  due t o  t h e i r  temperature .  T h a t ' s  how s e n s i t i v e  t h e  l i t t l e  nerves  
a r e  t h e r e  t h a t  sense  t h a t ,  so na tu re  has  invented a very  s e n s i t i v e  mechanical 
t r ansduce r  and t h a t  means t h a t  the  movement h e r e ,  because i t ' s  a n  i n t e r f e r e n c e  
o r  t h e  d i f f e r e n c e  between an  incoming and a r e f l e c t e d  s i g n a l ,  even though i t ' s  
ve ry  t i n y ,  the  b r a i n  i s  capable  of  g e t t i n g  a message which i s  t h e n  
p r o p o r t i o n a l  t o  the  tone .  And it  t u r n s  o u t  t h a t  f o r  very  low f r equenc ie s ,  t h e  
o s c i l l a t i o n  has t h e  time t o  g e t  a l l  t h e  way down t h e  end o f  t h i s  membrane and 
e x c i t e  t h i s  end ( r i g h t  end of  F ig  21 b)  b e f o r e  it can  r e f l e c t  back and cance l  
i t s e l f  o u t .  20 k i l o h e r t z  o r  so appear  t o  ge t  s h o r t e d  
o u t  through here  and t h e  r e s t  o f  t h e  membrane remains s i l e n t .  So what happens 
is t h a t  very  high f r equenc ie s  e x c i t e  on ly  t h e  narrow ends and r i g i d  s t i f f  end 
of  t h e  membrane ( l e f t  end of  F ig  21 b ) ;  and very  low f r e q u e n c i e s  only e x c i t e  
t h e  v e r y  low end down h e r e  ( r i g h t  end o f  F ig  21b) ,  and so what t h e  b r a i n  g e t s  
is  a s i g n a l  t h a t  s a y s ,  " I n  t h i s  c a s e ,  I ' m  g e t t i n g  e x c i t a t i o n  from somewhere 
r i g h t  around he re . "  ( i n d i c a t i n g  concavi ty  i n  middle of  F i g  21 b). T h a t ' s  
worth about  8,000 cycles p e r  second, But i f  you g o t  a s i g n a l  from those which 
a r e  demonstrated down h e r e  ( i n d i c a t i n g  peak of  l e f t - m o s t  convex i ty ,  Fig 21 b), 
we'd say  t h a t ' s  a 4 ,000-cyc le  per  second tone .  So r i g h t  away you d o n ' t  
a c t u a l l y  hear  t h e  music a s  such ,  what you ' r e  g e t t i n g  is a s i g n a l  which i s  
proportLona1 t o  how loud  i t  is and where i t  came from. And t h e  where t e l l s  
you what the  p i t c h  is. And r i g h t  away a t  t h e  end organ you see s e v e r a l  t h i n g s  
have happened, we've converted energy,  t h e r e ' s  a c o n t r a s t  enhancement which 
a l lows  us  t o  r e f i n e  very  c l o s e l y  where i t  is from an  o the rwise  s loppy d e v i c e ,  
and ft t u rns  ou t  they were capable  o f  d i s c r i m i n a t i n g  between a l a r g e  range of  
t o n e s .  We can d i s c r i m i n a t e  down t o  j u s t  a few pe rcen t  change i n  the  t o n a l i t y  
of t h e  no te ,  i f  you 've g o t  r e a l l y  good hea r ing .  T h a t ' s  a v e r y  e f f i c i e n t  
mechanism. 

Very h igh  f r equenc ie s ,  
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Now t h i s  ( F i g  2 2 ,  ampli tude of peak disp1acemen:s of t h e  b a s i l a r  membrane 
a: d i f f e r e n t  d i s tu rbances  from the  ova l  window) i s  j u s t  a m.lp of where t h o s e  
a c t u a l l y  occur  a long t h a t  membrane. To g ive  you an  idea  t h a t  a g a i n  i t ' s  a 
kind o f  compression; you can  s e e ,  a t  about  400 c y c l e s  per  second,  t he  whole 
membrace down here  is f l a p p i n g  p r e t t y  hard  and so the  b r a i n  then so:rs, " u e l l ,  
i f  I want co g e t  down t o  2 5  j u s t  what would I do?" Then what happens is t h a t  
t5e  whole nachiner;! i s  f l a p p i n g  and i t  a c t u a l l y  s t a r t s  t o  count  f l a p s  and the  
ner.ies t u r n  on ar.d o f f  i n  synchrony with t h e  a c t u a l  displacement  o f  the  whole 
menbrar.e: s o  t h a r a ' r e  two s:rstems. r i g h t ?  Therc..'s a system which is 
spa:ially Locared f o r  t h e  high f requencies  an3 t h e r e ' s  another  system t h a t  
says "when I ge t  down around he re  ( i n d i c a t i n g  t h e  c r o s s  over  between the  25 Hz 
and 400 Hz l i n e s  on F ig  2 2 ) ,  j u s t  l i k e  t h e  c ros sove r  network i n  your loud 
speake r ,  you now c5ange modes," and the  woofers i n  t h i s  ca se  a c t u a l l y  comprise 
a l l  t h e  nerves  f i r i n g  t o g e t h e r  t h a t  give you t h e  t r u e  f e e l i n g  of t h e  sound. 

Now, what about sound, what do we do witch i t ?  Well here  is a voice  p r i n t  
( F i g  2 3 ,  sound spectrogram of  the  speech sound " d r a " ) .  You can s e e  on here  
t h e  a b s c i s s a  is the  time d u r a t i o n  and i t  s t a r t s  a h a l f - o f - a - s e c o n d  from the  
o r i g i n ,  and the  o r d i n a t e  h e r e  is  the  frequency a t  which a p a r t i c u l a r  sound 
occurred  i n t o  t h i s  machine,  and t h i s  p a r t i c u l a r  person is say ing  the  sound 
" d r a " .  Look a t  a l l  t h e  f r equenc ie s  t h a t  occur  i n  j u s t  the  sound " d r a " .  The 
beginning o f  the sound, t h e  D sound, you s e e ,  has  a d i f f e r e n t  s p e c t r a l  conten t  
a r i s i n g  p o r t i o n  he re  l i k e  a s h i f t  i n  f r equenc ie s  and t h e  R sound has  a 
d i f f e r e n t  d e n s i t y  of  f requency components t o  i t .  So t h a t  g ives  you an idea of  
how r i c h  t h e  information i s  t h a t ' s  a v a i l a b l e  t o  t h e  b r a i n .  

I ' l l  g ive  you a f e w  o t h e r  examples. These ( F i g  24, s i m p l i f i e d  
spectrograms showing t h e  f i r s t  two formants o n l y ,  f o r  a number o f  s y l l a b l e s )  
a r e  j u s t  o u t l i n e s  of t h e  c u r v e s .  You can see t h e r e ' s  a sound D ,  Da, Du, Ci, 
Ga, Gu. Notice each one h a s  a d i f f e r e n t  s e t  of  s p e c t r a l  components t o  i t ,  and 
t h a t  seems t o  be what i t  is  i n  the  machinery t h a t  is d i sc r imina ted  t h a t  a l lows 
us t o  h e a r  somebody speaking .  What's happening is t h a t  t h e  machinery t h a t  
I ' v e  been  t a l k i n g  about is so s o p h i s t i c a t e d  t h a t  i t  can p i ck  up a t  t h i s  very 
rap id  r a t e .  Remember we ' re  on ly  dea l ing  a t  150 mi l l i s econds  t h e r e .  En t i r e  
s h i f t s  i n  t h e  s p e c t r a l  c o n t e n t ,  the-energy d i s t r i b u t i o n  a long  t h e  f requencies  
t h a t  are  impinging on t h e  ear .  That's t h e  k ind  o f  t h ing  t h a t ' s  go ing  on a l l  
t he  time t h a t  you a r e  l i s t e n i n g  t o  me r i g h t  now. So i t ' s  a v e r y ,  very  
s o p h i s t i c a t e d  mechanism, t h i s  hea r ing  system w e  have.  Add t o  t h a t  t h e  f a c t  
(and I d o n ' t  have any i l l u s t r a t i o n s  t o  it r i g h t  now), b u t  you can  perce ive  
what i t  i s ,  I 've go t  two microphones s t u c k  i n  he re  and t h e  b r a i n  is capable  
of  s e n s i n g  t h e  phase a n g l e s  o f  a sound. I n  f a c t ,  i t  t u r n s  o u t  t h a t  t h e  c e l l s  
t h a t  do t h a t  a r e  capable  o f  d i s t i n g u i s h i n g  down t o  about 30 microseconds i n  
d i f f e r e n c e s  i n  t iming between your two ears.  So t h a t  starts t o  g i v e  me the  
a b i l i t y  t o  sense  t h e  d i r e c t i o n  a t  which sound comes from, because I 've  go t  a 
k ind  o f  tuned a r r a y .  from 
t h i s  d i r e c t i o n  impinges on t h e  two ears wi th  d i f f e r e n t  time r e l a t i o n s h i p s  than 
the  sound which emanates from over  t h e r e .  We add t o  t h a t  f u r t h e r  t h e  f a c t  
t h a t  t h e  thalamus and a l l  t h e  i n h i b i t o r y  mechanisms a r e  a l l  t unab le .  So what 

If I want I can say  t h a t  a sound t h a t  comes h e r e  
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I can do is I can ope ra t e  a tunable  f i l t e r ,  and t h a t ' s  why I can h e a r ,  s a y ,  
somebody i t ,  
and I can  hea r  t h a t  one voice  t h r e e  couples  o v e r ,  t h a t  happens t o  be what I 
want t o  l i s t e n  t o .  Because even though t h e y ' r e  l o s t  among the  ambient n o i s e ,  
I can tuce  my f i l t e r  such t h a t  I can l i s t e n  t o  where t h e y ' r e  coming from, 
because I am a b l e  t o  do t h i s  k ind  of t h ing  a c t i v e l y .  I can  do i t  i n  r e a l  time 
a c t i v e l y  and cue on one sourcs  a s  opposed t o  anocher .  So t h a t ' s  how r i c h  the  
hea r ing  exper ience  i s .  

goss fp ing  about me a t  a c o c k t a f l  p a r t y  wi th  a hundred people a t  

Another t h i n g  t h a t  I wanted t o  show you he re  is t h a t  t h e  world i s  f i l l e d  
wi th  sounds which have t h a t  k ind  o f  r i chness  t o  them. I f  you look a t  a piano 
nota  a s  opposed t o  a v i o l i n  no te  pLaying a singLe tone ( F i g  2 5 ,  wave forms o f  
a v i o l i n  p lay ing  the note  G above middle C and of a piano p l ay ing  C below 
middle C) while  i t ' s  s p l i t  up t h e r e ,  you can s e e  t h a t  t he  v i o l i n  C is almost 
l i k e  a s i n e  wave; and i f  I break  i t  up ,  i f  I do a Four ie r  a n a l y s i s  of a l l  t he  
d i f f e r e n :  components o f  e n e r g r  a s  a func t ion  of frequency i n  t h e r e  ( i n d f c a t i n g  
the  v i o l i n  s c a l e ) ,  you can see  t h a t  t h e r e ' s  a fundamental tone h e r e ,  and a 
second,  and u l t i m a t e l y  h ighe r  harmonics wizh d i f f e r e n t  amounts of  energy i n  
t h e r e .  T h a t ' s  t he  ampli tude on the o r d i n a t e  i n  t h a t  s c a l e ,  t h i s  i s  t h e  
frequency a long  t h e  a b s c i s s a .  I f  I l i s t e n  t o  a piano where t h e r e  a r e  many 
nore no te s  t h a t  a r e  a l l  o s c i l l a t i n g  a t  t he  same t i m e  when I s t r i k e  t h a t ,  you 
can s e e  f i r s t  o f  a11 t h a t  the  waveform c o n t a i n s  a l o t  more information 
( i n d i c a t i n g  Piano C on F ig  25). Then look down h e r e  when you s t a r t  t o  look a t  
t he  composi t ion of t h a t  n o t e ;  a l l  k inds  of harmonic informat ion  is i n  t h e r e ,  
way way o u t ,  and many more f r equenc ie s  a r e  r ep resen ted .  The b r a i n  a c t u a l l y  
h e a r s  t h a t ,  and t h a t ' s  why when you hea r  even a s i n g l e  no te  played f o r  
something l i k e  a q u a r t e r  of  a second, you can  t e l l  t h a t  i t ' s  no t  a v i o l i n  b u t  
a piano o r  vice v e r s a .  So t h a t  on l i n e ,  r e a l  t i m e  f i l t e r i n g  system is  very  
s o p h i s t i c a t e d .  

L a s t l y ,  I wanted t o  show a l i t t l e  b i t  about  t h e  organs of  ba lance  because 
t h a t ' s  t h e  o t h e r  t h ing  we've been t a l k i n g  a l o t  about  t h i s  morning and then  
w e ' l l  do so t h e  r e s t  o f  t h e  conference .  L%at they  a re ,  t h i s  i s  a 
r e p r e s e n t a t i o n  of  a hollow p a r t  o f  t h e  bone (F ig  2 6 ,  t h e  bony l a b y r i n t h ) ;  t h e  
i n s i d e  is hollowed i n  s o l i d  bone, i s f a c t  i t  wasn ' t  u n t i l  t h e  l a s t  20 yea r s  or 
so organs 
of ba l ance  a c t u a l l y  d i d  t h e i r  j o b .  And one of t h e  reasons  i s  t h a t  t h i s  bone 
t h a t ' s  i n  t h e  back of t h e  e a r  i s  the  h a r d e s t  bone i n  t h e  body. It  doesn ' t  
even have a foamy s t r u c t u r e  t o  i t ,  i t ' s  j u s t  s o l i d  bone,  and when t h e  
h i s t o l o g i s t s  would g e t  i n  t h e r e ,  i f  they could  bo re  t h e i r  way i n t o  t h i s  organ,  
they would f i n d  t h a t  t h e  p a r t s  which were i n t e r e s t i n g  a r e  t h e  l i t t l e  a c t u a l  
c a n a l s  which a r e  f l o a t i n g  i n  water  i n s i d e  those  t u b e s .  They had t h e  
cons i s t ency  of  w e t  Kleenex, so t h e r e  was a h igh  p r o b a b i l i t y  you'd damage them. 
So t o  
photograph t h e s e  th ings  o r  pu t  them i n t o  s l i d e s  and be a b l e  t o  look a t  them 
under t h e  microscope. You can  imagine t h e i r  dismay when they  found ou t  t h a t  
t he  b i t s  t h a t  they were i n t e r e s t e d  i n ,  i n  h e r e  where the  nerves  come ou t  and 
which s e n s e  t h e  movement of  t h e  water  i n  t h e  c a n a l s ,  when they  found out t h a t  

t h a t  people  a c t u a l l y  s t a r t e d  t o  g e t  down t o  t h e  d e t a i l s  o f  how t h e  

they  took about  50 y e a r s  t o  f i g u r e  o u t  how y o u ' r e  gonna g e t  t o  be ab le  

- 
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SENSOUY SYSTEMS 

1 I I 
Piano C 

Figure 25: CVavc. iorms of J violin pldying the note 
G d m \ y  middle C (384 H r )  and of d piano playing 
C belo& middle C ( 1  28 Hz). ?he histogram below each 
curve shows the amount of each harmonic relative to 
the iundamentdt note. The richer tone of the piano 
contains many more harmonics than does the violin 
tone. (After Fletcher, 1929.) 
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the  par:s t h a t  d i d  the work were a c t u a l l y  sma l l e r  than  the  wavelength of  l i g h t  
and you c o u l d n ' t  s e e  them under a d c r o s c o p e .  We had t o  wa i t  f o r  de:ails 
about what t hese  th ings  looked l i k e  u n t i l  t h e  advent of  t h e  e l e c t r o n  
microscope be fo re  we could  r e a l l y  g e t  a good p i c t u r e  of  what was happening 
ha re .  I n  f a c t ,  
a l l  t h i s  t h i n g  t h a t  you s e e  h e r e  would f i t  very  n i c e l y  i n t o  the  loop t h a t ' s  a t  
t5e  end of  t h i s  wand here  (on ly  4-6mm d iame te r ) .  And the re  a r c  two of them, 
one on each s i d e  of  t he  s k u l l ,  They happen t o  show us a very  s i m i l a r  type of 
s e x i n g  mechanism which i s  why t h e y ' r e  s i d e - b y - s i d e  with the  organs o f  hear ing  
t h a t  we were t a l k i n g  about  a few minutes ago. And y o u ' l l  remember from your 
b a s i c  physiology l e c t u r e s  on t h e  f l i g h t  l i n e ,  w e l l  what happens is  t h a t  a s  I 
move my s k u l l ,  the  f l u i d s  in one o r  more of t h e s e  d i f f e r e n t  c a n a l s  has  c a u e d  
i t  t o  sta:r behind.  I f  you take  a cup o f  water  and you put  a l i t t l e  t i n y  
f l o a t i n g  b i t  of paper on i t ,  then  you t u r n  t h e  cup f a s t ,  t h e  paper  s t a y s  
s t i l l .  T h a t ' s  because the  wa t s r  i s n ' t  a s o l i d ,  i t ' s  a l i q u i d ,  and i t  takes  a 
l o c g  t i m e ,  you'd have t o  put  i t  on the  record  p l a y e r  and then  t h e  water  i n  the 
middle o f  the  cup would s t a r t  t o  ca t ch  up t o  t h e  o u t s i d e  of t h e  cup .  Uell, 
the  same t h i n g  happens h e r e .  tihen I t u r n  my head ,  t he  f l u i d  s t a y s  behind and 
what i t  does is t o  push on a p lug  t h a t ' s  i n  t h a t  bu lge  and the  pushing o f  the  
plug causes  these  l i t t l e  nerves  t o  f i r e  and send informat ion  up t o  t h e  b r a i n .  
!;ow, remember, thaE's  a v i scous  medium, so a l r e a d y  i t ' s  a r a t e  s e n s i t i v e  
dev ice ,  i t  senses  only r a t a .  I: doesn ' t  s ense  a c t u a l  displacement  o f  your 
head,  i t  senszs  how f a s t  your head i s  tu rn ing .  

The p a r t  I want you t o  look a t  is  t h a t  t h e s e  a r e  very  t i n y .  

One s e t  of  information is  s e n t  d i r e c t l y  from t h e  organs of  ba lance  t o  the  
muscles t h a t  c o n t r o l  the  e y e s .  connec t ions  between t h e  ampullae of 
the t h r e e  s e m i - c i r c u l a r  c a n a l s  and the  e x t r i n s i c  muscles of t he  e y e s . )  I t ' s  
very i n t r i g u i n g  t o  d i scove r  t h a t  t he  muscles t h a t  make the  eyes move i n  t h i s  
p lane  a r e ,  i n  f a c t ,  e x a c t l y  l i n e d  up with t h e  p l ane  t h a t  t h i s  canal was i n .  
In  t h i s  h o r i z o n t a l  cana l  you can  see t h e  diagrams coming i n  connect  e x a c t l y  t o  
the  h o r i z o n t a l  moving muscles of  t h e  eye and so whenever I move my head s i d e  
t o  s i d e  l i k e  t h i s  o r  nodding l i k e  t h i s ,  what a c t u a l l y  happens i s  t h a t  v e l o c i t y  
informat ion  comes d i r e c t l y  from t h e  organs o f  ba l ance  t o  t h e  muscles o f  t he  
eye and a l lows  me t o  s t a r e  i n  one d i r e c t i o n  and move my head. 

(F ig  2 7 ,  

- 
You can g e t  an  i d e a  o f  how accura t e  t h a t  system is i f  you do t h e  

fo l lowing .  Do t h i s  t e s t  which w e  i n  Canada c a l l  t h e  Newfoundland I n t e l l i g e n c e  
q e s t  ( l a u g h t e r ) .  What t h a t  c o n s i s t s  of is ho ld ing  up your hands i n  f r o n t  of 
your f a c e  l i k e  t h a t  and I want you t o  count my f i n g e r s  now and y o u ' r e  going t o  
t e l l  m e  how many f i n g e r s  I 've  g o t  up,  and then you move your hand s i d e  t o  s i d e  
and a l l  of you say "ah t h a t ' s  n o t  f a i r ; "  come on ,  yes  i t ' s  f a i r  because what 
happens i s  t h a t  i f  you move your  hand about t h a t  f a s t ,  s u r e  you c a n ' t  count 
t he  f i n g e r s  b u t  t he  Newfoundlander i s  smar te r  t han  the  rest o f  u s ,  and he 
s a y s ,  "Well ,  E i n s t e i n  w i l l  be  t h e  f i r s t  one t o  p o i n t  o u t  t o  you t h a t  motion is 
a r e l a t i v e  t h i n g  and i f  you are hold ing  your head s t eady  and moving t h e  hand, 
i t  would be t h e  same k ind  of angu la r  displacement  i f  you h e l d  t h e  hand s teady  
and moved the  head,  would it no t?  And YOU would have t o  agree  t h a t ' s  t r u e .  
SO he  "Hold your hand s t i l l  and I ' l l  move my head," and when you move your 
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head even t h a t  f a s t ,  you can  s t i l l  s e e  t h e  f i n g e r p r i n t s .  l i ly?  I t  r e a l l y  is 
:ha: those  c i r c u i t s  a r e  connected and they a r e  ve ry  f a s t ;  i t ' s  r a t e  
in format ion ,  I g e t  feed- forward  informat ion  along t h e  muscles of t h e  eye t h a t  
t e l l  me where t o  go i n  advance almost  of the  head g e t t i n g  t h e r e ,  and so t h a t ' s  
au tomat ic ,  t h a t ' s  much f a s t e r  than me be ing  a b l e  t o  th ink  where t h a t  i s  going 
and fo l lowing  i t  and t r a c k  i t .  

ThaE's one of  t h e  reasons  why d i s o r i e n t a t i o n  events  a r e  so compell ing.  
The reason is  t h a t  i f  t hese  gyros ( r e f e r r i n g  t o  the  s e m i - c i r c u l a r  c a n a l s )  h e r e  
top?;e;  they send s i g n a l s  up eo t h e  eye muscles which cause the eye t o  f l i c k  
around and i t  makes the  r ea?  world look  l i k e  i t ' s  tu rn ing  when, and i n  f a c t ,  
i t ' s  no t .  But you d o n ' t  know t h a t  u n t i l  you ' re  a b l e  then t o  f i n d  out  what ' s  
g0;r.g on and s e t  i t  r i g h t .  And t h a t ' s  why d i s o r i e n t a t i o n  is such a problem, 
is t h a t  i t ' s  dea l ing  wi th  systems which normally a r e  always r i g h t  and very  
compell ing.  And when they a r e  not  r i g h t ,  then you d o n ' t  know i t ,  and you 
want t o  be l i eve  them and t h e  t r a i n i n g  you have t o  undergo is t o  l e a r n  no& t o  
b e l i e - l e  them. An3 t h J t ' s  t he  measure of  your s o p h i s t i c a t i o n .  I t  t u rns  o u t  
t h a t  t h e r e  a r e  o the r  s i g n a l s  t h a t  come o f f  these  and i f  you c l o s e  your e y e s ,  
you s t i l l  f e e l  t h a t  your head i s  t u r n i n g .  They go t o  a d i f f e r e n t  p a r t  o f  t h e  
b r a i n ,  i n  f a c t ,  t he  p a r t  o f  t h e  b r a i n  t h a t  seems t o  be a s s o c i a t e d  with your 
be ing  a b l e  t o  f i g u r e  o u t  i f  I s a i d ,  "The washrooms a r e  over  t h e r e  t o  t h e  
l e f - , " ,  t h a t  a l lows you t o  know what I mean by t h a t .  So,  t h e r e ' s  a l o t  o f  
t k i c g s  t h a t  come o f f  o f  t h e r e  and a l o t  o f  information.  

I guess  what I ' d  b e t t e r  do ,  I could  go on obviously f o r  two o r  th ree  days 
wi thout  s topping  about t h i s  k ind  of  t h i n g  and no t  exhaust  t h e  s u b j e c t ,  bu t  I ' m  
s u r e  I ' v e  r a i s e d  a l o t  more ques t ions  than  you a r e  comfortable  wi th  and so o u t  
of f a i r n e s s  a t  t h i s  t i m e ,  I should  a l low t h e  f l o o r  t o  go t o  ques t ions .  

B/G DeHart: I have one quick  ques t ion .  Don't your eyes  overpower 
d i s o r i e n t a t i o n ?  And why is  i t  t h a t  f i g u r e  s k a t e r s  d o n ' t  f a l l  over? 

RY: Yes. You're r e f e r r i n g ,  Genera l ,  t o  a s e r i e s  o f  experiments t h a t  
were done and a r e  very  i n t e r e s t i n g  and t h e y ' r e  important .  Why i s  it t h a t  
f i g u r e  s k a t e r s  don ' t  f a l l  o v e r ,  a l L r i g h t ,  because they produce a tremendous 
f l i c k i n g  of t h e i r  eyes  i n  respose  t o  a very  high perce ived  angu la r  v e l o c i t y .  
k'hen they  s p i n  i t ' s  a b l u r r ;  t h a t ' s  awesome. What they do is t h a t  they slam 
t o  a s t o p  and they look f o r  t h e  n e a r e s t  s p o t l i g h t ,  and 
they  focus  on t h a t ,  and you ' r e  q u i t e  r i g h t .  Khat w i l l  t hen  happen is t h a t  
back a t  t h a t  sub -b ra in  l e v e l  w i th  t h e  thalamus and so f o r t h ,  you then  i n h i b i t  
t h e  s i g n a l s  t h a t  a r e  coming o f f ,  so t h e  s i g n a l s  s t i l l  come o f f  t h e  c a n a l s .  
Although more r ecen t  work h a s  shown t h a t  some o f  those i n h i b i t o r y  f i b e r s  go 
r i g h t  o u t  t o  the  c a n a l s  and tend  t o  t u r n  the  cana l s  o f f .  And so you produce 
i n h i b i t o r y  information which t u r n s  i t  o f f  a t  t h e  o r i g i n ,  t u r n s  i t  o f f  a t  t h e  
e y e ,  and reduces t h e  s e n s i t i v i t y  o u t  h e r e  because you ove r r ide  those muscles 
w i t h  o t h e r  s i g n a l s  t h a t  come from t h e  p a r t  of the  b r a i n  stem t h a t  caused you 
t o  look a t  a p a r t i c u l a r  p l a c e ;  so  you have t h a t  f l e x i b i l i t y  as w e l l  o f  
a l t e r i n g  the  machinery which is doing  t h e  pe rce iv ing ,  and you have t o  l e a r n  

which i s  very  b r i g h t ,  
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how t o  use i t ,  t h a t ' s  p a r t  o f  t he  t r a i n i n g  is t o  do t h a t .  The f i p r e  skater  
I l : i l l . \ l  111 f . 1 1 1 ~  o v ~ r  t h t 3  f i r : ~ t  t l i n i ! .  

Q :  k h a t ' s  the  e f f e c t  o f  l ay ing  o f f  f l y i n g  f o r  a prolonged per iod ,  then 
t r y i n g  t o  r ega in  currency? 

RY. You need to  temper t h a t  with the  time cour se .  Exper izents  t h a t  ha-le 
looked a t  t h i s  bus iness  of degrada t ion  of n e u r o c i r c u i t r y  have shown t h a t  t h e r e  
can be some ver:r long t h e  courses  and i t ' s  no t  a s  easy as you th ink .  For 
i n s t a n c e ,  exgeriments t h a t  ha=re been done wi th  gymnasts who have been t o l d  
t h a t  what they have t o  do is no t  t o  go o u t  on the  gym f l o o r  and do t h e i r  
r o u t i n e ,  bu t  f o r  s i x  months they  would imagine themselves doing t h e i r  r o u t i n e ,  
- ~ o u l J  perforin with about 8 0 %  o f  t he  a b i l i t y  of those who a c t u a l l y  went ou t  and 
d i d  i t  every  day. So what t h a t  says is  t h a t  i f  you a r e  r e a l l y  a b l u e - s u i t e r  
and nobody can keep you from th ink ing  about f l y i n g ,  you a r e  going t o  d e - l e a r n  
a l o t  slower than the  guy vho is glad  t o  be o u t  of  t h e r e  and 30ne. And s o ,  i t  
i s  n o t  a simple r e l a t i o n s h i p  l i k e  t h a t .  As long as he keeps e x e r c i s i n g  i t ,  
the  evidence is t h a t  he keeps those  c i r c u i t s  i n t a c t .  

R?i: Yes. .  . .Okay, t h a t ' s  a ve ry  s u b t l e  ques t ion  and i t ' s  a good one. 
The ques t ion  be ing ,  i f  X may rephrase  i t  i n  t h e  terminology I have been u s i n g ,  
I f  you v i s u a l i z e  something, i f  you rehearse  i t  i n  your mind bu t  you d o n ' t  
a c t u a l l y  do i t ,  how e f f e c t i v e  is t h a t  f o r  l e a r n i n g  how you cope with very  
d i f f i c u l t  and unusual s i t u a t i o n s  t h a t  might be d i f f i c u l t  t o  do i n  an a i r p l a n e ?  
The problen  is  t h i s :  when you imagine a s i t u a t i o n  and what you a r e  going t o  
do about  t h a t  t h rea t en ing  s i t u a t i o n ,  un le s s  you have been exposed t o  i t  a 
number o f  times and you know what t h e  whole s i t u a t i o n ,  t h e  whole sensory  
exper ience  i s ,  you u s u a l l y  cue on only  a few of  t h e  i tems t h a t  a r e  t h e r e  and 
you a r e  now l ea rn ing  i n  a depr ived  environment.  Because every  time t h a t  you 
exper ience  t h e  th ing ,  a t  l e a s t  t h e  f i r s t  100 times you ' r e  s t i l l  l e a r n i n g ;  ( I 'm 
t o l d  by people  who do t h i s  k i n d  of  t h i n g ,  musicians f o r  example who say  t h a t  
they  want t o  rehearse  a p i e c e ,  s ay ,  g e n e r a l l y  t h a t  they have t o  r ehea r se  i t  
100 times before  i t  f e e l s  r i g h t  and t h e  muscle memory is capable  of p l ay ing  
i t ) .  Well, t h e  development of  t h a t  exper ience  and t h a t  a b i l i t y  is a compound 
n o t  on ly  o f  what they a r e  h e a r i n g  a d  what t hey  want t o  do, b u t  a l s o  a l l  t h e  
p a t t e r n s  they  have t o  be  a b l e  t o  reproduce.  When you are t a l k i n g  about ,  s a y ,  
recovery from an unusual  a t t i t u d e ,  and can  I do t h a t  a f t e r  having been 
expla ined  what t h a t  is, p e r c e p t u a l l y  you w i l l  n o t  have been a b l e  t o  experience 
t h e  f u l l  e x t e n t .  The f i r s t  time you exper ience  t h a t  you w i l l  probably only  be 
a b l e  t o  cue i n  on one t h i n g  because i t  is  such  an  unusual t h i n g ,  i t  is so 
b i z a r r e ,  t h i n g  
and t h a t  w i l l  not  be enough f o r  you t o  develop t h a t  s t r a t e g y .  So you need a 
s i t u a t i o n  where you hove l e a r n e d  what t he  t h i n g  is r e a l l y  l i k e ,  i n  a l l  i t s  
r i c h n e s s .  Now t h a t  you have a r e a l  unders tanding  of  t h a t  though, then t h i s  
mental  r e h e a r s a l  becomes u s e f u l .  So t h e  mental  r e h e a r s a l  is good for t h e  guy 
who has  had the  exper ience  i n  the  f i r s t  p l a c e  t o  keep c u r r e n t .  But i t  
d o e s n ' t  seem t o  be good f o r  l e a r n i n g  complex a c t i o n s  the  f i r s t  time o f f .  

so f r i g h t e n i n g  t h a t  you a r e  probably only  going t o  cue on one 

1 - 8 - 4 5  



RY: Ah, t h a t ' s  a tough one, t h e  r o l e  of  sinu1a:ion i n  instrument 
t r a i n l n g .  Xei.1, what I t h i n k  i s ,  l e t  me j u s t  f l i c k  a t  some o f  t he  things you 
r a i s e d .  Learning how t o  handle ins t ruments  is no t  o n l y  a perceptua l  
expe r i ence .  I t  is  a l s o  a dec i s ion  making exper ience ,  a p r i o r i t y  making and 
o rgan iz ing  exper ience ,  i t ' s  a r e a c t i o n  exper ience .  So because i t  i s  such a 
v a r i e d  bus iness  t h a t  you have t o  a t t e n d  t o ;  l o t s  and l o t s  o f  d e c i s i o n s ,  none 
of  th5ro l i f e  t h rea t zn ing ,  a: l e a s t  u s u a l l y  n o t ,  t h a t ' s  what you a r e  acqu i r ing ;  
t!ie s imula to r  is  v r r y  p,oo'I a t  g i v i n g  :io11 exposure whila you s o r t  a l l  thi:; o t i c  

€or the  f i r s t  t ime. Ghat i t  seems d i f f i c u l t  a t  doing,  a t  l e a s t  i t  seems ver;/ 
expens ive ,  is t o  provide the  f u l l  r i c h n e s s  o f  the  exper ience  t o  you. So 
unless you a r e  prepared  t o  m i m i c  very c a r e f u l l y  what ts a c t u a l l y  going on in 
the  a i rp l . i ne .  t h e r e ' s  n o t  J u s t  the movement, the sounds,  t he  smells  and  so 
f o r t h .  i t  i s  the  t 'o r ror ,  and the  t h r e a t  and a l l  these o t h e r  t h ings  t h a t  go 
with  i t .  Tha t ' s  a l l  p a r t  of the ambience, and un le s s  you a r e  prepared t o  
m i m i c  a l l  t h a t  with a l l  reasonable  f a i t h f u l n e s s ,  you a r e  on ly  g e t t i n g  p a r t  o f  
t h e  t r a i n i n g .  So I t h i c k  what you need t o  have i s  a s o p h i s t i c a t e d  blend of  
t he  txo  experiences:  s imula t ion  f o r  working out  the  bugs ,  and the r e a l  
exper iences  f o r  l e a r n i n g  what the  r e a l  exper ience  i s .  So you d o n ' t  f i n d  o u t  
suddenly t h a t ,  Wow, t h i s  is  so d i f f e r e n t  when i t  is happening t o  me i n  r e a l  
l i f e  when i t  is no t  simulazed t h a t  I c a n ' t  r e l a t e  t o  i t  anymore, and you ' re  
going to be dead. So, i t  has  t o  be t h e  b l end ,  and I ' m  no; s u r e  t h a t ,  on a 
thsore: ical  b a s i s ,  We are going t o  have t o  
ex2eri;nent with i t .  

you cou ld  say what t h a t  b lend  i s .  

S t a n  Roscoe: I s n ' t  what you rneant t o  s a y ,  regard ing  t h e  inne r  e a r ,  t h a t  
i t  senses  changes i n  r a t e ,  o r  a c c e l e r a t i o n s ?  

RY: Yes, t he  s i g n a l  t h a t  comes o f f  is  a v e l o c i t y  s i g n a l ;  b u t ,  i t  is  an  
a c c e l e r a t o r .  Sor ry ,  I c a n ' t  buy t h a t .  

S t a n  Roscoe: O K ,  y e a r s  ago w e  a c c e l e r a t e d  people below t h e i r  threshhold 
t o  tremendous speeds and they f e l t  no th ing  t i l l  you stopped them. 

RY: Yes. Yes. That  p a r t  I would a g r e e ,  because what you have done 
t h e r e  i s  t o  bump i n t o  t h e  a d a p t a t i o w t i m e  c o n s t a n t  of t he  i n d i v i d u a l .  So they 
a r e  adap t ing  o u t  t he  s i g n a l  a t  the same t i m e  i t  should be b u i l d i n g  up t o  a 
v e l o c i t y .  If you are d e a l i n g ' w i t h i n ,  s a y ,  a t e n t h  of  t h e  adapt ion  time 
c o n s t a n t  o f  t he  person which is t h e i r  u sua l  k i n d  of  head movement r a t e ,  then  
you w i l l  f i n d  t h a t  t h e  a f f e r e n t  s i g n a l s  from t h e  cana l s  are rate s e n s i t i v e ,  
n o t  a c c e l e r a t i o n  s e n s i t i v e .  

Q: Could you comment on p ropr iocep t ion  o t h e r  than v e s t i b u l a r ?  

RY: Propr iocept ion  is  a ca t ch  word. I t  has  t o  be a c a t c h  word because 
we d o n ' t  tend t o  understand a l l  the mechanisms involved.  But i n  p a r t  i t  is 
the  s e n s a t i o n  o f  p r e s s u r e .  We have t h e  d i f f e r e n t  s enso r s  f o r  l i g h t  p re s su re ,  
a s  opposed t o  deep p r e s s u r e .  We have d i f f e r e n t  s enso r s  f o r  v i b r a t i o n .  We 
have d i f f e r e n t  s enso r s  f o r  pa in ,  when t h e  p re s su re  becomes q u i t e  noxious,  and 
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they a r e  spread a l l  over the  body. And they ex tend  f a r t h e r .  They a r e  no t  
j u s t  i n  the s k i n .  They a r e  i n  a l l  k inds  of t h i n g s ,  i n  f a c t ,  t h e r e  seems t o  be 
some s o r t  of s enso r s  i n  the  b r a i n .  Right  i n  t h e  b r a i n  t i s s u e  i t s e l f .  I a l s o  
have senso r s  which are capable  of t e l l i n g  m e  what the  ang le  is of a l l  the  
j o i n t s  i n  my body, So t hese  a r e  
a l l  lumped toge the r  i n t o  two th ings :  k i n e s t h e s i s ,  the  s e n s a t i o n  of change: and 
p ropr iocep t ion ,  which is the  s e n s a t i o n  of  s e l f .  That is the  meaning of 
p ropr iocep t ion .  Vhat happens, now, is t h a t  a s  we a r e  walking around in the 
r e a l  world,  I would say t h a t  one p a r t  i n  a m i l l i o n  of our  expe r i ence ,  even a s  
p i l o t s ,  is spen t  under G. The r e s t  of  t h e  t i m e  w e  a r e  a t  one C ,  except f o r  
s h o r t  l i t t l e  b u r s t s .  Now what happens i s  t h a t  w e  develop p a t t e r n s  of 
r e c o g n i t i o n  of what is going on a p p r o p r i a t e  t o  be ing  i n  a one G environment. 
'&en I s i t  down, the p re s su re  is r i g h t  f o r  one G, l y i n g  down, touching 
something, they a r e  a l l  a one G-experience.  I f  I now f i n d  myself i n  t h e  
s i t u a t i o n  where I am, s a y ,  a t  s i x  C ,  the  s e n s o r s  r e a l l y  h a v e n ' t  got  a l o t  of 
ex7er ience  with t h a t .  And I d o n ' t  q u i t e  know what t o  make of i t .  So 
everybody is going t o  have a d i f f e r e n t  i n t e r p r e t a t i o n  about what t h i s  means. 
According t o  how they d i a l  up the  ga ins  i n  t h e  system: i n h i b i t o r y  and 
e x c i t a t o r y .  And so some people might t h i n k ,  "Oh, Cod, I am g e t t i n g  pushed 
down i n t o  the s e a t , "  o t h e r  people a r e  t h i n k i n g  t h a t  t h e i r  j o i n t s  a r e n ' t  a t  the  
angle where they had o r i g i n a l l y  s e t  them. To add t o  t h a t  problem, and I know 
what you a r e  r e f e r r i n g  t o ,  some work t h a t  I d i d  t h a t  seems l i k e  a n c i e n t  
h i s t o r y  now, showed t h a t  the  human be ing  is incapable  of  dec id ing  which way he 
went i f  you move him up and down, because your organs of ba lance  have a plane 
of  symmetry i n  them i n  which i t  is p e r f e c t l y  ambiguous. Birds and f i s h e s  
which move i n  a three-d imens iona l  environment have a Lagena, which is a l i t t l e  
organ t h a t  is a v e r t i c a l  accelerometer ;  b u t  we d o n ' t .  We sense when we g e t  
o f f  t h a t  a x i s .  We took them i n  a h e l i c o p t e r ,  b i g  h e l i c o p t e r  l oads  of people ,  
up and down one f o o t  and they c o u l d n ' t  sense i t .  We took them up and down 
through down 
and they had a 50% p r o b a b i l i t y  o f  g e t t i n g  t h e  d i r e c t i o n  r i g h t .  They knew they 
had moved: why, because t h e  seat  o f  the  p a n t s  changed p r e s s u r e .  But they 
c o u l d n ' t  g e t  t h e  d i r e c t i o n  r i g h t  and t h a t ' s  a l l  p a r t  of it .  And so I have 
watched people a 
yo-yo, b u t  they d o n ' t  know what 's  p i n g  t o  come o u t  of  t h a t .  And they s a y ,  

*"What d i d  w e  do, up-down o r  down-up?" They guess .  So i t  is an unusual 
environment f o r  u s ,  it is one t h a t  w e  a r e  n o t  des igned  t o  hand le ,  and what we 
a r e  t r y i n g  t o  do is t o  make some sense o u t  of t h i s  b i g  change t h a t  occu r red ,  
and we do i t  on the b a s i s  of very  Li t t le  t r a i n i n g  and even l e s s  experience.  

and a l s o  how f a s t  I a m  changing t h a t  a n g l e .  

400 f e e t  and they s t i l l  c o u l d n ' t  s ense  i f  they were going up o r  

i n  an a i r p l a n e  when t h e  p i l o t  p u t s  i n  j u s t  a l i t t l e  b i t  of  
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Consideration of the role of vision in spatial disorientation may be 
facilitated by a description of recent developments which have identified two 
kinds of visual "systems" with different properties. These two "modes" of 
vision are recognition and visual guidance. Recognition vision is familiar 
because it is involved in reading and identifying persons and objects. Its 
properties are also well known., When illumination is lowered or the quality 
of the retinal image is impaired by blurring, recognition vision is impaired. 
Recognition vision is also well represented in consciousness. We are aware 
when we recognize an object or person. When vision is referred to, it 
concerns the recognition mode in almost every case. The vast majority of the 
basic and applied visual literatures describe recognition vision. 

The other less well studied aspect of vision is visual guidance which 
subserves spatial orientation. Spatial orientation is not a simple function 
of vision alone but rather involves interaction among vision, vestibular, and 
proprLoceptLve inputs. In consLderLng the role of vision in spatial 
orientation/disorientation, it is essential to recognize the interplay of 
vision with these other senses. In addition to its interaction with the 
vestibular and proprioceptive systems, orizntation vision has a number of 
characteristics different from recognition vision. If the image is blurred or 
illumination is lowered, the ability to recognize objects is impaired. 

1 - 9 - 1  



However, under these same conditions, spatial orientation is unaffected. Fig 
1 presents the relative efficiency of recognition and visual guidance as a 
function. of illumination. The curve for recognition, which is based on 
literally hundreds of experiments, represents one of the most fundamental 
functional relationships of sensory function. As illumination is increased, 
the ability to see detail, to make stereoscopic depth discriminations, or to 
recognize objects increases systematically before leveling off at 
approximately the illumination available in a well lit room. (The 
discontinuity in the curve occurs at the transition point between rod and cone 
vision at about the illumination provided by a full moon.) This is one of the 
most valuable functions in human factors engineering because it allows one to 
predict accurately human recognition capacities over the entire functional 
range of the visual system. 

The data for the visual guidance curve, which are based on only a small 
number of studies, suggest that as long as something can be seen, spatial 
orientation operates at its maximum capacity. In particular, note the trends 
of the two curves in the area where recognition is degraded by lowered 
illumination. In spite of the rapid l o s s  of recognition capacity, spatial 
orientation is unaffected. Only at very low levels of vision near absolute 
threshold for the rods do we find an impairment in visual guidance. Based on 
the limited available information, it appears that optical blur has a similar 
differential effect on recognition and visual guidance. 

In addition to the selective degradation of recognition and visual 
guidance under lowered illumination or optical blurring, the two modes of 
vision differ with respect to our awareness of them. While recognition is 
well represented in awareness, visual guidance is typically carried out 
reflexively or with marginal awareness. A convenient way to illustrate these 
differences is to consider what happens when we attempt to read and walk at 
the same time. This is illustrative of a common occurence in aviation and 
other man-machine situations in which an operator is required to carry out two 
or more tasks simultaneously. In this case, the dual task is performed 
readily. One can walk and simultaneously avoid obstacles even though 
attention is dominated by the material being read. However, if recognition 
vision is degraded either by reduced illumination or by optical blurring, 
reading is no longer possible although walking while avoiding obstacles can be 
carried out without impairment. 

The differential impairment of recognition and visual guidance is 
referred to as the selective degradation of vision and has been implicated in 
the disproportionate frequency of automobile accidents at night. The 
reasoning the 
vehicle can be carried out as well as during daylight with the consequence 
that the driver feels self confident about herfiis ability to control the 
vehicle and is not aware of the degradation of recognition vision. Since 
steering is a continuous task, the driver receives steady confirmation of the 
ability to steer and is not prepared f o r  the infrequent demands on herbis 

is based on the fact that at night visual guidance or steering 
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degraded recognition abilities. This unjustified self-confidence is 
exacerbated by alcohol or other drugs which artificially increase self- 
confidence with our concomitant improvement in sensory or motor abilities. 

Our ability to analyze any problem, particularly those involving human- 
machine interactions, is facilitated by our understanding of the basic 
mechanisms involved. Recent approaches to the problem of spatial 
disorientation and motion sickness have identified the correspondence among 
the visual, vestibular, and proprioceptive inputs as compared with the 
previous history of the individual. In the vast majority of cases, movement 
of the head results in simultaneous movement of visual contours in the 
opposite direction. However, in a closed compartment such as a cockpit or 
s h l p  in which tho tcrrnlti 1s not visible, movement of the head is accompanied 
by movement of visual contours in the E direction. Under these conditions, 
the gaze stability mechanisms which are so essential to spatial orientation 
are receiving incompatible signals. The vestibdar signals indicate motion of 
the eyes in the direction opposite to head motion (vestibular-ocular reflex) 
while the visual guided optokinetic system signals motion in the same 
direction. Although spatial disorientation and motion sickness are most 
probably not a result of any single factor, there is every indication that the 
mismatch among the sensory systems subserving gaze stability plays a 
significant role in spatial disorientation and motion sickness not only in 
aircraft but also in flight simulators. In analyzing this problem, it is 
helpful to keep in mind that the characteristics of the visual system are 
related to the visual guidance mode rather than to recognition vision, i.e., 
independence from illumination, blur, (and probably color) and the predominant 
influence of large moving contours. 

This approach may also provide insight into methods for ameliorating 
spatial disorientation. Because visual guidance does not require the 
appreciation of detail, it can be subserved adequately by the periphery of the 
visual field. This is illustrated by tho readlng and walking examplo in which 
tlw contra1 visual f l o l d  is occupied with the reading material while the 
periphery is mediating visual guidance. It can be also demonstrated by 
covering the central field with one's fists and attempting to walk. If there 
are no obstacles to locomotion, visual guidance can be carried out adequately 
with the peripheral visual fields. 

The predominant role of the periphery in visual guidance is one of the 
bases for the Malcolm Horizon which is designed to aid orientation by 
stimulating a large area of the peripheral visual field. There are a number 
of potential advantages of the Malcolm Horizon in addition to the fact that it 
utilizes the portion of the visual field which normally subserves spatial 
disorientation. One of the problems encountered in high stress situations is 
narrowing of the visual field or "functional tunnel vision" which is 
characterized by a lack of awareness of peripheral stimuli. However, there is 
some indication that this narrowing does not affect our ability to orient with 
peripheral of stimuli at least when the narrowing results from the "coneing" 

i 
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attention. It may well be the case that stress selectively degrdes 
recop,nl.tion vision wtiIle n o t  affecting visual guitiilllce. (It fs still an open 
question whether narrowing resulting from physiological factors such as those 
associated with high G forces or hypoxia will also influence the orientation 
system.) It is axiomatic in human engineering,, and especially in aviation, 
that one should strive to reduce demands on the pilot's attention. This not 
only frees the limited attentive capacities for tasks which demand cognitive 
interpretation, but also avoids the interference with cognitive tasks during 
periods of stress and high perceptual-motor load. Any system which provides 
for spatial orientation while minimizing demands on awareness, as is normally 
the case, should serve to increase efficiency. 

Q: Inaudible 

HWL: It might be disconcerting because you'd have double vision, but I'm not 
sure it would affect motion sickness. The double vision would affect spatial 
orientation but I'm not sure motion sickness would be a consequence of it. 

Dr. William Richardson: Would you comment on the role of focal mode in SDO 
followed by sudden awareness of the ambient situation. 

HWL: One of the requirements of this approach, which is somewhat simplified, 
is I implied we normally orient with the ambient system and normally that's 
true. But, we can also orient with the focal system. Suppose for example, 
you're driving down a road at night and all you can see is a white stripe. I f  
it's a DeLorean car, That's a Bob Hope joke I 
heard last year. The worst part is I didn't understand why is was funny until 
I asked one of the students. It's possible to follow the white stripe with 
focal vision, so you can orient with the focal system. You're using the modes 
rather inefficiently, because the function of the ambient mode is to carry out 
orientation unconsciously. We don't usually want to think about orientation - 
that's why when we talk about it in a situation like this we have to describe 
what it is, because it's usually unconscious. What you're doing is using a 
different mode entirely. Now whether that leads to motion sickness I don't 
know. But that's not a usual use of that mode. It was brought out before, 
that we can do a lot of things and overcome a lot of errors in our mechanical 
systems by training. That's an example of using a system to perform a job it 
wasn't optimally designed to do. But, I don't know whether it would lead to 
motion sickness. 

it sucks up the white stripe, 

B/G DeHart: Inaudible comment about use of focal vs ambient mode on 
generating or coping or fighting with situations of disorientation, 
distraction and loss of situational awareness. 

Dr. William Richardson: Barely audible comment: It's as though there's a 
break in the sequence of information received by the brain as the distraction 
or disorientation occurs. And when you come back to re-orient, to the new 
situation, you find it very difficult to re-establish that sequence of 
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attention or pattern in the brain, 
time to do it. 

or whatever you call it, and it takes some 

HWL: I'm not a pilot but I can imagine this is a problem when you go inside- 
outside because you're going from one system to the other. Is that what 
you're saying? 

DWR: Yes. 

Unidentified: Inaudible - regarding focusing on the symbology of HUD's, 
outside-in vs inside-out, peripheral cues. Can one ignore the peripheral 
cues of 
them? Is it better to look at the round dials or the HUD? What's the impact 
of background of the HUD i.e. flying through featureless cloud, moving cloud, 
broken cloud, any other precipitation, anything that moves in the HUD FOV that 
might generate distraction, vection or disorientation? (However, most of this 
question/comment was barely audible.) Do you see the background through the 
HUD? 

when looking through the HUD - or should one go head-down to get rid 

Dr. Richard Haines: We had the opportunity to look at that very issue with 
simulation using HUD's at NASA-Ames. The Boeing 727 flew manual ILS 
approaches with ceiling of 250 feet and RVR of category 2. During some of the 
approaches, we had another 727 (model) sitting on the end of the runway. The 
question was whether looking through the HUD, they saw the obstruction in time 
to initiate a go-around. They had 14 seconds and were aware of the 
possibility of obstruction. Subjects were experienced airline captains. Two 
of the 8 never saw the 727 because they were really concentrating of the HUD, 
and they had quite a bit of experience by then. Of the other 6 pilots, 4 had 
very late responses and we calculated at least a tail strike or a wingtip 
strike. So, I think the issue is really cognitive switching there. It raises 
some fundamental questions regarding conspicuity of focal vs ambient trade- 
off. 

Joe Bill Dryden: The book claims that the HUD is focussed at infinity and, 
indeed, that's not the case. In landing you're looking at the HUD and the 
rest of the world is not quite in focus, and it takes some practice to get 
good landings. 

General discussion, inaudible, uninterpretable, followed immediately by Ms. 
Joyce Iavecchia's comments. 
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especially interested in virtual imaging display design improvements and pilot 
accommodation training. 

My sister, Helene, and I and Stan Roscoe have often looked at that 
problem at NADC, and you have to remember that although the head-up display is 
focussed at optical infinity we have another system of the human that's 
involved, and we actually get a measurement of where people are focussed. 
When you're using a head-up display, you find that it's not at optical 
infinity. The difference is that they're focussed much closer, nearer their 
dark focus, which is the distance to which an eye will accommodate when at 
rest, as in a dark room, where there is no stimulus to tug the focus outward. 
It's considered to be a resting focal distance for the eye. So what t h i s  is 
telling us is that the display image of a head-up display is not a very 
powerful stimulus to the eye but it is a very weak stimulus. And where the 
eye is focussed at in using the head-up display is really much more dependant 
on the background scene than on the HUD. If a person looks at the distant 
scene through the HUD combiner with the symbology turned off, he will tend t o  
focus on the scene - closer to optical infinity. But as soon as the symbology 
is turned on, he will tend to focus inward,' closer to his own resting dark 
focus. His acuity for things beyond then becomes compromised. In other 
words, despite the fact that the HUD is collimated at infinity, the eye does 
not necessarily focus at infinity when looking at the HUD. The eye may focus 
closer, to some intermediate distance, such as the individual's own resting 
dark focus, or perhaps on the surface of the combining glass. so actually, 
there's a compromise between looking at some distant target, and the HUD, 
which is keeping your eye focussed inwards. 

Dr. William Richardson: 
if you're usiqg distant targets and the HUD. 

In other words, you have to accommodate continuously 

Dr. Jerry Gard: 
focussed at infinity - (remainder inaudible). 

We're very careful to insure all the symbols on the HUD are 
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JHI: k'e measured focus distances through the center of the HUD. 

Unknown: Do we know how one switches focus from the HUD to beyond? 

Dr. Richard Malcolm: Two comments to two different questions: the first has 
to do with this business of solving the switching. It would be very 
surprising if we had the ability to do very much about what's happening to the 
ambient system because it's a sub-conscious system. So where we have that 
concern about whether we can effectively moderate the way we perceive data  via 
the ambtent system, is a very good one. How can you turn around and mocieratc! 
what's going on and alter your perceptions that are occurring at a 
subconscious level when you don't even know how you're doing it? It's a very 
sophisticated training route that you'd have to become involved in, and I'm 
not sure we even understand i t ,  how you'd go about training to moderate or 
somehow alter tkit ambient system to any great degree. 5 

Dr. Richard Malcolm: The second comment that I'd like to make had to do with 
the lack of fusion of the image on the two eyes leading to motion-sickness. I 
should point out that Dr. Tom Dobie in the UK has had a program where he has 
deconditioned people to motion-sickness, and this has since been replicated by 
Allan Benson, people 
who go through the deconditioning. To make a long story short, what he seems 
to think is happening, is that people who are motion sick are actually 
reacting with the symptoms of nausea and vomiting to a high degree of stress. 
He enables them to accommodate the stress better by certian kinds of training 
in bizarre moving environments. Well, it's entirely possible that having 
double vision is a very stressful thing, depending upon what brings it on, why 
it occurs, where you find yourself when it occurs, because it sure ruins your 
ability to concentrate when you suddenly can't bring an image back into 
fusion. it's possible that what we're looking at is that people who are 
apparently motion sick at the same time double vision occurs, what they're 
doing is reacting to the stress of having double vision at a time when they 
need good vision. Dobie teaches a coping strategy resulting in a successful 
transEerence. 

with a better that 90% cure rate at the 10 year mark of 

And 

Unidentified: That's very reasonable. 
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phenomena with tsro books c u r r e n t l y  i n  p repa ra t ion  on the s u b j e c t .  

ABSTRACT 
The vertical displacement threshold (DT) w a s  quantified in 24 observers at  

each of eight retinal positions along the horizontal meridian (2". 10". 30'. 40", 
50", 60°, 70", and 80" arc) to  the right of the fovea and a t  the fovea a t  the  s t a r t  
of the horizontal line stimulus' downward movement. Three stimulus durations 
(from 0.25 to 4 sec) and three  angular rates (from 0.04 to 0.42 deg arc/sec) 
were quantified a t  these retinal positions to determine whether the displace- 
ment threshold is mediated predominantly by an  image displacement or ra te-  

tricity angle from the fovea in accordance with the  cortical magnification fac- 
tor  t o  determine 'whether t h e  peripheral retina's ability to discriminate smail 
displacements can be improved by increasing stimulus length. The results indi- 
cated that: (1) mean percent cor rec t  judgments oE stimulus displacement 
decrease with angular separation from the €ovea for both the one deg arc long 
stimulus as well as the  progressively longer stimulus. Fowever. when the 
stimulus is systematically lengthened. accuracy is significantly grea te r  at  each 

--retinal location (p C 0.0001). (2) stimulus angular ra te  and duration increases 
produced significant improvement in displacement accuracy at  the 10" and 3G0 
image positions but not a t  40" from the fovea and beyond. and (3) mean 
confidence w a s  significantly influenced by each of the four variables tested 
depending upon which stimulus image positions was being tested; stimulus 

> sensitive mechanism. Stimulus length was increased incrementally with eccen- 
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position. and duration were significant for the 40" through 80" image positions 
as was the stinull;s :ength by r a t e  two  way interaction. In general. increasing 
tkz r 'agnikxfe of ~ n j .  0: thes+variobles lead to higher inenn conddexe .  These 
data  show t ha t  it is ?ossib!e to 2artis:ly compensate for the pe r iphz ra l  visual 
sys tex ' s  reduced capability to  discriminate displacement by lengthening the 
skirnulus in accordance with the  cortical magnification factor. Because this 
modification a lonc  does not prodace discrimination equivalent to that  found a t  
CI. - . . , I L L  uI cI o t h e r  factors  xh ieh  s!iou!d bc t akcz  ink:, 
account. Stirr.ulcs intensity, *rfe!ocity, ar.d contrast are  cons idefed  to be t h e  
signi:! c:\n t f .IC t 3rs. These da t .I h ~ v e  pot  r! n t . i a l l  y i rnpo r t,.iri 1. im pI i cO\ t.i o r )  s in t kit! 
dt:slg:i o f  iti!.iir:: i i i l . r c i - w i t I t *  . iiig!t; . i l . t . i t  L;I!-! t i i . i I iIary. i  r , ) r  ,tirt.!t.:ril,. 

bL.- f ~ . ; ~ a  it ,-,.----&- & L a b  L L n r c .  --- 
J u -  a¶ - . - - L a  * L a  

I 
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INTROZUCTiON 
This study was carried o a i n  conjunct ion  with a s e p a r a t e  s tudy of the dis- 

p:.iccmen: throstioid (G' l ' )  to stiinuli uf v a r i o u s  Icnqths, dur<i t ions,  and  angular 
ra tes  i x a g e d  nlor?g the  verticail rc t inal  meritiian (Eaines. 13B.kb). A review of 
prior research dealing with these  s t imulus pa rame te r s  was given along with 
justifications for carrying out  both studies.  The in t e re s t ed  reader should con- 
sult  the earlier r epor t  in regard to these  subjects.  It is appropriate  to  provide 
an abSrzciate< overview of the rationale for  using t h e  cortical  magnification 
fackar  as  the  means  for determining stimulus length as a n  independent  vari-  
aSle. 

C w t i c d  :,lagni,Ycation Fact37 
Among the known Invariar,:es of visual perception is one  having to do with 

a ret inal  stk-ulus image position scaiing law derived f rom neurophysiological 
research.  It is defined as the relationship between the  linear ex ten t  of primary 
(s t r ia te)  visual co r t ex  in millimeters t o  which one  deg of visual angle projects. 
This scaling law will  b e  referred to  as  the c n t i c a l  ma~nif ical ion.  factor (CY?'). 
The quantification of t h e  CYF p resen ted  by Virsu a n d  Rovamo (1979) is used 
here .  In applying the  cortical magnification fac tor  to  measures  of peripheral  
visual acuity,  for example, acuity is found to  remain invariant with eccentr ic i ty  
when the tes t  pa t te rn ' s  size is incrPased to cor respond to the  CYF (Drasdo. 
1377; Rolls ar,d Cowey, 1970; Whitteridge a n d  Daniel, 1961a.). The same invariant 
efXczt has  been found for con t r a s t  sensitivity in the  periphery (Koenderink e t  
al., 1375). More r ecen t  research on spatio-temporal correlation (i.e., movement 
within a two-dimensional r andom d o t  p a t t e r n )  where eccentr ic i ty  ang!e is 
appmpr ia te ly  varied with certain f e a t u r e s  of t h e  p a t t e r n  has  suggested t h a t  
cone ren t  movement in the periphery is also mediated by a par t icular  scaling 
law of the  CMF type (van de Grind et  al.. 1993). These las t  au tho r s  remark,  "It 
w3s found t h a t  t h e  motion-detection per formance  is roughly invariant 
th roughout  t h e  temporal visual field, p n v i d e d  that t h e  s t i m u l i  are scaled 
a c c w d i n g  to the cortical magnification j a c t w  t o  obtain equivalent c o r t i c a l  sizes  
an2 velocities at  all eccentricities. (i talics mine). 

As Virsu a n d  Rovamo (1979) have pointed out,  use of the  cortical  
magnification fac tor  in designing stimuli  t o  be used in psychophysical studies 
makes it possible to predict  the  visibility of various a spec t s  of con t r a s t  gratings 
iridcpcndcnt!y of the i r  sizc and  visual Acld location. Data f rom t h e  prescnt  
s tudy  should provide a basis for de te rmining  whether  the  cortical  magnification 
factor  applies t o  the displacement threshold along the horizontal  nieridian as 
welt. 1 

In summary ,  four  independent variables are of in te res t  here .  Stimulus 
length was varied as a function of t h e  cort ical  magnification factor  with a one  
degree long stimulus included at  e a c h  ret inal  position as a control.  The 
stimulus wns imaged a t  various positions along t h e  horizontal  meridian (and a t  
the fovea) _ -  to de te rmine  how DT varies in the  per iphery  during binocular'view- 
ing. Finally, durat ion and  r a t e  OP disp lacement  also were varied so as  to par-  

. 

iia::y rep;icate two  previous studies (Eaines,  1981b, 1984d). 
, '  

METHOD 

Procedure a n d  Test Design. T€re p r o c e d u r e  is the  same as described else- 
where (Eaines,  19a4b). Briedy, e a c K '  observer  r e a d  p r in t ed  test. instructions 
(A22enZi.u A: and t h e n  was given a b lackboard  demonst ra t ion  of t h e  general  
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n a t u r e  of t h e  judgment  to be made  on  e a c h  sequention. paired-comparison 
trial .  An eye tes t  ba t t e ry  (OLtho-rater. far ser ies)  then was a d r h i s t e r e d  to  
ensi;re t h a t  all Os 2 z ~ ' s e s s c d  20:23 or  5 e t t e r  dis tacce azzity,  full c z 2  n~s;z-.~?.l 
binocular Aeld sensitivity. normal ho r i ton ta l  a n d  vertical phoria balance.  a n d  
no rma l  color percephion. Once in t h e  da rkened  laboratory t h e  0 ' s  h e a d  a n d  
eyes  were careful ly  p.ositioned to  lie a t  t h e  focal point of the st imulus display 
o?t.ir:al system described below. At lease one  pract ice  session consisting of 15 

-a'-- * L a  

a s  used in the study. quest ions were answered during this time concern ing  the  
c o r r z c t  toggle switches t o  use. 

Each 0 remained in the semi-darkness  of the  laboratory for ijt. least  15 min 
pr ior ,  tp d<i ta  collection. The stimulus was t h e n  adjusted to  an intensi ty  2 105 ,~  
aSo';e 0's binocular light threshold for t h e  fovea and. separately.  for 40 degrees  
to  t h e  rig5t Q F  t h e  fovea. 

 ne t es t  procc(1uru  rt2quirci.i o l o  flx,itu J. s r r u l i  ( 2 .  cii,irn), poini source  of 
d im while  l igh t  located a t  t h e  c e n t e r  of the  forward visual display throughout  
testir,g. Ee was to  a t t end  to  each  of two trials which were sepa ra t ed  by a 0.2 sec  
black  interval. On each  trial  in a pair. t h e  st imulus appeared  a t  the  c e n t e r  of 
t h e  Slsplay for 1.5 sec a f te r  which it descended  a t  a cons t an t  angular  rate to  a 
new position. The stimulus remained  in i ts  final position for 1.5 sec before it 
disappeared. The response  interval followed each  pair of trials. 

The f i rs t ' response reqtiired was a judgement  of whether t h e  A i 3 t  oi the  
second  trial  in a sequential  pair descended  the  far thest .  This w a s  done  using 
one  of two toggle switches. Following this  response  0 had to .  indicate  how 
confident h e  was t h a t  his fo rced  choice was correct .  A scale f rom one  to  nine 
w a s  used where nine = maximum confidence,  five = average confidence,  a n d  
two = riinimal canficience. If  the  displacement or? t h e  two trials Ji;;eaied t o  be 
so close t h a t  the  response had  to  b e  made  on t h e  basis of a guess.  toggle 
number  one  was to  be pulled. The observer  init iated each  pair of t r ia ls  by pul- 
ling a "next trial" toggle. 

Fzir2<- -e-- -u, . ,parimz trials xas  gI;.cn Gsizg s i r r i lz r  ctngt;!ar a r - - ' ; + * * A - -  I.p.lL\r.AiJ u.*u -- A L 

Stimulus Angular Rate and Duration Variables Studied. Figure 1 p resen t s  
t h e  st imulus ra tes  and  durat ions p re sen ted .  The upper-left  dashed  box encloses 
t h e  9 t es t  conditions t h a t  w e r e  prcsen ted  a t  t h e  fovea arid a t  2" t o  t h e  right of 
t h e  fovea. The middle box encloses the  9 conditions presented  at the  10" a n d  30" 
positions to  the right of t h e  fovea. The lower-right box encloses the  9 conditions 
t h a t  were presented  a t  40" th rough 80" positions to  t h e  right of t h e  fovea. The 
p roduc t  of ra te  and  durat ion is given in each cell. I t  may be  noted  that 4 cells 
were purposely overlapqed between t h e  ad jacen t  blocks of cells containing t h e  
fovea a n d  2" positions a n d  t h e  LO" a n d  30" as well as two cells in common wi t5  
bo th  the  10". 30° positions a n d  t h e  40" th rough 90" positions. Because  of this, 
d i rec t  comparison of t h e  displacement thresholds  a n d  mean confidence 
responses  was  thereby made  possible. 

I 
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Figure 1 

E ~ ~ E X I Z S  XZz?iIai 3i;tes and 9u;atisns Tested 
(Ce!l Values Re?reser,t Total ilisplacement Amplitude) 

- - " 
I: 
1. a: - .\ - 
I 

0.04 0.16 See 
0.39 I . 

Sote: 1. These 9 cell conditions presented at  t he  
fovea, and at  2" to t he  right of the fovea. 

2. These 9 cell conditions presented a t  10" and 
30" to  t h e  right of the  fovea. 

3. These 9 cell conditions presented at 40'. 50°, 
60". 70", and 80" to  the right of the fovea. 

v l  ;ach of the two stimulus lengths w a s  presented under each of the cell con- 
ditions shown in Figure 1. This resulted in a total of 9 trial pairs per esperimen- 
tal design times ,two stimulus lengths  times eight stimulus eccentricity positions 
to the right of the fove& plus the  fovea for a total  of 153 trial pair judgments 
per 0 per experiment. Figure 2 illustrates how each of the three groups of 9 tri- 
als '.:'~s pres?-ted as a function of stimulus image position. I t  was not possible 
to cc2ect data with the stimulus centered 20' to  the right of the fixation spot 
because of apparatus  limitations. All data collection was completed typically 
within a two hour period with a short  break given in the middle. Presentation 
ordef-of the stimulus length, ra te ,  and duration conditions w a s  randomized 
-zithin ezch image position condition. Stimulus image position presentatton 
order also was randomized. 
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Figure 2 

Stir;;.;!iis !r;;age Posikizr, an2 Lenzth P s r s x e t z r s  Tested 
a t  ";ch Retinal Image Position. 

Note: The number 1 in a cell indicates t ha t  the upper-left group of 9 
cells of Figure 1 were presented. The number 2 in a cell indicates 
that  the  middle 9 cells of Figure 1 were presented. Number 3 in a cell 
indicates that  the lower-right group of cells were presented. 

Appnratlls Thc apparatus hiis been described in detcill elsewhere (Haines. 
1984a: 1984b). Briefly. display coordinates and dynamic equations of motion for 
t h e  stimulus were programmed on a PDP 1 1 / 6 0  computer which provided the  
required control to an Evans and Suther land Picture System 11 display system. 
The output of t$is system was displayed on one of two 21 inch Zytron (mode! 
A21R-7C) calligraphic rhonitors. One was located directly in front of the  
observer while the other  could be positioned a t  any eccentricity sngle desired 
to  the right of the flrst. The tube Face of  each monitor was viewed by reflection 
ofl identical 25 inch (63.5 cm> focal length spherical mirrors and beam-splitter 
plane mirrors so as to image the st imulus a t  apparent  optical inflnity (0.01 d). 
The mathematical derivation of the  stimulus placed i t  at a geometrically- 
equivilent position 50,000 feet from the  eyes with the eyes at 50 feet height 
above an imaginary flat ground plane. 

The white stimulus subtended two min arc (0.58 m a d )  in thickness and 
and each of the  lengths indicated in Figure 2. I t  always remained horizontal. 
The fixation spot was located on the  center  display's vertical center line. The 
Lola1 verlicdl drlgit: sutLt::rided by edch coiiirllciiirlg display W~IS 22' arc. iLch 
display was surrounded by a dim*.- approx. 3% reflectance. black painted 
metal frame which was dimly ilIfirrhated by two €orty watt tungsten 
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A low light !eve1 closed circuit "V camera was rigidly mounted to the bot- 
tom of the center display unit facing 0's face. A deep red-filtered. low-wattage 
tungsten Lamp was used t o  illuminate 0's facial region enough t o  be clearly visi- 
ble to the experimenter on a monitor. This permitted continuous monitoring of 
the eye position and approximate visual fixation stability. Lateral and vertical 
shifts of the head greater  than 5 0.25 inch from the nominal focal point of each 
optical display was not permitted. The 0 did not know he was being monitored 
via the TV camera. 

Obseruers. Twenty four male observers took part. They ranged in age from 
16 to 37 (mean = 24.4) yrs. Three were Licensed pilots having from 50 to 1,200 
(mean = 487) flight hours. Only one had taken part in a previous investigation 
and was already familiar with the procedures; all observers were given the 
same set  of training trials. 

RESUI .TS 
'rh is s 1,u tl y h ii s q I J  i l  11 1 . i  f l ~ f l  L t 1  i! d i sp I i l  C I ~ ~ T I C !  11 1. t. t1 rt-s t i o  I ti f o  r 1.1  I rf!f! s l . i r n \ i  1 u s 

duriitioris. ~ L I I ' C L '  ratxu arid I . w o  Icngths at e'lcti o f  nirrc rel.irl,il positions from 
the fovca t o  EO" arc  to the right G f  the €ovea on the horizontal meridian during 
binocular viewing. Since both eyes viewed the fixation point and the boundary 
between the binocular and monocular visual fields overlap a t  approximately 60" 
arc  from the fovea, stimuli imaged within about 60" from the  fovea stimulated 
both eyes while stimuli imaged beyond about 60" from the fovea stimulated only 
the right eye. 

The data were analyzed initially following the procedure outlined by Guil- 
ford (1954) regarding paired comparison, forced choice data. Briefly, the mean 
proportion (P) of all trials judged correctly as possessing the  largest vertical 
displacement for a given test  condition was determined along with its 
corresponding normal bivariate (Z) transform. These mean proportion correct  
data  were then used as  the dependent measure in analyses of variance (Perl- 
man, 1980). Data used in each analysis of variance consisted of mean responses 
averaged across groups of from seven to Afteen observers according to  which 
random order group they were in. 

Because diflerent stimulus rates and durations were presented at various 
retinal positions [viz.. fovca, a n d  2'1, [lo" and 30'1, [an", 50", 80". 70". arid 80'1 
l o  l ! ; r r  r i K h L  o r  I h t !  rovcdi, i i  s i*peira i l . c  st~itisl icnl iintilysis w a s  pi!rrorrricd or1 each 
of t hew groups. In all cases (cxccpt one) the analysis o€ varidncu included four  
(Axed) main effects: stimulus rate,  duration, length, and image position. For the  
0" image position only one stimulus length was presented. The results €or each 
effect a r e  discussed in separate sub-sections to follow. Guess responses were 
deleted from the data. 

I. Mean Percent Correct Resultsfor  the Fbveal and 2" Image 
Posicion t o  the Right of the Fmea (Guesses Deleted). 

An analysis of variance (Perlman, 1980) was conducted on the mean pro- 
portion correct data with two levels of image position (O', 2'), three angular 
rates (0.042, 0.034, and 0.167 deg/sec). and three durat ions (0.25, 0.5. and 1 
sec) consiZercd fixed main e8ects. The stimr;hs image position and length vari- 
ables were "between" and stimulus duration and r a t e  "within" factors in this 
analysis. Stimulus length could not be tested since both lengths were not 
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studied at  S o h  irnage positions. 
The  only significant Anding was image position (F = 22. t8 ,  df = l/I, p = 

;,.,I ~ 2 1 .  ,*;>e: mc,in (Zi,) i)crciirit. c o r r c c t  w . 1 ~  O?.Y (-t.zj . i n t i  W.!j {ZZ. : ) )  for t h c  
tuv:!.~ ,irid 2" positionu, rcs;:cclivi!ly. 1 ~ Q S C !  rusuLts ,ire pIot.tcci I;itc:r (!a'igure '3) 
ir. ?o?jlinrtion with the o the r  d a t a  f rom this study. The rapid fall-oR in perfor- 
m ~ z c e  capaS1:ity within two degrees  of t h e  fovea is not unexpec ted .  Similar 
psr: 'orrrance degradation has been no ted  €or  a variety of response measures. 

,. 

I / .  Mean !3?rcmJ C m e c t  ResuLts fm the 1 I p  and 3U' hnoge 
f i s a f i h  to the Right of the Fovea (Guesses t k l e t e d ) .  

.A? ana!ysis of variance (BV2?2V) was conducted  on the  mean percen t  
c ~ r r n z k  data for these t w o  image aosi'tions. In  addition, t h e r e  were two levels of 
stimulus lenjth ( l a ,  variable a t  each  eccentr ic i ty  angle),  t h r e e  a n p l a t  rrztes 
(O.S93','sec. O.l67'/sec, 0.25'/sec). a n d  th ree  duraliom (0.5, 1, 2 sec). 
8::;n~:lus imago position and  lergth were considered "between" fac tors .  while 
st imcius duration and  angular  r a t e  were cons idered  "within" factors .  As before, 
0 c u e s s  res?onses w e r e  not  included in these.  analyses, Three of t hese  four main 
eGe:ts were found to be statistically significant. It should be k e p t  in mind t h a t  
t h e  grilnd mean da ta  for  t hese  two image Fositions c a n n o t  be compared with 
t h c  gr;inti mican ri,it.d f o r  t h e  f o v c < i  anti 2" posit ions sincr! d i f k r c n t  valucs of 
dgrcition and  r a t e  w e r e  tested.  Nevertheless, these mean resul ts  are plotted in  
r tgxr-. 3 together with the  results fo r  t h e  0" a n d  2" image positions. l-l. 

, 
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Stimulus Image Positkn Results: Mean ( S D )  percent correct displacement 
judgments were signiflcantiy lower a t  30" a rc  from the fovea than a t  10" a r c  
from the fovea (F = 12.03: df = 1/47; p = 0.001). A t  the  30" position 68.5 (46.5) 
percent of the judgments were correct compared to  83.3 (37.4) percent correct 
at the 10" position. - 
' Stimulus Rumtian Results: Lengthening t h e  duration of the - stimulus' 
movement produced sigpificantly improved performance (F = 3.93; df = 2,./94; P 
= 0.026). A t  0.5 sec duration the mean percent  cor rec t  (SD) displacerent  ju2g- 
ment was 67.3 (47.1). A t  1 sec i t  was 76 (42.9) percent,  and an 2 sec it was 90 
(40) percent. This main effect  was also found t o  be significant in an earlier 
study using similar stimulus pwameters  but  imaging the  line stimulus along the  
vertical retinal meridian (Faincs. 1984b). 

Stimulus Angular Rate Results: Increasing stimulus angular rate produced 
tl signidcant ir,crcclsc in tkc =can Fcrccnt cor rcc t  dispiaccxcnt j z i g z c n t s  (E = 
19.2; df = 2/94; p < 0.0001). For the slowest r a t e  of 0.083"/sec mean (SDj ?er-  
cent correct  judgment was 58 percent  (49.5). For the intermediate ra te  of 
0.167"/sec it w a s  81.3 (39.1) percent while at  the  highest ra le  O i  2..25"/szc it 
was 34 (36.8) percent. Most of the improvement was accounted for  by going 
from the Icxest to the intermediste angu!ar ra te .  

None of the two or three-way intgrpctions or the four-way inkeraction was 
significant. I t  should be noted that  the  stimulus length main eflect was not, 
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YigniCcant. This was also t h e  case  for t h e  2" a n d  10" image positions on the 
ueT!ic:,cs! meridian in t h e  previous s tudy  (Eaines.  1984b). 

b. 

III. Zec- FmcenL Correct iiksurCsJar the 40' " u g h  8CP hnugs 
Posit;,lrr t o  the &-ht of the F w e a  (Wsses Delated). 

The a-alysis of variance th3t w a s  conduc ted  on these mean da ta  (Per!man, 
1993) included five levels gf image posi t ion (40". 50". 60", 70", E O a ) ,  two levels of 
s t i n u l u  len3th ( l ' ,  variable a t  e a c h  eccentr ic i ty  angle), t h r e e  nn3ular rrztzs 
(0.2S'//jec, 0.333','sec, 0.417'/sec). a n d  t h r e e  durztions (1, 2. 4 sec).  The  
stirnu!cs image position a n d  length variables were t r e a t e d  as "between" and 
stirnc:cs rlurakion and ra te  as "within" fac tors  here .  

Stimulus lma3e Pssiticn Rasuits: The analysis of variance showed t h a t  as 
the  stimulus was imaged progressively f a r t h e r  from the  fovea mean p e r c e n t  
c o r r e c t  displacement judgments  dec reased  significantly (F = 32.6; df = 4/8: p < 
O.COOl!. These mean percentages  (SZD) were: [40°; 97.5 (15.7); 50"; 70.9 (30); 
69"; 71.5 (24.1); 70'; 66.1 (29.2); 90'; 49.2 (30). 

The 'mean  pe rcen t  c o r r e c t  resul ts  a r e  plotted in Figure 4 with minus o n e  
SD sho:vn for each  stimulus image position a n d  length condition tested.  

Figure 4 

Yean P e r c e n t  Correct Displacement Judgments  as a Function of 
Stimulus Image Positions Eetween 40" a n d  90" to  t h e  Right 

of t h e  Fcvea f c r  Each Stimulus Length Condition. 
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Stimulw Length Results: The analysis of variance showed tnal.  the itccu- 
Ti l  cy o r d i s p c c! rnc n t j 1.1 (1 g rnc: ri 1,s w I i ;; :i i J< n i fi c I i r I  1.; y i I 1  f lu  I: I I I . !  f.! 1 i 11 y :< 1. i I I i 11 I I 1 s I I I 1:: I.!I 
(!;I = 203: ( i r  = 142; p = O.:NB) su( .h + . ) \ < i t ,  +.!I@ 1::enll (SI) )  perrer;t coruecvfn;' t h e  
I" a r c  Lorig s t i m u l u s  across ttiusc: image posit ions was GO.  t (z!I,.:) while i t  
increased to 77.9 (25.2) for the variable stirnulus length condition. This same 
effect  was also found €or the 20". 30", and 40" image positions above the fovea in 
the earlier study (Eaines, 1984b). None o€  the  other main effects o r  interac- 
tions ;vas sig;niAcar,t. 

Summary of Stimulus h u g e  hsition Results Across all Pwit ions:  Figure 5 
presents mean percent correct across all nine retinal image positions studied 
averaged across stimulus length, ra te ,  and  duration. Since different durations 
and rates were used across these positions, the  use of a single linear, least 
squares fit curve is somewhat misleading. Nevertheless, the general descending 
trend in percent correct with increasing eccentricity is apparent. Mean 
stimulus duration and angular r a t e  for the three separate data groups is given 
along with the  mean displacement amplitude (min arc). J t  will be noted tha t  the 
mean displacement amplitude of 3.37' arc for the  €oveal and 2" positions is 23.3 
percent of the mean displacement amplitude of 11.7' a r c  for the  10" and 30" 
positions. Likewise, this last value is 25.2 percent of the mean displacement, 
amplitude of 46.55' a rc  for t he  40" through 80" positions. Thus ,  each succeeding 
d a h  set  to the right in Figure 5 rcpresents approxirriately '1 3.5 kirrics largcr 
stirnulus rnelin displacerncnt thdn the group to its left which would be expcctxd 
to elevate mean percent correct in each succeeding group somewhat. This 
figure does not illustrate the stimulus length effect which is shown in Figure 5 
for the 40" through 80" positions. 

Figure 5 

Mean Percent Correct Displacement Judgments, as a Function 
of Stimulus Image position Across all Stimulus Image 

Positions, Rates and Durations and Both Lengths. 
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I?/. 2 e = n  ZwcmL Correct cs a Functipn o j h g d a r  Rata. 
Cne Ce3r.e Stinulus Rzs.u;{,Ls: Figures 6 th rough 10 present  mean  pe rcen t  

c a r r e c t  ?:o;tz;! as a :c;nct,on of anaular r a t e  to  i l lustrate how r a t e  and ecccn- 
tr:c.:y t n t e r ~ c t .  The st;rr,a!us !ength :s one degree a r c  €or  all flgurcs in this 
series.  Each ?pure ?resents  the mean da ta  for a s e p a r a t e  stimulus duration. 

Figure 6 

Y v 2 n  Pzrcen t  Correct  as a ?unction of .Ar.g,ilar Xate for t h e  
Fovea and 2“ Ir.dge Positions for 0.25 Second  

Durltion, One Degree Stimulus Condition. 
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Figure 7 

Yeaii P e r c e n t  C j r r e c t  as a Function of Angular ?ate f o r  
0" through 30" Imago Positions for the  0.5 Second . 

Duration, One Degree Stmulus Condition. * 
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Figure 8 

Mean Percent Correct as a Function of Angular Rate 
for all Nine Image Positions for the One Second 

Duration, One Degree Stimulus Condition. 
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Figure 9 

Sfean Percent C t r i e c t m  s Function of Xngular Rate for the 10" 
Through 90' Irr.age Positions f o r  the Two Second Durltion. 

One Degree Stimulus Conditton. 
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Figure 10 

Mean PerceRt Correct as a Function of Angular Rate for the 40" 
Through 30" Image Positions for the Four Second Duration, 

One Degree Stimulus Condition. 
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Figures 6 th rough 10 deserve f u r t h e r  comment .  Comparing t h e  resul ts  
within any  given flqure. t h e r e  . .  is a t r e n d  For mean pe rcen t  co r rec t  to  dec rease  
w i t h  retina! h a g ?  eccl:ntriC?,:.y as h , a s  been  notxci ?re~+-iG:ix!y. Reztr.',i;-.< 
incrr:.isir\g!y lony durations. it c a n  be ppinteci out  thiilt a t  tht.: loveil. little 
improvement is obtained beyond 0.5 sec while at 2" f rom t h e  fovea. improve- 
men t  is seen going f r o m  0.5.. to. 1 s e c  du ra t ion .  That is. t h e r e  appea r s  t o  be a 
position-duration tradeoff at this image position. At 10" eccentricity the  
i" , . ~ I u c . A L c  A , .  ?" of lcngzr C G ~ ~ ~ ~ O R S  IS no t  cis Clcai cu t  ~ i t h  t h ~  prccit-m' L J L  I , , .? ,  ;-"3*-----' .L..&L..* 

seen going from 0.5 to 1 second.  A t  30" eccentr ic i ty  a n d  beyond the re  dces  not  
appyar  to be any  clear  cu t  t r e n d  in t h e  mean  pe rcen t  c o r r e c t  as a func t ion .o€  
d u r a  tion. 

Considering the 40" a n d  largzr image positions of Fiqtjres 9 t h rough  LO, i t  
is impor tan t  to point out  t h e  fairly high accuracies achievcti a t  ro!,it,ively larse 
eccentricity angles when  dura t ion  is increased.  Thus:abovu (75  percen t )  th res -  
hol'd performance w a s  achieved with t h e  o n e  deg a r c  long stimulus imaged 40' 
a r c  f rom the  fovea for all t h r e e  angu la r  r a t e s  t e s t ed  (cf. Figure 3). The majority 
of d a t a  points in Figure 10 (4 s e c  du ra t ion )  a r e  higher t h a n  in Figure 9 ( 2  s e c  
duration). Severtheless. per formance  s e e m s  to  be a t  or n e a r  chance  level'for 
stimuli imaged a t  or  beyond 50' a r c  f rom t h e  fovea for durations of f r o m  1. to  2 
seconds.  

Variable Lenath Stimulus Results: Figures 11 through 15 present  mean per-  
cent cnrrcct  a s  a function of m g u h r  r a t e  for  t.hc v,ilrious st imulus ciurnltons 
1ilrir1 vnri,rblu Ic*rigth st,irriultt:i c:or;rl~Liotl~ I c * ? t l . c * J .  Ttit-; I S  L o  :;tiow tie" irnajr! posi- 
t iot i  iritor.ictr with angular r a t c  arid t o  provitlc a corrpirison with t h e  oriu 
de;rl?e a rc  long stimulus d a t a  of Figures 6 th rough 10. In general ,  t h e  same 

for t h e  one  degree st imulus data:  (I) There  is a general  t r end  for mean pe rcen t  
co r rez t  t o  increase with a n  inc rease  in angu la r  r a t e  and  for  t h e  mean p e r c e n t  
co r rec t  to  decrease with an inc rease  in eccentr ic i ty  of t h e  image from t h e  
fovea. (2) For the  shor tes t  durat ion tes ted ,  st imulus length did no t  have an 
obwous e f fec t  on displacement a c c u r a c y  within 2" f rom t h e  fovea. Eowever, for 
t h e  2 a n d  4 second durat ions t h e  pe r iphe ry  beyond about  40" f rom the  fovea 
yielded consistently higher a c c u r a c y  when t h e  variable length stimulus w a s  
used. I t  appea r s  from these data t h a t  the far per iphery  integrates  st imulus dis- 
placement over longer motion du ra t ions  t h a n  does t h e  re t inal  locations located 
nea re r  t h e  fovea. 

I general  observations may be made  for  t h e  variable length d a t a  as were made 
I 
I 

- 
I 

1 
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Figure 11 

*. 
!Se;;l ?:rcent CorFecf as a FunctiGii of Aiigutar ;Pate fcr  the  Fovea 

a n d  2a Image Pos i t ions  for the 0.25 Second Durat ion,  
Variable Stimulus Length Condition. 
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Figure 12 

Mean'Percent Correct as a Function of Angular Rate for the 0" 
Through 30" Image Positions for t he  0.5 Second Duration, 

Variable Stimulus Length Condition. 
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Figure 13 

Mean Perceat ~ c r r e c Y  a3 a Function 0: .Lygalai ~ z t z  f z r  the  
0" Through 93O image Positions for the Cr , e  Second 

Duration. Variable Stimulus Length Conditlon. 
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Figure 14 

Mean Percent Correct as a Function of h g u l a r  Rate for the 
10" Through 90" Image Positions for t he  Two Second 

Duration, Variable Stimulus Length Condition. 
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Y. Mean Confidence B d t s  for the Fwed a d  
8 hnage P ~ ~ i k i ~ m .  (Guesses Deleted). 

It wiil be recalled that  only one stimulus length (viz., 1") was presented at 
the fovea. Consequently, the stimulus length factor could not be tested here. 
The analysis of variance (Perlman. 1980) included the same three main effects 
discussed above in Section I and will not  be  repeated here. The only statistically 
significant finding was stimulus ra te  (F = 34.4; df = 2/2; p = 0.029). Thus, mean 
(SIS) confidence a t  a ra te  of 0.042"/sec wa6 5.64 (1.5); a t  a rate  of 0.083"/sec 
mean confidence was 6.79 (1.2); and at a rate  of 0.167"/sec mean cpnfldence 
was 9.02 (0.9). I 

A separate analysis of variance was conducted only on the 2" image posi- 
tion mean confidence da ta  since both stimulus lengths were presented. 
Stimulus duration and ra te  also were tested as main eflects. This analysis 
showed that  both stimulus duration and rate  were significant while length was 
not. ..L? F value of 22.3 was found f o r  stimulus duration (p = 0.007); an F value 
of 40.4 was found for the  stimulus ra te  main effect  (p = 0.002). None of t he  
other main effects or their interactions was  signiflcant. 

1 

I . 
Vl M e c n  Cmfilence Results f o r  the lo" and 30" 

h a g e  Bsitbn. (Olresses Deleted). 
Tke L.?a!ysis of variazce (B!.f.iD?ZV) conducted on these mean confidence 

data  included both image position'sTn8stimulus lengths (both between factors) 
a s  well as  three ungula7 r a t e s  (0.08~a/sec, 0.167"/sec, 0.25"/sec), and three  

' .  
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durations (0.5, 1, 2 sec). As before,  r a t e  a n d  durat ion w e r e  within facLors in this 
ana!ysis. The findings a r e  p re sen ted  in s e p a r a t e  sections.  

Stimulus lmajg Bsifinn Results: Mean confidence 'was signiflcmtly Lower at 
the  30" image position than a t  t h e  10' position (F =,19.2; df = 1/46; p < 0.0001). 
Hean (SD) confidence = 5.63 (2.52) at  30a a n d  only 3.68 (2.22) a t  10". The image 
position by stimulus length.two way interact ion also was significant (F = 4.79; df 
= 1/46; p = 0.03). 

Stimulus h r z t i o n  Results: Mean confldence was significar,tly higher as 
duration of st imulus displacement inc reased  (F = 19.1; d f  = 2,"92; p < 0.0000 1). 
Mean confidence for 0.5, I ,  a n d  2 s e c  du ra t ions  w a s  1.02, 4.92, ar,d 5.43. respec- 
tively. S o n e  of t h e  duration in t e rac t ions  was significant. 

Stimulus Anjular Rata Rzsults: Increasing angular  r a t e  produced a 
significant increase in mean confidence (F = 24; df = 2/92; p < 0.001). For t h e  
lowest ra te  of 0.093','sec mean confidence was 3.45: t h e  intermediate r a t e  of 
0.167'/sec mean con3dence was 5.23. a n d  for t h e  highest  angular ra te  of 
0.25'/sec. i t  was 5.69. The r a t e  by durat ion interact ion was found to be  
significant (F = 3.90; df = 2,/32; p = 0.02.4) a s  w a s  t h e  r a t e  Sy duration by 
stimulus length throe-way interact ion ( F  = 3.46: df = Zj'92: p = 0.036). 

I t  may be noted once again t h a t  st imulus Length w a s  found not to be a s t a -  
tistically signiflcant main ellect  in th i s  analysis. 

. *-  

... 
; i 

VII. Mean Cmfidence Results /or the 40" " u g h  80" 

The analysis of variance (Perlman,  1990) conducted  on these mean  
confidence d a t a  included all four  main effects c i ted in Section IIIabovs. 

Stimulus Image f2sition. Results: Imaging t h e  st imulus increasing far from 
the  fovea produces  significantly r e d u c e d  confldence (F = 5.08; df = 4/8; p = 
0.025) as might be  expected. This is plot ted in Figure 16. 

h a g e  Position. (Guesses Deleted). 
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Mean (f: 1 SD) Confldence as a Function of Stimulus Image Position. 
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Stimulus Length Resl l f t s :  This fac tor  w a s  no t  statist ically signiflcant. 
t e n d e d  to  yield higher  mean  confidence. as Severtheless. t h e  longer stimuli * -  

8 .  I I I 

7 EXP. 75E 
PVCAL 

- 

r5;k.t 5 z  e:c;c:ted. 

SCinzulus h r a t b n .  Results: Lengthening t h e  durat ion of the  stimulus' 
m o t i o n  produced signidcanty inc reased  confidence (F = 7.9; df = 2/4; p = 0.041) 
which is p re sen ted  in Figure 17. 

Figure 17 

Mean (t 1 SD) Confidence as a Function of Duration. 
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Stimulus Angular Rate Results: This main effect w a s  not  significant. 
h i m a c t i o n  Results: The*malysis found tha t  st imulus r a t e  interacted 

siynlflcantly with st imulus length (F = 23.3: df = 21-2; p = 0.004). Figure 19 iilus- 
t ra tes  the na tu re  of this interact ion which apFears to result  from a d i ze rznce  
ir. slopes of the two linear. least  s q u a r e  curves At ta each  d a t a  set .  None of t h e  
other  interactions w a s  signiAcazt. 

1 INTERACTION: P = 0.004 

Figaro  1!3 

Mean ( 2  t SD) Confidt.nce a s  (I FunstlDn of . . tnpl, lr  
Rate for each S t m " u s  Length. 
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W. M w n  DcFplacemsnt lhmshoLd Aasults. 
Two sepa ra t e  analyses of t h e  mean  d isp lacement  threshold (DT) were made 

(a: Mean 3'i' as a fucction ohs t imulus  deration, a n d  (b) Mean DT as a funct ion . .  o f  SL;- ,.... ulus ir.age positior.. 

Stamdus DtLtatim Results: Mean vertical  displacement thresholds  (DT! 
a.zross stimulus durat ion for all s t imulus positions were de termined  using a 7 5  
p e r c e n t  co r rec t  cr i ter ion.  These resu l t s  a r e  p r e s e n t e d  in Figure '19 for the  o n e  
degree  stimulus 1er.gth a n d  in FQure  20 fo r  t h e  variable st imulus length. Figure 
i 3  LS based upor. k t e r p o l a t i o n s  from Figurzs 6 t h rough  10 where t h e  mean  
carves  passed th rough t h e  75 p e r c e n t  c o r r e c t  level. When they did not  no d a t a  
pcir i t  could bc derived fo r  inclusion in Fiqura 19. Likewise,  Figure 20 is based 
u p o n  interpolations of Figures 11 t h r o u g h  15. On a log-log plot such  a s . t h i s  a 
horizontal  Line would indicate t h a t  t h e  st imulus mus t  move through a c o n s t a n t  
ang::ar displacement in order  to  evoke a threshold response while a l inear  
s;apo of p lus ' one  wmld indlcste  t k a t  velocity a n d  durat lon arp reciprocally 
re ia ted such  t h a t  DT is de te rmined  by a c o n s t a n t  angu la r  velocity, It c a n  be 
no tzd  t h a t  for any  given ret inal  image position, t h e  slope of t h e  best  A t  l inear  
curve  tends to  increase with increasing ret inal  eccentr ic i ty  for bo th  t h e  o n e  
degree  a r c  long s t imulus as well a s , f o r  the  variable st imulus length. This S U ~ -  
ges:s t h a t  the  f a r t h e r  into t h e  pe r iphe ry  t h e  s t imulus is imaged t h e  more  
s t imulus angular velocity c o n t r i b u t e s  to  the  judgement.  I t  also may b e  no ted  
t h a t  a t  each  ret inal  position, l engthening  s t imulus durat ion produces  a n  
inc rease  in mean DT regard!ess of s t imulus length.  

Figure 19 

Yean Displacement Threshold  as a Funct ion  of Stimulus 
Duration for all S t imulus  Image Posit ions €or 

t h e  One Degree Arc Long Stimulus. 
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Figure 20 

Mean Displacement Threshold as a Function of St:m1;1~: 
Duration’fur all Stimulus I m g e  Positions 

for t h e  Variable Length Stimulus. 
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Stimulus image f i s i h o n  Results: Mean DT was also determined as a func- 
tion of stimulus image position for each duration and stimulus length. These . a:: 2:ese;lted in Figgre 21 for the one degree arc long stimulus and in 
Fig*:rz 22 for the variable ler?gth stimulus condition. 
- I  -.. I b  - 

Figure 21 

Mean Displacement  Threshold as a Function of Stimulus Image Position 
for Each auration for the One Degree Stimulus Length Condition. 
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Flgure22 I 

Mean Displacement Threshold a s  a Function of Stimulus Image Position 
for Each Duration f &  t he  Variable Stimulus Length Condition. 
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Referring to Figures 21 a n d  22 it can be  noted t h a t  mean DT increases with 
increasing image position eccentricity a t  all of t he  durations tested. This 
Anding is implied in Figures 6 through 15 as well. In addition, mean DT tends to 
be lower (increased sensitive) for the  variable length stimulus condition. That 
is, the longer the  stimulus a t  any  given retinal position the  less it has to move 
in order to be correctly perceived a s  having moved. This has  been noted previ- 

The queskion m a y  be raised whether or not t he re  is any advantage to  be  
gained by progressive!y lengthening peripheral stimuli? Referring to Figures 21 
and 22 i t  may be noted that beyond 10" from t he  fovea consistently smaller 
mean DTs a r e  obtained for t h e  variable (longer) length stimulus at 1 and 2 sec 
duration. A t  10" to the right of the  fovea and  two second duration, for example, 
mean DT decreases from 10 hin a r c  to 6.8 min arc. And at 60" to the  right of the  
fovea and two second duration, mean DT decreases from 40 min arc  to  23.5 min 
arc.- 

, ously by Mattson (1976) and McColgin (ISSO). 
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IX Error and h s s  h f e  Results. 
These data a re  presented in three sections (a) total errors, (b) total errors  

comrmtted when 0 also had a finitc confidence that he was correct, and (c) 
total guesses. 

Total Errors. The total number OF errors (incorrect choice of which trial 
possessed the stimulus displacement) were determined for each observer and  
image position for the  variable length stimulus and the one degree a r c  long 
stimulus length. They are presented in Appendix B and C, respectively. Figure 
23 presents the total errors (mean) a s  a function of stimulus image position for 
each of the two stimulus lengths studied. 

Figure 23 

Total Errors (Mean) as a Function of Stimulus lmage Position 
for Each Stimulus Length Condition. 
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1t.should be noted tha t  the data  for the fovea was simply repeated from the 
one deg stimulus length for the  variable stimulus length in Appendix B and C. 
The rnt?nri (SD) for tach irrit3gr! poRitioh n Iso  i R  givcvn. 11 W R S  found I.hnt: (A)  whilc 
l h c  niiriitrcr or errors Lcrids l o  iricreasa with incretisirig eccentricity of the 
stimulus' image the efTect is by no means regular. Indeed, there appears to  be 
a rather marked discontinuity at 40" eccentricity, which can perhaps be attri- 
buted to the increase -in both rate  and  duration when going from 30" to 40" 
eccentricity; (b) these errors are distributed over all 24 Os fairly regularly with 
no single 0 accounting for a disproportionately large number of errors. 
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To:& Lmws Cornmifled "a 0 Had Some Uegsse of Cmfidence  'Ihuf He W a s  
C3rrect. These mean results are presented in Figure 24  and Appendices D and  E 
fcr t h e  variable and one degyre aic long stimulus length condition. respectively. 

. 

Figure 24 
Total Errors (Mean) Within a Confidence Range of 2 - 9 

(i.e.. all guesses deleted). 
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I -  may be nc-ed .ha he same neneral  observations as given above for t h  
total number of e r rors  may be made here.  I t  was surpr i s ing tha t  these Os had 
as many wrong judgments as  they did while, a t  the  same time, being relatively 
confident t ha t  they were right. The perception of displacement in the  peri- 
pheral visual field was difEcult at best. Often 0 had only a vague awarness tha t  
the stimulus line had "shifted". In some cases 0 was not even sure  what direc- 
t ion it had moved. Also, no single 0 accounted for a disproportionately large 
percentage ot these "errors made with confidence". 

I 

. 
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Total Guesses. The total number of guesses made by each 0 for each 
stimulus image position is given in Figure 25 and in Appendix F for the variable 
stimulus length condition w d  in Appendix C for  the  one degree a rc  lozg 
stimulus length condition. Inspection of these da ta  show that: (a) there  is a 
general tendency for guess rat2 to increase with an increased stimulus imago 
angular separation from the fovea, (b) a t  any retinal image position (except 2 O  
and 40"), fewer guesses were made when the longer stimulus length was 
prescnted. and (c) no singlz 0 accounted for a disproportionateIy large numbcr 
of guesses. 

- 

Figure 25 

Total Guesses ( U C J : ~ )  as a Function of Stimulus Image Position 
for Each Stimulus Length Condition. 

I 

ONE D E G R E E  ARC q, 
LONG STIMULUS r' 

I / 'VARIABLE LENGTH 
STIMULUS 

0 2  " 10 30 ' ' 40 50 60 70 80 
STIMULUS IMAGE POSITION. dog TO RIGHT OF FOVEA 

DISCUSSIOE; 
In this study i t  has bccn shown that  the displacement threshold (DT) 

increases with an increased angular separation of t he  stimulus image from the 
fovea. That is, the stimulus must move fa t ther  in order to be correctly discrim- 

1 inated as having moved. Mean DT also increases, at  any  retinal imgige position, 
with an incre$se in stimulus duration. In addition, within the range of present 
stimulus parameters.' improved displacement sensitivity can be expected by 
increasing stimulus length, duration, and/or angular rate. a finding in agree- 
ment  with earlier research from the  authors' laboratory (Haines, 1984b. 1 9 8 4 ~ .  
1984d) a i d  elsewhere (Johnson a n d  Leibowitz. 1976; Johnson and Scobey, 1982; 
Mattson, 1978). While each of these stimulus characteristics may have relevance 
to  a number of diflerent research a reas  only three topics will be discussed here: 
(1)'Ehe mechanism tha t  may underly this displacement judgment, (2) possible 
contributors to  a composite invariance expression, and  (3) one possible gppli- 
cation for these results. 

tual Discrimination Mechanism. I t  has been pointed out by Hender- 
son (1971 --eP tha t  the perception of movement should be limited by the capacity 
of the retina to summate effects over both time and  (retinal) distance so tha t  
"...the greater the proximity oe tm .stimulations in e i ther  of these dimensions, 
t he  greater the neural cooperation between their effects and the less (will be) 
their distinctiveness." Thus, any  reciprocity found between DT and stimulus 

8 
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dura t ion  implies t h a t  such  discriminability requi res  longer  delays a t  sho r t e r  
separa t ion  d is tances  a n d  permits  s h o r t e r  delays a t  g r e a t e r  distances.  

Keferring to Figures 1 9 a n d  20. it is seen  tha t  t h e r e  is a tendency  for t h e  
slopes of the  least  squa res  Et curves  t o  increase  with a n  increas.e in stimulus 
dura t ion  a t  each  ret inal  image location. As has  been d iscussed  in details else- 
where. on a log-log plot such  as  this  t h e  s t e e p e r  t h e  slope t h e  more stimulus' 
angular  velocity con t r ibu te s  to this  j udgmen t  (cf. Haines,  1 9 8 4 ~ ;  Johnson and  
Leibowitz. 1976 for f u r t h e r  discussion). 

Some comment is called for regard ing  the  use  of different length stimuli 
imaze6  a t  diflerent r e t ina  positions a n d  t h e  fac t  t h a t  binocular  vision was 
employed. The typical boundary  sepa ra t ing  monocular  f r o m  binocular vision on 
t h e  right side of t h e  visual field on t h e  hor izonta l  meridian is a t  (approximate!y) 
60' from the fovea. Thus,  a s t imulus that e x t e n d s  f r o m  less t h a n  t o  grea te r  t h a n  
this  ecnentricity will s t imula te  both modes  of vision. Such  a c i rcumstance  com- 
p ikakes  da t a  in t e r2 re t a t ion  a t  best. Sow l e t  us consider  t h e  above fact in light 
of t h e  present  s t imulus length variable s tudied.  

When a one degree  a r c  long s t imulus  is imaged a t  some per iphera l  location 
a t  t h e  s t a r t  of i ts  downward d isp lacement  i t s  image will remain  upon a relatively 
limited population of r ecep to r s  f o r  all of t h e  displacements  s tud ied  here.  Use 
of a longer (variable length) s t imulus a t  t he  same pe r iphe ra l  location will 
necessarily cause  t h e  image t o  be swept  ac ross  a wider a r r a y  of receptors.  For 
bin-,cu!ar vision t h e  n u m b e r  of r e c e p t o r s  is approximately double  tha t  of mono- 
cu la r  vision. 

B s s i b l e  Contributors to a Composite h v a r i u n t  E k p e s s i a .  The concept  of 
t h e  cortical  magnification factor  ac t ing  a s  a visual field spatial invariant was 
discussed in t h e  in t roduct ion  to  this  p a p e r  and  elsewhere (Eaines,  1984b). The 
f a c t  t h a t  s t imulus Length may b e  i n c r e a s e d  a t  increasingly eccent r ic  re t inal  
positions to  improve displacement  sensit ivity was n o t  unexpec ted  since t h e  
same  e a e c t  was found in a previous s t u d y  of t he  vertical  mer id ian  using closely 
similar stimulus parameters .  Presumably ,  this pa r t i cu la r  r e s u l t  is due  to  t h e  
f a c t  t h a t  t h e  ret inal  image of ever- longer  stimuli sweep over  increasingly large 
numbers  of r ecep to r s  during i ts  d i sp lacement  which provide for a higher  
spet io- temporal  correlation. Presumabably.  t h e  h igher  t h e  correlation t h e  
more information is available for "interpretive" cort ical  c e n t e r s  (Graham e t  al., 
1948; Mattson, 1976). However, s ince  pe r fo rmance  is n o t  mainta ined  at a fully 
foveal-equivalent level suggests  t h a t  t h e  -spatial a t t r i b u t e  of s t imulus length is 

I t  is likely t h a t  
s t imulus intensity a lso mus t  be inc reased  with g r e a t e r  angu la r  eccent r ic i ty  to  
compensa te  for t h e  Progressive fall-off in pupillary a p e r t u r e  viewed at more 
oblique angles. The a u t h o r  has  found s u p p o r t  for this con ten t ion  using a reac-  
tion time measure  (Eaines. 1975). Othe r  s t imulus a t t r i b u t e s  also likely play a 
par t .  

If the degree  to  which pe rcep tua l  per formance  in  t h e  visual per iphery  
differs from per formance  a t  t h e  fovea m a y  be a c c o u n t e d  for by a n  appropr ia te  
combination of all re levant  s t imulus a t t r i b u t e s  t h a t  c a n  b e  shown t o  vary with 
angular  eccent r ic i ty  f rom the line of s ight ,  t hen  i t  should  be  (theoretically) 
possible to  derive a composite invarinnt (Cl) expression which one  could u s e  to  
design significantly more  "effective" s t imul i  f o r  p lacement  literally anywhere 
within 0's FOV. This concep t  is i l lustrated schematical ly  in Figure  26 where per -  
c e n t  co r rec t  on t h e  o rd ina te  is p lo t ted  as a funct ion of s t imulus  image position 
ac ross  t h e  horizontal  re t inal  meridian o n  t h e  r ight  side. The horizontal  line at 
100 pe rcen t  is t h e  des i r ed  theoretically p e r f e c t  CI cu rve  for  a par t i cu la r  design 
situation. In most  i n s t ances  this is equiva len t  to foveal sensitivity. The lowest 

. n o t  t h e  only a t t r i b u t e  t h a t  must be appropr ia te ly  varied. 
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c u m  (A) represents t h e  accuracy of displacement judgments derived from the 
present study where a spatial invariance component related t o  stimulus length 
has  been employed. CurvqIE) represents the theoretical performance cum-e 
tha t  might result from including a stimulus ihfehncy invariant (cf. fiaines. 
1975) to  the stimulus length invariant which produced curve (A). The difference 
between curve (a) and (C) represents the influence of including a third invari- 
an t  component to account for regional variation in stimulus velocity (e!. van de 
Grind e t  al. 1993). Curve (D) represents the theoretical pc r fo rmmcc  CUT;'C -' 

which might result from including an invariant compoent to account for  
regional variations in i r n z g e  c o n t r a s t  (cf .  Koenderink e t  al., 1979). Of coursc 
there may be other invariants as  well whose combined influence will result in 
t h e  uppermost curve labelled as the CI curve. 

PERFORMANCE - 
- - 

- 
c 

I I I 1 I I I I ,  

Ea. 

Figllrc 26 

Eypothetical Distribution of lnvariant Components Contributing 
to  Fovea L- Equivale nt  Displace men t Sen si tivity 

Across Fall of the Visual Field. 

COMPOSITE INVARIANT, 
I \ I 

I 

I 

Of course, a n  important question is the relative weighting to  be given to  
each invariant parameter as well as whether they are additive. subtractive. mul- 
tiplicative. divisive or involve some other  relationship. No parametric tes ts  have 
been conducted t o  date  in which all invariants are compared with each other  
under identical t e s t  conditions or using common threshold judgment criteria. 
This is a task tha t  should receive t h e  immediate attention of investigators. I t  is 
suggested tha t  the relative ranking in importance of these stimulus parameters 
should be based upon established knowledge of which characterist ics most 
influence motion sensitivity. Thvs. stimulus angular subtense. intensity, angular 
rate,  and duration Likely contribGg'tpe most to  the C1. ' I  
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A Possible  A p p l i c a t h  fn lhese R e d t s .  I t  remains t o  discuss one  way 
which t h e  present  m e a n  DT d a t a  for t h e  horizontal  meridian and  previous DT 
Ca:a f o i  tSe  upper  half of,.the vertical  meridian (Eaines. 1984b) might be  
a??lied in an airplane cockpi t  display symbology design situation. Traditionally. 
all symbolic (a lphanumeric  and  non-alphanumerlc)  fllght guidance and  control 
information has  been provided on s e p a r a t e  dials, guages.  and  o the r  ind ica tors  
mounted  in opaque i n s t r u m e n t  panels loca ted  th roughou t  t h e  cockpit. Due to  
t h c  nccd to  dis?lay a la rge  amount  of information. each  individual display 
needed  to  be relatively smail in o rde r  to  accommodate  them all. As t h e  number  
of diiXerent dlsplays increased  per  uni t  a r e a  of t h e  pilot's field of view ano the r  
t r e n d  also was developing, V;,z., present ing more t h a n  one pa rame te r  within a 
given display (so called mult i - funct ion displays). This cont r ibu ted  t o  increased  
pi!ot worlr(!aad and somewha: lengthened (visual) dwell times on these  displays. 
A subsequent  approach to t r y  t o  help overcome some of these  problems was to  
p re sen t  certain information on per ipheral ly  located displays. A-variation of this  
approach is known a s  t h e  "Maicotm Eorizon" or  t h e  "Peripheral Vision fiorizon 
Display" (PVED) (Anon. 1984). 

The PVED IS a cockpi t  projective display designed to  help r educe  pilot 
dis9rientation by providing a gyro-stabilized s t r a igh t  luminous line ac ross  the i r  
field of view within t h e  cockpit .  In most configurat ions of t he  PVHD t h e  Line 
remains  parallel with b u t  displaced downward from t h e  appa ren t  location of t h e  
real  world horizon. Theoretically, this  line is supposed  to provide usefu l  p i tch  
and  roll orientation c u e s  a t  an "unconscious" luvcl of processing so as t o  permit  
ongoing central  vtsual neld processing as usual. T h u  concept  p re sen ted  bclow 
is based partially on the PVED concept  and partially on more tradit ional head  
up display (HUD) design concep t s  (cf. Jenny e t  al.. 1971). 

- 

I 1 
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An ultra wide field head up display is illustrated in Figure 27. Justifications 
for and details of this dis?lay are given elsewhere (Kaines. 1964e).  Shown here  
is : z;ck-,it of the  fr;turc Zscre  t h e  crow is surrounded by a transparent "bub- 
ble" canopy which has the ca?acity of preseriking com;ruter-controlled symbol- 
ogy- 

Figure 27 

k t i s t ' s  Conception of an Ultra-Wide Field Aircraft Head-up Display. 

llata Ir& I-Iainks ( l ! lU4b) and t he  prcscrlt s t u d y  may flnd application in 
the  design and placement of symbology for an ultra-wide field HUD such as is 
illustrated above. For example, if pitch-related information should b e  
presented in the  far visual periphery,  to  help reduce the workload involved in 
information processing in the  cen t r a l  visual field, then the  present data is 
applicable. For example, by lengthen an^ the  line stimulus appropriately in t h e  
upper portion of the  visual field or  t o  either s ide-of  the  line of sight, pitch 
discrimination sensitivity will be maintained a t  high levels. In the  case;of t h e  
vertical retinal meridian above the fovea, t h e  data from Haines (1984b) has 
shown that  a pilot can look down at his instrument panel (a vertical angle of 
about 30" from level) and still be  able t o  perceive the  vertical displacement of 
the  distant horizon as small a s  8 - 10 minutes of a r c  a s  long as the line stimulus 
is at least 17" a r c  long. Othet suchappl icat ions will be left up  to  the  reader.  

I 
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APPENDIX A 

Test Instructions 
-.-- -- 

i i - 

I READ THESE Ih'S1'RUCl'lOh:S CAREFULLY. FEEL FHEE TO 
ASK ANY QUESTIONS TO BE SURE THAT YOU F'ljLLY 

UNDERSTA&D WFAT IS REQUIRED OF YOU. 

"This is a study of how well you can discriminate very small movements of a 
single horizontal line tha t  appears to  be a great distance away. Your participa- 
tion in this study is divided into two parts,  an initial training and familiarization 
par t  and a data'collection part. You will be told when training is complete. In 
addition. an experimenter will give you a detailed briefing on the operation of 
all equipment and how you are to respond. Be sure  to ask questions if anything 
is not clear." 

"Your tasks include: (1) following all instructions exactly about where t o  
f i za te  (look steadily), ( 2 )  which response toggle switches to use,  and ( 3 )  striving 
f o r  accuracy and not speed. You will begin each trial yourself by moving a 
"NEXT TRIAL" toggle switch when you a re  ready to do SO.'' 

"During this study you are to look as steadily as  possible a t  a small white 
dot a t  the center of of the screen directly in front of you. A white, horizontal 
stimulus line will be located a t  some distance away to the  right of the dot. a t  
the same level as the dot. If you should look away from the  dot momentarily, t ry  
to look back a t  it as  soon as you can." 

"Two separate Anger pressing responses a re  required. Before each is 
described it is' necessary to describe the  nature  of the observing task. After a 
brief period o f  time this Line will fall slowly downward to some new position. 
Mter it has  remained in its new position for a second or so, it will disappear and  
then reappear at its original position. Then it will descend a second time and 
then stop for a second or so and disappear. Your first judgment is simply to  
compare the two downward movements and decide on which trial the horizontal 
line d r q p e d  the most, Le., through the  largest vertical angle. Pull the  "number 
one" toggle switch toward you if you think it was the first of the two trials on 
which the line dropped the most. U s e  toggle "number two" if you think it was 
the second trial. I t  is absolutely necessary €or you to make a choice on every 
pair of trials no matter how difficult the judgment may s e e m  In fact, the  exper- 
iment w i l l  not proceed until you do select toggle "one" o r  "two". To help you 
locate these two toggle switches in the darkened laboratory, a small red hght 
will appear just above each toggle switch." 

"It is also important not to take into consideration anything you had seen 
on earlier trials in the  experiment. That is, consider each pair of trials a small 
experiment by itself. What happened previously has  no bearing a t  all on t h e  
current  judgment." 

"The second finger response you are  t o  make is a confidence judgment. 
After completing the  above judgment (using toggle "one" or "two") you will 
notice a row of nine small red lights come on above nine toggle switches on the  
left side of your response panel. Let toggle 'TWO" represent minimum 
confidence that  your previous judgment is correct. Let toggle "nine" represent 
1.00 per cent confidence that your previous judgment is correct. Toggle "five" 
in the middle of the  scale represent a "moderate amount of confidence." Based 
upon tha t  criteria, you can pull any of the toggles between two and nine based 
upon your judgement. If you have to  make a pure guess between toggle "one" 
and "two" then press  toggle "1" during this confidence judgment period. 
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To summarize: 

L -  
Toggle 

1 
2 
5 
9 

Meaning 

Pure  guess 
Minimum confidence 
Medium confidence (mid scale) 
100% (full) confidence 

"After you have made your  confidence response  all n ine  red lights will go 
o u t  leaving a r ed  light on a t  t h e  right end  of t h e  response  panel. This light is 
laSe!led "N" which s t ands  f o r  ",Vezt Trial "When you pull this toggle switch you 
wil: recelve t h e  nex t  t r ia l  par .  Please pull t h e  toggle toward you quickly and  
sharp ly .  Do not  hold it dorm a t  all." 

"In o r d e r  to  help stabilize your  viewing positton during testing a padded 
head r e s t  is used. I t  is impor tan t  for you t o  t r y  n o t  t o  move y m r  head dutirrg 
testing An exper imenter  will ad jus t  your s e a t  position for you and  i n s t r u c t  you 
h o w  to  he lp  in this. Other  minor ins t ruc t ions  will be  given to you as necessary." 

DO YOU h!A VE AVY Q UESTIOIVS? 

I 

I .  

* N  7 
' . . . ., ; 
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APPEXDIX B 
Total Errors for Each Observer and Stimulus Image Position 

for t he  VaYiabie Stimulus Length Condition. 

Obs. 
NO. 0" 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

2" 10" 30" 4 0" 50" 60" 70" 80" 

1 1 2 2 2 A ? 1 i: - 0 
1 2 0 
0 2 
0 2 
0 3 

0 0 0 2 2 5 - - 
0 0 1 1 2 

0 1 5 3 
4 0 2 2 4 n 

0 2 
3 2- 0 

I 0 

Y - 

2 3 3 4 7 0 0 3 4 
0 2 - 

" 
- 7 0 2 3 4 

0 2 2 5 
4 3 4 3 
1 2 
1 1 
1 0 0 
0 6 

1 2 4 5 1 
= 

4 
- 5 

3 0 1 3 0 4 

1 2 
0 2 
1 2 
1 4 
0 1 1 0 
1 1 

.. 
2 1 1 1 2 

5 

0.58 2.13 1.17 

- 
0 3 1 0 2 1 c; 

z 6 1 4 5 6 R 
3 3 5 5 

5 4 1 2 A 
0 0 4 4 

1 1 6 1 1 
1 3 
2 

- 
0 5 4 4 6 
0 0 1 2 2 
0 0 1 4 4 

1 4 4 4 
1 0 0 0 4 f i  

1 3 
0 2 
0 3 
0 6 0 
2 

- 
2 0 1 i- 

2 0 0 

2.67 0.75 1.71 2.13 3.17 4.17 

SD 0.88 1.26 1.24 1.69 1.23 1.73 1.51 1.79 1.79 

- 

I 
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APPENDIX C 

Total Errors for Each Observer and Stimulus Image Position 
for the OneBegree Stimulus Length Condition. 

Obs. 
KO. 0" 2" 10" 30" 40" 50" 60" 70" 80" 

3 2 1 4 5 6 4 
1 0 2 2 4 2 4 

3 3 2 3 2 4 1 
0 1 3 2 4 3 4 
1 1 5 5 4 5 4 
4 0 3 0 4 4 4 5 
2 2 7 1 4 5 5 5 
0 2 2 2 3 4 5 3 
2 2 1 1 5 3 3 2 

2 6 4 5 7 7 4 
2 2 5 3 5 7 4 
1 2 2 4 5 1 3 

5 

6 
6 

1 0  1 
2 1  
3 0  1 
4 0  
5 0  
6 1  
7 1  
8 0  
9 0  

10 0 4 
11 0 1 
12 0 1 
13 0 0 
14 4 
15 1 
16 1 
17 1 
18 0 3 
19 1 
20 0 
21 1 
22 1 
23 0 
24 1 

3i 0.58 1.58 1.71 3.42 2.42 4.00 3.88 4.17 4.58 

SD 0.88 1.10 1.20 1.91 1.74 1.22 1.51 1.40 1.69 

2 4 4 4 2 5 6 
5 
5 
6 
7 

8 
6 
4 
4 
2 
6 

1 4 4 4 3 4 4 
2 0 6 2 6 2 5 
3 1 1 1 3 2 3 
2 1 5 2 7 3 3 

1 1 3 0 2 6 5 
2 4 0 5 6 6 3 
2 3 5 6 3 5 2 
1 2 4 1 4 2 3 
2 0 2 1 4 3 5 
1 1 3 1 2 5 4 

3 7 4 5 3 4 3 

,, , 
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APPENDIX D 

Total Errors in t h e  Range of Confidence 2-9 
for Each Observer and Stlmulus Image Position 
for the Variable St lmulus Length Condition. 

Obs. 
KO. 0" 2" 10" 30" 40" 50" 60" 70" 80" 

1 
2 
3 
4 
5 
6 
7 
0 
9 

10 
11 
12 
13 
14 
15 
16 
17 
19 
19 
20 
21 
22 
23 
24 

0 2 1 1 1 2 2 
0 1 0 0 0 0 0 
0 2 0 2 0 0 1-  
0 2 3 2 0 0 1 
0 1 0 1 0 1 0 
0 1 0 0 0 1 0 
1 2 1 3 0 1 1 
0 2 0 2 0 2 0 
0 0 0 2 1 0 1 
0 0 2 3 2 3 1 
0 1 1 3 0 2 5 
0 1 1 1 0 1 4 
0 1 2 5 1 1 3 
2 1 1 2 4 3 1 
0 1 1 2 0 0 4 
1 0 1 0 0 2 0 
1 0 0 3 0 1 3 
0 3 0 1 0 2 0 
0 1 0 0 0 0 0 
0 0 0 0 0 0 0 
0 1 0 4 0 0 1 
1 2 1 1 0 0 0 
0 1 1 0 2 1 0 
1 0 1 0 .  0 0 0 

2 4 
2 4 
1 2 
3 '3 
1 0 
4 1 
3 5 
3 1 
1 4 
3 4 
4 3 
3 2 
1 0 
2 3 
1 3 
1 1 
0 5 
2 1 
1 1 
0 1 
3 2 
2 3 
0 0 
0 0 

5 0.29 1.08 0.71 1.58 0.46 0.96 1.17 1.79 2.21 

SD 0.55 0.83 0.81 1.41 0.98 1.00 1.52 1.25 1.62 
- 

I 
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API'KfiDIX E 

Total Errors in t h e  Range of Confidence 2-9 
for Each Observer and Stimulus Image Position 
for t h e  One Degree Stimulus Length Condition. 

Obs. 
No. 0" 2" 10" 30" 40° 50" 60* 70" 80" 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
10 
19 
20 
21 
22 
23 
24 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
2 
0 
1 
1 
0 
0 
0 
0 
1 
0 
1 

1 
1 
1 
0 
0 
1 
2 
0 
1 
4 
1 
0 
0 
1 
2 
0 
2 
2 
1 
1 
0 
0 
1 
1 

3 
0 
2 
1 
0 
0 
2 
1 
0 
2 
2 
1 
1 
3 
0 
1 
1 
0 
1 
0 
2 
2 
0 
0 

2 
2 
2 
2 
0 
1 
6 
2 
1 
3 
2 
1 
3 
2 
2 
0 
4 
1 
1 
0 
1 
2 
1 
0 

0 
2 
1 
2 
2 
0 
0 
1 
1 
2 
4 
1 
2 
3 
1 
0 
2 
2 
0 
1 
1 
0 
0 
1 

4 
3 
1 
2 
2 
2 
0 
1 
2 
4 
1 
2 
4 
2 
5 
2 
5 
0 
1 
2 
1 
2 
1 
0 

5 
2 
1 
3 
2 
2 
0 
2 
2 
5 
4 
2 
0 
3 
0 
1 
3 
2 
2 
0 
1 
1 
0 
1 

6 
4 
4 
4 
1 
2 
2 
1 
0 
5 
3 
0 
2 
3 
5 
1 
3 
0 
1 
0 
0 
0 
0 
2 

4 
4 
0 
6 
1 
3 
0 
0 
0 
2 
3 
0 
1 
3 
0 
3 
1 
2 
2 
0 
1 
2 
0 
1 

z 0.29 0.96 1.04 1.71 1.21 2.04 1.83 2.04 1.82 

SD 0.55 0.96 1.00 1.37 1.06 - 1.46 1.46 1.08 1.84 

. 1 
I 

I .  
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APPENDIX F 

Total Guesses for Each Observer and Stimulus Ixage Position 
for the  Var%blc Stimulus Length  Condit ion.  

Obs. 
KO. 0" 2" 10" 30" 40" 50" 60" 70" 90" 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
19 
19 
20 
21 
22 
23 
24 

0 0 0 
1 1 0 
0 0 0 
0 0 0 
0 2 0 
1 3 0 
0 0 0 
0 0 0 
0 2 0 
0 0 1 
0 1 1 
0 1 2 
0 1 0 
2 2 3 
1 1 0 
0 1 1 
0 0 0 
0 3 1 
1 1 0 
0 2 0 
1 1 0 
0 2 1 
0 0 0 
0 1 1 

0 
0 
0 
0 
3 
3 
0 
0 
1 
1 
3 
3 
0 
1 

. 1  
1 
0 
2 
2 
3 
2 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
3 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
2 
2 
1 
1 
0 
4 
0 
3 
0 
0 
1 
0 
0 
2 

0 
2 
0 
0 
2 
1 
1 
1 
1 
2 
0 
1 
1 
0 
0 
1 
0 
4 
1 
1 
3 
0 
1 
0 

0 
0 
0 
2 
3 
1 
3 
0 
0 
1 
2 
2 
4 
0 
3 
0 
0 
2 
1 
4 
1 
2 
1 
1 

0 
1 
0 
0 
3 
1 
2 
1 
1 
3 
3 
5 
1 
1 
1 
4 
0 
5 
1 
3 
2 
3 
2 
5 

0.29 1.04 0.46 1.08 0.29 0.75 0.96 1.38 2.00 - 
X 

SD 0.55 0.96 0.78 1.21 0.69 1.11 1.04 1.31 1.62 

I . .. . 

1 - 1  1 - 4 2  
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APPESDIX C 

Total Saesses 5: 3 x 5  OSservet and Stixi lus  Image Position 
for the 066 Degree Stimulus Length Condition. 

Obs. 
SO.  O0 2" 1 0" 30" 4 0" 50" 69" 70" 

-. 
80° 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
2 4  

0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
2 
1 
0 
0 
0 
1 
0 
1 
0 
0 
0 

0 0 0 
0 0 0 
0 1 1 
0 0 1 
1 1 5 
3 0 2 
0 0 1 
0 1 0 
1 2 0 
0 0 3 
0 0 0 
1 0 1 
0 1 1 
0 1 2 
0 0 4 
3 0 1 
0 0 1 
1 3 6 
0 0 2 
1 4 0 
2 1 4 
1 0 2 
1 0 1 
0 1 4 

1 
0 
1 
0 
3 
0 
1 
1 
0 
2 
1 
1 
2 
1 
1 
1 
0 
2 
0 
4 
5 
1 
1 
0 

0 
1 
2 
2 
2 
2 
4 
2 
3 
1 
2 
2 
0 
1 
1 
1 
2 
5 
1 
4 
2 
2 
3 
2 

0 
0 
1 
0 
3 
2 
5 
2 
1 
2 
1 
3 
2 
1 
2 
1 
0 
1 
4 
6 
4 
1 
3 
4 

0 
0 
0 
0 
3 
2 
3 
4 
3 
2 
4 
1 
3 
1 
0 
2 
0 
4 
4 
3 
2 
3 
5 
2 

0 
1 
1 
0 
5 
2 
5 
3 
2 
2 
1 
3 
5 
2 
5 
3 
6 
1 
6 
6 
3 
2 
2 
5 

?5 0.29 0.63 0.67 1.75 1.21 1.96 2.04 2.12 2.96 

SD 0.55 0.92 1.05 1.73 1.28 1.20 1.65 1.57 1.94 

- 
I 
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CONTRYST BFXSITIVITY: REWTINC VISUAL A'ID DXSPU'I 
C X P . ~  z ~ x r f  TO PEXFORXXJCE 

Arthur P. Ginsburg, Ph.D. 

Vision Research hbor3tory 
Iliscech ConsulEAnts, fnc. 

Dalrton, Ohio 

I3 

Dr. Arthur P. Ginsburg holds a B.S. in Systems Engineering from Siiciener 
Collese, and N.S.  in aioengineering from the Air Force Institute of 
Technology, and a Ph.D. in Biophysics from the University of Cambridze, 
5ngIar.d. he founded the Xlriation Vision 
Lab, ser-ring as Director and Principal Investigator. Currzntly Dr. Ginsburg 
is the Director of Research and Development of Vistech Consultants, Inc., of 
Dayton, Ohio, as well as an Adjunct Associate P r o f e s s o r  of Psychology at 
siright State University. A correspondent-at-large and a working member on 
Emerging 'Jisual Techniques for the National Committee on Vision, Dr. Ginsburg 
a l s o  ser-ies. internationally as the consultant for Visual Performance to the 
Commission Internationale de E'Clairage (CIE). 

During. his career in the Air Force, 

Dr. Ginsburg pioneered the application of basic vision research on a 
human vision model along with relating contrast sensitivity to new 
performance-based vision tests. Furthermore, he conducted the initial 
research showing that individual contrast sensitivity quantifies visual 
capability in the detection and identification of targets under both simulated 
and actual conditions. His invention of a chart system able to provide fast, 
accurate contrast sensitivity functions is changing the field of vision today. 
Dr. Ginsburg lectures extensively both nationally and abroad, and is the 
author of many articles and papers in professional journals on the subjects of 
basic and applied vision. 

Dusk is falling over the mountainous terrain, the icy rain is showing no, 
signs of abatement, and the Air Force pilot is doing his best ot maintain 
complete control of the F-16. Between the environmental conditions and the 
stress O E  straining to clearly see the data in the heads-up display, though, 
this pilot is 'becoming fatigued. Whfle little can be done about the 
surroundings, the pilot's visual capability, the HUD system and their 
relationship to the pilot's safety and success merits examination., This paper 
provides a review of research that uses contrast sentitivity technology to 
provide new metrics of visual and display quality [l]. 
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Figure 1: The c o n t r a s t  s e n s i t i v i t y  f u n c t i o n s  of t h r e e  p i l o t s .  Even though 
p i l o t  C has  20/20 a c u i t y ,  h i s  c o n t r a s t  s e n s i t i v i t y  t o  l a r g e r  o b j e c t s  a t  0 . 5  - 
3 S t u d i e s  have 
shown t h a t  p i l o t  B vi11 d e t e c t  and i d e n t i f y  l a r g e  t a r g e t s  b e t t e r  t han  p i l o t  C .  

c y c l e s  per  deg ree  is  lower than  p i l o t  B having lower a c u i t y .  

. 
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C o n t r a s t  S e n s i t i v i t y  and V i s u a l  Performance 
b -  

'Ji-;ion s:.ini!.irlis f o r  p i l o t s  a r e  based on t h e i r  a b i l i t y  t o  s e e  high 
c o n t r a s t  black-and-whiLe c a r g e t s  on a n  eye char:. C u r r e n t  v i s i o n  s c i e n c e  
provides  evidence o f  t h e  s e r i o u s  l i m i t a t i o n s  of  p r e s e n t  eye c h a r t s  t o  measure 
. r i s u a l  he3l:h o r  p e r f o r m n c e  c a p a b i l i t y  1 2 ; .  J u s t  as h e a r i n g  t e s z s  use tones  
o f  d i f f - z r+ r : t  lou? i iess  3rd sound freql.iencit-s to t e s t  cluciitory c e l l s  tuced t o  
JiE'.'errn: r~:i;es o f  so i ind ,  modern *J i s ion  : s s t s  mus: use targe:s o f  d i f f e r e n L  
contr3s:s and s?a:i~l f r + q u e n c i e s  o r  s i z e s  t o  tes :  visual c e l l s  tuned t o  
d i f f e r e n t  sizes. Sine-wi- ie  g r a t i n s s ,  n o t  L e t t e r s  o r  d i s k s ,  ar:2 used a s  t e s t  
tar3e:s f o r  two major r e a s o n s .  F i r s t ,  any complex t a r g e t  can  be d e s c r i b e d  by 
a combination of  sine-wa*/e g r a t i n g s  having d i f f e r e n :  ampl i tudes  and 
OKi2n:~lti ,~r.s .  Secondly,  sine-wn-ie g r a t i n g s  a r e  t h e  m o s t  sznsit i*.*e v i s i o n  :est 
tar je :s  i 3 , i ; .  

T;?s r e s u l t  o f  tes:ing v i s u a l  t h r e s h o l d  c o n t r a s t  t o  s ine -wave  g r a t i n g s  i s  
a con:rast s e n s i t l ' i i t y  c u r v e .  C o n t r a s t  sensi:i*li:y cur-ies can *:ar:r betireen 
i r ?d iv iduJ l s  [ 5 , 6 ; ,  a s  shown i n  Figure 1. These k inds  o f  d i f f e r e n c e s  i n  
contras':  s e n s i t i v i : y  b e m e e n  p i l o t s  have been shorn t o  r e l a t e  t o  t a r g e t  
dz:ec:ion range i n  f l i g h t  s i m u l a t o r s  [ 7 ]  (F igu re  2 )  and i n  f i e l d  t r a i l s  [ a ] .  
For exJmpls,  t he  a-:erage d i f f e r e n c e  i n  d e t e c t i o n  range d i s t a n c e  i n  the  f i e l d  

These Larse d i f f e r e n c e s  occured even though a l l  p i l o t s  had a c u i t y  of  20/20 or 
b e t t e r .  C l e a r l y ,  t h o s e  kind o f  d a t a  war ran t  s e r i o u s  c o n s i d e r a t i o n  of  c o n t r a s t  
se: is i t ivi t : I  as a v i s i o n  s t a n d a r d  [ ' ? , 6 ] .  

-.- ~ . . i i l s  was 1 .96  m i l e s ;  average d e t e c t i o n  time d i f f e r s n c e  was 56 seconds.  

SCOTOPfC CONTRAST SENSITIVITY VS. DETECTION DISTANCE 
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SCOTOW CONTRAST S O W T " Y  
Figure 2 :  Data showing t h e  r e l a t i o n s h i p  between c o n t r a s t  s e n s i t i v i t y  and 
a c u i t y  t o  p i l o t  d e t e c t i o n  range i n  a f l i g h t  s i m u l a t o r .  There is a 
n o n s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  between t h e  v i s u a l  a c u i t y  of  ' t h e  p i l o t s  
and d e t e c t i o n  r ange .  There i s  a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  between t h e  
peak c o n t r a s t  s e n s i t i v i t y  of t h e  p i l o t s  and d e t e c t i o n  r ange .  
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VISION CONTRAST TEST SYSTEM 
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Figure 3 :  The 0bserver:reports the 
orientation of the l a s t  s tr iped patch for each l ine  (spatFal frequency). The 
correct response i s  p lo t ted  for each l i n e  t o  create a contrast  s e n s i t i v i t y  
curve. The t e s t  takes l e s s  than one minute. 

The Vision Contrast Test System ( V C T S ) .  
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G i l l  new v i s i o n  s t a n d a r d s  based on c o n t r a s t  s e n s i t i v i t y  keep more p i l o t s  
0 1 - 1 ~  o f  t h e  c o c k ? i t  :!-at v i sua l  a c u i t y ?  The answer appears  t o  be no. I f  
c o n t r a s t  sensi t i . r i t ; r  c r i t e r i o n  were used on p r e s e n t  p i l o t s  r a t h e r  than a c u i t y , .  
more would probably remain i n  t h e  c o c k p i t  [Z]. Acui:y has  never  been shown t o  
r e l a t e  wel l  t o  v i s u a l  performance. The r e c e n t  s t u d i e s  r e p o r t e d  h e r e  f u r t h e r  
s u ? ? o r t  e a r l i z r  E inCings. T h e r e f o r e ,  o t h e r  than h i s t o r i c a l  p r e c e d e c t ,  why 
j h o l l l j  a c * ~ i t : ~  be used  3s ths  st , in&rd f o r  d e t a r n i n i n g  p i l o t  v i s u a l  capabili::r'.' 
Anis is an es?t?cia:!;~ import3nt q u s s t i o n  xhen research  shows t h a t  t h e  peak of 
-,he con:;Jst s e n s i r i , i i t : r  ftlnccion is  more important f o r  p i l o t  v i s u a l  
perforinar.ce than a r e  t h e  h i g h e s t  s p a t i a l  f r a q u e n c i e s ,  whish r e l a t a  t o  ?O/?O 
a s u i t : ~  [ 7 , 8 : ,  C o n t r a s t  sensi : i - / i ty  may provide a more r a t i o n a l  b a s i s  f o r  
d e c i d i n g  whether t o  t r a i n  a p i l o t  c a n d i d a t e ;  whether t o  ha-:e a p i l o t  f l y  a 
:a:iXar, t r a n s p o r t s r ,  bonbzr ,  o r  t h e  h i g h e r - p e r f o r m "  a t t a c k  o r  
reconnalss3nce a i r c r a f : ;  as  w e l l  a s  whe:her age o r  eye damage has  reduced 
*J i sua l  c3pabi l i t : r  s lgn i f lcan: ly  t o  affec:  p i l o t  per for imnce .  Now t h a t  
r ~ s s . i r c h  h a s  shown how v i s u a l  capabi1it:r can be r e l a t e d  t o  p i l o t  performance, 
i: i s  reasonable  t o  b e g i n  a program i n c o r p o r a t i n g  c o n t r a s t  s z n s i t i v i t y  i n t o  
:he p i l o t  s e l e c t i o n  process  and crea:ing o p e r a t i o n a l l y - r e l e v a n t  v i s i o n  
s t a n d a r d s ,  i n  o r d e r  t o  op t imize  f l y i n g  s a f e t y  and performance. With t h e  
c r e a t i o n  of a new c o n t r a s t  s e n s i t i v i t y  c h a r t ,  shown in Figure 3 ,  c o n t r a s t  
sensiti-:i:y t e s t i n g  c a n  e a s i l y ,  q u i c k l y ,  and inexpensively be accomplished by 
:?.e c l i n i c i a n ' s  a i d e  i3.10;. 

-1 

C o n t r a s t  S e n s i t i v i t y  and Display Q u a l i t y  

C o n t r a s t  s e n s i t i v i t y  technology is n o t  j u s t  f o r  t e s t i n g  v i s i o n ;  i t  is 
a l s o  proving u s e f u l  f o r  e v a l u a t i n g  d i s p l a y  q u a l i t y  [ll]. Head-up d i s p l a y s  
(HUDs), which a l low t h e  p i l o t  t o  s imul taneous ly  see main t a r g e t s  and a i r c r a f t  
d a t a .  a r e  i n c r e a s i n g  i n  u s e .  Although see- through v i s i b i l i t y  i s  a primary 
d e s i r e d  c h a r a c t e r i s t i c ,  many convent iona l  HUD systems have v i s i b i l i t y  
q u o t i e n t s  of  on ly  50 t o  70%.  Losses i n  v i s i b i l i t y  can be a t t r i b u t e d  t o  
s e v e r a l  f a c t o r s ;  among them, l i g h t  s c a t t e r i n g ,  g l a r e ,  r e f l e c t i o n s ,  and 
t r a n s m i s s i o n .  U n f o r t u n a t e l y ,  j u s t  as i n  t h e  p r a c t i c e  of  measuring a c u i t y ,  
d i r e c t  measurements of  those  f a c t o r s  have n o t  e x h i b i t e d  a d i r e c t  r e l a t i o n s h i p  
t o  p i l o t  performancs and r e s u l t a n t  v i s u a l  c a p a b i l i t y .  T h e r e f o r e ,  a more , 
g e n e r a l  app,roach is  needed. 

b 
I 

A n a l y t i c a l  throughput  i s  t h e  a b i l i t y  t o  c h a r a c t e r i z e  a p p l i c a b l e  t a r g e t  
d a t a  i n  t h e  same language used t o  d e s i g n a t e  system c a p a b i l i t y ,  v i s u a l  
p r o c e s s e s ,  and performance m e t r i c s  such a s  d e t e c t i o n  r a n g e .  Without 
a n a l y t i c a l  th roughput ,  t h e  process  of s p e c i f y i n g  d i s p l a y  m e t r i c s  is 
c o n s i d e r a b l y  l i m i t e d .  I n  s p i t e  of t h i s ,  a system of  performance-based metr ic4 
may knowledge 
about  v i s i o n .  

be developed u t i l i z i n g  l i n e a r  systems a n a l y s i s  and t h e  growing 
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The rela:ivel;r ne.+Pxrea of c o n t r a s t  s e n s i t i v i t : r  p r ~ v l d e ~  s i n g u l a r  promise 
f o r  d e t e c t i o n  r x g e  corr2:a:isn. Firs:, sine-wa-ie g r a t i n g s  inaged through a 
dLs??a;r system produce a c o n t r a s t  sens i : iv l ty  f u n c t i o n  t o  which detecEion 
rscge can be corre1a:ad [ a ] .  Regions i n  t h e  c o n t r a s t  s e n s i t i v i t y  f u n c t i o n  
relaze t o  t h e  s ? a t i a l  frequer.c;I bandvid th  of  p e r t i n e n t  t a r g e t  inEorma:ion. 
Since the  c o n t r ~ s :  s e n s l c L v i t y  €- inc t ion  ma:f then be l i n k e d  t o  l o s s e s  i n  targe: 
cor-.:r3~: ar.d dzti?c:lon rir .ge,  t h i s  measure is  a p p l i e d  t o  :5e probiz3  of 2UD 
opzics  and t h e i r  i n d i - i i d u a l  ger.era1 q u a l i t i e s .  

I n  swmary, t h e  p r e s e n t  m e t r i c  s t a n d a r d s  used f o r  a*ra?uacion 
u n s a t i s f a c t o r i l y  test t h e  HL'D u n i t s .  Even wi th  spec i f ica : ions  thd: meet the 
re,;uirsnnznt; f o r  gl-Jen a s p e c t s  ( i . e .  o p t i c a l  t r a n s n i s s i o n )  , p i l o t  compl.iints 

The c o n t r a s t  sensitivi::r f u n c t i o n  of t h e  HUD can be used a s  an  i n d i c a t o r  
o f  the  HUD's a b i l i t y  t o  t ransmi t  t a r g e t  c o n t r a s t  in format ion .  The o b s e m e r ' s  
c o n t r a s t  s e n s i t i v i t y  is  measured while  viewing through the  H U D .  This 
information &:ermines the  visr ia l  c o n t r a s t  s e n s i t i v i t y  of  t h e  HUD. Thus, the 
o'nsar*.'er f.ir.ctions a s  a c o n t r a s t  d e t e c t o r ,  p rovid ing  b a s z l i n e  v a l u e s  f o r  o t h e r  
:+s t ing  c o n d i t i o n s .  S i n i l a r  t o  s t a n d a r d  c o n t r d s t  s e n s i t i v i t y  t e s t c n g ,  the  
con:rast s e n s i t i v i t y  f u n c t i o n  measurements a r e  performed wi th  a 
nicroprocessor-controlled p o r t a b i e  computer o r  photographic p l a t e s  [ i 3 ] .  The 
3 a l n  O K  loss of t h r e s h o l d  c o n t r a s t  f o r  the  HUD is t h e  c o n t r a s t  sensi t ivi :y  c; . .~erence  C C  between t h e  observa t ion  o f  g r a t i n g s  around and through the  H U D .  

X recent  s t u d y  used c o n t r a s t  s e n s i t i v i t y  t o  t e sc  HUDs ( 1 2 1 .  To tes: the 
c o n t r a s t  s e n s i t i v i t y  o f  t h e  head-up d i s p l a y s  under l a b o r a t o r y  c o n d i t i o n s ,  a 
c o n s t a n t  l i g h t i n g  environment was c r e a t e d .  Sky c o n d i t i o n s  o f  a b r i g h t  b u t  
cloudy day were then  s imula ted .  L i g h t s  o t h e r  than those used i n  the  s imula tor  
were t u r n e d - o f f  f n  ordt-r t o  e v a l u a t e  c o n t r a s t  sc ins l t iv i  ty L O S S C ~ S  cat t r t *d  by 
t ransmiss lon  losses of  the H U D  o p t i c s .  Three W D  u n f t s  were used i n  t h i s  
s t u d y :  AFTI, Product ion ,  and LXVTIRN. These t h r e e  systems were then 
e v a l u a t e d  under t h r e e  c o n t r a s t  s e n s i t i v i t y  c o n d i t i o n s :  b a s e l i n e  CS without  
the H I J D .  CS rhrortfih tht- c.Priter of  t h e  lower  HlJD, ani1 throciy,h (hc. c(Bnti-r o €  thv  
n y v 1 ) r t w .  TIio cry~* l , row t . o i i t I I  t Lon w.i:i p o t  l o i  i i i t ! t I  o i i l y  o i l  L l i c  AI?I'l u i i t l  I A N ' I ' I K N  
u n l t s .  HLgh and jow lulilinance l e v e l s  were imposed d u r i n g  t h e  t e s t i n g .  For, 
a l l  HUDs, v i s o r - u p  and visor-down r e s u l t s  were recorded.  

Comparable s p a t i a l  frequency l o s s e s  i n  c o n t r a s t  s e n s i t i v i t y  were produced 
d u r i n g  t h e  l i g h t s - o f f  phase.  From t h i s ,  it can be i n f e r r e d  t h a t ,  corresponding 
1.osses i n  t r a n s m i s s i o n  r e s u l t e d .  I n  a d d i t i o n ,  l o s s e s  f o r  a l l  s p a t i a l  
f requencies  f o r  each o f  t h e  HUDs i n d i c a t e d  s i m i l a r  l i g h t  s c a t t e r , ,  g l a r e  and 
r e f l e c t i o n  Both the  A F T I  and c a s u a l  f a c t o r s  d u r i n g  t h e  l i g h t s - o n  c o n d i t i o n .  

* .  
' d 4 .  . 
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TRY e y e b r o m  mezishtements e x h i b i t e d  s i g n i f i c a n t  d e c r e a s e s  i n  c o n t r a s t  
i:ivi:y. For average viewing c o n d i t i o n s ,  no important  d i f f e r e n c e s  i n  
r a s t  s e n s i t i v i t y  were d e t e c t e d .  F i n a l l y ,  the  l a r g e s t  h igh  spat ia :  

frequency l o s s e s  were i c c u r r e d  i n  the  visor-down s t a t e .  

Fur:!-.?r e:iamLnation o f  the  r e l a t i o n s h i p  of c o n t r a s t  sensi:lvit;I t o  HCD 
s:rstems r e q u i r e d  e-:a:ua:ion' under r e a l  -world luminance c o n d i t i o n s .  To provide 
f o r  t h e  greJ:est degree of  accuraclr i n  t h e  r e s u l t s ,  com?arisons to the  
L ~ ! > o : ~ ~ ~ o r ; f  dJt.1 were needed. As w i ~ h  the  previous e x p e r i a e n t s ,  th ree  h'L 'Ds;  
:b,e ATTI .  Prr)c!uction, and LUTXXX; were u s e d .  The three. F - 1 6  a i r c r a f c s  
c , ,ntaining the  H U D s  were *parked perpendicular ly  t o  the  s u n ' s  p a t h  a t  zen ich .  
This W J S  done t o  prevent  "sunspots"  vhich could a f f e c t  one o r  more of  the 
H L ' D s ,  p o s s i b l y  rasu l t in .3  i n  u n r e l i a b l e  daca.  Accordingly,  t h e  c o n t r a s t  
ser.si:i.ri:jr measurements were compleied between s u n r i s e  and s u n - z e n i t h .  
Canopy r e f l e c t i o n s  were e1imina:ed us ing  opaque b l a c k  c l o t h  taped t o  the 
c ~ n o p i e s .  Unifor3L::r of resul:s i las  ensured by u s i n g  t h e  same p i l o t s  from the 
laboratory e x p e r i n e n t s .  Fur ther  coherence was achieved wi th  simultaneous 
measurements of t h e  t h r e e  HUD c o n t r a s t  s e n s i t i v i t y  l e v e l s .  Here aga in .  the  
readifigs *Jete t a k e n  i n  t h e s e  p o s i t i o n s :  b a s e l i n e  CS without  t h e  H U D ,  CS 
t5rough t5.e c e n t e r  of t h e  l o v e r  HVD,  and through t h e  c e n t e r  of  :he eyebrow f o r  
t h e  A X 1  and L4:iTIRN HCCs. 

The r e s u l t s  o f  t h e s e  t e s t s  showed g r e a t e r  c o n i r a s t  s e n s i t i v i t y  l o s s e s  f o r  
:!?a LL'iTIiWI and Product ion H U D s  where c o n t r a s t  s e n s i t i v i t y  was measured i n  the  
c e n t e r  of t h e  H U D s  and f o r  average viewing c o n d i t i o n s .  The l a r g e s t  c o n t r a s t  
s s n s i t i v i z y  l o s s e s  measured i n  the  eyebrow were from t h e  A F I ' I ,  HUD,  f o r  the  
h i g h e r  s p a t i a l  f r e q u e n c i e s .  Fac tors  r e l e v a n t  t o  t h e  l o s s e s  were g l a r e  and 
t ransmiss ion .  Losses i n  t h e  eyebrow measurements a t  t h e  lower s p a t i a l  
s i g n i f i c a n t  f r e q u e n c i e s  were noted wi th  the  WNTIRN HUD,  due t o  r e f l e c t i o n s .  
The small bu t  important  c o n t r a s t  s e n s i t i v i t y  d i f f e r e n c e s  s e e n  i n  f i e l d  
c o n d i t i o n s  b u t  n o t  i n  t h e  1abora:ory r e f l e c t  composi tes  of  oppos i te  
i n t e r a c t i o n s  of  s e v e r a l  HUD l o s s e s  i n  t h e  f i e l d .  

Evalua t ion  of  t h e  HUD u n i t s  c e n t e r s  p r i m a r i l y  on t h e  measurement o f  some 
of  t h e  systems e l e m e n t s ,  i n c l u d i n g  l i m i t i n g  r e s o l u t i o n ,  t r a n s m i s s i o n  loss, and 

' t h e  number of g r a y  shades .  However, s i n c e  t h e s e  f a c t o r s  e x h i b i t  l i t t l e  a 

r e l a t i o n  tq r e a l - w o r l d  performance c a p a b i l i t y ,  a b e t t e r  method of  a p p r a i s a l  is 
r e q u i r e d .  Accordingly,  c o n t r a s t  s e n s i t i v i t y  measurements provide  f o r  d i r e c t ,  
r e l a t i o n  of t a r g e t  in format ion  t o  d i s p l a y  c a p a b i l i t y  and p i l o t  performance. 

Targe t  c o n t r a s t  and d e t e c t i o n  range a r e  dependent on changes i n  the  
c o n t r a s t  s e n s i t i v i t y  of  t h e  d i s p l a y  and observer .  The r e s u l t s  ,of the  t r i a l s  
p.reviously d i s c u s s e d  confirm t h e  u s e f u l n e s s  of  c o n t r a s t  s e n s i t i v i t y  f u n c t i o n s  
t o  p r a c t i c a l  a p p l i c a t i o n s  i n  heads-up d i s p l a y s ,  Although t h e s e  , t e s t s  were 
l i m i t e d  t o  s p e c i f i c  c o n d i t i o n s ,  t h e  r e s u l t s  i n d i c a t e  t h e  need f o r  f u r t h e r  
c o n s i d e r a t i o n  a s  t o  v i s i b i l i t y  l o s s e s  i n  HUD u n i t s .  Moreover, s i n c e  these  
decreased  v i s i b i l i t y  l o s s e s  i n  t h e  H U D s  i n c r e a s e  t h e  workload and d e t e c t i o n  
times f o r  p i l o t s ,  t h e  r e s p o n s i b i l i t y  f o r  t h e  s a f e t y  and s u c c e s s  o f  a p i l o t  on 

.N * 
3' .. # ., 
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a given m i s s i o n  depends.,. i n  p a r t ,  on t h e  HUD. S i x  t o  e i g h t  p e r c e n t  was the  
J ~ J ~ K ~ J ~  d e t s c t l o n  per:.ilt:i for  the  HU3s t e s t e d  h e r s ,  a l though the  H U D s  t e s t e d  
were o f  t h r e e  d i f f e r e n t  t y p e s .  I n  c o n c l u s i o n ,  t h e  c o n t r a s t  s e n s t t i v i t y  
e v a l u a t i o n s  f o r  b o t h  p i l o t s  and HSDs have been shown t o  be  meaningful f o r  
safe:;/ and p e r f o r m n c a  reasons.  
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K:dr.: G i l l i n g h m  yas born i n  Bad Axe, YLcnigan, on 16  J u l y  1 9 2 8 ,  and grew 
up i n  Yidland and A r m  ArSor, Xichigan.  He graduated from Ann Arbor High 
Schoo? In 1 9 5 6 ,  ar.d at:anded the  Uni*rersit;r of Xichigan College o f  Li:era:ure, 
Scic?r.cz and Arts before  e n t e r i n g  t h e  L'ni*rersity of Y i c h i S m  Xedical  Sc5ool i n  
L959. kfi i le  i n  a e d i c a l  s c h o o l ,  he developed i n t e r e s t s  i n  both medical 
research  and avia:ion; and a s  a N a t i o n a l  Science Foundation Fellow i n  1 9 6 1 ,  he 
begar. h i s  r e s e a r c h  i n  v e s t i b u l a r  mechanisms. Upon g r a d u a t i o n  from medical 
schoo! in  1 3 6 3 ,  he repor ted  f o r  m i l i t a r y  duty a t  USAF H o s p i t a l  YrighE- 
PJ t tezson ,  vhere  he d i d  h i s  i n t e r n s h i p .  He then v e n t  t o  t h e  USAF School of 
Azrospace Xedicine t o  take t h e  Aerospace Xedicine Primary c o u r s e ,  and rsna ined  
t h e r e  from 196; t o  1967  a s  a f l i g h t  surgeon engaged i n  r e s e a r c h  and teaching  
i n  the , f i e l d  of  v e s t i b u l a r  phys io logy ,  s p a t i a l  d i s o r i e n t a t i o n ,  and motion 
s i c k n e s s .  he continued h i s  c i - r i l i a n  p i l o t  t r a i n i n g ,  
o b t a i n i n g  a commercial p i l o t  l i c e n s e  w i t h  mult iengine and ins t rument  r a t i n g s .  
L'pon completion o f  h i s  A i r  Force commitmemt, he j o i n e d  t h e  f a c u l t y  o f  t h e  
Universi:y of  Iova College of  Medicine a s  A s s i s t a n t  P r o f e s s o r  of 
Otolaryngology. I n  t h a t  p o s i t i o n ,  he conducted v e s t i b u l a r  r e s e a r c h ,  t e a c h i n g ,  
and c l i n i c a l  e v a l u a t i o n  of p a t i e n t s  w i t h  v e r t i g o .  I n  1969, Dr. Cil l ingham 
resumed h i s  academic t r a i n i n g ,  e n t e r i n g  the  U n i v e r s i t y  of  Iowa Graduate 
College a s  a S p e c i a l  Rasearch Fellow of  the  Nat ional  I n s t i t u t e s  of  H e a l t h .  
A f t e r  o b t a i n i n g  a Ph.D. i n  Physiology and Biophysics i n  1973 ,  he r e t u r n e d  t o  
t h e  School of Aerospace Medicine a s  a research  medical o f f i c e r  i n  t h e  C r e w  
Technology D i v i s i o n ,  where he h a s  been p r i m a r i l y  occupied wi th  high-G . 
r e s e a r c h ,  t e a c h i n g ,  and aeromedical  e v a l u a t i o n  u s i n g  t h e  USAFSA? human , 
cent r i fuge . ,  H i s  major i n t e r e s t s  and e f f o r t s  have been i n  q u a n t i f y i n g  
a c c e l e r a t o r y  s t r d s s e s  of f l i g h t ,  determining t h e  p h y s i o l o g i c  and pa thologic ,  
responses  t o  h igh-C s t r e s s ,  and t r a i n i n g  a i rc rew t o  recognize  t h e  hazards  of 
high-G s t r e s s  and employ proper  means of p r e v e n t i n g  G-induced loss of 
consciousness  i n  f l i g h t .  H e  has  r e c e n t l y  become involved a g a i n  i n  s p a t i a l  
d i s o r i e n t a t i o n  r e s e a r c h  and t e a c h i n g ,  and has been engaged i n  t h e  development 
of -ground-based devices  f o r  demonstrat ing t o  a i r c r e w  t h e  e f fec ts  o f  s p a t i a l  
d i s o r i e n t a t i o n  i n  f l i g h t .  

Durtng t h e  same p e r i o d ,  

' ,  
Dr. Gil l ingham is a member o f  t h e  Aerospace Medical A s s o c i a t i o n ,  t h e  

Aerospace P h y s i o l o g i s t  S o c i e t y ,  L i fe  Sciences and Biomedical Engineering 
Branch, and Space Medicine Branch c o n s t i t u e n t  o r g a n i z a t i o n s .  He r e c e i v e d  t h e  - 
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Arno!J B .  T u t t l e  an<&- H.lrry C .  Xoselay awards o f  t h e  Aerospace Nedical 
Assoc ia t ion  i n  1'177 ar.f.1 L')8.i, r e s p e c t i v e l y ,  and was e l e c t e d  a Fellow o f  t h e  
Aerospace Xedical  A s s o c i a t i o n  i n  1980.  He is a l so  a member of  t h e  Phi Beta 
Kappa and Alpha Omega Alpha honor s o c i e t i e s ,  and t h e  Sigma Xi s c i e n t i f i c  
r e s e a r c h  s o c i e t y .  His p u b l i c a t i o n s  inc lude  29 s c i e n t i f i c  pape r s  ar.d s i x  
tzu:book chap:ers o f  z.hich he is first authl i r .  and L O  s c i e n t i f i c  n r t i c : e s  o f  
which ha is C O - J U ~ ~ O ~ .  8 r .  Gil l ingham Lives vL:h h i - ,  w i f e .  J.i::e:, . ~ n d  t t l e i r  
four c h i l d r e n  on a sn~ :L  ranch n e a r  F l o r e s v i l l e ,  Te:ta.s. Lorking on :he r anch ,  
p:ayi:.p, b a s k e t b a l l .  and f l : r ing h i s  Cessaa 210 a r ?  h i s  p r i n c i p a l  avocat  i ons .  
D r .  s e v e r a l  
a i r c r a f t ,  i n c l u d i n g  a T - 6 ,  Cessna 130, 1 8 2 ,  and 1 3 5 .  

G i l l l n y h m  h a s  been a p r i v a t e  p f l o t  for many y2a r s  arid has  owned 
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I The evolution of man saw him develop over millions of years 
as an aquatic, terrestrial, and even arboreal creature, but never 
an aerial one. In this development he subjected himself to, and 
was subjected to, meny different varieties of transient motions, 
but not to the relatively sustained linear and angular acceler- 
ations commonly experienced i n  aviation. As a result, he 
acquired sensory systems well suited for maneuvering under his 
own power on the surface of the earth but poorly suited for 
flying. Even the birds, whose primary mode of locomotion is 
flying, are unable to maintain spatial orientation and fly 
safely when deprived of vision by fog or cloud. Only bats seem 
to have developed the ability to fly without vision, and then 
only by replacing vision with auditory echolocation. Considering 
man's phylogenetic heritage, we should not be surprised that his 
sudden entry into the aerial environment results in a mismatch 
between the orientational demands of the new environment and his 
innate ability to orient. The manifestation of this mismatch is 
spatial disorientation. 

An illusion is a false percept. An 
is a false percept of one's position, attitude, or motion, 
relative to the plane of the earth's surface. Thus, misper- 
ceptions of displacement, velocity, or acceleration--either 
linear or angular--result in orientational illusions. A great 
variety of orientational illusions occur during flight: some 
named, some unnamed; some understood, some not understood. 
Those that are sufficiently impressive to cause pilots to report 
them, whether because of their repeatability or because of their 
emotional impact, have been described in the aeromedical litera- 
ture, and will be discussed here. We categorize the illusions 
in flight into those resulting primarily from visual misper- 
ceptions and those involving primarily vestibular errors. 

1 Illusiong. There are two different modes of visual 
processing, the focal (foveal) mode and the ambient (peripheral) 
mode. Generally speaking, focal vision is concerned with object . 
recognition and ambient vision is concerned with- spatial orien- . 
tation. .But s,ome visual orientation tasks in flying--e.g. , 
approach to landing--require a great deal of focal vision, and, 
such tasks can be made extremely difficult by illusions resulting 
from misinterpretation of focal visual cues. The i.l,,= 

and illusions are illustrative of this. 

_ _  - Figure la shows the pilot's view of the runway during a q  
approach to landing, and demonstrates the linear perspective and 
foreshortening of the runway that the pilot associates with a -  
3-degree approach slope. If the runway slopes upward 1 degree 
(a rise of only 35 m in a 2-km runway), the foreshortening of' 
the runway for a pilot on a 3-degree approach slope is sub- - 
stantially less (the height of the retinal image of the runway . 
is greater) than it wo'"be if the runway were level. This can ' 

'. .,*., 
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g i v e  t h e  i l l u s i o n  of b e i n g  t o o  h i g h  o n  t h e  a p p r o a c h .  T h e  
p i l o t ' s  n a t u r a l  response  t o  s u c h  a n  i l l u s i o n  i s  t o  r e shape  h i s  
image of  t h e  runway by s e e k i n g  a shallower approach  s l o p e  (F ig .  
lb). T h i s  r e s p o n s e ,  of course,  c o u l d  be h a z a r d o u s .  The o p p o s i t e  
s i t u a t i o n  r e s u l t s  uhen t h e  runway s l o p e s  downward. To p e r c e i v e  
t h e  accustomed runway sha2e  under  t h i s  c o n d i t i o n ,  t h e  p i l o t  m u s t  
f l y  a s t e e p e r  approach  s l o p e  t h a n  usual  ( F i g .  I C ) .  

F igu re  1. E f f e c t  of  runway s l o p e  on p i l o t ' s  image  of runway 
d u r i n g  f i n a l  a p p r o a c h  ( l e f t ) ,  a n d  p o t e n t i a l  e f f e c t  on 
a p p r o a c h  s l o p e  a n g l e  f lown ( r i g h t ) .  a. F l a t  runway 
- - n o r m a l  a p p r o a c h .  b. U p s l o p i n g  runway c r e a t e s  
i l l u s i o n  o f  b e i n g  h i g h  o n  a p p r o a c h - - p i l o t  f l i e s  . 
approach  t o o  low. c. Downsloping runway h a s  o p p o s i t e  . 

' , '  e f f f c t .  

A runway t h a t  i s  n a r r o w e r  t h a n  t h a t  t o  which a p i l o t  i s  
accustomed c a n  a l s o '  c r e a t e  a haza rdous  i l l u s i o n  on t h e  approach  
t o  l and ing .  T h e  p i l o t  t e n d s  t o  p e r c e i v e  t h e  nar row runway t o  be 
T o n g e r  a n d  f a r t h e r  away ( i . e . ,  t h a t  h e  i s  h i g h e r )  t h a n  i's 
a c t u a l l y  t h e  c a s e ,  a n d  h e  may f l a r e  t o o  l a t e  a n d  touch  down 
s o o n e r  t h a n  h e  e x p e c t s  ( F i g .  2 b ) .  L i k e w i s e ,  a runway t h a t  i s  
wider t h a n  what a p i l o t  is used  t o  c a n  l e a d  him t o  b e l i e v e  h e  is. . 
c l o s e r  t o  t h e  runway ( i . e . ,  l ower )  t h a n  h e  r e a l l y  is ,  and h e  may 
f l a r e  t o o  soon  and d r o p  i n  f rom t o o  h i g h  above  t h e  runway ( F i g .  . 
2c)  . B o t h  o f  t h e s s u t u n w a y - w i d t h  i l l u s i o n s  a r e  e s p e c i a l l y  : 

*: ..... 
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t r o u b l e s o m e  a t  n i g h t ,  w h e n  p e r i p h e r a l  v i s u a l  o r i e n t a t i o n  cues 
a r e  l a r g e l y  a b s e n t .  The  v e r y  common t e n d e n c y  f o r  p i l o t s  t o  
f l a r e  t o o  h i g h  a t  n i g h t  r e s u l t s  a t  l eas t  p a r t l y  f rom t h e  f a c t  
t h a t  t h e  runway l i g h t s ,  b e i n g  d i s p l a c e d  l a t e r a l l y  f rom t h e  
a c t u a l  e d g e  o f  th'e'  runway,  make t h e  runway seem w i d e r ,  a n d  
t h e r e f o r e  c l o s e r ,  t h a n  i t  a c t u a l l y  i s .  

3 a 

F i g u r e  2 .  E f f e c t  of runway w i d t h  on p i l o t ' s  i m a g e  of runway 
( l e f t )  and  p o t e n t i a l  e f f e c t  on approach  f lown ( r i g h t ) ,  
a .  A c c u s t o m e d  w i d t h - - n o r m a l  a p p r o a c h .  b .  Narrow 
runway makes p i l o t  f e e l  h e  i s  h i g h e r  t h a n  h e  a c t u a l l y  
i s ,  so  h e  f l i e s  approach  t o o  low and  f l a r e s  t o o  l a t e ,  . 
c .  W i d e  r u n w a y  a p p e a r s  c l o s e r  t h a n  i t  a c t u a l l y  ' 
i s - L p i l o t  t e n d s  t o  a p p r o a c h  t o o  h i g h  a n d  f l a r e  t o o  I 

soon.  
' 

The s l o p e  and  compos i t ion  of t h e  t e r r a i n  unde r  . t h e  approach  
- p a t h  c a n  a l s o  i n f l u e n c e  t h e  p i l o t ' s  judgment of h i s  h e i g h t  above 
t h e  touchdown p o i n t .  If t h e  t e r r a i n  descends  t o  the approach  
e n d  of t h e  runway l  t h e  p i l o t  t e n d s  t o  f l y  a s t e e p e r ' a p p r o a c h  
t h a n  h e  would i f  t h e  approach  t e r r a i n  were l e v e l  ( F i g .  3 a ) .  I f  
t h e  approach  t e r r a i n  s l o p e s  up t o  t h e  runway, on  t h e  o t h e r  hand, * 

t h e  p i l o t  t e n d s  t o  fly a l e s s  s t e e p  a p p r o a c h  t h a n  h e  would  - 
o t h e r w i s e  ( F i g ,  3b), Although e s t i m a t i o n  of h e i g h t  above t h e  
a p p r o a c h  t e r r a i n  d e p e a s - , o n  b o t h  f o c a l  and ambien t  v i s i o n ,  t h e  
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b 

c o n t r i b u t d o n  of  f o c a l  v i s i o n  i s  p a r t i c u l a r l y  c l e a r :  c o n s i d e r  
t h e  p i l o t  who l o o k s  a t  a b u i l d i n g  below him, and  s e e i n g  i t  t o  be  
c l o s e r  t h a n  s u c h  b u i l d i n g s  u s u a l l y  a r e ,  h e  seeks a h i g h e r  
a p p r o a c h  s l o p e . .  *-By t h e  same t o k e n ,  f o c a l  v i s i o n  a n d  s i z e  
c o n s t a n c y  a r e  r e s p o n s i b l e  f o r  poor  h e i g h t  and  d i s t a n c e  judgments 
p i l o t s  somet imes  make when f l y i n g  o v e r  t e r r a i n  h a v i n g  an  unfa: 
m i l i a r  compos i t ion  ( F i g .  4 ) .  A r e p o r t e d  example of t h i s  i s  t h e  
t e n d e n c y  t o  mis judge  approach  h e i g h t  when l a n d i n g  i n  t h e  A l e u -  
t i a n s ,  w h e r e  t h e  e v e r g r e e n  t r e e s  a r e  much s m a l l e r  t h a n  t h o s e  
t o  w h i c h  mos t  p i l o t s  a r e  a c c u s t o i n e d .  Such  h e i g h t - e s t i m t i o n  
d i f f i c u l t i e s  a r e  by n o  means  r e s t r i c t e d  t o  t h e  a p p r o a c h  and 
l a n d i n q  Phases  o f  f l i g h t .  One f a t a l  mishap o c c u r r e d  d u r i n g  a i r  
combat  t r a i n i n g  over  t h e  Southwest  D e s e r t ,  when t h e  p i l o t  of a 
h i g h - p e r f o r m a n c e  f i g h t e r  n p p a r e n t l y  misjudged h i s  h e i g h t  over  
t h e  d e s e r t :  f l o o r  b e c a u s e  of  t h e  small ,  s p a r s e  v e g e t a t i o n ,  and 
was unab ie  t o  a r r e s t  i n  t i n e  h i s  d e l i b e r a t e  d s s c e n t  t o  a ground- 
hugging a l t i t u d e .  

8 

_ -  
F i g u r e  3 .  P o t e n t i a l  e f f e c t  o f  s l o p e  o f  t e r r a i n  u n d e r  tlie 

approach  on approach  s l o p e  f lown.  a. Te rqa in  s l o p e 3  
down t o  runway;  p i l o t  p e r c e i v e s  h i m s e l f  t o  be  t o o  
s h a l l o w  o n  a p p r o a c h  a n d  s t e e p e n s  i t .  b. Upsloping - 
t e r r a i n  makes p i l o t  t h i n k  h e  i s  t o o  h i g h ,  s o  h e  
c o r r e c t s  by making approach  t o o  s h a l l o w .  

'a - 
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a 
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c -  

~ _-_ - .--- _I____ 

F i g u r e  4 .  Potential e f f e c t  of u n f a m i l i a r  compos i t ion  o f  aFproach 
t e r r a i n  on a2proach  s l o p e  f lown.  a. Normal approach  
over  trees of f a m i l i a r  s ize .  b. Unusual ly  s n a l l  t r e e s  
under  approach  p a t h  make p i l o t  t h i n k  h e  i s  too h i g h ,  
s o  h e  m k e s  h i s  approach  lower t h a n  u s u a l ,  

A wel l -known p a i r  of a p p r o a c h - t o - l a n d i n g  s i t u a t i o n s  t h a t  
c r e a t e  i l l u s i o n s  because  of t h e  a b s e n c e  of adequate f o c a l  v i s u a l  

1 a n d  o r i e n t a t i o n  cues a t e  t h e  Smooth U teE :  
s n o w - ( ; o v e l ; e  d a p p r o a c h e s .  A s e a p l a n e  p i l o t ' s  p e r c e p t i o n  o f  
h e i g h t  i s  degraded  s u b s t a n t i a l l y  when t h e  water below is s t i l l :  
f o r  t h a t  r e a s o n  h e  r o u t i n e l y  j u s t  s e t s  up a s a f e  descent r a t e  
and  waits f o r  t h e  s e a p l a n e  t o  touch  down, r a t h e r  t h a n  a t t e m p t i n g  
t o  f l a r e  t o  a l a n d i n g ,  when t h e  water i s  smooth.  A b l a n k e t  of 
f r e s h  snow on t h e  ground a l s o  d e p r i v e s  t h e  p i l o t  of v i s u a l  c u e s  
w i t h  which t o  estimate h i s  h e i g h t ,  t h u s  making h i s  approach  more 
d i f f i c u l t - - e x t r e m e l y  d i f f i c u l t  i f  t h e  runway, i s  a l s o  cove red  . 
w i t h  snow. Again,  a p p r o a c h e s  a r e  n o t  t h e  o n l y - r e g i m e  i n  which . 
smooth water apd  f r e sh  snow cause problems.  A number of a i r c r a f t  
have c r a s h e d  a s  a resul t  of p i l o t s '  maneuvering o v e r  smooth watet; 
o r  s n o w - c o v e r e d  g r o u n d  a n d  m i s j u d g i n g  t h e i r  h e i g h t  above t h e  
wa te r  o r  ground.  

( o r  g l a s s v  - watef 

I 

I n  d a y t i m e ,  f o g  o r  h a z e  can  make a runway appea r  f a r t h e r  
-away a s  a r e s u l t  of  t h e  loss o f  v i s u a l  d i s c r i m i n a t i o n .  Ak 
n i g h t ,  runway a n d  a p p r o a c h  l i g h t s  i n  fog or r a i n  a p p e a r  less 
b r i g h t  t h a n  t h e y  do  i n  c l e a r  wea the r ,  and  c a n  create  t h e ' i l l u s i o n  
t h a t  t h e y  a r e  f a r t h e r  away. I t  h a s  even  been r e p o r t e d  t h a t  a 
p i l o t  c a n  have  an  i l l u s i o n  of banking  t o  t h e  r i g h t ,  f o r  example, - 
i f  t h e  runway  l i g h t s  a r e  b r i g h t e r  o n  t h e  r i g h t  s i d e  o f  t h e  - 
runway t h a n  t h e y  are  ,OA khe l e f t .  Another  h a z a r d o u s  i l l u s i o n  of . 
t h i s  t y p e  c a n  occur  d u t i n g  approach  t o  l a n d i n g  i n  a s h a l l o w  fog ' 
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o r  h a z e ,  e s p e c i a l l y  d u r i n g  a n i g h t  a p p r o a c h .  The v e r t i c a l  
v i s i b i l i t y  under s y c h  c o n d i t i o n s  i s  much b e t t e r  t h a n  t h e  h o r i -  
z o n t a l  v i s i 5 i l i t y ,  s o  t h a t  d e s c e n t  i n t o  t h e  f o g  causes t h e  more 
d i s t a n t  a p p r o a c h  o r  runway l i g h t s  t o  d i n i n i s h  i n  i n t e n s i t y ,  a t  
t h e  same t i n e  t h a t  p e r i p h e r a l  v i s u a l  cues a r e  sudden ly  o c c l u d e d ‘  
by t h e  f o g .  T h e  r e s u l t  i s  a n  i l l u s i o n  t h a t  t h e  a i r c r a f t  has  
? i t c h e d  up, w i t h  t h e  concomi tan t  danger  of a nose-down c o r r e c t i v e  
a c t i o n  by t h e  p i l o t .  

Another c o n d i t i o n  i n  which a p i l o t  i s  a 2 t  t o  make a s e r i o u s  
n i s j u d g m e n t  i s  i n  c l o s i n g  o n  a n o t h e r  a i r c r a f t  a t  h i g h  speed .  
When h e  h a s  numerous p e r i p h e r a l  v i s u a l  cues by which t o  e s t a b l i s h  
h i s  own p o s i t i o n  a n d  v e l o c i t y  r e l a t i v e  t o  t h e  e a r t h  and  t h e  
t a r g e t ’ s  p o s i t i o n  a n d  v e l o c i t y  r e l a t i v e  t o  t h e  e a r t h ,  h i s  
t r a c k i n g  and c l o s i n g  problern i s  n o t  much d i f f e r e n t  from w h a t  i t  
would  b e  on t h e  g r o u n d  i f  h e  w e r e  g i v i n g  c h a s e  t o  a moving 
q u a r r y .  B u t  when r e l a t i v e  p o s i t i o n  and c l o s u r e  r a t e  cues m u s t  
c o n e  f r o m  f o v e a l  v i s i o n  a l o n e ,  a s  i s  g e n e r a l l y  t h e  case a t  
a l t i t u d e ,  a t  n i g h t ,  or  under o t h e r  c o n d i t i o n s  of reduced v i s i -  
b i l i t y ,  t h e  t r a c k i n g  and c l o s i n g  problem i s  much inore d i f f i c u l t .  
An o v e r s h o o t - - o r  w o r s e ,  a m i d a i r  c o l l i s i o n - - c a n  e a s i l y  r e s u l t  
f r o m  t h e  p e r c e p t u a l  d i f f i c u l t i e s  i n h e r e n t  u n d e r  s u c h  circum- 
s t a n c e s ,  e s p e c i a l l y  when t h e  p i l o t  l a c k s  e x s e r i e n c e  i n  t h e  
environment  d e v o i d  of p e r i p h e r a l  v i s u a l  cues. 

Two runway a p p r o a c h  c o n d i t i o n s  t h a t  c r e a t e  c o n s i d e r a b l e  
d i f f i c u l t y  f o r  t h e  p i l o t ,  a n d  w h i c h ,  l i k e  t h e  c l o s u r e - r a t e  
p r o b l e m s  d i s c u s s e d  a b o v e ,  r e s u l t  from t a s k i n g  f o c a l  v i s i o n  t o  
a c c o m p l i s h  by i t s e l f  w h a t  i s  n o r m a l l y  a c c o m p l i s h e d  w i t h  bo th  
f o c a l  a n d  a m b i e n t  v i s i o n ,  a r e  t h e  U a c  k-h- a n d  w h i t e o u t  
approaches .  A b lack -ho le  a p p r o a c h  i s  one t h a t  is made on a d a r k  
n i g h t  o v e r  w a t e r  or u n l i g h t e d  t e r r a i n  t o  a runway beyond which 
t h e  h o r i z o n  i s  i n d i s c e r n i b l e ,  t h e  wors t  c a s e  b e i n g  when o n l y  t h e  
runway l i g h t s  a r e  v i s i b l e  ( F i g .  5) . Without  p e r i p h e r a l  v i s u a l  
cues t o  h e l p  him o r i e n t  h imse l f  r e l a t i v e  t o  t h e  e a r t h ,  t h e  p i l o t  
t e n d s  t o  f e e l  he  i s  s t a b l e  a n d  s i t u a t e d  a p p r o p r i a t e l y ,  b u t  t h a t  

I t h e  runway i t s e l f  moves a b o u t  o r  r e m a i n s  m a l p o s i t i o n e d  ( i s  . 
d o w n s l o p i n g ,  f o r  example) . Such i l l u s i o n s  make- t h e  b l ack -ho le  ’ 
approach  ‘ d i f f i d u l t  and dange rous ,  and  o f t e n  r e s u l t  i n  a l a n d i n g  
f a r  s h o r t  of t h e  runway.  A p a r t i c u l a r l y  h a z a r d o u s  t y p e  o f i  
b l a c k - h o l e  a p p r o a c h  i s  o n e  made u n d e r  c o n d i t i o n s  where in  t h e .  
e a r t h  i s  t o t a l l y  dark  e x c e p t  for t h e  runway and  t h e  l i g h t s  of a 
c i t y  on r i s i n g  t e r r a i n  beyond t h e  runway. I t  has been obse rved  
t h a t  u n d e r  t h e s e  c o n d i t i o n s  t h e  p i l o t  t r i e s  t o * m a i n t a i n  ? 
c o n s t a n t  v e r t i c a l  v i s u a l  a n g l e  f o r  t h e  d i s t a n t  c i t y  l i g h t s ,  t hug  
c a u s i n g  h i s  a i r c r a f t  t o  a r c  f a r  be low t h e  $ n t e n d e (  approacYI 
s l o p e  a s  h e  g e t s  c l o s e r  t o  t h e  runway ( F i g .  6). An a l t e r n a t i v e -  
e x p l a n a t i o n  i s  t h a t  t h e  p i l o t  f a l s e l y  p e r c e i v e s  t h r o u g h  ambien t .  - 
v i s i o n  t h a t  t h e  r i s i n g  t e r r a i n  i s  f l a t ,  a n d  h e  l o w e r s  h i s  
approach  s l o p e  a c c o r d i n g l y .  

‘ rC I  - 
?* .,*.. 
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Figure 5 .  Effect of l o s s  of peripheral visual orientation cues 
on perception of runway orientation during a black- 
h o l e  approach. Above: When peripheral visual orien- 
tation c u e s  are absent, pilot feels upright and (in 
this example) perceives runway to be tilted left and 
upsloping. Below: With horizon visible, pilot orients 
himself correctly with peripheral vision and runway 
amears horizontal in central vision. 

, 
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Figure 6 .  A common and p a r t i c u l a r l y  dangerous type of black-hole 
approach, i n  which p i l o t  perceives d i s t a n t  c i t y  t o  be 
f l a t  and a r c s  below des i red  approach slope. 

An a p p r o a c h  made under w h i t e o u t  c o n d i t i o n s  can be a s  
d i f f i c u l t  a s  a black-hole approach, and for e s s e n t i a l l y  the same 
reason-- lack of s u f f i c i e n t  ambient v i s u a l  o r i e n t a t i o n  cues.  

I T h e r e  a r e  a c t u a l l y  two t y p e s  of w h i t e o u t ,  t h e  gf;mosokriq 

whiteout ' ,  a show-covered ground merges w i t h  a white overcast ,  
c r e a t i n g  a c o n d i t i o n  i n  which ground t e x t u r a l  cues a r e  absent'  
and t h e  h o r i z o n  is  indis t inguishable .  Although v i s i b i l i t y  may 
be un res t r i c t ed  i n  t he  atmospheric whiteout, t h e r e  is e s s e n t i a l l y  
nothing t o  see  except the  runway o r  runway markers; an approach 
made i n  t h i s  c o n d i t i o n  m u s t  t h e r e f o r e  be accomplished w i t h  p 
c l o s e  eye on t h e  a l t i t u d e  and a t t i t u d e  instruments t o  prevent' 
s p a t i a l  d i s o r i e n t a t i o n  and inadvertent ground contact,'. : I n  t h 6  
blowing-snow whi t eou t ,  v i s i b i l i t y  is  r e s t r i c t e d  d r a s t i c a l l y  by 
snowflakes, and o f t en  those snowflakes have been driven i n t o  t he  
a i r  by t h e  p r o p e l l e r  or rotor  wash of t h e  a f f ec t ed  a i r c r a f t .  
H e l i c o p t e r  l a n d i n g s  on snow-covered ground a r e  p a r t i c u l a r l y  

tt?ouL and t h e  blowina - hLhjteou . I n  t h e  a tmospheric  

0 -  c 
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l i k e l y  t o  c r e a t e  blowing-snow whiteout.  Typical ly ,  t h e  h e l i -  
c o p t e r  p i l o t  t r i e s  t o  ma in ta in  v i s u a l  con tac t  w i t h  t h e  ground 
during t h e  sudden rotor-induced whiteout,  gets i n t o  a n  unrecog- 
n i z e d  d r i f t  t o  one. s i d e ,  and  s h o r t l y  t h e r e a f t e r  c o n t a c t s  t h e  
ground w i t h  s u f f i c i e n t  l a t e r a l  motion t o  cause t h e  c r a f t  t o  r o l l  I 

ove r .  P i l o t s  f l y i n g  where w h i t e o u t s  can  occur  m u s t  be made 
aware of t h e  h a z a r d s  of whi teout  approaches, a s  t h e  disor ien-’  
t a t i o n  induced  u s u a l l y  occurs  unexpectedly under v i s u a l  r a t h e r  
than instrument meteorologic condi t ions .  

O n e  p u z z l i n g  i l l u s i o n  t h a t  occurs  when v i s u a l  o r i e n t a t i o n  
cues a r e  minimal is  v i s u a l  autokinesis 
l i g h t  s e e n  a g a i n s t  a dark background is  an  idea l  s t i m u l u s  f o r  
producing au tok ines i s .  After 6 t o  12 s of v i s u a l l y  f i x a t i n g  t h e  ’ 

l i g h t ,  one can observe i t  t o  move a t  anywhere between 0 . 2  and 20 
degrees/s ,  i n  one p a r t i c u l a r  d i r e c t i o n  o r  i n  s eve ra l  d i r e c t i o n s  
i n  succession.  Per iphera l  v i s u a l  a u t o k i n e s i s  i s  a s s o c i a t e d  w i t h  
smooth apparent  movements and l a r g e  apparent  displacements ,  while  
c e n t r a l  v i s u a l  a u t o k i n e s i s  i s  o f t e n  s a c c a d i c  o r  j e r k y ,  and 
r e s u l t s  i n  l i t t l e  apparent  displacement of the o b j e c t  f i x a t e d .  
I n  g e n e r a l ,  t h e  l a r g e r  t h e  ob jec t  and t h e  b r i g h t e r  t h e  ob jec t  
t h e  l ess  t h e  a u t o k i n e t i c  e f f e c t .  The shape of t he  o b j e c t  seems 
t o  have l i t t l e  e f f e c t  on t h e  magnitude of t h e  i l l u s i o n ,  however. 
Nor does providing a l a r g e r  number of o b j e c t s  n e c e s s a r i l y  reduce 
t h e  i l l u s o r y  e f f e c t ,  a s  m u l t i p l e  o b j e c t s  can appear t o  move, 
e i t h e r  a s  a u n i t  o r  independently,  a s  vigorously as one alone.  
The p h y s i o l o g i c  mechanism of v i s u a l  a u t o k i n e s i s  i s  not  uncler- 
s t o o d ;  i n  f a c t ,  i t  i s  n o t  even e s t a b l i s h e d  w i t h  c e r t a i n t y  
whether  a c t u a l  eye  movements a r e  a s soc ia t ed  w i t h  au tok ines i s .  
One s u g g e s t e d  explana t ion  f o r  t h e  a u t o k i n e t i c  phenomenon is t h a t  
t h e  e y e s  t e n d  t o  d r i f t  i n v o l u n t a r i l y ,  perhaps because of i n -  
adequate o r  i nappropr i a t e  v e s t i b u l a r  s t a b i l i z a t i o n ,  and c h e c k i n g  
t h e  d r i f t  r e q u i r e s  e f f e r e n t  oculomotor a c t i v i t y  having sensory 
c o r r e l a t e s  t h a t  c r e a t e  t h e  i l l u s i o n .  

Whatever t h e  mechanism, t h e  e f f e c t  of v i s u a l  a u t o k i n e s i s  on 
p i l o t s  i s  of g r e a t  importance. Anecdotes abound of p i l o t s  who 
f i x a t e  a s t a r  o r  a s t a t i o n a r y  ground l i g h t  a t  n i g h t ,  and see ing  

I it  move because of a u t o k i n e s i s ,  mistake i t  for another  a i r c r a f t  ’ 

and t r y  t o  i n t e r c e p t  o r  j o i n  up w i t h  i t .  An-other untoward ’ 
e f f e c t  o’f t h e ’  i l l u s i o n  o c c u r s  when a p i l o t  f l y i n g  a t  n i g h t  
p e r c e i v e s  a r e l a t i v e l y  s t a b l e  a i r c r a f t - - o n e  w h i c h  h e  m u s t ’  
i n t e r c e p t  o r  follow--to be moving e r r a t i c a l l y ,  when i n  f a c t  i t  
i s  not ;  t h e  unnecessary and undes i rab le  con t ro l  i n p u t s  t h e  p i l o t  
makes t o  compensate  f o r  t h e  i l l u s o r y  movement of t h e  t a r g e t  
a-ircraft  represent  increased  work and wasted motion a t  b e s t ,  an? 
an ope ra t iona l  hazard a t  worst .  

TO he lp  avoid o r  reduce t h e  a u t o k i n e t i c  i l l u s i o n ,  one s h o u l d  
t r y  t o  m a i n t a i n  a w e l l - s t r u c t u r e d  v i s u a l  environment i n  w h i c h  - 
s p a t i a l  o r i e n t a t i o n  i s  unambiguous. S i n c e  t h i s  i s  r a r e l y  
p o s s i b l e  i n  n i g h t  f l y i n g ,  i t  has been suggested t h a t :  (1) t h e  - 
gaze should be Shif ted-Prequent ly  t o  avoid prolonged f i x a t i o n  of 
a t a r g e t  l i g h t ;  ( 2 )  ‘ t h e p ’ t a r g e t  shou ld  be  viewed b e s i d e  o r  

I ’ ( F i g .  7).’ A smal l ,  dim 
I 

I 

I ,  . 
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t h rough ,  and i n  r e f e r e n c e  t o ,  a r e l a t i v e l y  s t a t i o n a r y  s t r u c t u r e  
s u c h  a s  a c a n o p y  b ~ w ;  ( 3 )  one s h o u l d  make eye ,  head ,  and body 
movenents t o  t r y  t o  d e s t r o y  t h e  i l l u s i o n ;  and ( 4 )  a s  a lways ,  one 
shou ld  moni tor  t h e  f l i q h t  i n s t r u m e n t s  t o  h e l p  p r e v e n t  o r  resolve.  
any p e r c e p t u a l  c o n f l i c t .  Equipping a i r c r a f t  ; i t h  more t h a n  one 
l i g h t  o r  w i t h  l u m i n e s c e n t  s t r i p s  t o  enhance  r e c o g n i t i o n  a t  n i g h t  
h a s  p r o b a b l y  he lped  reduce  problems w i t h  a u t o k i n e s i s .  
a b o l i s h e d  them, however. 

I t  has  n o t  

. .  

F i g u r e  7 .  V i s u a l  a u t o k i n e s i s .  A s m a l l ,  s o l i t a r y  l i g & t :  or  smail 
group o f  l i g h t s  s e e n  i n  t h e  dark c a n  a p p e a r  t o  move; 
when i n  f a c t  t h e y  a r e  s t a t i o n a r y .  

* r c r .  
. .  

*"- '  r: 
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S o  far we have discussed visual illusions created by 
excessive orientation-processing demands being placed on focal 
vision when adequate orientation cues are not available through 
ambient vision, o r  by strong but false orientation cues being 
received through focal  vision. But anbient vision can itself be 
responsible for creating orientational illusions whenever 
orientation cues received in the visual periphery are misleading 
or misinterpreted. Probably the nost compelling of such illusions 
are the y e c t i o ~  i 1 1 us ions . Vection is the visually induced 
perception of motion o f  the self in the spatial environment 
(self-notion), and can be a sensation of linear motion (linear 
vection) or ancjular motion (angular vection). 

Nearly everyone who drives an automobile has ex2erienced 
one very conmon linear vection illusion: when a driver is 
waiting in his car at a stop light and a presumably stationary 
bus o r  truck in the adjacent l a n e  creeps f o r w a r d ,  a compelling 
illusion that h i s  own car is creeping backward can result 
(prompting a swift but surprisingly ineffectual stomp on the 
brake). Another example is that of a passenger sitting in a 
stationary train when the train on the adjacent track begins to 
nove: he can experience the strong sensation that his own train 
is moving in the opposite direction (Fig. 8a). Linear vection 
is one of the factors that make close formation flying S O  
difficult, as the pilot can never be sure whether his own 
aircraft or that of his lead o r  wingman is responsible for the 
relative motion of his aircraft. 

Angular vection occurs when peripheral visual cues convey 
the information that one is rotating; and the perceived rotation 
can be in pitch, roll, yaw, or any other plane. Although angular 
vection illusions are not common in everyday life, they can be 
generated readily in a laboratory by enclosing a stationary 
subject in a rotating striped drum. Usually within 10 s after 
the visual motion begins, the subject perceives that he, rather 
than the striped drum, is rotating. A pilot can experience 
angular vection if the rotating anticollision light on his 
aircraft is left on during flight through clouds or fog: the 
revolving reflection provides a strong ambient visual stimulus . 

1 signalling rotation in the yaw plane. Another condition re- , 
sulting "in a n  ular vection is that in which a just-activated 
landing light P otates forward under the wing or nose, casting an, 
upward-moving area of illumination in the surrounding fog or 
cloud, possibly even creating a rising false horizon. AS a 
result of the illusory pitch vection generated, the pilot could 
be tempted to raise the nose of the aircraft at,a most in- . 
appropriate time. . 

Fortunately, the vection illusions are not all *bad. The 
most advanced flight simulators depend on linear and angular' 
vection to create the illusion of flight (Fig. 8b). When the' - 
visual flight environment is dynamically portrayed in wide-field- - 
of-view flight simulators, the illusion of actual flight is SO . 
complete and compell'iY3,'that additional mechanical motion is ' 

I .  

rendered superfluous. 1. 
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a 

Figure  8.  V e c t i o n  i l l u s i o n s .  a .  

b 

L i n e a r  v e c t i o n .  I n  t h i s  
example,  a d j a c e n t  v e h i c l e  s e e n  moving a f t  i n  s u b j e c t ' s  
p e r i p h e r a l  v i s i o n  c a u s e s  h i m  t o  f e e l  h e  i s  moving 
f o r w a r d .  b .  A n g u l a r  v e c t i o n .  V i s u a l l y  p e r c e i v e d  
o b j  e c t s  r w o l v i n g  around s u b j e c t  i n  f l i g h t  s i m u l a t o r  
cause h i n  t o  sense s e l f - r o t a t i o n  i n  o p p o s i t e  d i r e c t i o n  
- - i n  t h i s  c a s e  a r o l l i n g  motion t o  t h e  r i g h t .  

Another  r e s u l t  of f a l s e  ambient  v i s u a l  o r i e n t a t i o n a l  cue ing  
i s  t h e  b a n  - -  on  t h e  - s u  i l l u s i o n .  On t h e  g r o u n d ,  we a r e  ac- 
c u s t o m e d  t o  s e e i n g  t h e  b r i g h t e r  v i s u a l  s u r r o u n d  above  and  t h e  
d a r k e r  b e l o w ,  r e g a r d l e s s  o f  t h e  p o s i t i o n  o f  t h e  s u n .  The 
d i r e c t i o n  o f  t h i s  g r a d i e n t  i n  l i g h t  i n t e n s i t y  t h u s  h e l p s  u s  
o r i e n t  w i t h  r e s p e c t  t o  t h e  s u r f a c e  o f  t h e  e a r t h .  I n  c l o u d ,  . 
however ,  s u c h  a g r a d i e n t  u s u a l l y  d o e s  n o t  e x i s t ;  and  when i t  ' 

does ,  t h e  l i g h t e r  d i r e c t i o n  is  g e n e r a l l y  toward  t h e  s u n  and  t h e  
d a r k e r  away f r o m  i t .  B u t  t h e  s u n  i s  a l m o s t  n e v e r  d i r e c t l y 1  
overhead;  a s  a consequence,  a p i l o t  f l y i n g  i n  a t h i n  c l o u d  l a y e r  
t e n d s  t o  p e r c e i v e  f a l s e l y  t h e  d i r e c t i o n  o f  t h e  s u n  a s  d i r e c t l y  
o v e r h e a d ,  a n d  t o  a l i g n  h i s  a i r c r a f t  a c c o r d i n g l y .  T h i s  misper-  
c e p t i o n  causes him t o  bank i n  t h e  d i r e c t i o n  of t h e .  sun--whence 
the name of t h e  i l l u s i o n .  A v a r i a n t  of t h i s  phenomenon i n v o l v e s  
a somewhat d i f f e r e n t  mechanism: sometimes a p i l o t  remembers t h e  
r e l a t i v e  b e a r i n g  of t h e  s u n  when h e  f i r s t  p e n e t r a t e d  th'e weather,. 
and h e  u n c o n s c i o u s l y  t r i e s  t o  keep t h e  s u n  i n  t h e  same r e l a t i v e  I 

p o s i t i o n  w h e n e v e r  i t  peeks th rough  t h e  c l o u d .  On a pro longed  
f l i g h t  i n  i n t e r m i t t e n t  w e a t h e r ,  t h e  chang ing  p o s i t i o n  of  t h e  sun * 

i n  t h e  sky can cause the p i l o t  t o  become m i l d l y  confused  and  f l y  : 
h i s  a i r c r a f t  w i t h  less  p r e o i s i o n  t h a n  h e  would i n  e i t h e r  con t inu -  
o u s l y  v i s u a l  o r  c o n t i n u o u s l y  i n s t r u m e n t  m e t e o r o l o g i c  c o n d i t i o n s .  
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O f t e n  t h e  h o r i z o n  p e r c e i v e d  th rough  ambien t  v i s i o n  i s  not 
r e a l l y  h o r i z o n t a l .  Q u i t e  n a t u r a l l y ,  t h i s  m i s p e r c e p t i o n  of t h e  
h o r i z o n t a l  c r e a t e s  h a z a r d s  t o  f l i g h t .  A s l o p i n g  c l o u d  deck ,  f o r  
example,  i s  v e r y  d i f f i c u l t  t o  p e r c e i v e  a s  a n y t h i n g  b u t  h o r i z o n t a l  
i f  i t  e x t e n d s  f o r  any g r e a t  d i s t a n c e  i n  t h e  p i l o t ' s  p e r i p h e r a l  
v i s i o n  ( F i g .  9). Uniformly s l o p i n g  t e r r a i n  c a n  also c r e a t e  an. 
i l l u s i o n  of h o r i z o n t a l i t y ,  w i t h  d i s a s t r o u s  consequences  f o r  the 
p i l o t  t h u s  d e c e i v e d .  ,Many a i r c r a f t  have c r a s h e d  a s  a r e s u l t  of 
t n e  p i l o t ' s  e n t e r i n g  a c a n y o n  w i t h  a n  a p p a r e n t l y  l e v e l  f l o o r  
t h a t  a c t u a l l y  r i s e s  f a s t e r  t h a n  t h e  a i r p l a n e  can  c l imb;  t h e  p i l o t  
a : r ives  a t  t h e  end of t h e  canyon 'out of a l t i t s d e ,  a i r s p e e d ,  and' 
i d e a s , *  a s  t h e y  s a y .  S o m e t i m e s  a d i s t a n t  r a i n  shower  c a n  
obscure  t h e  r e a l  ho r i zon  and c r e a t e  t h e  i m p r e s s i o n  of a h o r i z o n  
a t  t h e  proximal  edge ( b a s e )  of t h e  r a i n f a l l .  I f  t h e  shower is  
s e e n  j u s t  beycnd t h e  runway d u r i n g  an  approach  to l a n d i n g ,  t h e  
p i l o t  c a n  mis judge  t h s  p i t c h  a t t i t u d e  oE h i s  a i r c r a f t  and make 
i n a p p r o p r i a t e  p i t c h  c o r r e c t i o n s  on t h e  approach .  

I 

. 

Figure  9 .  A s l o p i n g  c l o u d  deck ,  which t h e  p i l o t  m i s p e r c e i v e s  a s  
a h o r i z o n t a L - s u r f a c e .  9 

I' . .  n ., 
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P i l o t s  are  e s p e c i a l l y  s u s c e p t i b l e  t o  m i s p e r c e p t i o n  of  t h e  
h o r i z o n t a l  w h i l e  f l y i n g  a t  w i g h t  ( P i g .  1 0 ) .  I s o l a t e d  ground 
l i g h t s  can a p p e a r  to t h e  p i l o t  t o  be s t a r s ,  c a u s i n g  him t o  t h i n k  
h e  is i n  a nose-h igh  or  one-wing-low a t t i t u d e .  C o r r e c t i n g  f o r  
such a f a l s e  i n p r e s s i o n  c a n ,  of c o u r s e ,  be f a t a l .  F r e q u e n t l y  no 
s t a r s  a r e  v i s i b l e  b e c a u s e  of a n  o v e r c a s t .  U n l i g h t e d  a r e a s  o f '  
t e r r a i n  c a n  t h e n  b l e n d  w i t h  t h e  d a r k  o v e r c a s t  t o  c r e a t e  t h e  
i l l u s i o n  t h a t  t n e  u n l i g h t e d  t e r r a i n  i s  p a r t  o f  t h e  sky .  One 
extrennely hazardous  s i t u a t i o n  i s  t h a t  i n  which a t a k e o f f  i s  made 
o v e r  a n  o c e a n  o r  o t h e r  1 a r c ; e  body o f  w a t e r  t h a t  c a n n o t  b e  
d i s t i n $ u i s h e d  v i s u a l l y  from t h e  n i g h t  s k y .  Many p i l o t s  i n  t h i s  
s i t u a t i o n  have p e r c e i v e d  t h e  s h o r e l i n e  r e c e d i n g  benea th  t h e n  t o  
be t h e  h o r i z o n  and some have  r e a c t e d  t o  t h i s  f a l s e  p e r c e p t  w i t h  
d i s a s t r o u s  consequences .  

P i l o t s  f l y i n g  a t  v e r y  h i g h  a l t i t u d e s  can  sometimes e x p e r i -  
ence  d i f f i c u l t i e s  w i t h  c o n t r o l  of a i r c r a f t  a t t i t u d e ,  because  a t  
h igh  a l t i t u d e s  t h e  h o r i z o n  i s  lower w i t h  r e s p e c t  t o  t h e  p l a n e  of 
l e v e l  f l i g h t  t h a n  i t  i s  a t  t h e  lower a l t i t u d e s  where most p i l o t s  
u s u a l l y  f l y .  A s  a r e a s o n a b l e  a p p r o x i m a t i o n ,  t h e  a n g l e  o f  
d e p r e s s i o n  of t h e  h o r i z o n  i n  d e g r e e s  equals t h e  s q u a r e  r o o t  of 
t h e  a l t i t u d e  i n  k i l o m e t e r s .  A p i l o t  f l y i n g  a t  an a l t i t u d e  of 1 5  
k n  t h u s  s e e s  t h e  h o r i z o n  a l m o s t  4 d e g r e e s  below t h e  e x t e n s i o n  of  
h i s  h o r i z o n t a l  p l a n e .  I f  h e  v i s u a l l y  o r i e n t s  t o  t h e  view from 
h i s  l e f t  c o c k p i t  window, h e  might  be i n c l i n e d  t o  f l y  w i t h  t h e  
l e f t  wing 4 d e g r e e s  down t o  l e v e l  i t  w i t h  t h e  h o r i z o n .  I f  h e  
does  t h i s ,  and t h e n  looks o u t  h i s L r i g h t  window, h e  would see t h e  
r i g h t  w i n g  8 d e g r e e s  a b o v e  t h e  h o r i z o n ,  w i t h  h a l f  of  t h a t  
e l e v a t i o n  due  t o  h i s  own e r r o n e o u s  c o n t r o l  i n p u t .  H e  might  a l s o  
e x p e r i e n c e  problems w i t h  p i t c h  c o n t r o l ,  a s  t h e  d e p r e s s e d  h o r i z o n  
can c a u s e  him t o  p e r c e i v e  f a l s e l y  a 4 -degree  nose-high p i t c h  
a t t i t u d e .  

F i n a l l y ,  t h e  d i s o r i e n t i n g  e f f e c t s  of t h e  n o r t h e r n  l i g h t s  
a n d  o f  a e r i a l  f l a r e s  shou ld  be mentioned.  Aerial  r e f u e l i n g  a t  
n i g h t  i n  h i g h  n o r t h e r n  l a t i t u d e s  i s  o f t e n  made q u i t e  d i f f i c u l t  
by t h e  n o r t h e r n  l i g h t s ,  which p r o v i d e  f a l s e  cues o f  v e r t i c a l i t y  

i t o  t h e  p i l o t ' s  p e r i p h e r a l  v i s i o n .  I n  a d d i t i o n ,  t h e  movement of 
t h e  a u r o j a l  d i s p l a y  may make t h e  p i l o t  s u s c e p t i b l e  t o  v e c t i o n  
i l l u s i o n s .  S i h i l a r l y ,  when a e r i a l  f l a r e s  a r e  dropped ,  t h e y  may 

-- - 
F i g u r e  1 0 .  M i s p e r c e p t i o n  o f  t h e  h o r i z o n t a l  a t  n i g h t : . :  Above. 

Ground l i g h t s  a p p e a r i n g  t o  be s t a r s  cause e a r t h  a n d '  
sky t o  b l e n d  a n d  a f a l s e  h o r i z o n  t o  b e  p e r c e i v e d . .  - 
B e l o w :  Blending  of o v e r c a s t  s k y  w i t h  u n l i g h t e d  t e r r a i n  
o r  w a t e r  c a u s e s  h o r i z o n  t o  a p p e a r  l o w e r  t h a n  i s  
a c t u a l l y  t h w a s e .  

J *  ., # ., 
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d e s c e n d  v e r t i c a l l y - - o r  t h e y  may d r i f t  w i t h  t h e  wind, c r e a t i n g  
f a l s e  cues of  v e r t i c a l i t y .  T h e i r  motion may a l s o  c r e a t e  v e c t i o n  
i l l u s i o n s .  An i m p o r t a n t  a d d i t i o n a l  f a c t o r  i s  t h a t  t h e  a u r o r a  and 
a e r i a l  f l a r e s  can b e  s o  b r i g h t  a s  t o  r educe  t h e  a p p a r e n t  i n t e n s i -  
t y ,  and  t h e r e f o r e * - t h e  o r i e n t a t i o n a l  c u e i n g  s t r e n g t h ,  o f  t h e  
a i r c r a f t  i n s t r l imen t  d i s p l a y s .  

V e s t i b u l l r  . T h e  v e ~ t i 5 u l o l ~ ~ ~ r e b e ! l a r  a x i s  proct.s:1-.t.s 
o r i e n t a t i o n  i n f o r m a t i o n  f r o m  t h e  v e s t i b u l a r  e n d - o r g a n s ,  t h e  
n o n v e s t i b u l a r  p r o p r i o c e p t o r s ,  and the p e r i p h e r a l  v i s u a l  f i e l d s ,  
I n  t h e  a b s e n c e  oE a d e q u a t e  a x b i e n t  v i s u a l  o r i e n t a t i o n  cues,  t h s  
i n a d e q u a c i e s  of t h e  v e s t i b u l a r  and o t h e r  o r i e n t i n g  senses can, 
and  g e n e r a l l y  d o ,  r e s u l t  i n  o r i e n t a t i o n a l  i l l u s i o n s .  I t  i s  
c o n v e n i e n t  and  c o n v e n t i o n a l  t o  d i s c u s s  t h e  v e s t i b u l a r  i l l u s i o n s  
i n  r e l a t i o n  t o  t h e  two l a b y r i n t h i n e  componen t s  t h a t  g e n e r a t e  
them--the s e m i c i r c u l a r  d u c t s  and t h e  o t o l i t h  o rgans .  

T h e  solnat;oi v d  illusion r e s u l t s  from tne i n a b i l i t y  of t h e  
s e n i c i r c u l a :  d u c t s  t o  r e g i s t e r  a c c u r a t e l y  a p ro longed  r o t a t i o n ,  
i . e . ,  s u s t a i n e d  a n g u l a r  v e l o c i t y .  %hen a p e r s o n  i s  s u b j e c t e d  t o  
an a n y c l l a r  a c c e l e r a t i o n  a b o u t  t h e  yaw a x i s ,  f o r  e x a n p l e ,  t h e  
a n g u l a r  m o t i o n  i s  a t  f i r s t  p e r c e i v e d  a c c u r a t e l y ,  because  t h e  
dynamics of t h e  cupula-endolymph system cause i t  t o  r e spond  a s  a n  
i n t e g r a t i n g  a n g u l a r  a c c e l e r o m e t e r  ( i . e . ,  a s  a r o t a t i o n  r a t e  
s e n s o r )  a t  s t i m u l u s  f r e q u e n c i e s  i n  t h e  p h y s i o l o g i c  r ange  ( F i g .  
11). I f  t h e  a c c e l e r a t i o n  i s  fol lowed immedia te ly  by a d e c e l c r -  
a t i o n ,  a 3  u s u a l l y  h a p p e n s  i n  the  t e r r e s t r i a l  env i ronmen t ,  t h e  
t o t a l  s e n s a t i o n  of  t u r n i n g  one  way and t h e n  s t o p p i n g  t h e  t u r n  i s  
q u i t e  a c c u r a t e  ( F i g .  1 2 ) .  B u t  i f  t h e  a n g u l a r  a c c e l e r a t i o n  is  n o t  
f o l l o w e d  by  a d e c e l e r a t i o n ,  a n d  a c o n s t a n t  a n g u l a r  v e l o c i t y  
. r e s u l t s  i n s t e a d ,  t h e  s e n s a t i o n  of r o t a t i o n  becomes less and  less 
and e v e n t u a l l y  d i s a p p e a r s  a s  t h e  cupula  g r a d u a l l y  r e t u r n s  t o  i t s  
r e s t i n g  p o s i t i o n  i n  t h e  a b s e n c e  of  an  a n g u l a r  a c c e l e r a t o r y  
s t i m u l u s  ( F i g s .  1 2 ,  1 3 ) .  I f  t h e  r o t a t i n g  s u b j e c t  i s  s u b s e q u e n t l y  
s u b j e c t e d  t o  a n  a n g u l a r  d e c e l e r a t i o n  a f t e r  a p e r i o d  of p ro longed  
c o n s t a n t  a n g u l a r  v e l o c i t y - - s a y ,  a f t e r  1 0  s o r  more of  c o n s t a n t -  
r a t e  t u r n i n g - - h i s  cupula-endolymph system t h e n  s i g n a l s  a t u r n  i n  
t h e  d i r e c t i o n  o p p o s i t e  t h a t  of t h e  p ro longed  c o n s t a n t  a n g u l a r  
v e l o c i t y ,  even  though h e  i s  r e a l l y  on ly  t u r n i n g  l e s s  r a p i d l y  i n  . 
t h e  same d i r e c t i o n .  T h i s  s e n s o r y  r e s p o n s e  ocCurs b e c a u s e  t h e  . 
a n g u l a r  .momen,tum of  t h e  r o t a t i n g  endolymph causes i t  t o  press  
a g a i n s t  t h e  c u p u l a ,  f o r c i n g  t h e  c u p u l a  t o  d e v i a t e  i n  t h e  di; 
r e c t i o n  of endolymph f low,  which i s  t h e  same d i r e c t i o n  t h e  c u p u l a  
would d e v i a t e  i f  t h e  s u b j e c t  were t o  a c c e l e r a t e  i n  t h e  d i r e c t i o n  
o p p o s i t e  h i s  i n i t i a l  a c c e l e r a t i o n .  Even a f t e r  r o t a t i o n  a c t u a l l y  
c e a s e s ,  t h e  s e n s a t i o n  of r o t a t i o n  i n  t h e  d i r e c t i o n  o p p o s i t e  t h a t  
-of t h e  s u s t a i n e d  a n g u l a r  v e l o c i t y  p e r s i s t s  f o r  s e v e r a l  seconds-.- 
h a l f  a m i n u t e  o r  l o n g e r  w i t h  a l a r g e  d e c e l e r a t i n g  , r o t a t i o n a l  
i m p u l s e .  T e c h n i c a l l y  s p e a k i n g ,  a somatogyra l  i l l u s i 6 n  i s  t h e  
s e n s a t i o n  o f  t u r n i n g  i n  t h e  o p p o s i t e  d i r e c t i o n  t h a t  o c c u r s  
whenever one undergoes  a n g u l a r  d e c e l e r a t i o n  from a c o n d i t i o n  of - 
c o n s t a n t  a n g u l a r  v e l o c i t y .  I t  i s  p r a c t i c a l ,  however, t o  i n c l u d e  . 
i n  t h i s  c a t e g o r y  o f  i l l u s i o n s  t h e  s e n s a t i o n  of t u r n i n g  m o r e .  
s l o w l y  a n d  eventual i .y-c’epsing , I. t o  t u r n  w h i l e  a n g u l a r  v e l o c i t y  * 
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p Q r : i i : \ t d ,  bea:d~~: i#;  t h e  two i 1 l u : r l o n u  h a v e  a common u n d a r l y i n g  
m e c h a n i s m  a n d  t h e y  inevitably occur  i n  p a i r s .  An even broade r  
d e f i n i t i o n  o f  s o m a t o g y r a l  i l l u s i o n  i s  "any d i s c r e p a n c y  between 
a c t u a l  and  p e r c e i v g d  r a t e  of s e l f - r o t a t i o n  t h a t  r e s u l t s  from a n  abnornns l  a n g u l a r  a c c e l e r a t o r y  s t i m u l u s  p a t t e r n .  " T h e  t e r n  
"abnormal"  i n  t h i s  c a s e  i m p l i e s  t h e  a p p l i c a t i o n  of low-frequency 
s t i m u l i ,  o u t s i d e  t h e  u s e f u l  p o r t i o n  o f  t h e  t r a n s f e r  c h a r a c t e r '  
i s t i c s  of t h e  s e m i c i r c u l a r  d u c t  system. 

e -  

-9 o 
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FREQUENCY 4 HZ 1 

' Figure 11. T r a n s f e r  c h a r a c t e r i s t i c s  o f  t h e  s e m i c i r c u l a r  d u c t  0 

sysFem a s  a f u n c t i o n  of s i n u s o i d a l  s t i m u l u s  f r equency .  
G a i n  i s  t h e  r a t i o  of  t h e  magni tude of peak p e r c e i v e d  
a n g u l a r  v e l o c i t y  t o  peak d e l i v e r e d  a n g u l a r  v e l o c i t y ;  
phase  a n g l e  i s  a measure of t h e  amount of advance o r  
d e l a y  between p e a k  p e r c e i v e d  a n d  peak d e l i v e r e d  
a n g u l a r  v e l o c i t y .  N o t e  t h a t  i n  t h e  . p h y s i o l o g i c  
f r e q u e n c y  range  ( r o u g h l y  0 . 0 5  t o  1 Hz), p e r c e p t i o n  f 6  
a c c u r a t e ;  i . e . ,  g a i n  i s  c l o s e  t o  u n i t y  (0 dB) and 
p h a s e  s h i f t  i s  m i n i m a l .  A t  lower  s t i m u l u s '  frequen: 
c i e s ,  however ,  t h e  g a i n  d r o p s  o f f  r a p i d l y  a n d  t h e  
p h a s e  s h i f t  a p p r o a c h e s  90 d e g r e e s ,  which means t h a t  - 
a n g u l a r  v e l o c i t y  becomes d i f f i c u l t  t o  d e t e c t  and t h a t  - 
a n g u l a r  q q c e J e r a t i o n  i s  p e r c e i v e d  a s  v e l o c i t y .  : 
(Adapted f r o m , P p t e r s . )  4 
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E f f e c t  o f  s t i m u l u s  p a t t e r n  o n  percept ion  of angular 
v e l o c i t y .  O n  t h e  l e f t ,  t h e  high-frequency charac te r  
o f  t h e  a p p l i e d  a n g u l a r  a c c e l e r a t i o n  r e s u l t s  i n  a 
c u p u l a r  d e v i a t i o n  t h a t  i s  n e a r l y  p ropor t iona l ,  and 

I p e r c e i v e d  angular  v e l o c i t y  t h a t  i s  nea r ly  i d e n t i c a l ,  
t o  t h e  angular v e l o c i t y  developed. On t h e  r i g h t ,  t h e  
peak a n g u l a r  v e l o c i t y  developed is  t h e  same a s  t h a t  
on t h e  l e f t ,  b u t  t h e  low-frequency cha rac t e r  of t he  . 
app l i ed  a c c e l e r a t i o n  r e s u l t s  i n  cupular  devia t ion  and 
pe rce ived-  angular  v e l o c i t y  t h a t  appear more l i k e  t h e  
a p p l i e d  a c c e l e r a t i o n  t h a n  t h e  r e s u l t i n g  v e l o c i t y .  
T h i s  c a u s e s  one t o  perceive:  ( a )  l e s s  than the  f u l l ”  
amount o f  t h e  a n g u l a r  v e l o c i t y ,  (b) t h a t  !e i s  not’  
t u r n i n g  when he  a c t u a l l y  i s ,  ( c )  a t u r n  i n  t h e  
oppos i te  d i r e c t i o n  from t h a t  of t h e  a c t u a l  tu rn ,  ( d )  
t h a t  tu rn ing  p e r s i s t s  a f t e r  i t  has a c t u a l l y  stopped. 
These f a l s e  percept ions  a r e  somatogyral i l l u s i o n s .  
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Fistire 1 3 ,  Pictorial representation of mechanical events oc-  
curring i n  a semicircular duct and resulting action 
potentials in associated am2ullary nerve during 
somatogyral illusions. Angular acceleration pattern 
applied is shown in right side of Figure 12. 

In flight under conditions of reduced visibility (night or 
instrument weather), somatogyral illusions can be deadly. The 

& is the classic example of how somatogyral il- 
lusions can disorient a pilot, with fatal results. This situ- 
ation begins with the pilot intentionally o r  unintentionally 
entering a spin, let's say to the left (Fig. 14). At first the 
pilot perceives the spin correctly, as the angular acceleration 
associated with entering the spin deviates the appropriate. 
cupulae the appropriate amount in the appropriate direction. 
The l o n g e r  the spin persists, however, the more the sensation of 
spinning to the left diminishes a s  the cupulae return to their 
resting positions, If the pilot tries to stop the spin to the 
left by applying right rudder, the angular deceleration causes 
hin to perceive a -spin to the right, even though the only real 
result of his action is termination of the spin to.the left. A 
p i l o t  who is ignorant of the possibility ofesuch an illusion Ys 
then likely t o  make counterproductive left rudder1 inputs t o  
negate the unwanted erroneous sensation of spinning to'the right. 
These inputs keep the airplane spinning to the left, which gives. 
the pilot the desired sensation of not spinning but does not 
bring the airplane under control. To extricate himself from- 
this very hazardous. situation the pilot must read the aircraft; 

J -  . , ., 
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f l i g h t  i n s t r u m e n t s  and a p p l y  c o n t r o l  i n p u t s  t o  make t h e  i n s t r u -  
m e n t s  g i v e  t h e  d e s i r e d  r e a d i n g s  (push  r i g h t  rudde r  t o  c e n t e r  t h e  
t u r n  n e e d l e ,  i n  t h i s  example) .  U n f o r t u n a t e l y ,  t h i s  may n o t  be s o  
e a s y  t o  d o .  T h e . 9 n g u l a r  a c c e l e r a t i o n s  c r e a t e d  by b o t h  t h e  
m u i t i p l e - t u r n  s p i n  a n d  t h e  p i l o t ' s  s p i n - r e c o v e r y  a t t e 3 p t s  can 
e l i c i t  s t r o n g  b u t  i n a p p r o p r i a t e  v e s t i b u l o - o c u l a r  r e f l e x e s ,  
i n c l u d i n g  nystagmus. I n  t h e  u s u a l  t e r r e s t r i a l  environment  t h e s e  
r e f l e x e s  h e 1 2  s t a b i l i z e  t h e  r e t i n a l  irnaije of t h e  v i s u a l  su r round ;  
b u t  i n  t h i s  s i t u a t i o n  the:/ o n l y  d e s t a b i l i z e  i t ,  b e c a u s e  t h e  
v i s u a l  s u t c o u n d  (cock?it) is already f i x e d  w i t h  r e s s e c t  t o  t h e  
7 i l o t .  i ? ~ a 2 i n l g  t h o  f l i g h t  i n a t r c m s n t s  t h u s  becones d i f f i c u l t  o r  
inFoSsi51e  i n  t h i s  s i t u a t i c n ,  and t h e  p i l o t  i s  l e f t  with on ly  h i s  
f a l s i  s e n s a t i o n s  of g o t s t i o n  t o  r e l y  on  f o r  s p a t i a l  o r i e n t a t i o n  
and a i r c r a f t  c o n t r o l .  

W h l i J  t h e  l o r e  of e a r l y  a . J i a t i o n  p r o v i d e d  t h e  gra*Jeyl rd  
s 2 i n  a s  a n  i l l u s t r a t i o n  of t h e  haza rdous  n a t u r e  of so i ra togyra l  
i l l u s i o n s ,  a nuch aoce  common e x a n p l e  o c c u r r i n g  a l l  t o o  o f t e n  i n  
p r e s e n t - d a y  a v i a t i o n  i s  t h e  u r a  veva rd  ( F i g .  1 5 ) .  I n  t h i s  
s i t u a t i o n  t h e  p i l o t  h a s  i n t e n t i o n a l l y  o r  u n i n t e n t i o n a l l y  g o t t e n  
h i n s e l f  i n t o  a p r o l o n g e d  t u r n  w i t h  a modera t e  amount of bank. 
A f t e r  a n u n b e r  o f  s e c o n d s  i n  t h e  t u r n  t h e  p i l o t  l o s e s  t h e  
s e n s a t i o n  of t u r n i n g  because  h i s  cupula-endolynph sys tem canno t  
r e s p o n d  t o  c o n s t a n t  a n g u l a r  v e l o c i t y .  T h e  p e r c e p t  of be ing  i n  
a bank a s  a r e s u l t  of t h e  i n i t i a l  r o l l  i n t o  t h e  banked a t t i t u d e  
also d e c a y s  w i t h  t ime ,  b e c a u s e  t h e  n e t  g r a v i t o i n e r t i a l  f o r c e  
v e c t o r  p o i n t s  toward t h e  f l o o r  o f  t h e  a i r c r a f t  d u r i n g  c o o r d i n a t e d  
f l i g h t  ( w h e t h e r  t h e  a i r c r a f t  i s  i n  a b a n k e d  t u r n  o r  f l y i n g  
s t r a i g h t  and l e v e l )  and t h e  o t o l i t h  o r g a n s  and  o t h e r  g r a v i c e p t o r s  
n o c m a l l y  s i g n a l  t h a t  down i s  i n  t h e  d i r e c t i o n  of t h e  n e t  s u s -  
t a i n e d  g r a v i t o i n e r t i a l  f o r c e .  As a r e s u l t ,  when t h e  p i l o t  t r i e s  
t o  s t o p  t h e  t u r n  by r o l l i n g  back t o  a w i n g s - l e v e l  a t t i t u d e ,  he 
n o t  o n l y  f e e l s  h e  i s  t u r n i n g  i n  t h e  d i r e c t i o n  o p p o s i t e  t h a t  of 
h i s  o r i g i n a l  t u r n ,  b u t  h e  a l s o  f e e l s  h e  i s  banked i n  t h e  d i -  
r e c t i o n  o p p o s i t e  t h a t  o f  h i s  o r i g i n a l  b a n k ,  U n w i l l i n g  t o  
a c c e p t  t h i s  s e n s a t i o n  of  mak ing  t h e  wrong c o n t r o l  i n p u t ,  t h e  
h a p l e s s  p i l o t  r o l l s  back i n t o  h i s  o r i g i n a l  banked t u r n .  Now h i s  
s e n s a t i o n  i s  c o m p a t i b l e  w i t h  h i s  d e s i r e d  mode of f l i g h t ,  bu t  h i s  

, i n s t r u m e n t s  s a y  h e  is l o s i n g  a l t i t u d e  (because t h e  banked t u r n  ' 

i s  w a s t i n g  l i f t )  a n d  s t i l l  t u r n i n g .  So h e  p u l l s  back on t h e  * 
s t i ck  and  p e r h a p s  adds  power t o  a r r e s t  t h e  unwanted d e s c e n t  and 
r e g a i n  t h e  l o s t  a l t i t u d e .  T h i s  a c t i o n  would be s u c c e s s f u l  i f  
t h e  a i r c r a f t  were f l y i n g  w i n g s - l e v e l ,  b u t  w i t h  t h e  a i r c r a f t  i n  a 
b a n k e d  a t t i t u d e  i t  t i g h t e n s  t h e  t u r n ,  s e r v i n g  o n l y  t o  make 
m a t t e r s  worse.  U n l e s s  t h e  p i l o t  e v e n t u a l l y  r e c o g n i z e s  h i s  e r r o r  

F i g u r e  14. T h e  g r a v e y a r d  s p i n .  A f t e r  s e v e r a l  t u r n s  :of a s p i n  
t h e  p i l o t  b e g i n s  t o  l o s e  t h e  s e n s a t i o n  of  s p i n n i n g . :  
Then  w h e n  h e  t r i e s  t o  s t o p  t h e  s p i n ,  t h e  r e s u l t i n g ,  - 
s o m a t o g y r a l  i l l u s i o n  o f  s p i n n i n g  i n  t h e  o p p o s i t e  
d i r e c t i o n  makes h im r e e n t e r  t h e  o r i g i n a l  spin.  ( S o l i d  
l i n e  i n d i c b b s  a c t u a l  motion;  d o t t e d  l i n e  i n d i c a t e s  
p e r c e i v e d  mobion;) 
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a n d  r o l l s  o u t  of h i s  unpe rce ived  banked t u r n ,  h e  w i l l  c o n t i n u e  
t o  descend i n  a n  e v e r - t i g h t e n i n g  s p i r a l  toward t h e  ground--whence 
t h e  nane ,  graveyard .sp i ra1 .  

Whereas  a s o m a t o g y r a l  i l l u s i o n  i s  a f a l s e  s e n s a t i o n ,  o r  
l a c k  o f  s e n s a t i o n ,  o f  s e l f - r o t a t i o n  i n  a s u b j e c t  unde rgo ing’  

s e n s a t i o n  of motion of a n  object9 view=y s%h a ,&bject.6 For 
exaxngle: i f  a v e h i c l e  w i t h  a s u b j e c t  i n s i d e  is r o t a t i n g  about  a 
v e r t i c a l  a x i s  a t  a c o n s t a n t  v e l o c i t y  and sudden ly  s t o p s  r o t a t i n g , ,  
t h e  s u b j e c t  e x p e r i e n c e s  n o t  o n l y  a s o m a t o g y r a l  i l l u s i o n  o f  
h i n s e l f  r o t a t i n g  i n  t h e  o p p o s i t e  d i r e c t i o n ,  b u t  also an ocu- 
l o g y r a l  i l l u s i o n  of a n  o b j e c t  i n  f r o n t  o f  h i m  moving i n  t h e  ’ 

o p p o s i t e  d i r e c t i o n .  T h u s ,  a somewhat o v e r s i n p l i f i e d  d e f i n i t i o n  
o f  t h e  o c u l o g y r a l  i l l u s i o n  is  t h a t  i t  i s  t h e  v i s u a l  c o r r e l a t e  
of t n e  s o n a t o g y r a l  i l l u s i o n ;  bu t  i t s  v e r y  low t h r e s h o l d  and i t s  
l a c k  o f  t o t a l  c o r  r e s p o n d e n c e  w i t h  p re sumed  c u p u l a r  d e v i a t i o n  
s u g g e s t  a more c o m p l e x  mechanism.  The a t t e m p t  t o  m a i n t a i n  
v i s u a l  f i x a t i o n  d u r i n g  a v e s t i b u l o - o c u l a r  r e f l e x  e l i c i t e d  by 
a n g u l a r  a c c e l e r a t i o n  is  p robab ly  a t  l e a s t  p a r t i a l l y  r e s p o n s i b l e  
f o r  tne o c u l o g y r a l  i l l u s i o n .  ( A  s i m i l a r  mechanism u n d e r l i e s  t h e  
i l l u s o r y  movement of t h e  moon w h e n  o n e  t r i e s  t o  f i x a t e  i t  
v i s u a l l y  w h i l e  t h e  r e l a t i v e  movement of s u r r o u n d i n g  c l o u d s  i s  
e l i c i t i n g  a n  o p t o k i n e t i c  t r a c k i n g  r e f l e x . )  I n  a n  a i r c r a f t  
d u r i n g  f l i g h t  a t  n i g h t  o r  i n  w e a t h e r  a n  o c u l o g y r a l  ’ i l l u s i o n  
s e n e r a l l y  c o n f i r i n s  a s o m a t o g y r a l  i l l u s i o n :  t h e  p i l o t  who 
f a l s e l y  p e r c e i v e s  t h a t  h e  i s  t u r n i n g  i n  a p a r t i c u l a r  d i r e c t i o n  
a l s o  o b s e r v e s  h i s  i n s t r u m e n t  p a n e l  t o  b e  moving i n  t h e  same 
d i r e c t i o n .  

u n u s g a l  a n g u l a r  m o t i o n ,  an  c u l o  ‘ I  u s 1 0  i s  a f a l s e  

T h e  v e s t i b u l a r  C o r i o l i s  e f f e c t ,  C o r i o l i s  c r o s s - c o u p l i n g  
e f f e c t ,  v e s t i b u l a r  c r o s s - c o u p l i n g  e f f e c t ,  o r  s imply  t h e  cor ro lL; i  
w, is  a n o t h e r  f a l s e  p e r c e p t  t h a t  c a n  r e s u l t  f rom u n u s u a l  
s t i m u l a t i o n  of t h e  s e m i c i r c u l a r  d u c t  sys tem.  To i l l u s t r a t e  t h i s  
phenomenon, l e t  u s  c o n s i d e r  a sub jec t  who h a s  been r o t a t i n g  i n  
t h e  p l a n e  of h i s  h o r i z o n t a l  s e m i c i r c u l a r  d u c t s  ( r o u g h l y  t h e  yaw 
p l a n e )  l o n g  e n o u g h  f o r  t h e  endolymph i n  t h o s e  d u c t s  t o  a t t a i n  . 

I t h e  same a n g u l a r  v e l o c i t y  a s  h i s  h e a d :  t h e  c u p u l a e  i n  t h e  , 
ampullae ,of  h i s  h o r i z o n t a l  d u c t s  have r e t u r n e d  t o  t h e i r  r e s t i n g  
p o s i t i o n s ,  a n d ’ t h e  s e n s a t i o n  of  r o t a t i o n  h a s  c e a s e d  ( F i g .  1 6 a ) .  
I f  t h e  s u b j e c t  t h e n  nods h i s  head fo rward  i n  t h e  p i t c h  p lane , ’  
l e t ’ s  s a y  a f u l l  90 d e g r e e s  f o r  t h e  s a k e  of s i m p l i c i t y ,  h e  is. 

. .  

F i g u r e  1 5 .  The g r a v e y a r d  s p i r a l .  T h e  p i l o t  i n  a banked  t u r n  
l o s e s  t h e  s e n s a t i o n  of be ing  banked and  turn$ng.  Upon 
t r y i n g  t o  r e e s t a b l i s h  a wings - l eve l  a t t i t u d e  and s t o p -  
t h e  t u r n ,  h e  p e r c e i v e s  t h a t  h e  i s  banked a n d  t u r n i n g ,  . 
i n  t h e  o p p o s i t e  d i r e c t i o n  f r o m  h i s  o r i g i n a l  banked 
t u r n ;  i . e . ,  h e  e x p e r i e n c e s  a s o m a t o g y r a l  i l l u s i o n .  
Unable t o  t s L e s a t e  t h e  s e n s a t i o n  t h a t  h e  is making a n  : 
i n a p p r o p r i a t e , - c o n t r o l  i n p u t ,  t h e  p i l o t  banks  back i n t o  
t h e  o r i g i n a l  t u r n .  
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c o m p l e t e l y  r emov ing  h i s  h o r i z o n t a l  s e m i c i r c u l a r  d u c t s  from t h e  
p l a n e  o f  r o t a t i o n  a n d  i n s e r t i n g  h i s  t w o ' s e t s  of v e r t i c a l  semi- 
c i r c u l a r  d u c t s  i n t o  t h e  p l a n e  of r o t a t i o n  ( F i g .  1 6 b ) .  W h i l e  t h e  
a n g u l a r  momentum of t h e  s u b j e c t ' s  r o t a t i n g  h e a d  i s  f o r c i b l y  
t r a n s f e r r e d  a t  once o u t  of t h e  o l d  p l a n e  of r o t a t i o n  r e l a t i v e  t o  
h i s  head ,  t h e  a n g u l a r  momentum of t h e  endolymph i n  t h e  h o r i z o n t a l  
d u c t  i s  d i s s i p a t e d  more  g r a d u a l l y .  The t o r q u e  r e s u l t i n g  from 
t h e  c o n t i n u i n g  r o t a t i o n  of  t h e  endolymph c a u s e s  t h e  cupu lae  i n  
t h e  h o r i z o n t a l  d u c t s  t o  be d e v i a t e d ,  and a s e n s a t i o n  of a n g u l a r  
motion o c c u r s  i n  t h e  new p l a n e  of t h e  h o r i z o n t a l  ducts--now t h e  
r o l l  p l a n e  r e l a t i v e  t o  t h e  s u b j e c t ' s  body. S i n u l t a n e o u s l y ,  t h e  
endo lymsh  i n  t h e  t w o  s e t s  of  v e r t i c a l  s e m i c i r c u l a r  d u c t s  m u s t  
a c q u i r e  a n g u l a r  momentum, a s  t h e s e  d u c t s  have been b rough t  i n t o  
t h e  p l a n e  of c o n s t a n t  r o t a t i o n .  The t o r q u e  r e q u i r e d  t o  i n p a r t  
t h i s  change i n  momentum causes d e f l e c t i o n  of t h e  c u p u l a e  i n  t h e  
a n p u l l a e  o f  t h e 2 2  d u c t s ,  and a s e n s a t i o n  of a n y u l a r  n o t i o n  i n  
t h i s  p l ane - - the  yaw p l a n e  r e l a t i v e  t o  t h e  s u b j e c t ' s  body--is t h e  
r e a u i t .  The c o m b i n e d  e f f e c t  of t h e  c u p u l a r  d e f l e c t i o n  i n  a l l  
t h r e e  s e t s  of s e m i c i r c u l a r  d u c t s  i s  t h a t  of a s u d d e n l y  inposed  
a n g u l a r  v e l o c i t y  i n  a p l a n e  i n  which no a c t u a l  anc;ular  a c c e l e r -  
a t i o n  r e l a t i v e  t o  t h e  s u b j e c t  h a s  o c c u r r e d .  I n  t h e  example 
g i v e n ,  i f  t h e  o r i g i n a l  c o n s t a n t - v e l o c i t y  yaw i s  t o  t h e  r i g h t  and 
t h e  s u b j 2 c t  p i t c h e s  h i s  h e a d  f o r w a r d ,  t h e  r e s u l t i n g  C o r i o l i s  
i l l u s i o n  e x p e r i e n c e d  i s  t h a t  he a n d  h i s  i m n e d i a t e  s u r r o u n d i n g s  
a r e  sudden ly  r o l l i n g  t o  t h e  r i g h t  and yawing t o  t h e  r i g h t .  

A p a r t i c u l a r  p e r c e p t u a l  phenomenon e x p e r i e n c e d  o c c a s i o n a l l y  
by p i l o t s  of r e l a t i v e l y  high-performance a i r c r a f t  d u r i n g  i n s t r u -  
rnent f l i g h t  h a s  been a t t r i b u t e d  t o  t h e  C o r i o l i s  i l l u s i o n  because 
i t  o c c u r s  i n  c o n j u n c t i o n  w i t h  l a r g e  movements of t h e  head under  
c o n d i t i o n s  of p ro longed  c o n s t a n t  a n g u l a r  v e l o c i t y .  I t  c o n s i s t s  
o f  a v e r y  c o n v i n c i n g  s e n s a t i o n  of r o l l i n g  and/or  p i t c h i n g  t h a t  
a p p e a r s  sudden ly  a f t e r  t h e  p i l o t  d i v e r t s  h i s  a t t e n t i o n  from t h e  
i n s t r u m e n t s  i n  f r o n t  o f  h i m  a n d  moves h i s  h e a d  t o  view some 
s w i t c h e s  o r  d i s p l a y s  e l s e w h e r e  i n  t h e  c o c k p i t .  T h i s  i l l u s i o n  is  
e s p e c i a l l y  d e a d l y  b e c a u s e  i t  i s  most l i k e l y  t o  o c c u r  d u r i n g  an 
i n s t r u m e n t  a p p r o a c h ,  a p h a s e  of  f l i g h t  i n  w h i c h  a l t i t u d e  i s  

I b e i n g  lost r a p i d l y  a n d  c o c k p i t  c h o r e s  ( e . g . ,  r a d i o  f r equency  . 
changes )  r e p e a t e d l y  r e q u i r e  t h e  p i l o t  t o  break  up h i s  i n s t r u m e n t  ' 
c r o s s - c h k k .  Whether t h e  s u s t a i n e d  a n g u l a r  v e l o c i t i e s  a s s o c i a t e d  
w i t h  i n s t r u m e n t  f l y i n g  a r e  s u f f i c i e n t  t o  c r e a t e  C o r i o  s il-. 

a n o t h e r  mechanism ( t h e  G-excess e f f e c t )  h a s  been proposed  t o  
e x p l a i n  t h e  i l l u s o r y  r o t a t i o n s  expe r i enced  w i t h  head  movements 
i n  f l i g h t .  Even i f  n o t  r e s p o n s i b l e  f o r  s p a t i a l  d i s o r i e n t a t i o n  

' i n  f l i g h t ,  t h e  C o r i o l i s  i l l u s i o n  is  u s e f u l  a s  a t o o l  t o  demon" 
s t r a t e  t h e  f a l l i b i l i t y  o f  o u r  n o n v i s u a l  o r i e n t a t i q n  senses ' .  
N e a r l y  e v e r y  m i l i t a r y  p i l o t  l i v i n g  t o d a y  h a s  e x p e r i e n c e d  t h e  
C o r i o l i s  i l l u s i o n  i n  t h e  Barany  c h a i r  o r  some o t h e r  r o t a t i n g  - 
d e v i c e  a s  p a r t  of h i s  p h y s i o l o g i c a l  t r a i n i n g ;  and  f o r  most of  
them i t  was t h e n  t h a t  t h e y  f i r s t  r e a l i z e d  t h e i r  own o r i e n t a t i o n  
senses  r e a l l y  cannot-+* t r u s t e d - - t h e  most i m p o r t a n t  l e s s o n  of : 
a l l  f o r  i n s t r u m e n t  f1yfng.r :  

l u s i o n s  o f  a n y  g r e a t  m a g n i t u d e  i s  d e b a t a b l e ,  however  17' ; a n d  
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Figure 16. Mechanisn of t h e  C o r i o l i s  i l l u s i o n .  Subjec t  rot.ating 
i n  yaw plane l o n g  enough f o r  endolymph t o  s t a b i l i z e  i n  
s e m i c i r c u l a r  d u c t  ( a )  , p i t c h e s  head forward  ( b )  . 
Angular momentum of endolymph d e v i a t e s  cupula ,  causing 
s u b j e c t  t o  p e r c e i v e  r o t a t i o n  i n  new plane of semi- 
c i r c u l a r  duc t ,  even though no a c t u a l  r o t a t i o n  occurred 
i n  t h a t  plane.  

The o t o l i t h  organs a r e  responsible  for a set  of i l l u s i o n s  
known a s  W o q r a v i G  . The mechanism of i l l u s i o n s  of 
t h i s  t y p e  i n v o l v e s  t h e  displacement  oE o t o l i t h i c  membranes on 
t h e i r  maculae by i n e r t i a l  f o r c e s  i n  such a way a s  t o  s i g n a l  a 

1 f a l s e  o r i e n t a t i o n  when t h e  r e s u l t a n t  g r a v i t o i n e r t i a l  f o r c e  i s  . 
perceived a s  g r a v i t a t i o n a l  (and the re fo re  v e r t i c a l ) .  The paragon 
o f  s o m a t o g r a v k  i l l u s i o n s ,  t h e  i l l u s i o n  of p i t c h i n g  up a f t e r  
taking off  i n t o  cond i t ions  of reduced v i s i b i l i t y ,  i s  perhaps t h e ,  
b e s t  i l l u s t r a t i o n  of t h i s  mechanism. Consider t h e  p i l o t  of a 
high-performance a i r c r a f t  holding h i s  p o s i t i o n  a t  t h e  end of t h e '  
runway wai t ing  t o  take  o f f .  Here t h e  only f o r c e  a c t i n g  on h i s  
o t o l i t h i c  membranes i s  t h e  f o r c e  of g rav i ty ,  and t h e  p o s i t i o n s  of 
those membranes on t h e i r  maculae s igna l  a c c u r a t e l y  t h a t  down is. 
toward t h e  f l o o r  of t h e  a i r c r a f t .  Suppose t h e  a i r c r a f t  now 
a c c e l e r a t e s  down t h e  runway, r o t a t e s ,  t akes  o f f ,  clean's up g e a r ,  
and f l a p s ,  and  m a i n t a i n s  a forward  a c c e l e r a t i o n  of 1 G u n t i l .  
reaching d e s i r e d  c l i m b  speed. T h e  1 G of i n e r t i a l  f o r c e  r e s u l t -  
i n g  f r o m  t h e  f o r w a r d  a c c e l e r a t i o n  d i s p l a c e s  t h e  o t o l i t h i c  - 
membranes toward t h e  bark of t h e  p i l o t ' s  head. I n  f a c t ,  t h e  new ; 
p o s i t i o n s  of t h e  o t o l i t h i c n e m b r a n e s  a r e  n e a r l y  t h e  same a s  they 
would be  i f  t h e  a i r c r a f t  and p i l o t  had p i t c h e d  up 4 5  degrees ,  
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Figure 17. A somatogravic  i l l u s i o n  occur r ing  on takeoff .  The 
i n e r t i a l  force  resu l t ing  from the-  forward acce lera t ion  
combines  w i t h  t h e  f o r c e  of  g r a v i t y  t o  c r e a t e  a 
r e su l t an t  g r a v i t o i n e r t i a l  fo rce  d i r ec t ed  down and a f t .  
The p i l o t ,  perceiving down t o  be i n  t h e  d i r ec t ion  of 
the  r e su l t an t  g r a v i t o i n e r t i a l  force ,  f e e l s  he i s  i n  an 
excessively nose-high a t t i t u d e ,  and i s  tempted t o  push 
the s t i c k  forward t o  co r rec t  t he  i l l u s o r y  nose-high 
a t t i  tude . 

since the new , d i r e c t i o n  of t he  r e su l t an t  g r a v i t o i n e r t i a l  force  
v e c t o r  ( i f  we neg lec t  t h e  angle of a t t ack .  and climb angle) i s l  

N a t u r a l l y ,  t h e  p i l o t ' s  percept of p i t c h  a t t i t u d e  based on t h e '  
information from h i s  o t o l i t h  organs is  one of having pitched up 
4 5  degrees ;  and t h e  i n fo rma t ion  from h i s  n o n v e s t i b u l a r  pro- . 
p r i o c e p t i v e  and cutaneous mechanoreceptive senses supports t h i s  
f a l s e  p e r c e p t ,  a s  t h e  sense organs subserving those modalitiesf 
a l s o  respond t o  t h e  d i r e c t i o n  and i n t e n s i t y  of t h e  ' r e su l t an t  7 

g a v i t o i n e r t i a l  f o r c e .  Given t h e  ve ry  s t r o n g  s e n s a t i o n  of a .  I 
nose-high p i t ch  a t t i t u d e ,  one t h a t  is  not challenged e f f ec t ive ly  
by t h e  f o c a l  v i s u a l  o r i e n t a t i o n  cues provided by t h e  a t t i t u d e  
ind ica tor ,  t h e  p i l o t  i-empted t o  push t h e  nose of the  a i r c r a f t  : 
down t o  cancel t he  unwantedr*sensation of f l y i n g  nose-high. P i l o t s  
succumbing t o  t h i s  t empta t ion  c h a r a c t e r i s t i c a l l y  crash i n  a 

1 

I 
I 4 5  degrees a f t  r e l a t i v e  t o  the g r a v i t a t i o n a l  v e r t i c a l  ( F i g .  17). 

, 
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nose-?ow a t t i t u d e  a f ew mi l e s  beyond t h e  e n d  of  t h e  runway. 
Somet ines ,  however ,  t h e y  a r e  seen t o  descend o u t  of t h e  o v e r c a s t  
nose-low and t o  t r y  b e l a t e d l y  t o  p u l l  up, as  though  t h e y  sudden ly  
r egs i ined  t h e  c o r r e c t  o r i e n t a t i o n  upon s e e i n g  t k e  ground a g a i n .  
2 i l o t a  or' c a r r i e r - l a u n c h e d  a i r c r a f t  need t o  be e s p e c i a l l y  wary of 
t h e  s o n a t o g r a v i c  i l l u s i o n .  T h e s e  p i l o t s  e x s e r i e n c e  p u l s e  
a c c e l e r a t i o n s  l a s t i n q  2 t o  4 s and g e n e r a t i n g  p e a k  i n e r t i a l  
f o r c e s  of + 3  t o  +5 G,. Although t h e  major a c c e l e r a t i o n  i s  o v e r  
r a t h e r  q u i c k l y ,  t h e  r e s u l t i n g  i l l u s i o n  of nose-h igh  p i t c h  c a n  
; s e r s i s t  f o r  h a l f  a n i n a k e  o r  m o r e  a f t e r w a r d s ,  r e s u l t i n g  i n  a 
g a r t i s u l a r l y  hazardcus s i t c l a t i o n  f o r  t h e  p i l o t  who i s  unaware of 
t h i s  ahenaxenon, 3 

P i l o t ;  o f  h igh -Fe r fo rmance  a i r c r a f t  a r e  n o t  t h e  on ly  ones  
t o  s u f f e r  t h e  s o m a t o 3 r a ~ ~ i c  i l l u s i o n  of  p i t c h i n g  up  a f t e r  t a k e o f f .  
\.!ore? t h a z  a 2 o z e n  a i r  t r a n s p o r t  aircr3ft a r e  b e l i e v e d  t o  hav2  
c r a s 5 e d  a s  a r 3 s u l t  of p i l o t s '  e x 2 e r i e n c i n g  t h e  somatograv ic  
i l l u a i c n  on t a k e o f f  . 3 A r e l a t i v e 1 1  slow a i r c r a f t ,  a c c e l e r a t i n g  
f r o n  I 0 0  t o  1 3 3  k n o t s  o v e r  a l C - ;  p e r i o d  j u s t  a f t e r  t akeof f ,  
$enc?;~kzs  t 0 . 1 6  G, c n  th?  p i l o t .  Al though t h e  r e s a l t a i n t  9:a-ri- 
t o i n e r t i a l  f o r c e  i s  o n l y  1 . 0 1  G ,  b a r e l y  p e r c e p t i b l y  more t h a n  
t h e  f o r c e  of g r a v i t y ,  i t  is d i r e c t e d  9 degrees a f t ,  s i g n i f y i n g  
t o  t h e  unw3ry p i l o t  a 9-d.lyree nose-up p i t c h  a t t i t u d e .  As many 
s lower  a i r c r a f t  c l i n b  o u t  a t  6 dec,rees  o r  l e s s ,  a 9-dec;ree down- 
ward p i t c h  c o r r e c t i o n  would p u t  s u c h  an a i r c r a f t  i n t o  a d e s c e n t  
o f  3 d e g r e e s  o r  more--the same a s  a normal f i n a l - a p p r o a c h  s l o p e .  
In t h e  absence of a d i s t i n c t  e x t e r n a l  v i s u a l  horizon--even worse ,  
i n  t h e  p r e s e n c e  o f  a f a l s e  v i s u a l  h o r i z o n  ( e . s , ,  a s h o r e l i n e )  
r e c e d i n g  u n d e r  t h e  a i r c r a f t  a n d  r e i n f o r c i n g  t h e  v e s t i b u l a r  
i l l Q s i o n - - t h e  p i l o t ' s  t e r n p t s t i o n  t o  push t h e  nose  down can be 
overwhelming. T h i s  t y p e  of mishap h a s  happened a t  one p a r t i c u l a r  
c i v i l  a i r p o r t  s o  o f t e n  t h a t  a n o t i c e  h a s  been  p l a c e d  on n a v i -  
g a t i o n a l  c h a r t s  c a u t i o n i n g  p i l o t s  f l y i n g  from t h i s  a i r p o r t  t o  be 
aware  of t h e  p o t e n t i a l  f o r  l o s s  of a t t i t u d e  r e f e r e n c e .  

Although t h e  c l a s s i c  g raveya rd  s p i r a l  was e a r l i e r  i n d i c a t e d  
t o  be a c o n s e q u e n c e  o f  t h e  p i l o t ' s  s u f f e r i n g  a s o m a t o g y r a l  
i l l u s i o n ,  i t  c a n  a l s o  be c o n s i d e r e d  t o  r e s u l t  from a somatograv ic  . 

' i l l u s i o n .  A p i l o t  who i s  f l y i n g  "by t h e  s e a t  of h i s  pants"  e 

a p p l i e s  . t h e  q e c e s s a r y  c o n t r o l  i n p u t s  t o  c r e a t e  a r e s u l t a n t  
G - f o r c e  v e c t o r  h a v i n g  t h e  same magnitude and  d i r e c t i o n  a s  t h a t ,  
which h i s  d e s i r e d  f l i g h t  p a t h  would c r e a t e .  U n f o r t u n a t e l y ,  any  
p a r t i c u l a r  G v e c t o r  i s  n o t  un ique  t o  one p a r t i c u l a r  c o n d i t i o n  of 
a i r c r a f t  a t t i t u d e  a n d  m o t i o n ;  a n d  t h e  l i k e l i h o o d  t h a t  t h e  G 
v e c t o r  c r e a t e d  by a p i l o t  f l y i n g  w i t h o u t  r e f e r e n c e  to. i n s t r u m e n t s  
i - s - t h a t  of t h e  f l i g h t  c o n d i t i o n  d e s i r e d  is remote indeed ,  S p e c i b  
f i c a l l y ,  o n c e  a n  a i r c r a f t  h a s  d e p a r t e d  a d e s i r e d  wings - l eve l  
a t t i t u d e  b e c a u s e  o f  a n  unpe rce ived  r o l l ,  and  t h e  p i l o t  d o e s  n o t  
c o r r e c t  t h e  r e s u l t i n g  bank, t h e  o n l y  way h e  can crea te  a G v e c t o r ,  
which matches  t h a t  of t h e  s t r a i g h t  and l e v e l  c o n d i t i o n  i s  w i t h  a 
descend ing  s p i r a l .  I n  t h i s  c o n d i t i o n ,  a s  i s  a l w a y s  t h e  case i n  a - 
c o o r d i n a t e d  t u r n ,  t h e .  - 4 t r i f u g a l  f o r c e  r e s u l t i n g  from t h e  t u r n  : 
p r o v i d e s  a G f o r c e  which , c a n c e l s  t h e  Gy component of t h e  f o r c e  
of  g r a v i t y  t&t exists when t h e  a i r c r a f t  is banked.  In a d d i t i o n ,  
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t h e  t a n g e n t i a l  l i n e a r  a c c e l e r a t i o n  a s s o c i a t e d  w i t h  t h e  i n c r e a s i n g  
a i r s p e e d  r e s u l t i n g  f r o m  t h e  d i v e  p r o v i d e s  a +Gx f o r c e  which 
cancels t h e  -G component of  t h e  g r a v i t y  v e c t o r  t h a t  exists when 
t h e  n o s e  o f  t%e a i r c r a f t  i s  p o i n t e d  downward. A l though  t h e  
v e c t o r  a n a l y s i s  o f  the f o r c e s  i n v o l v e d  i n  t h e  g r a v e y a r d  s p i r a l  is 
s o n e w h a t  c o m p l i c a t e d ,  a p i l o t  can  e a s i l y  a n d  a u t o m a t i c a l l y  
m a n i p u l a t e  t h e  s t i c k  and rudder  p e d a l s  t o  c a n c e l  a l l  v e s t i b u l a r  
a n d  o t h e r  n o n v i s u a l  s e n s o r y  i n d i c a t i o n s  t h a t  h i s  a i r c r a f t  i s  
t u r n i n g  and d i v i n g .  I n  one mishap i n v o l v i n g  a d a r k - n i g h t  t a k e o f f  
of a commercial  a i r l i n e r ,  t h e  r eco rded  f l i g h t  d a t a  i n d i c a t e d  t h a t  
t h e  r e s u l t a n t  G f o r c e  w h i c h  t h e  p i l o t  c r e a t e d  by h i s  c o n t r o l  
i n p u t s  a l lowed h i 3  t o  p e r c e i v e  h i s  d e s i r e d  1 0 -  t o  12-degree  clirnb 
a n g l e ,  and a n e t  G f o r c e  between 0 . 9  and 1.1 G ,  f o r  v i r t u a l l y  t h e  
w h o l e  f l i g h t - - e v e n  t h o u g h  h e  a c t u a l l y  l e v e l l e d  o f f  a n d  t h e n  
d e s c e n d e d  i n  a n  a c c e l e r a t i n g  s p i r a l  u n t i l  t h e  a i r c r a f t  c r a s h e d  
n e a r l y  i n v e r t e d  ( F i g .  18). 

ILLUSORY PITCH A m T U O E  I 

ACTUAL PlTCH ATTITUDE 

r 2  -20 /- 

I 

F i g u r e  18. F l i g h t  r e c o r d e r  d a t a  from a wide-body j e t l i n e r  t h a t  . 
c r a s h e d  l e s s  t h a n  two minu tes  a f t e r  t a k i n g  o f f  ove r  
t h e  ocean  on a da rk  n i g h t .  Although t h e  n e t  g r a v i t o -  
i n e r t i a l  f o r c e  was e s s e n t i a l l y  1 . 0  G d i r e c t e d  10 t o  12.. 
d e g r e e s  a f t  o f  t h e  a i r c r a f t  v e r t i c a l  t h rough  nea r l ' y ,  
t h e  w h o l e  f l i g h t ,  t h e  a i r c r a f t  a c t u a l l y  l e v e l e d  o f f  
and e v e n t u a l l y  e n t e r e d  a s p i r a l  d i v e  i n t o  t h e  wa te r .  ' 

T h e  f a c t  t h a t  t h e  d e s i r e d  f l i g h t  p r o f i l e  ( a  s t r a i g h t  ' 

c l i m b )  would  h a v e  y i e l d e d  t h e  same g r a v i t o i n e r t i a l  
f o r c e  envi ronment  a s  was a c t u a l l y  g e n e r a t e d  i s  s t r o n g  
e v i d e n c e  t h a t h t l i e .  p i l o t  was s p a t i a l l y  d i s o r i e n t e d .  

.- . 

'. I .. 
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The inversion illusion ' is a type of somatogravic illusion 
in which the resultant gravitoinertial force vector rotates SO 
far backward as  t o  be pointing away from, rather than toward, the 
earth's surface, thds giving the subject of this phenomenon the 
false sensation that he is upside down. 
can happen. Typically, a steeply climbing high-performance . 
aircraft levels off  more or less abruptly at the desired alti- 
tude. This maneuver subjects the aircraft and pilot to a -G ,  
centrifugal force resulting from the arc flown just prior to 
level-off. Simultaneously, as the aircraft changes to a more 
level attitude, airspeed picks up rapidly, adding a tG tan- 
gential inertial force to the overall force environment. ]Adding 
the - G ,  centrifugal force and the tG, tangential force to the l - G  
gravitational force results in a net gravitoinertial force vector 
that rotates backward and upward relative to the pilot. This 
stiinulates his otolith organs in a manner similar to the way a 
pitch upward into an inverted position would. Even though the 
semicircular ducts should respond to the actual pitch downward, 
f o r  some reason this conflict is resolved in favor of the 
otolith-organ information--perhaps because the semicircular 
duct response is transient while the otolith-organ response 
persists, or perhaps because the information from the nonvesti- 
b u l a r  proprioce?tors and otker mechanoreceptors reinforces that 
from the otolith organs. The pilct who responds to the inversion 
illusion by pushing forward on the stick to counter the per- 
ceived pitching up and over backward only prolongs the illusion 
by cresting more -G, and +G, f o r c e s ,  thus aggravating his 
situation. Turbulent weather usually contributes to the develop- 
nent of the illusion; certainly, downdrafts are a source of :Gz 
forces that can add to the net gravitoinertial force producing 
the inversion illusion. Again, one does not have to be flying a 
jet fighter to experience this illusion. A number of reports of 
the inversion illusion describe the loss of control of air 
transport aircraft that occurred when the pilot lowered the nose 
inappropriately after experiencing the illusion. && is 
the term for the sequence of  events that includes instrument 
weather, turbulence, inability of the pilot to read his instru- 

, ments, the inversion illusion, a pitch-down control input, and . 
difficulty recovering the qjrcraft because of resulting aero- ' 

dynamic or mechanical forces. 

The G-excess m u s i o n  can also be considered a form of 
somatogravic illusion, because it involves an  abnormal magnitude 
and/or direction of applied gravitoinertial force that results 
in false perception of body position, and the perceptual response 
cdn- be determined at lease qualitatively by a simple mechanical: 
analysis (Fig. 20). Let us assume a subject is sittiq'g upright 
in a +I-G, environment, and he tips his head forward 30 degrees. . 
A S  a result of this change in head position, his otolithic * - 
membranes slide forward the appropriate amount f o r  a 30-degree 
tilt relative t o  vertical--say, a distance of X pm. Now suppose 
the same subject is si&iiRg upright in a +2-G environment, and : 
again tips his head 30 degrees forward. This time his otolithic 
membranes slide forward more than X pm because of the doubled 

Figure 19 shows how this ' 

. 

8 

1 - 1  3-31 



. .  ... . ,. ? , .. 

g r a v i t o i n e r t i a l  f o r c e  a c t i n g  on them,  B u t  t h e  displacement of 
t h e  o t o l i t h i c  membranes now c o r r e s p o n d s  n o t  t o  a 30-degree  
f o r w a r d  t i l t  i n  t h e  normal 1 - G  envi ronment ,  b u t  t o  a much 
g r e a t e r  one, t h e o r e t i c a l l y  a s  much a s  90 degrees  ( 2  sin 30 deg = 
s i n  93  d e g ) .  The"subject had i n i t i a t e d  only a 30-degree head 
t i l t ,  however, and expec ts  t o  perceive no more than t h a t .  The. 
unexpected a d d i t i o n a l  p e r c e i v e d  t i l t  i s  t h u s  r e fe r r ed  t o  t h e  
immediate environment; i.e., he perceives  h i s  v e h i c l e ,  i f  h e  i s  
i n  one ,  t o  have t i l t e d  by t h e  amount equal  t o  t h e  d i f f e r e n c e  
between h i s  a c t u a l  and expected percepts  of t i l t .  I n  a h igh- ,  
performance a i r c r a f t  t h e  G-excess i l l u s i o n  can occur a s  a r e s u l t  
of t he  moderate anount-of  G f o r c e  pul led i n  a turn-a pene t r a t ion  
tu rn  o r  procedure tu rn ,  f o r  example. I f  t h e  p i l o t  has t o  look 
down and t o  t h e  s i d e  t o  s e l e c t  a new rad io  frequency o r  t o  pick 
up a dropped p e n c i l  w h i l e  i n  a t u r n ,  h e  should experience a n  
uncommanded t i l t  i n  both t h e  p i t c h  and r o l l  p lanes  due t o  t h e  
G-excess i l l u s i o n .  As noted previously,  t h e  G-excess illusion 
m y  be  r e s sons ib l e  f o r  t h e  f a l s e  sensa t ion  of p i t c h  and/or r o l l  
genera l1  a t t r i b u t e d  t o  t h e  C o r i o l i s  i l l u s i o n  under such circum- 

- -  

s tances .  x 2  

-- 
Figure 1 9 .  The i n v e r s i o n  i l l u s i o n .  Cen t r i fuga l  and tangentia 'f  

i n e r t i a l  f o r c e s  du r ing  a leve l -of f  combine ' w i t h  t h 6  
f o r c e  of g r a v i t y  t o  produce a r e s u l t a n t  g r a v i t o - -  
i n e r t i a l  f o r c e  t h a t  r o t a t e s  backward and upward wi th  - 
respec t  t o  t h e  p i l o t ,  causing h im t o  perce ive  t h a t  h e  
i s  s u d d e n l y  u p s i d e  down, T u r b u l e n t  wea the r  c a n  
produce a d d i t i o n a l  i n e r t i a l  f o r c e s  t h a t  cont r  U t e  t o  : 
t h e  illusion*;'-(Rdapted from Martin and Jones.) IB 
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F i g u r e  2 0 .  Mechanism of  t h e  G-excess i l l u s i o n .  S u b j e c t  i n  1 - G  
env i ronmen t  (uppe r  f i g u r e s )  e x p e r i e n c e s  t h e  r e s u l t  of 
a 0.5-G p u l l  on h i s  u t r i c u l a r  o t o l i t h i c  membranes when 
h e  t i l t s  h i s  h e a d  3 0  d e g r e e s  o f f  t h e  v e r t i c a l ,  and‘. 
t h a t  of a 1 - G  p u l l  when h e  t i l t s  i t  a f u l l  90ldegrees: 
S u b j e c t  i n  2-G envi ronment  ( lower  f i g u r e s )  e x p e r i e n c e s  - 
t h e  r e s u l t  of a 1 - G  p u l l  when h e  t i l t s  his head o n l y  . 
30 d e g r e e s .  The i l l u s o r y  excess t i l t  p e r c e i v e d  by t h e  
s u b j e c t  i s  a t t r i b u t e d  t o  e x t e r n a l  f o r c e s  ( l o w e r  

-- - 

. 
r i g h t ) .  * N  
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Another  i l l u s i o n  o f  o t o l i t h - o r g a n  o r i g i n ,  b u t  n o t  c l a s s i f i e d  
a3 a somatograv ic  i l l u s i o n  because  i t  i n v o l v e s  a v i s u a l  p e r c e p t u -  
a 1  e f f e c t ,  is  t h e  W o s r u  . The o c u l o g r a v i c  i l l u s i o n  
c a n  b e  t h o u g h t  o f - a s  a v i s u a l  c o r r e l a t e  o f  t h e  s o m a t o  r a v i c  
i l l u s i o n ,  a n d  o c c u r s  u n d e r  t h e  sane s t i m u l g s  c o n d i t i o n s .  q 3  A 
s i l o t  who i s  s u b j e c t e d  t o  t h e  d e c e l e r a t i o n  r e s u l t i n g  f r o m  
a 2 p l i c a t i o n  of speed  b r a k e s ,  f o r  example,  e x p e r i e n c e s  a nose-down 
p i t c h  because  of t h e  somatograv ic  i l l u s i o n .  S i n u l t a n e o u s l y ,  h e  
o b s e r v e s  t h e  i n s t ru inen t  p a n e l  i n  f r o n t  of h i n  t o  move dcwnward, 
c o n f  i r n i n l j  h i ;  s e n s a t i o n  of t i l t i n . 3  forwJird. The o c s l o 2 r 3 v i c  
i l l u s i o n  1 s  t h a a  t h e  v i s u a l l y  a p p a r e n t  movement of a n  o b j e c t  
whish i s  a c t u a l l y  i n  a f i x e d  p o s i t i o n  r e l 3 t i ; l e  t o  t h e  subjec t  
C a r i n g  c h a n ( j i n 9  m a g n i t u d e  and/’or d i r e c t i o n  of t h e  n e t  cjravi-  
t o i n e r t i a l  f o r c e .  L i k e  t h e  oculocjyral  i l l u s i o n ,  t h e  o c u l o g r a v i c  
i l l c r s i o n  p r o b a b l y  r e s i l l t s  f r o m  t h e  a t t e m p t  t o  m a i n t a i n  v i s u a l  
f ix , i t ion  du r in l j  a ‘ ~ ~ ~ t i i j u 1 0 - 0 ~ u l i r  r eE l+f : c ,  e l i c i t e d  i n  th is  c a s e  
by t h e  change i n  magni tude  O K  d i r e c t i o n  of t h e  a p p l i e d  G v e c t o r  
r a t h e r  t h a n  by ancjular a c c e l e r a t i c n .  

. .  

The p v i t - ~ ~ .  =us& i s  a s p e c i a l  t y p e  of o c u l o g r a v i c  
i l l u s i o n  t h a t  r e s u l t s  f rom an  i n c r e a s e  o r  d e c r e a s e  i n  t h e  
m a g n i t u d e  o f  t h e  + G z  f o r c e  a c t i n g  on a s u b j e c t .  Khen one is  
a c c e l e r a t e d  upward, a s  i n  an  e l e v a t o r ,  t h e  i n c r e a s e  i n  +GZ f o r c e  
e l i c i t s  a v e s t i b u l o - o c u l a r  r e f l e x  of  o t o l i t h - o r g a n  o r i g i n  ( t h e  
e l e v a t o r  r e f l e x )  t h a t  d r i v e s  t h e  eyes  downward. A t t enp t inz j  t o  
s t a b i l i z e  v i s u a l l y  t h e  o b j e c t s  i n  a f i x e d  p o s i t i o n  r e l a t i v e  t o  
t h e  o b s e r v e r  c a u s e s  t h o s e  o b j e c t s  t o  a p p e a r  t o  s h i f t  upward when 
t h e  G f o r c e  i s  i n c r e a s e d .  The o p p o s i t e  e f f e c t  occucs when one 
i s  a c c e l e r a t e d  downward: t h e  r e d u c t i o n  i n  t h e  magni tude  of t h e  
n e t  g r a v i t o i n e r t i a l  f o r c e  t o  l e s s  t h a n  +1 G c a u s e s  a r e f l e x  
upward s h i f t  o f  t h e  d i r e c t i o n  of gaze ,  and t%e immediate  s u r -  
round ings  a p p e a r  t o  s h i f t  downward, ( T h e  l a t t e r  e f f e c t  h a s  a l s o  
been c a l l e d  t h e  g c w a v  i c  Ulus i o n  because  of i t s  o c c u r r e n c e  
d u r i n g  t r a n s i e n t  w e i g h t l e s s n e s s . )  The impor t ance  of  t h e  e l e v a t o r  
i l l u s i o n  i n  a v i a t i o n  i s  n o t  w e l l  d o c u m e n t e d .  I n  o n e  t r a g i c  
m i s h a p ,  however, i t  was p robab ly  e x p e r i e n c e d  by t h e  p i l o t  of a 
m i l i t a r y  t r a n s p o r t  a i r c r a f t  who became d i s o r i e n t e d  s h o r t l y  a f t e r  
l e v e l i n g  o f f  a b r u p t l y  f rom a pro longed  s t e a d y  d e s c e n t  on a dark  
n i g h t  ove r  d e s e r t  t e r r a i n .  T h e  t r a n s i e n t  increa-se i n  +G, f o r c e  , 
t h a t  occur red  a s  t h e  p i l o t  l e v e l e d  o f f  a t  t h e  l a n d i n g  p a t t e r n  
a l t i t u d e  most ! l i k e l y  provoked t h e  e l e v a t o r  i l l u s i o n ,  a n d  s e e i n g  
h i s  i n s t r u m e n t  p a n e l  r i s e ,  h e  compensated by p i t c h i n g  downward 
d u r i n g  t h e  s u b s e q u e n t  f a t a l  t u r n  t o  f i n a l  approach .  W e  c a n  a l s o  
assume t h a t  u p d r a f t s  a n d  downdra f t s  p roduce  e l e v a t o r  i l l u s i o n s  
i n  p i l o t s  p e n e t r a t i n g  t u r b u l e n t  weather  ( F i g .  2 1 ) .  

By f a r  t h e  most common v e s t i b u l a r  i l l u s i o n  i n  f l i c j h t  i s  t h e  w. V i r t u a l l y  e v e r y  i n s t r u m e n t - r a t e d  p i l o t  h a s  had i t ,  or. 
w i l l  g e t  i t ,  i n  one  form o r  a n o t h e r  a t  some time i n  h i s  f l y i n g  
c a r e e r ,  I t  c o n s i s t s  of a f a l s e  p e r c e p t  of  a n g u l a r  d i s p l a c e m e n t  . 
a b o u t  t h e  r o l l  a x i s ,  i . e . ,  i s  a n  i l l u s i o n  o f  b a n k ,  a n d  i s  - 
f r e q u e n t l y  a s s o c i a t e d - w i t h  an a t t e m p t  by t h e  p i l o t  t o  compensate  . 
f o r  t h e  i l l u s i o n  by T?g%,ing i n  t h e  d i r e c t i o n  of t h e  f a l s e l y  ’ 

-- - v 
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Ficpre 21 .  Elevator i l l u s i o n  resu l t ing  from an updraf t .  I n  t h i s  
t y p e  of o c u l o g r a v i c  i l l u s i o n ,  t h e  i n c r e a s e  i n  +G, 
f o r c e  e l i c i t s  a vest ibulo-ocular  r e f l ex  of o t o l i t h -  
organ o r ig in  which,  when v isua l  f i x a t i o n  is attempted, 
r e s u l t s  i n  a f a l s e l y  perceived upward motion of the  
o b j e c t  f i xa t ed - - the  instrument panel i n  t he  example 
shown. 

! 

perce ived  v e r t i c a l  ( F i g .  2 2 ) .  The u s u a l  explanations of t he  0 

l e a n s  invoke t h e  known d e f i c i e n c i e s  of both otol i th-organ and 
semic i  rcular-duct sensory mechanisms. As ind ica ted  previously,, 
t h e  o t o l i t h  organs a r e  not r e l i a b l e  sources of information about 
t h e  d i r e c t i o n  of the  t r u e  v e r t i c a l  because they respond t o  the  
r e s u l t a n t  g r a v i t o i n e r t i a l  force ,  n o t  t o  g r a v i t y  alone. Further- 
more, other sensory inputs  can sometines ove r r ide  otoli th-organ 
cues and r e s u l t  i n  f a l s e  perception of t h e  v e r t i c a l ,  even whe% 
t h e  g r a v i t o i n e r t i a l  f o r c e  experienced i s  t r u l y  v e r t i q a l .  The 
s e m i c i r c u l a r  d u c t s  can provide such f a l s e  inpu t s  in' f l i g h t  by 
responding accura te ly  t o  some r o l l  s t i m u l i  b u t  not  responding to. I 
o t h e r s  because  they  a r e  below threshold .  I f ,  for  example, a 
p i l o t  is s u b j e c t e d  t o  an angular acce le ra t ion  i n  r o l l  so  t h a t  - 
t he  product of t he  accelegat ion and i t s  t i m e  of appl ica t ion  does ; 
n o t  reach some threshold ,value--say, 3 degrees/s--then he does 
not perceive t h e  r o l l .  L e t  u s  suppose t h i s  p i l o t ,  who is  t ry ing  
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t o  f l y  s t r a i g h t  and  l e v e l ,  is s u b j e c t e d  t o  an unrecognized  and 
u n c o r r e c t e d  2-degree /s  r o l l  f o r  1 0  s: a 20-degree bank r e su l t s .  
If t h e  p i l o t  s u d d e n l y  n o t i c e s  t h e  unwanted bank and c o r r e c t s  i t  
by r o l l i n g  t h e  a i r c r a f t  back u p r i g h t  w i t h  a s u p r a t h r e s h o l d  r o l l  
rate--sa:r, 1 5  degrees /s - -he  e x p e r i e n c e s  o n l y  h a l f  of t h e  a c t u a l  
r o l l  m o t i o n  t h a t  t o o k  p l a c e ,  t h e  h a l f  r e s g l t i n g  f r o m  t h e  
c o r r e c t i n c ;  r o l l .  As h e  s t a r t e d  p e r c e p t u a l l y  f rom a wings - l eve l  
p o s i t i o n ,  h e  i s  l e f t  w i t h  t h e  i l l u s i o n  of h a v i n g  r o l l e d  i n t o  a 
2 O - d e : j r o t  bank i n  t h e  d i r e c t i o n  o f  t h e  c o r r e c t i n g  r o l l ,  even 
thou( jn  he i s  a g a i n  wings - l eve l .  A t  t h i s  p o i n t  h e  h a s  t h e  l e a n s ;  
and a l t h o u g h  h e  may be a b l e  t o  f l y  t h e  a i r c r a f t  p r o p e r l y  by t h e  
v e r y  d ? l i b e r a t e  a n d  d i f f i c u l t  p r o c e s s  of f o r c i n g  t h e  a t t i t u d e  
i n d i c a t o r  t o  r e a d  c o r r e c t l y ,  h i s  i l l u s i o n  can  l a s t  f o r  nany 
m i n u t e s ,  s e r i o u s l y  deg rad ing  h i s  f l y i n g  e f f i c i e n c y  d u r i n g  t h a t  
t i n e .  

I n t e r e s t i n g l y ,  p i l o t s  f r e q u e n t l y  g e t  t h e  l e a n s  a f t e r  
; ? r o l o n y e d  t u r n i n g  n a n s u v e r s ,  a n d  n o t  b e c a u s e  of a l t e r n a t i n g  
s u b t h r e s h o l d  a n d  s u p r a t h r e s h o l d  a n g u l a r  mot i cn  s t i r n u l i .  I n  a 
h o l d i n g  p a t t e r n ,  f o r  e x a n p l e ,  t h e  p i l o t  r o l l s  i n t o  a 3-degree/s  
s t a n d a r d - r a t e  t u r n ,  h o l d s  t h e  t u r n  f o r  1 m i n ,  rolls o u t  and 
f l i e s  s t r a i g h t  and l e v e l  f o r  1 m i n ,  t u r n s  a g a i n  f o r  1 m i n t  and 
s o  o n  u n t i l  t r a f f i c  c o n d i t i o n s  p e r n i t  hiin t o  p r o c e e d  toward h i s  
d e s t i n a t i o n .  D u r i n g  t h e  t g r n i n g  secjments t h e  p i l o t  i n i t i a l l y  
f e e l s  t h e  r o l l  i n t o  t h e  t u r n  and a c c u r a t e l y  p e r c e i v e s  t h e  banked 
a t t i t u d e .  B u t  a s  t h e  t u r n  c o n t i n u e s ,  h i s  p e r c e p t  of be ing  i n  a 
b a n k e d  t u r n  d i s s i p a t e s  and i s  r e p l a c e d  by a f e e l i n g  of f l y i n g  
s t r a i g h t  and l e v e l ,  bo th  because  t h e  s e n s a t i o n  o f  t u r n i n g  i s  l o s t  
when t h e  endolymph comes up t o  speed  i n  t h e  s e m i c i r c u l a r  d u c t s  
( somatogyra l  i l l u s i o n )  and because  t h e  n e t  G f o r c e  b e i n g  d i r e c t e d  
toward t h e  f l o o r  of t h e  a i r c r a f t  p r o v i d e s  a f a l s e  cue of v e r t i -  
c a l i t y  ( s o m a t o g r a v i c  i l l u s i o n ) .  When t h e  p i l o t  t h e n  r o l l s  o u t  of 
t h e  t u r n ,  h e  f e e l s  h e  h a s  r o l l e d  i n t o  a b a n k e d  t u r n  i n  t h e  
o p p o s i t e  d i r e c t i o n .  With e x p e r i e n c e ,  a p i l o t  l e a r n s  t o  s u p p r e s s  
t h i s  f a l s e  s e n s a t i o n  q u i c k l y  by pay ing  s t r i c t  a t t e n t i o n  t o  t h e  
a t t i t u d e  i n d i c a t o r .  Somet imes ,  h o w e v e r ,  t h e  p i l o t  f i n d s  he 
c a n n o t  d i s p e l  t h e  i l l u s i o n  o f  b a n k i n g - - u s u a l l y  when h e  i s  
p a r t i c u l a r l y  busy ,  u n f o r t u n a t e l y .  The l e a n s  can a l s o  be  caused  . 

' by m i s l e a d i n g  p e r i p h e r a l  v i s u a l  o r i e n t a t i o n  c u e s , - a s  ment ioned i n  0 

t h e  d i s c u s s i o n , o f  t h e  v i s u a l  i l l u s i o n s .  Rol l  a n g u l a r  v e c t i o n  i s  
p a r t i c u l a r l y  e f f e c t i v e  i n  t h i s  r e g a r d ,  a t  l e a s t  i n  t h e  labo-,  
r a t o r y .  O n e  t h i n g  a b o u t  t h e  l e a n s  i s  o b v i o u s :  t h e r e  i s  no 
s i n g l e  e x p l a n a t i o n  f o r  i t .  T h e  d e f i c i e n c i e s  of s e v e r a l  o r i e n -  
t a t i o n - s e n s i n g  s y s t e m s  i n  some c a s e s  r e i n f o r c e  e a c h  o t h e r  t o  
c r e a t e  a n  i l l u s i o n ;  i n  o t h e r  c a s e s  t h e  inaccurate,  i n f o r m a t i o n  
-from o n e  s e n s o r y  m o d a l i t y  f o r  some r e a s o n  is  s e l e c t e d  o v e r  t h e  
a c c u r a t e  i n f o r m a t i o n  from o t h e r s  t o  c r e a t e  t h e  i l l u s i a n ,  S t o r i e s  
h a v e  s u r f a c e d  of p i l o t s  suddenly  e x p e r i e n c i n g  t h e  l eans  f o r  no 
a p p a r e n t  r e a s o n  a t  a l l ,  o r  even of e x p e r i e n c i n g  i t  v o l u n t a r i l y  by 
i m a g i n i n g  t h e  e a r t h  t o  b e  i n  a d i f f e r e n t  d i r e c t i o n  from t h e  - 
a i r c r a f t .  The p o i n t  is t h a t  one m u s t  n o t  t h i n k  t h a t  t h e  l e a n s ,  - 
o r  a n y  o t h e r  i l l u s i o j t c o r  t h a t  m a t t e r ,  occurs a s  a t o t a l l y  : 
p r e d i c t a b l e  r e s p o n s e  to.,a p h y s i c a l  s t i m u l u s :  
t o  p e r c e p t i o n  t h a n  s t i m u l a t i o n  of  t h e  end-organs.  

t h e r e  i s  much more 
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Figure 2 2 .  The leans, the most common of all vestibular illusions 
in flight. Falsely perceiving himself to be in a 
right bank, but flying the aircraft straight and level 
by means of the flight instruments, this pilot is 
leaning to the left in an attempt to assume an upright 
posture compatible with his illusion of bank. 

on in Fl& 

PefiUtiQaS. We have already defined an orientational 
illusion to be a false percept of position, attitude, or motion, . 
relative to the plane of the earth’s surface. SDatial disorien , 

’ tation and the equivalent term, Dilot yertisQ 8 are usually taken 
to mean the experiencing of an orientational illusion in flight. , 
There is a major qualitative difference, however, between simply 
experiencing an orientational illusion and having to control an . 
aircraft under conditions of misperceived or conflicting orien- 
tation cues. Furthermore, this difference becomes very important . 
in the analysis of mechanisms involved in aircraft mishaps due to., 
orientational illusions, and in the development of traiying aids. 
for educating pilots about the potential for loss of ,aircraft 
control while under the influence of orientational illusions. * 

F o r  those reasons, we find it necessary to restrict the use of ’ - 
the term sPatial d m  to the condition wherein one not . 
only has an orientational illusion but also needs to have . 
correct perception of’ osientation for controlling his position, ’ 
attitude, or motion. Whewo’ne has an orientational illusion but 
has no need for correct information about his orientation, we say 

. . .  
- 
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he ha3  e 1 . T h i s  d i s t i n c t i o n  i s  ext.mplifi*:(I by 
t h e  c o n t r a s t  between t h e  expe r i ence  of a p i l o t ,  who m u s t  f l y  h i s  
v e h i c l e  on a d e s i r e d  p a t h  through space  by r e s p o n d i n g  t o  a v a i l a -  
b l e  o r i e n t a t i o n  c u e s  ( a n d  t o  whom s u c h  cues  a r e ,  t h e r e f o r e ,  
h i g h l y  r e l e v a n t ) ,  h n d  t h e  e x a e r i e n c e  o f  a n  a i r b o r n e  cominuni- 
c i t i o n s  n o n i t o r ,  who can  p e r f o r n  h i s  du ty  w i t h o u t  r e g a r d  t o  h i s  
s g a t i a i  o r i e n t a t i o n  (and  t o  whom o r i e n t a t i o n  cues--whether  t r u e  . 
o r  f a l s e - - a r e  e s s e n t i a l l y  i r r e l e v a n t )  . O b v i o u s l y ,  i t  i s  s p a t i a l  
d i s o r i s n t a t i o n ,  n o t  s ? a t i a l  u n o r i e n t a t i o n ,  t h a t  causes a i r c r a f t  
nish39s a n d  w a r r a n t ;  i n r ? e s t i ; a t i v e  and e d u c a t i o n a l  e f f o r t s  t o  
: ) ~ . ~ ‘ i e n t  i t  . 

T y ~ - e 3 .  I t  i s  3130 u s e f y l  t o  3 3 k s  t h e  d i s t i n c t i c n  betueeri 
d n r ~ c 3 r ; n i z e d  ( a l s o  c a l l e d  T’/3 L) a n d  ~ e c o c i ~  ’ z e j  ( T v s -  U) 
s p a t i a l  d i s o r i e n t a t i o n .  A s  t n e  t e r m  i m p l i e s ,  u n r e c o g n i z e d  
s p a t i a l  d i s o r i e n t a t i o n  t e f e s s  t o  t h e  s i t u a t i o n  i n  w h i c 5  a 
p i l o t ,  o b l i v i o u s  t o  t h e  f a c t  t h a t  he i s  d i a o r i ? n t e d ,  c o n t r o l s  h i s  
v e h i c l e  c o m p l e t e l y  i n  acco rd  w i t h  and i n  r e s p o n s e  t o  h i s  f a l s e  
o r i e n t a t i o n a l  F e r c e 2 t .  Xn r e c 0 . j n i ~ t . d  s p a t i a l  d i s o r i e n t a t i d n  the 
p i l o t  r o i l i z e ;  s o n e t h i n c j  i; wrong wi th  h i s  a b i l i t y  t o  f l y  t!lfi 
‘ I e h i ’ C l e i  b u t  h e  niay o r  may n o t  a c t u a l l y  r e a l i z e  t h a t  t h e  sou:ce 
of  h i s  p r o b l e n  i s  s p a t i a l  d i s o r i e n t a t i o n .  Even f u r t h e r  o u t  i n  
t h e  s 2 e c t r u n  o f  t y p e s  o f  d i s o r i e n t a t i o n  i s  t h a t  i n  which t h e  
i ) i i o t  n o t  o n l y  r e c o t j n i z e s  t h a t  h e  c a n n o t  c o n t r o l  h i s  v e h i c l e  
e ‘ f e c t i v e i y  kecause  of s p a t i a l  d i s o r i e n t a t i o n ,  b u t  ne a l s o  cannot  
o b t a i n  c o r r e c t  i n f o r a n a t i o n  becagse t he  v i o l e n c e  of t h e  motion 
iinposed i s  b i u r r i n g  h i s  v i s i o n  w i t h  c o u n t e r p r o d u c t i v e  v e s t i b u l o -  
c c u l a r  r e f l e x e s  ( n y s t a g a u s ) ,  F o r  want  o f  an a d e q u a t e l y  de-  
s c r i p t i v e  sirnple t e r m ,  we s h a l l  c a l l  t h i s  t y p e  y e s t i b u l o - o c i u  
d i  ~(II r w t  i c~ I o r  TYD_P K1[ s 2 a t i a l  d i s o r i e n t a t i o n .  

Examole$ . T h e  l a s t  o f  f o u r  F - 1 5  E a g l e  f i g h t e r  a i r c r a f t  
took o f f  on a d a y t i n e  s o r t i e  i n  weather ,  i n t e n d i n g  t o  f o l l o w  t h e  
o t h e r  t h r e e  i n  a r a d a r  i n - t r a i l  d e p a r t u r e .  Because of a navi -  
g a t i o n a l  e r r o r  commit ted by t h e  p i l o t  s h o r t l y  a f t e r  t a k e o f f ,  h e  
was b n a b l e  t o  a c q u i r e  t h e  o t h e r  a i r c r a f t  on h i s  r a d a r .  F r u s t r a t -  
e d ,  h e  e l e c t e d  t o  i n t e r c e p t  t h e  o t h e r  a i r c r a f t  where h e  knew 
t h e y  would be i n  t h e  a r c  of t h e  s t a n d a r d  i n s t r u m e n t  d e p a r t u r e ;  
s o  h e  made a b e e - l i n e  f o r  t h a t  p o i n t ,  p resumably  s c a n n i n g  h i s  . 
r a d a r  d i l i g e n t l y  f o r  t h e  b l i p s  he knew s h o u l d  b e  a p p e a r i n g  a t  
any time.. Meaqwhile, a f t e r  a scend ing  t o  1200 m ( 4 0 0 0  f t )  above 
ground l e v e l ,  he  e n t e r e d  a d e s c e n t  of a p p r o x i m a t e l y  12 m/s ( 2 4 0 0 ,  
f t / m i n )  a s  a r e s u l t  o f  a n  u n r e c o g n i z e d  3 - d e g r e e s - n o s e - l o w  
a t t i t u d e .  A f t e r  r e c e i v i n g  r e q u e s t e d  p o s i t i o n  i n f o r m a t i o n  from 
a n o t h e r  member of t h e  f l i g h t ,  t h e  mishap p i l o t  s u d d e n l y  r e a l i z e d  
h e  w a s  i n  d a n g e r  o f  c o l l i d i n g  w i t h  t h e  o t h e r s ,  oc h e  sudden ly  
a c q u i r e d  t h e m  on  r a d a r :  b e  t h e n  made a s t e e p l y  banked turn;. 
e i t h e r  t o  a v o i d  a p e r c e i v e d  t h r e a t  of c o l l i s i o n  o r  t o  j o i n  up- 
w i t h  t h e  r e s t  of t h e  f l i g h t .  U n f o r t u n a t e l y ,  he  h a d  by t h i s  t i m e .  
descended  f a r  below t h e  o t h e r  a i r c r a f t  a n d  was g o i n g  t o o  f a s t  t o .  
a v o i d  t h e  g round ,  w h i c h  becane v i s i b l e  under  t h e  o v e r c a s t  j u s t  
b e f o r e  t h e  a i r c r a f t  c r a s h e d .  T h i s  m i s h a p  r e s u l t e d  f rom a n  - 
e p i s o d e  o f  unrecognized,of Type I ,  d i s o r i e n t a t i o n .  T h e  s p e c i f i c  : 
i l l u s i o n  r e s p o n s i b l e  a p p e a r s  t o  h a v e  been  t h e  s o m a t o g r a v i c  
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i l l u s i o n ,  c r e a t e d  b y  t h e  f o r w a r d  a c c e l e r a t i o n  of t h i s  h igh -  
p e r f o r m n c e  a i r c r a f t  d u r i n g  t a k e o f f  and climb-out. The p i l o t ' s  
p r e o c c u p a t i o n  w i t h  t h e  r a d a r  t a s k  compromised  h i s  i n s t r u m e n t  
s c a n  t o  t h e  p o i n t  ybere  t h e  f a l s e  v e s t i b u l a r  c u e s  were a b l e  t o  
p 5 n e t r a t e  h i s  o r i e n t a t i o n a l  i n f o r n a t i o n  p r o c e s s i n g .  Having  
u n k n o w i n g l y  a c c e e t e d  a n  i n a c c u r a t e  o r i e n t a t i o n a l  p e r c e p t ,  h e  
c o n t r o l l e d  t h e  a i r c r a f t  a c c o r d i n g l y  u n t i l  i t  was t o o  l a t e  t o '  
r e c o v e r .  

I 

- ~ x a n p l e s  o f  r ~ c o ~ j n i z s d ,  o r  Ty?e 11, s p t i a l  d i s o r i s n t J t i o n  
a r e  o a s i e :  t o  o b t a i n  t h a n  a r e  e x a n p l e a  o f  T y p e  I ,  a 3  a o s t  
e x 2 e : i e n c s d  p i l o t ;  5 a . i ~  a n e c d o t e s  t o  t e l l  about how t h e y  " g o t  
v e r t i 4 o "  arrd foucjht i t  o f f ,  Some p i l o t s  we:? n o t  so f o r t u n a t e ,  
however .  One  F-15 Eagle p i l o t ,  a f t e r  c l i n b i n c j  h i s  a i r c r a f t  i n  
f o r i n a t i o n  w i t h  a n o t h e r  F -15  a t  n i g h t ,  b e g a n  t o  e x p e r i e n c e  
d i f f i c u l t y  m i n t a i n i n g  s p t i ~ l  o r i e n t a t i o n  and a i r c r a E t  c o n t r o i  
uaon l e v e i i n g  o f f  i n  c l o u d s  a t  8200  n ( 2 7 , 0 0 0  f t ) .  "Talk  abou t  
p r a c t i c e  b l e e d i n g , "  h e  cominented t o  t 3 e  l e a d  a i l o t .  Having 
d e c i d e d  t o  g o  t o  a a o t h e r  a r e a  because  of  t h e  wea the r ,  t h e  two 
S i 1 0 t 3  began a descend ing  r i g h t  t a r n .  A t  t h i s  p o i n t  t h e  p i l o t  
on t h e  w i n g  t o l d  t h e  l e a d  p i l o t ,  "I'in f l y i n g  u p s i d e  dawn," 
S h o r t l y  a f t e r w a r d  t h e  wingman c o n s i d e r e d  s e p a r a t i n g  from t h e  
f o r m a t i o n ,  s a y i n g ,  "Ilm go in ( ;  l o s t  wingman;" t h e n ,  "NO, I ' v e  g o t  
y o u ; "  a n d  f i n a l l L J ,  "No, I ' m  g o i n g  l o s t  wincjnisn." T h e  misha? 
a i r c r a E t  t h e n  desceilded i n  wide s p i r a l ,  c r a s h i n g  i n t o  t h e  d e s e r t  
l ess  t h a n  a m i n u t e  1 3 t e r ,  e v e n  though tbt?  l e 3 d  p i l o t  a d v i s e d  t h e  
win9man s e v e r a l  t i m e s  d u r i n g  t h e  d e s c e n t  t o  l e v e l  o u t .  I n  t h i s  
m i s h a p  t h e  p i l o t  p r o b a b l y  s u f f e r e d  an i n v e r s i o n  i l l u s i o n  upon 
l e v e l i n g  o f f  i n  t h e  w e a t h e r ,  a n d  e n t e r e d  a g r a v e y a r d  s p i r a l  
a f t e r  l e a v i n g  t h e  f o r m a t i o n .  Although h e  k n e w  h e  was d i s o r i -  
e n t e d ,  o r  a t  l e a s t  r e c o g n i z e d  t h e  p o s s i b i l i t y ,  h e  s t i l l  was 
u n a b l e  t o  c o n t r o l  t h e  a i r c r a f t  e f f e c t i v e l y ,  T h a t  a p i l o t  can 
r e a l i z e  h e  is  d i s o r i e n t e d ,  see  a c c u r a t e  o r i e n t a t i o n  i n f o r m a t i o n  
d i s p l a y e d  on  t h e  a t t i t u d e  i n d i c a t o r ,  a n d  s t i l l  f l y  i n t o  t h e  
ground,  a lways  s t r a i n s  t h e  c r e d u l i t y  of n o n a v i a t o r s .  P i l o t s  who 
h a v e  had  s p a t i a l  d i s o r i e n t a t i o n ,  who have e x p e r i e n c e d  f i g h t i n g  
o n e s e l f  f o r  c o n t r o l  of an a i r c r a f t ,  a r e  l e s s  s k e p t i c a l .  

T h e  p i l o t  of  a n  F-15 E a g l e ,  engaged i n  v i g o r o u s  a i r  combat ' 

t a c t i c s  t r a i n i n g  w i t h  two o t h e r  F-15s  on a c l e a r - d a y ,  i n i t i a t e d  ' 
a h a r d  l e ' f t  t u r n  a t  5200 m (17 ,000  f t )  above  ground l e v e l .  For 
r e a s o n s  t h a t  h a v e  n o t  b e e n  e s t a b l i s h e d  w i t h  c e r t a i n t y ,  h i s  ' 
a i r c r a f t  began t o  r o l l  t o  t h e  l e f t  a t  a r a t e  e s t i m a t e d  a t  150  t o  
180  d e g r e e s / s .  He t r a n s m i t t e d ,  "Out -of -cont ro l  a u t o r o l l , "  a s  h e  
descended  t h r o u g h  4600 m ( 1 5 , 0 0 0  f t ) .  The p i l o t  made a t  l e a s t  
o n e  s u c c e s s f u l  a t t e n p t  t o  s t o p  t h e  r o l l ,  a s  ev idenced  by the ,  
mom'entary c e s s a t i o n  o f  t h e  r o l l  a t  2400 m ( 8 , 0 0 0  f t ) ;  t h e n  t h e '  
a i r c r a f t  began t o  r o l l  a g a i n  t o  t h e  l e f t .  F o r t y  seconqs  e l a p s e d '  
b e t w e e n  w h e n  t h e  r o l l i n g  began and when t h e  p i l o t  e j e c t e d - - b u t  
t o o  l a t e .  R e g a r d l e s s  o f  w h e t h e r  t h e  r o l l i n g  was c a u s e d  by a .  - 
inechanical  m a l f u n c t i o n  o r  was induced  by t h e  p i l o t  h i m s e l f ,  t h e  
c e r t a i n  r e s u l t  o f  t h i s  extreme m o t i o n  was v e s t i b u l o - o c u l a r  - 
d i s o r g a n i z a t i o n ,  which.  net- only p r e v e n t e d  t h e  p i l o t  f rom r e a d i n g  : 
h i s  i n s t r u m e n t s  b u t  a l s o '  k e p t  h im f r o m  o r i e n t i n g  w i t h  t h e  
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n a t u r a l  h o r i z o n .  T h u s ,  Type  I 1 1  d i s o r i e n t a t i o n  p r o b a b l y  p re -  
ven ted  him from t a k i n g  a p p r o p r i a t e  c o r r e c t i v e  a c t i o n  t o  s t o p  t h e  
r o l l  and  keep  i t  s t o p p e d ;  i f  n o t  t h a t ,  i t  c e r t a i n l y  compromised 
h i s  a b i l i t y  t o  a s ses , ,  a c c u r a t e l y  t h e  l e v e l  t o  which h i s  s i t u a t i o n  
nJd d e t e r i o r a t e d .  

. D e s p i t e  c o n t i n u i n g  e f f o r t s  t o  e d u c a t e  p i l o t s ’  
aSout  s p a t i a l  d i s o r i e n t a t i o n  and t h e  r e a l  hazard  i t  r e p r e s e n t s ,  
t h e  f r i c t i o n  of a i r c r a f t  misha2s caused  by o r  c o n t r i b u t e d  t o  by 
s ? a t i a l  d i s o r i e n t a t i o n  remained f a i r l y  c o n s t a n t  over  t h 2  t h r e e  
Jeca<?es between 1 9 5 0  a n d  1930.  A number o f  s t a t i s t i c a l  s t u d i e s  
o f  s 2 a t i a 1  d i s o r i e n t a t i o n  mishaps bea r  t h i s  o u t  f o r  t h e  Uni ted  
S t ~ t e s  A i r  F O K C P .  I n  1956 N u t t a l l  and S a n f o r d  r e p r t e d  t h a t ,  i n  
o n e  m a j o r  a i r  commlnd d u r i n g  t h e  p e r i o d  1 9 5 4 - 1 9 5 6 ,  s p a t i a l  
d i s o r i e n t a t i o n  w a s  r e s p o n s i b l e  f o r  4 5  of  ~111~ m a j o r  a i r c r a f t  
niisi7,3?s an(1 14’3 of 3 i l  f 3 t i l  a i r c r a f t  mishaps .  Noser i n  1963 
rtz20rteJ a z t ~ d y  of a i r c r a f t  in i sha?s  i n  a n o t h e r  major a i r  conmaad 
d u r  i n  2 t h ?  fouc-yeac p e r i o d ,  1954-1967: n e  found t h a t  s p a t i a l  
d i s o r i e n t a t i o n  w l s  a s i c jq iE ican t  f a c t o r  i n  9’3 of major m i s h a p  

I n  1 9 7 1  Barnum and Bonner reviswed 
t h e  Ai r  Fo rce  misna? d a t a  from 1953 t h r o u g h  1 9 6 8 ,  and found t h a t  
i n  2 8 1  o r  6 %  of t h e  4,679 major mishaps,  s2at i31 d i s o r i e n t a t i o n  
was a c a u s a t i v e  f a c t o r ;  f a t a l i t i e s  o c c u r r e d  i n  l.1 of t h o s e  281, 
3 z c o c l n t i n g  f o r  1 5 3  of t h e  1 , 4 6 2  f a t a l  mishaps.  ’’ A coinment by 
3arnum a n d  i3onner su inmar i zes  s o n e  i n t e r e s t i n g  d a t a  a b o u t  t h e  
“ a v e r a g e  p i l o t “  i n v o l v e d  i n  a s p a t i a l  d i s o r i e n t a t i o n  misha? :  
“if? w i i l  be around 30 y e a r s  of  age ,  have 1 0  y e a r s  i n  t h e  c o c k p i t ,  
and  h a v e  1 , 5 0 0  h o u r s  of  f i r s t  p i l o t / i n s t r u c t o r - p i l o t  time. a e  
w i l l  be  a f i g h t e r  p i l o t  a n d  w i l l  h a v e  f lown a p p r o x i m a t e l y  2 5  
t i m e s  i n  t h e  t h r e e  months p r i o r  t o  h i s  a c c i d e n t . “  Barnum n e x t  
a n a l y z e d  t h e  mishap d a t a  f o r  t h e  t h r e e - y e a r  p e r i o d ,  1969-1971, 
and conc luded  t h a t  s p a t i a l  d i s o r i e n t a t i o n  mishaps a g a i n  accoun ted  
f o r  6 3  o f  m a j o r  m i s  b u t  o n l y  f o r  1 0 %  o f  f a t a l  m i s h a p s  
d u r i n g  t h i s  p e r i o d . P v S t I n  a 1 9 7 3  s t u d y ,  K e l l o g g  f o u n d  t h e  
r e l a t i v e  i n c i d e n c e  of A i r  Force s p a t i a l  d i s o r i e n t a t i o n  mishaps 
i n  t h e  y e a r s  1968  th rouqh  1 9 7 2  t o  r ange  from 4 . 8  t o  6 . 2 3 ,  and 
con  f I c n ~ b d  t h e  1 1 i I j t l  p r  o t ~ o  t t ion y i  f a t a l  i t - ic : ;  i n  m i s h a p s  c c : s u l t i n ( j  
f I: om s pa t i a 1 d i s o  c 1 en  t a t i on .  I n  1 9 8 0  G i l l i n g h a m  a n d  Page 

, ( u n p u b l i s h e d  d a t a )  r e v i e w e d  t h e  Air  F o r c e  a i r c r a f t  mishaps  of 
1979  a n d  d e t e r m i n e d  t h a t  a t  l e a s t  9 o f  t h e  94- m a j o r  mishaps ’ 
( 9 . 6 % )  a n a  9 of1 t h e  4 9  f a t a l  mishaps (18 .4%)  o c c u r r i n g  t h a t  y e a r  
w o u l d  n o t  h a v e  o c c u r r e d  h a d  t h e  p i l o t s  n o t  b e e n  s p a t i a l l y ’  
d i s o r i e n t e d  a t  some time d u r i n g  t h e  mishap  sequence.  T h e  c o s t  
of t h 2  A i r  Force  a i r c r a f t  d e s t r o y e d  e a c h  y e a r  i n  d i s o r i e n t a t i o n  
mishaps h a s  been u n t i l  r e c e n t l y  on t h e  o r d e r  of $20 m i l l i o n  p e r  
y e a r ,  I n  1979 i t  was $ 4 0  m i l l i o n ;  and  t h e  f i g u r e  c o n t i n u e s  t o  
r i s e ,  m a i n l y  a s  a r e s u l t  o f  t h e  r a p i d l y  r i s i n g  c o s t  o f  new‘ 
m i l i t a r y  a i r c r a f t .  S t a t i s t i c s  on t h e  i n c i d e n c e  of  f d i s o r i e n - ’  
t a t i g n - r e l a t e d  a i r c r a f t  mi shaps  i n  t h e  Un i t ed  S t a t e s  A r  and 

r e m a r k a b l y  s i n i l a r  t o  t h o s e  o f  t h e  a i r  f o r c e ,  e v e n  t h o u g h  
t h e  f l y i n g  m i s s i o n s  of t h e  s e v e r a l  m i l i t a r y  s e r v i c e s  a r e  somewhat 
d i f f e r e n t .  ’ h  * 

a n d  2 6 5  O E  f a t a l  mishaps.  i s  

Navy ( 7 . 1 1 %  a n d  6 . 7 5 %  o f  t o t a l  mishaps,  r e s p e c t i v e l y )  19.58 = r e  

I’ I ., 
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Although statistics indicating the relative frequency Of 
spatial disorientation mishaps in air-carrier operations are not 
readily available, it would be a serious mistake to conclude 
that there have beFn no air-carrier mishaps caused by spatial 
disorientation. Foutteen such mishap occurring between 1950 and 
1363 were re2ortedly due to somatogravic and visual illusions 
resui ting in the so-called "dark-night-takeoff accident. r 9  In' 
addition, 26 comnercial airliners were involved in jet-upset 

disorientation is also a proSlea in general (non-nilitary, 
I r1'3n-dir-carrier) aviation. Kirkh31-1  et al. reported in 1978 

thlt, although spatial disorientation is a taus or factor in 

L'nited States, i t  is the third rnost conmon cause o f  fatal 
general aviation accidents: 6 2 7  of  the 4,012 fatal mishaps 
(15.53) occurring in the y e ~ c s  1970 throujh 1975 inVJolved 
spatial disorientation as a cause O K  factor,?l Pgrthernore, the 
contribution of spatial disorientation to the second most common 
cauae cf fatal general ayiiation accidents--continued VF3 flight 
into adverse w e a t h e r - - i s  undoubtedly h i g h l y  significant. Yotably, 
909 of cjeneral aviation mishaps in which disorientation is a 
caxse o r  factor are fatal, 

I incidents or accidents during the s a n e  period, 1 1  Spatial 

I oniy 2.51 of  ali gener3l a'riation aircraft accidents in the 

Dvna?ics of Sr.3:i.l 0 ri~nt3tion an d Disorientation. It is 
naive to assuxe that a certain pattern of physical stimuli 
a l w a y s  elicits a particular veridical or illusory perceptual 
iesponse, Certainly, when a pilot h a s  a wide, clear view of the 
horizon, ambient vision sspplies virtually all of his orientation 
information; and potentially misleading linear or angular 
acceleratory motion cues do not result in spatial disorientation 
(unless, of course, they are so violent as to cause vestibulo- 
ocular disorganization). When a pilot's vision is compromised 
by weather, the sane acceleratory motion cues can cause him to 
develop spatial disorientation, but he usually avoids it by 
referring to his aircraft instruments for orientation infor- 
nation. If the pilot is unskilled at interpreting the instru- 
ments, or if the instruments fail, those misleading motion cues 
inevitably cause disorientation. Such is  the character of v- 

, d-an c c ,  the phenomenon wherein one incorporates visual . 
orientation information into his percept of spatial orientation, ' 
to the exclusion of vestibular and nonvestibular proprioceptive, 
tactile, and other sensory cues. Visual dominance falls into1 
two categories: the congenital type, i n  which ambient vision 
provides dominant orientation cues through natural neural 
connections and functions; and the acquired type, in which 
orientation cues are gleaned through focal vision and are 
integrated a s  a result of  training and experience into anb 
orientation percept. The functioning of the proficient, instru-• 
ment pilot illustrates acquired visual dominance:' he has. 
learned to decode with foveal vision the information on the 
attitude indicator and other flight instruments and to recon- 
struct that information into a concept of where he is, what he - 
is doing, and where he,.i.s,going; and he refers to that concept : 
when controlling his aixqraft. This complex skill must be 
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d e v e l o p e d  th rough  t r a i n i n g  and ma in ta ined  t h r o u 2 h  p r a c t i c e ;  and 
i t  i s  t h e  f r a g i l i t y  of  t h i s  a c q u i r e d  v i s u a l  dominance t h a t  makes 
s p a t i a l  d i s o r i e n t a t i o n  s u c h  a haza rd .  

The  t e r n  y ~ s ? i 5 1 ~ -  i s  o f t e n  u s e d  t o  d e n o t ?  t h e  
a c t i v e  p r o c e s 3  o f  v i s u a l l y  o v e r r i d i n g  u n d e s i r a b l e  v e s t i b u l a r .  
s e n s a t i o n s  o r  v e s t i b u l o - o c u l a r  r e f l e x e s .  An e x a n p l e  of t h i s  
a a 2 e c t  o f  v i s a a l  d o m i n a n c e  i s  s e e n  i n  w e l l - t r a i n e d  f i g u r e  
s k a t e r s  who, w i t h  m u c h  p r a c t i c e ,  l e a r n  t o  a b o l i s h  t h e  p o s t -  
r o t a t o r y  d i z z i n e s s  and  nys taapua  t h a t  n o r n a l l y  r e s u l t  Eron  t h e  
v e r y  hi;h an\;ular d e c e l e r a t  ons a s s o c i a t e d  w i t h  sudden iy  s t o p p i n g  
r a p i d  s p i n a  on  t h e  i c e .  2 f  B u t  eTJrer, t h e s e  i n d i v i d u a l s ,  w5en 
d e s r i v e d  o f  v i s i o n  by e y e  c l o s u r e  o r  d a r t n e s s ,  have t h e  ver:I 
d i z z i a e a s  a n d  n y s t a p u s  we wou$j  e x p e c t  t o  r e s u l t  f r o m  t h e  
3 : c e l e r a t c r y  s t i m u l i  g e n e r a t e d .  I n  f l i g h t ,  t h e  a b i l i t y  t o  
S ’ J ~ F L ‘ ~ ? ~ ;  ur,k3nt?..l ? J? t ; t i 3u la r  s e n s a t i o n s  and r 2 f i e x s s  i s  developed  
w i t h  r epea ted  e x g o s u r e  t o  t h e  l ineair  and a n g u l a r  a c c e l e r a t i o n s  
of  f l i i j h t .  As i s  t h e  Case w i t h  t h e  f ic jure  s k a t ? r s ,  however, t h e  
p i l o t ’ s  a b i l i t y  t o  p r e v e n t  v e s t i b u l a r  s e n s a t i o n s  and v e s t i b u l o -  
‘ J C U ~  i r  r r € l e : c t z . ;  i 3  COni>ron i ; ed  w h e n  h e  i s  d e s r i v e d  of  v i s u a l  
o r i e n t b i t i o n  cue;--when tic m u s t  l o o k  a w a y  Erom h i s  a t t i t u \ t e  
i n d i c a t o r  t o  m a n i p u l a t e  a r a d i o  f r e q u e n c y - s e l e c t o r  knob, f o r  
i n s t a n c e .  

* -  

J-t t h i s  p o i n t ,  we i n t r o d u c e  t h e  c o n c e p t  of  y e s t i b 1 j l 3 r  
Q t m o r t u n i s n .  By t h i s  i s  meant t h e  p r o p e n s i t y  o f  t h e  v e s t i b u l a r  
s y s t e m  t o  f i l l  a n  o r i e n t a t i o n - i n f o r m a t i o n  v o i d  s w i f t l y  a n d  
s u r e l y  w i t h  v e s t i b u l a r  i n f o r m a t i o n .  FQhen a p i l o t  f l y i n g  i n  
i n s t r a m e n t  wea the r  l o o k s  away from h i s  a r t i f i c i a l  h o r i z o n  f o r  a 
inere  f e w  s e c o n d s ,  t h i s  i s  u s u a l l y  l o n g  e n o u g h  f o r  e r r o n e o u s  
v e s t i b u l a r  i n f o r n a t i o n  t o  break  through t h e  p i l o t ’ s  d e f e n s e s  and 
becone i n c o r p o r a t e d  i n t o  h i s  o r i e n t a t i o n a l  p e r c e p t .  I n  f a c t ,  con- 
f l i c t s  between f o c a l  v i s u a l  and v e s t i b u l a r  s o u r c e s  of o r i e n t a t i o n  
i n f o r m a t i o n  t e n d  t o  r e s o l v e  themselves  v e r y  q u i c k l y  i n  f a v o r  of 
t h e  v e s t i b u l a r  i n f o r m a t i o n ,  w i thou t  p r o v i d i n g  t h e  p i l o t  an  oppor-  
t u n i t y  t o  e v a l u a t e  t h e  i n f o r m a t i o n .  I t  wou ld  seem t h a t  a n y  
o r i e n t a t i o n  i n f o r m a t i o n  r each ing  t h e  v e s t i b u l a r  nuc le i - -whether  
v e s t i b u l a r ,  o t h e r  p r o p r i o c e p t i v e ,  o r  ambient  v i s u a l - - s h o u l d  have  . 
an advan tage  i n  compet ing  w i t h  f o c a l  v i s u a l  c u e s - f o r  e x p r e s s i o n  , 
a s  t h e  p i J o t ’ s  s o l e  o r i e n t a t i o n a l  p e r c e p t ,  because  t h e  v e s t i b u l a r  
n u c l e i  a r e  pri’mary terminals  i n  t h e  pathways for r e f l e x  o r i e n - ,  
t a t i o n a l  r e s p o n s e s ,  and  a r e  t h e  i n i t i a l  l e v e l  of  i n t e g r a t i o n  f o r  
a n y  e v e n t u a l  c o n s c i o u s  c o n c o m i t a n t  o f  p e r c e p t i o n  o f  s p a t i a l  
o r i e n t a t i o n .  I n  o t h e r  words, a l t h o u g h  a c q u i r e d  v i s u a l  dominance 
can be ma in ta ined  by d i l i g e n t  a t t e n t i o n  t o  a r t i f i c i a l  o r i e n t a t i o n  
cues, t h e  c h a l l e n g e  t o  t h i s  dominance p r e s e n t e d  by t h e  p rocess ing .  
o f  n a t u r a l  o r i e n t a t i o n  cues th rough  p r i m i t i v e  channe1;j i s  very.  
p o t e n t  and e v e s  p r e s e n t .  

The l a c k  o f  a d e q u a t e  o r i e n t a t i o n  cues, and c o n f l i c t s  b e t w e e n ’  - 
c o m p e t i n g  s e n s o r y  m o d a l i t i e s ,  a r e  o n l y  a p a r t  o f  t h e , w h o l e  . 
p i c t u r e  of  a d i s o r i e n t a t i o n  m i s h a p .  Why s o  many d i s o r i e n t e d  , 
p i l o t s ,  even t h o s e  who”#ndw t h e y  a r e  d i s o r i e n t e d ,  a r e  unab le  t o  ’ 

r e c o v e r  t h e i r  a i r c r a f t  ’ h a s ’  m y s t i f i e d  a i r c r a f t  a c c i d e n t  i n v e s t i -  
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g a t o r s  f o r  d e c a d e s .  There a r e  two p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  
phenomenon.  The f i r s t  s u g g e s t s  t h a t  t h e  p s y c h o l o g i c  s t r e s s  of 
d i s o r i e n t a t i o n  r e s u l t s  i n  a d i s i n t e g r a t i o n  o f  h i g h e r - o r d e r  
l e a r n e d  b e h a v i o r ,  i n c l u d i n g  f l y i n g  s k i l l s .  The second d e s c r i b e s  
a complex  psychomotor  e f f e c t  o €  d i s o r i e n t a t i o n  t h a t  c a u s e s  t h e  
p i l o t  t o  f e e l  t h e  a i r c r a f t  i t s e l f  i s  misbehaving.  

The d i s i n t e g r a t i c n  of f l y i n g  s k i l l  p e r h a p s  b e g i n s  w i t h  t h e  
p i l o t ' s  r e a l i z a t i o n  t h a t  h i s  s p a t i a l  o r i e n t a t i o n  and c o n t r o l  
o * ~ e r  t h e  m o t i o n  o f  h i s  a i r c r a f t  ha7re been compromised. Cnder 
silc'n c i r c u x t s t a n c e s ,  h e  p a y s  x o r e  heed t o  whatever  o r i e n t a t i o n  
i n f o r n a t i o n  i s  n a t u r a l l y  a v a i l a b l e ,  mon i to r ing  i t  inore and more 
v i g o r o u s l y .  Xhether t h e  b r a i n  s tem r e t i c u l a r  a c t i v a t i n g  system , 

or  t h e  v e s t i b u l a r  e f f e r e n t  sys tem,  o r  bo th ,  a r e  r e s p o n s i b l e  f o r  
t h e  r e s u l t i n g  h e i g h t e n e d  a r o u s a l  and enhanced v e s t i b u l a r  i n f o r -  
. n a t i o n  f l o w  c a n  only b e  s u r n i s e d ;  bu t  t h e  ne t  e f E e c t  i s  t h a t  
m o r e  e r r o n e o u s  v e s t i b u l a r  i n f o r m a t i o n  i s  p r o c e s s e d  a n d  i n -  
c o r p o r a t e d  i n t o  t h e  p i l o t ' s  o r i e n f a t i o n a l  p e r c e p t .  T h i s ,  of 
cou:ze, o n l y  m i a s  r r a t t e r a  worse ,  A p o s i t i v e - f e e d b a c k  s i t ~ i a t i o n  
i s  t h u s  e n c o u n t e r e d ,  and t h e  v i c i o u s  c i r c l e  can now be broken 
o n l y  w i t h  a p r e c i s e l y  d i r e c t e d ,  and v e r y  d e t e r m i n e d ,  e f f o r t  by 
t h e  p i l o t .  U n f o r t u n a t e l y ,  complex c o g n i t i v e  and  motor s k i l l s  
t e n d  t o  be deg raded  under c o n d i t i o n s  of p s y c h o l o g i c  s t r e s s  s u c h  
a s  o c c u r s  d u r i n g  Type  I1 o r  Type I11 s p a t i a l  d i s o r i e n t a t i o n .  
F i r s t ,  t h e r e  i s  a con ing  of a t t e n t i o n ,  P i l o t s  who have s u r v i v e d  
s e v e r e  d i s o r i e n t a t i o n  have r e p o r t e d  t h e y  were c o n c e n t r a t i n g  on 
o n e  p a r t i c u l a r  f l i g h t  i n s t r u r n e n t  i n s t e a d  of s c a n n i n g  and i n -  
t e r p r e t i n g  tne whole group of them i n  t h e  u s u a l  manner. P i l o t s  
h a v e  a l s o  r e p o r t e d  t h e y  were unaware of r a d i o  t r a n s m i s s i o n s  t o  
t n e n  w h i l e  t h e y  w e r e  t r y i n g  t o  r e c o v e r  froin d i s o r i e n t a t i o n .  
S e c o n d ,  t h e r e  i s  t h e  t e n d e n c y  t o  r e v e r t  t o  more  p r i m i t i v e  
b e h a v i o r ,  even r e f l e x  a c t i o n ,  under c o n d i t i o n s  o f  s e v e r e  psycho- 
l o g i c  s t r e s s .  T h e  h i g h l y  deve loped ,  r e l a t i v e l y  newly a c q u i r e d  
s k i l l  o f  i n s t r u m e n t  f l y i n g  can g i v e  way t o  p r i m a l  p r o t e c t i v e  
r e s p o n s e s  d u r i n g  d i s o r i e n t a t i o n  s t r e s s ,  mak ing  a p p r o p r i a t e  
r e c o v e r y  a c t i o n  u n l i k e l y .  T h i r d ,  i t  i s  o f t e n  s u g g e s t e d  t h a t  
d i s o r i e n t e d  p i l o t s  become t o t a l l y  i m m o b i l i z e d - - f r o z e n  t o  t h e  
a i r c r a f t  c o n t r o l s  by  f e a r  o r  p a n i c - - a s  t h e  d i s i n t e g r a t i o n  
p r o c e s s  r e a c h e s  i t s  f i n a l  s t a t e .  

11 
undoubtedly  e x p l a i n s  why many p i l o t s  have been r e n d e r e d  hope le s s -  
l y  c o n f u s e d  a n d  i n e f f e c t u a l  by s p a t i a l  d i s o r i e n t a t i o n ,  e v e n  
though t h e y  k n e w  t h e y  were d i s o r i e n t e d  and s h o u l d  have  been a b l e  
t o  a v o i d  l o s i n g  c o n t r o l  of t h e i r  a i r c r a f t .  The p i l o t  s u f f e r i n g  
from t h i s  e f f e c t  o f  d i s o r i e n t a t i o n  p e r c e i v e s  f a l s e l y  t h a t  h i &  
a i r c r a f t  i s  n o t  r e s p o n d i n g  p r o p e r l y  t o  h i s  c o n t r o )  , i n p u t s ,  
because  e v e r y  time h e  t r i e s  t o  b r i n g  t h e  a i r c r a f t  t o  t h e '  d e s i r e d -  
a t t i t u d e ,  i t  seems a c t i v e l y  t o  r e s i s t  h i s  e f f o r t  and  f l y  back t o  
a n o t h e r ,  more s t a b l e ,  a t t i t u d e .  A p i l o t  e x p e r i e n c i n g  d i s o r i e n - '  * 

t a t i o n  a b o u t  t h e  r o l l  a x i s  (e .g . ,  t h e  l e a n s  o r  g r a v e y a r d  s p i r a l )  . 
may f e e l  a f o r c e - - l i k e  a g i a n t  h a n d - - t r y i n g  t o  push one wing . 
down and  h o l d  i t  there ; -hI le  t h e  p i l o t  w i t h  p i t c h - a x i s  d i s o r i e n -  
t a t i o n  ( e . 9 .  , t h e  c l a s g i d  s o m a t o g r a v i c  i l l u s i o n )  may f e e l  t h e  

T h e  "gJ.a& phenomenon, d e s c r i b e d  by Malcolm and Money, , 
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a i r p l a n e  s u b j e c t e d  t o  a s i m i l a r  f o r c e  t r y i n g  t o  h o l d  t h e  nose  
down. P i l o t s  who a r e  unaware of t h e  e x i s t e n c e  o f  t h i s  phenomenon 
a n d  e x p e r i e n c e  i t  f o r  t h e  f i r s t  time can  be  v e r y  s u r p r i s e d  and  
confused  by i t ,  and  may n o t  be  a b l e  t o  d i s c e r n  t h e  exact  na tu re  
of t h e i r  problem. * A  p i l o t ' s  r a d i o  t r a n s m i s s i o n  t h a t  t h e  a i r c r a f t  
c o n t r o l s  a r e  n a l f u n c t i o n i n g  shou ld  n o t ,  t h e r e f o r e ,  be  t a k e n  a s  
c o n c l u s i v e  e v i d e n c e  t h a t  a c o n t r o l  ma l func t ion  c a u s e d  a mishap: 
s ; > a t i a l  d i s o r i e n t a t i o n  c o u l d  have been t h e  r e a l  c a u s e .  

What n e c h a n i s n  c o u l d  p o s s i b l y  e x p l a i n  t h e  g i a n t  h a n d ?  To 
t r y  t o  under s t and  t h i s  phenomenon, we n u s t  f i r s t  r e c o g n i z e  t h a t  
our  p e r c e p t i o n  of o r i e n t a t i o n  r e s u l t s  no t  o n l y  i n  t h e  c o n s c i o u s  
awareness  of  ou r  p o s i t i o n  and motion b u t  a l s o  i n  a p r e c o n s c i o u s  
p e r c e p t  needed f o r  p r o p e r  performance of v o l u n t a r y  motor a c t i v i t y  
a n d  r e f l e x  a c t i o n s .  A c o n s c i o u s  o r i e n t a t i o n a l  p e r c e p t  can  be  
c o n s i d e r e d  r a t i o n a l ,  i n  t h a t  we can s u b j e c t  i t  t o  i n t e l l e c t u a l  
s c r u t i n y ,  w e i g h  t h e  e v i d e n c s  f o r  i t s  v e r a c i t y ,  c o n c l u d e  t h a t  i t  
i s  i n a c c u r a t e ,  a n d  t o  some e x t e n t  m o d i f y  t h e  p e r c e p t  t o  f i t  
f a c t s  o b t a i n e d  from o t h e r  t h a n  t h e  pr imary  o r i e n t a t i o n  s e n s e s .  
I n  c o n t r a s t ,  a p r e c o n s c i o u s  o r i e n t a t i o n a l  p e r c e p t  m u s t  b e  
c o n s i d e r e d  i r r a t i o n a l ,  i n  t h a t  i t  c o n s i s t s  o n l y  of a n  i n t e g r a t i o n  
of  d a t a  r e l a y e d  t o  t h e  b r a i n  stem and c e r e b e l l u m  by t h e  p r imary  
o r i e n t a t i o n  s e n s e s ,  a n d  i s  n o t  a m e n a b l e  t o  m o d i f i c a t i o n  by 
r e a s o n .  So w h a t  happens  w h e n  a p i l o t  knows h e  has  becoine d i s -  
o r i e n t e d  a n d  t r i e s  t o  c o n t r o l  h i s  a i r c r a f t  by r e f e r e n c e  t o  a 
c o n s c i o u s ,  r a t i o n a l  p e r c e p t  of o r i e n t a t i o n  w h i c h  i s  a t  v a r i a n c e  
w i t h  h i s  p r e c o n s c i o u s ,  i r r a t i o n a l  one? Because o n l y  t h e  d a t a  
compr i s ing  o n e ' s  p r e c o n s c i o u s  o r i e n t a t i o n a l  p e r c e p t  a r e  a v a i l a b l e  
f o r  t h e  p e r f o r i n a n c e  of  p r i m i t i v e  o r i e n t a t i o n a l  r e f l e x e s  ( e . g .  , 
v e s t i b u l o - o c u l a r  a n d  p o s t u r a l  r e f l e x e s )  , h i g h - o r d e r  r e f l e x e s  
( e . 9 .  , a v e r s i v e  r e s p o n s e s )  , and s k i l l e d  v o l u n t a r y  motor a c t i v i t y  
( e . g .  , walking ,  runn ing ,  b i c y c l i n g ,  d r i v i n g ,  f l y i n g )  , w e  s h o u l d  
e x p e c t  t h e  ac tua l  outcome of these t y p e s  of a c t i o n s  t o  d e v i a t e  
f r o m  t h e  r a t i o n a l l y  i n t e n d e d  outcome whenever t h e  o r i e n t a t i o n a l  
d a t a  upon w h i c h  t h e y  d e p e n d  a r e  d i f f e r e n t  f rom t h e  r a t i o n a l l y  
p e r c e i v e d  o r i e n t a t i o n .  The d i s o r i e n t e d  p i l o t  who c o n s c i o u s l y  
commands a r o l l  t o  r e c o v e r  a i r c r a f t  c o n t r o l ,  w h i l e  t h e  i n f o r -  
m a t i o n a l  s u b s t r a t e  i n  r e f e r e n c e  t o  w h i c h  h i s  body f u n c t i o n s  
i n d i c a t e s  t h a t  s u c h  a move i s  c o u n t e r p r o d u c t i v e  o r  even d a n g e r - .  

command. O r , h e  may d i s c o v e r  t h a t  t h e  r o l l ,  once  accompl i shed ,  
m u s t  b e  r e a c c o m p l i s h e d  r e p e a t e d l y ,  a s  h i s  body r e sponds  auto,- 
m a t i c a l l y  t o  t h e  p r e c o n s c i o u s l y  p e r c e i v e d  o r i e n t a t i o n a l  t h r e a t  
r e s u l t i n g  f r o m  h i s  c o n s c i o u s  e f f o r t s  a n d  a c t i o n s  t o  r e g a i n  
c o n t r o l .  T h u s ,  t h e  p r e c o n s c i o u s  o r i e n t a t i o n a l  p e r c e p t  i n f l u e n c e s  
S h e r r i n g t o n ' s  " f i n a l  common pathway" f o r  b o t h  r e f l e x  and  volun-  

- . t a ry  motor a c t i v i t y ;  a n d  t h e  m a n i f e s t a t i o n  of t h i s  i n f l u e n c e  on 
t h e  a c t  of f l y i n g  d u r i n g  a n  e p i s o d e  of s p a t i a l  d i s o r i e n t a t i o n  is  
t h e  g i a n t  hand phenomenon. To p r e v a i l  i n  t h i s  c o n f l i d t  between 
h i s  w i l l  a n d  h i s  s k i l l ,  t h e  p i l o t  m u s t  d e c o u p l e  h i s  v o l u n t a r y  
a c t s  from h i s  p r e v i o u s l y  l e a r n e d  f l y i n g  b e h a v i o r ,  by accompl i sh - -  
i n g  t h o s e  mot ions  which produce  d i r e c t l y  t h e  d e s i r e d  r e a d i n g s  o f .  
t h e  f l i g h t  i n s t r u m e n t s ,  r a t h e r  t h a n  by f l y i n g  t h e  a i r p l a n e  t o  a n .  

I ous ,  may e x p e r i e n c e  a g r e a t  d e a l  of d i f f i c u l t y  - i n  e x e c u t i n g  t h e .  

' -  .c 
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a t t i t u d e  c o r r e s p o n d i n g  t o  t h e  d e s i r e d  r e a d i n g s  o f  t h e  f l i g h t  
i n s t r u m e n t s .  . * -  

The s a l i e n t  f e a t u r e s  of  t h e  dynan ics  of  s p a t i a l  o r i e n t a t i o n .  
and  d i s o r i e n t a t i o n  a r e  diajramiied i n  F i g u r e  2 3 ;  t h e  c o n c e p t s  of 
v i s u a l  dominance, v e s t i b u l a r  s u p p r e s s i o n ,  v e s t i b u l a r  oppor tunism,  
b i 3 i n t e g r a t i o n  of  f l y i n g  s k i l l ,  c o n s c i o u s  and p r e c o n s c i o u s  o r i e n - .  
t a t i o n a l  p e r c e 2 t s ,  and t h e  g i a n t  hand phenomenon a r e  ? r e s e n t e d  
t h e r e i n  a s  t h e y  r e l a t e  t o  t h e  overall scheme of  o r i e n t a t i o n -  
i n f o r n a t i o n  p r o c e s s i n g .  

F i g u r e  2 3 .  Flow o f  o r i e n t a t i o n  i n f o r i n a t i o n  i n  f l i g h t ,  T h e  
pri:car:/ i n fo rma t ion - f low l o o p  i n v o l v e s :  s t i m u l a t i o n  of 
t h e  v i s u a l ,  v e s t i b u l a r ,  and o t h e r  o r i e n t a t i c n  s e n s e s  
by v i s u a l  s c e n e s  and l i n e a r  and a n g u l a r  a c c e l e r a t i o n s ;  
p r o c e s s i c g  of  t h i s  p r imary  o r i e n t a t i o n  i n f o r m a t i o n  by 
b r a i n  s t e m ,  c e r e b e l l u m ,  and lower c e r e b r a l  c e n t e r s ;  
i n c o r p o r a t i n g  t h e  s o l u t i o n  i n t o  a d a t a  b a s e  f o r  
r e f l e x i v e  and  s k i l l e d  v o l u n t a r y  motor a c t i v i t y  ( p r e -  
c o n s c i o u s  o r i e n t a t i o n a l  p e r c e p t ) ;  a n d  e f f e c t i n g  
c o n t r o l  i n p u t s ,  wh ich  p roduce  a i r c r a f t  mo t ions  t h a t  
r e s u l t  i n  o r i e n t a t i o n a l  s t i m u l i .  A s e c o n d a r y  p a t h  of 
i n f o r m a t i o n  f l o w  i n v o l v e s  t h e  p r o c e s s i n g  of l a r g e l y  
n u m e r i c a l  d a t a  f rom f l i g h t  i n s t r u m e n t s  i n t o  d e r i v e d  
o r i e n t a t i o n  i n f o r m a t i o n  by h i g h e r  c e r e b r a l  c e n t e r s .  
S u b l o o p  a p r o v i d e s  f o r  f e e d b a c k  between v a r i o u s  
c o m p o n e n t s  o f  t h e  n e r v o u s  s y s t e m ,  a n d  i n c l u d e s  
e f f e r e n t  sys t em i n f l u e n c e s  on t h e  s e n s o r y  end-organs  

v e s t i b u l a r  s u p p r e s s i o n ,  a n d  v e s t i b u l a r  o p p o r t u n i s m  
" o c c d r  i n  c o n j u n c t i o n  w i t h  t h e  f u n c t i o n i n g  o f  t h i s  

l o o p .  Subloop b, g e n e r a t e s  c o n s c i o u s  p e r c e p t i o n  o f '  
o r i e n t a t i o n ,  bo th  from t h e  body ' s  n a t u r a l l y  o b t a i n e d  
s o l u t i o n -  o f  t h e  o r i e n t a t i o n  problem a n d  from o r i e n -  
t a t i o n  i n f o r m a t i o n  d e r i v e d  f r o m  f l i g h t  i n s t r u m e n t  
d a t a .  V o l u n t a r y  c o n t r o l  commands a r i s e  i n '  r e s p o n s e  to, 
c o n s c i o u s  o r i e n t a t i o n a l  p e r c e p t s ;  a n d  t h y ,  p s y c h i c  
s t r e s s  r e s u l t i n g  from c o n f l i c t i n g  o r i e n t a t a o n  i n f o r -  
m a t i o n  o r  f r o m  a p p a r e n t l y  a b e r r a n t l y  r e s p o n d i n g '  
e f f e c t o r s  c a n  i n f l u e n c e  t h e  m a n n e r  i n  which o r i e n - '  
t a t i o n  i n f o r m a t i o n  i s  p r o c e s s e d ,  l e a d i n g  u l t i m a t e l y  t o  
d i s i n t e g r a t i o n  o f  f l y i n g  skill. Sub loop  E incorpo-  
r a t e s  f e e d b a c k  f r o m  m u s c l e s ,  t e n d o n s ,  a n d  j o i n t s  ' 
i n v o l v e d  in'"-aK'ing c o n t r o l  i n p u t s ,  a n d  p r o v i d e s  a 
bas is  for t h e  g i a n t  hand phenomenon. 

I t h e m s e l v e s  . . T h e  phenomena  of  v i s u a l  d o m i n a n c e ,  1 
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1 t - W  a to 0-. From d knowledge 
of the physical bases of the various illusions of flight one can 
readily infer many of the specific environmental factors con- 
ducive to spatial*disorientation. Certain visual phenomena 
proc?uce characteristic visual illusions, such as false horizons, 
linear and angular vection, and autokinesis. Prolonged turning. 
at a constant rate, as in a holding pattern o r  procedure turn, 
can 2reciFitate somatogyral illusions oc the leans; and Coriolis 
illusions can conceivably occur with head movements under these 
conditions, Relatively sustained linear accelerations, such as 
those t h a t  occur on takeoff , can produce somatogravic illusions; 
and head movements during G-pulling turns can elicit G-excess 
illusions. 

What are the reginea of flight and activities of the pilot 
that seen n o s t  likely to allow these potential illusions to 
manifest themselves? Certainly, instrument weather and night 
flying are primary factors. But especially likely to produce 
disorientation is the practice O E  switching back and forth 
between the instrument flying mode and the visual or contact 
flying mode; a pilot is f a r  less likely to become disoriented if 
he gets on the instruments as soon as out-of-cockpit vision is 
compromised and stays on the instruments until continuous 
contact f l y i n g  is again assured. In fact, any event or practice 
requiring the pilot to break his instrument cross-check is 
conducive to disorientation, In this regard, avionics control 
switches and displays in some aircraft are located where the 
pilot must interrupt his instrument cross-check for more than a 
few seconds to interact with them, and are thus known (not so 
a €  f ectionately) as 'vertigo traps." Some of these vertigo 
traps require substantial movements of the pilot's head during 
the time his cross-check is interrupted, thereby providing both 
a reason and an opportunity for spatial disorientation to strike. 

Formation flying in weather is probably the most likely of 
all situations to produce disorientation; indeed, some experi- 
enced pilots get disoriented every time they fly wing or trail 
in weather. The fact that a pilot has little if any opportunity . 

' to scan his flight instruments while flying formation on his 0 

l e a d  aircraft ,in weather means he is essentially isolated from 
any source of accurate orientation information, and misleading, 
vestibular and ambient visual cues arrive unchallenged into h i s  
sensorium. 

. .  

Of utinost importance to a pilot in preventing spatial 
disorientation is competency and currency in instrument flying. A ,  
non- instrument- ra ted pilot who penetrates instrument weather is 
virtually assured of developing spatial disorientation within a. 
matter of seconds, just as the most competent instrument pilot, 
would develop it if he found himself flyincj in weather without ' 

functioning flight instruments. Regarding instrument flying - 
skill, one must "use,&t_or lose it," as they say. For that : 
reason pilots whose prirnazy. flying activity involves missions or 
environments in which instrument weather is rarely encountered 
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(e.g., air combat training in the United States Southwest) must 
aggressively seek opportunities to practice instrument flying so 
a s  to maintain thetr proficiency at it. Otherwise, they could 
discover that their instrument flying skill h a s  deteriorated to 
a dangerously low level during a rare occasion when that skill. 
is really needed. 

Finally, conditions affecting the p i l o t ' s  physical or 
nental heaith must be considered c a p a b l e  of rendering the pilot 
x o r e  susc?Ftib!e to spatial disorientation. The unhealthy effect 
of a l c o h o l  ingestion on neural infornation processing is one obv- 
ious ex.lmnple; but the l e s s  well-known a5ility of alcohol to 
product. vestibulc3r nystJtjmus (positiondl 31cohol nystaqnus--PAY) 
f o r  m a i ~ ; ~  h o u r s  after its more o * / e r t  effects have disappedred is 
proLabiy of eciclal si2nificance. O t h e r  dcug3, such a s  barbitu- 
rates, am?hetamines, and even the quinine in tonic water, are 
suspected of posaibiy have contributed to aircraft misha2s 
resulting from s2atial disorientaticn. Likewise, physical and 
nnsntal fatigue, as well as acute or chronic emotional stress, can 
rob the pilot of his ability to concentrate on his instrument 
cross-check, and can therefore have deleterious effects on his 
resistance t o  spatial disorientation. 

Pre17ention of  Disor ieRt3tion Y i s h u  * 

Spatial disorientation can be attacked in several ways. 
Theoretically, each link in the physiologic chain of events 
leading to a disorientation mishap can be broken by a specific 
countermeasure (Fig. 2 4 ) .  Spatial disorientation can many times 
be prevented by modifying flying procedures so as to avoid those 
visual or vestibular stimuli that tend to create illusions in 
flight. By improving the capacity of flight instruments to 
translate aircraft position and motion information into readily 
assimilable orientation cues, we can help the pilot avoid 
disorientation. Through repeated exposure to the environment of 
instrument flight, the pilot becomes proficient in instrument . 
flying; this involves developing perceptual proceSses that result , 
in accurate orientational percepts rather than orientational 
illusions. If a pilot who is experiencing an illusion can, 
relinquish control of his aircraft to an autopilot, he can 
convert his situation from one of hazardous spatial disorien- 
tation to one of irrelevant spatial unorientation, and reclaim 
control once the orientational illusion has subsided. Use of 
the autopilot, not only to help the pilot recover from disorienc; 
tation, but also to help prevent it in the first place, is a 
technique that has considerable potential for saving lives, 
particularly in general aviation. Given that a pilot has 
developed spatial disorientation, if h e  can be made to recognize' - 
that he is disoriented, he is halfway along the road to recovery. - 

I 

* -  * 
I' . . I  ., 
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To recot3nize disorientation is not neiessarily easy,  however. 
First, the pilot must recognize that he is having a problem 
holding his altitude o r  heading; this he cannot do if he is 
concentrating on sonething other than the fight instruments--on 
the r a d a r  scope, f o r  instance. Only through p r o p e r  flight 
training can the discipline of continuously perforning the 
instranent cros~-ckect b e  instilled. S e c o n d ,  the pilot must 
recognize t h a t  hi; difficulty in controlling t h e  aircraft is a 
r e s u l t  o f  spatial disorientation. This ability is p r o n o t e d  
through physiological training. We said that the pilot who 
suspects he is disoriented is halfway down the road to recovery: ‘ 

why n o t  most O F  the way? Because a pilot’s ability to cope with 
t h e  effects o f  disorientation on his control inputs to the 
aircraft cones through effective flight instruction, proper  
physiological training, and ex2ecience in controlling his 
vehicle in an environment of  conflicting orientation cues--his 
siaply being awAre that he ia disoriented by no means ensures 
his survival. 

- -  L 

Figure 2 4 .  The chain of events leading to a spatial disorien- 
tation mishap, and where the chain can be attacked and 
broken. From left: Flight procedures can be altered 
to generate less confusing sensory inputs. Improved 
instrument presentations can aid assimilation of 
orientation cues. Proficiency in instrument flying 
helps assure accurate orientational percepts. In the 
event the pilot suffers an orientational illusion, . 
having the aircraft under autopilot- control avoids * 
discxientation by substituting unorientation. Proper 
flight training allows the disoriented pilot tot 

physiological training helps him realize his problem 
is spatial disorientation, With appropriate in- 
struction and/or firsthand experience, the pilot with 
recognized spatial disorientation can apply the 
correct control forces to recover the aitcraft and \ 

survive the disorientation incident . 

recognize he is having a problem controlling his I 
craft. Once he knows he is having a problem, his 1 

I 

! 
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-qd T r  w, P h y s i o l o g i c a l  t r a i n i n g  is t h e  main 
eapon a g a i n s t  s p a t i a l  d i s o r i e n t a t i o n  a t  t h e  d i s p o s a l  of t h e  
l i g h t  s u r g e o n  a n d  a e r o s p a c e  p h y s i o l o g i s t .  T h i s  t r a i n i n g  

- d e a l l y  s h o u l d  c o n s i s t  o f  b o t h  d i d a c t i c  m a t e r i a l  a n d  demon- 
s t r a t i o n s ,  T h e r e  i Y  no p a u c i t y  of d i d a c t i c  m a t e r i a l  on  t h e  
s u b j e c t  o f  d i s o r i e n t a t i o n :  a t  l e a s t  e i g h t  f i l m ,  f i v e  v i d e o - ,  ’ 

c a s s e t t e  t a p e s ,  t h r e e  s l i d e  s e t s ,  two handbooks,  and numerous .  
c h a p t e r s  i n  books and manuals  have been p r e p a r e d  f o r  t h e  p r p o s e  
o f  i n f o r m i n g  t h e  p i l o t  a b o u t  t h e  mechanis ins  a n d  h a z a r d s  o f  
s 2 3 t i a l  d i s o r i e n t a t i o n .  A l t h o u g h  t h o  e f f o r t s  t o  g e n e r a t e .  
i n f o r m t i o n  on s>d t iS3 l  d i s . o r i e n t a t i o n  a r e  coamendable, t h e r e  h a s  
been  3 t endency  f o r  t h e  d i d a c t i c  i n a t e r i a l  t h u s  f a r  p roduced  t o  
( ! w ? 1 1  t d o  m u c h  on i n e c h a n i s n s  a n d  e E f e c t s  of  d i s o r i e n t a t i o n  
w i t h o u t  g i v i n g  much p r a c t i c a l  a d * / i c e  on how t o  d e a l  with i t .  . 
Yaney a n d  Malcolm n o t e d  t h a t  none o f  t h e  a v a i l a b l e  f i l a s  on 
s p a t i 2 1  d i s o r i e n t A t i o n  g i - r e s  s u f f i c i e n t  e m p h a s i s  t o  w h a t  t h e  

W h i l e  p i l o t  should d a  w h e n  h +  s u s p e c t s  d i s o r i e n t a t i o n .  
s a - i e r a l  o f  t h e  f i lms  recomnend t h a t  t h e  p i l o t  b e l i e v e  h i s  
i n s t r u m e n t s ,  t h i s  m e s s a g e  i s  t o o  s u b d u e d  a n d ,  by i t s e l f ,  i s  
i n a d 2 y u a t e .  Money a n d  >!alcolm a r g u e  t h a t  under some c i r c u n -  
s t a n c e s  ( e . g . ,  p a n i c )  a p i l o t  may i n  f a c t  b e l i e v e  t h e  i n s t r u m e n t s  
b u t  c o n t i n u e  t o  f l y  t h e  a i r c r a f t  a c c o r d i n g  t o  h i s  f a l s e  o r i e n -  
t a t i o n a l  p e r c e p t .  I f  a p i l o t  i s  t o l d  i n  a d d i t i o n ,  “?lake t h e  
i n s t r u m e n t s  r e a d  r i c j h t ,  r e g a r d l e s s  of your s e n s a t i o n s , “  h e  has  
s i x p l e ,  d e f i n i t e  i n s t r u c t i o n s  on how t o  b r i n g  the  a i r c r a f t  under  
c o n t r o l  when d i s o r i e n t a t i o n  s t r i k e s .  We s t r o n g l y  a d v i s e ,  
t h e r e f o r e ,  t h a t  e v e r y  p r e s e n t a t i o n  t o  p i l o t s  on t h e  s u b j e c t  of 
s p a t i a l  d i s o r i e n t a t i o n  emphas ize  t h e  need t o  ma‘<? & b s t r u i n e n t g  
r e a d  w, a s  w e l l  a s  t o  b e l i e v e  t h e m ,  w h e n  r e s p o n d i n g  t o  
d i s o r i e n t a t i o n  s t r e s s ,  

21, 

T h e  t r a d i t i o n a l  d e n o n s t r a t i o n  a c c o m p a n y i n g  l e c t u r e s  t o  
p i l o t s  on s p a t i a l  d i s o r i e n t a t i o n  i s  a r i d e  on a Barany c h a i r  o r  
o t h e r  s m o o t h l y  r o t a t i n g  d e v i c e .  T h e  s u b j e c t ,  s i t t i n g  i n  t h e  
d e v i c e  w i t h  h i s  e y e s  c l o s e d ,  i s  a c c e l e r a t e d  t o  a c o n s t a n t  
a n g u l a r  v e l o c i t y  a n d  a s k e d  t o  s i g n a l  w i t h  h i s  t h u m b s  h i s  p e r -  
c e i v e d  d i r e c t i o n  of t u r n i n g .  A f t e r  a number of s econds  ( u s u a l l y  
f rom 1 0  t o  2 0 )  a t  c o n s t a n t  a n g u l a r  v e l o c i t y ,  t h e  s u b j e c t  l o s e s  
t h e  s e n s a t i o n  of  r o t a t i o n  and  ‘ s i g n a l s  t h i s  f a c t  t o  t h e  o b s e r v e r s .  . 

’ T h e n  t h e  i n s t r u c t o r  s u d d e n l y  s t o p s  t h e  r o t a t i o n ,  whereupon t h e  9 

s u b j e c t  immediakely i n d i c a t e s  t h a t  h e  f e e l s  h e  i s  t u r n i n g  i n  t h e  
d i r e c t i o n  o p p o s i t e  h i s  o r i g i n a l  d i r e c t i o n  o f  r o t a t i o n .  T h e ,  
s u b j e c t  i s  u s u a l l y  a s k e d  t o  open h i s  e y e s  d u r i n g  t h i s  p a r t  of 
t h e  d e m o n s t r a t i o n ,  and  i s  amazed t o  see t h a t  h e  i s  a c t u a l l y  n o t .  
t u r n i n g ,  d e s p i t e  t h e  s t r o n g  v e s t i b u l a r  sensa t ion  of  r o t a t i o n .  
A f t e r  t h e  d e s c r i b e d  d e m o n s t r a t i o n  of somatogyra l  i l l u s i o n s ,  t h e  
s u b j e c t  i s  a g a i n  r o t a t e d  a t  a c o n s t a n t  v e l o c i t y  w i t h  h i s  eyes. 
c l o s e d ,  t h i s  t i n e  w i t h  head  down ( f a c i n g  t h e  f l o o r ) ,  t When t h e  
s u b j e c t  i n d i c a t e s  h i s  s e n s a t i o n  o f  t u r n i n g  h a s  c e a s e d ,  h e  i s .  
a s k e d  t o  r a i s e  h i s  head  a b r u p t l y  s o  a s  t o  f a c e  t h e  wal l .  T h e ,  
C o r i o l i s  i l l u s i o n  r e s u l t i n g  from t h i s  maneuver i s  one of a v e r y  - 
d e f i n i t e  roll t o  o n e  s i d e :  t h e  s t a r t l e d  sub jec t  may e x h i b i t  a - 
p r o t e c t i v e  p o s t u r a l  *rRflgx, and  may open  h i s  e y e s  t o  h e l p  him : 
v i s u a l l y  o r i e n t  d u r i n g  his , f a l s e l y  p e r c e i v e d  u p s e t .  The message 
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d e l i v e r e d  w i t h  these d e m o n s t r a t i o n s  i s  n o t  t h a t  s u c h  i l l u s i o n s  
w i l l  be e x p e r i e n c e d  i n  f l i g h t  i n  t h e  same manner, bu t  t h a t  t h e  
v e s t i b u l a :  s e n s e  c a n  b e  f o o l e d - - i . e .  , i s  unre l i ab le - - and  t h a t  
on ly  t he  f l i g h t  i n s t r u m e n t s  p r o v i d e  a c c u r a t e  o r i e n t a t i o n  i n f o r -  
m t i o n .  

Gver t h e  y e a r s  a t  l e a s t  a dozen d i f f e r e n t  d e v i c e s  ha.Je b e e n '  
d e v e l o p e d  t o  a u g a e n t  o r  s u p p l a n t  t h e  Barany  c h a i r  f o r  demon- 
s t r a t i n g  v a r i o u s  v e s t i b u l a r  and  v i s g a l  i l l u s i o n s  and t h e  e f f e c t s  
of d i s o r i e n t a t i o n  i n  f l i g n t .  T h e s e  d e v i c e s ,  c o l l e c k i * i e l y  known 
ais a n t i  ' v e r t i q ~  trai~ea~ , f a l l  i n t o  t w o  b a s i c  c a t e z o r i e s :  
I r i ~ q + - l e ;  i l l u s i o n  d a s a n s t r a t 8 j r z  and ~ * > a t : d  d i s a r i e n t a t i c d  
& p ~ n ~ +  v a t a u ,  The g r e a t  m a j o r i t y  a r e  i l l a s i o n  d e n o n s t r a t o r ; ,  
i n  which t h e  s u b j e c t  r i d e s  p a s s i v e l y  and e x p e r i e n c e s  one  o r  more 
o f  t h e  f o l l o w i n g :  s o m a t o g y r a l ,  o c u l o g y r a l ,  s o m a t o g r a v i c ,  
a c u ? o j r a - ~ i c ,  C o r i o l i s ,  G - e x c e s s ,  v e c t i o n ,  and  a u t o k i n e t i c  
i l l u s i o n s .  I n  a n  i l l u s i o n  d e m o n s t r a t o r ,  t h e  s u b j e c t  t y p i c a l l y  
i s  a s k e d  t o  r e c o r d  o r  Kernember t h e  m a g n i t u d e  and d i r e c t i o n  of 
t h s  o r i e n t a t i o n a l  illusion, a n d  t h e n  is t o l d  o r  o t h e r w i s e  
a l l o w e d  t o  e x p e r i e n c e  h i s  t r u e  o r i e n t a t i o n .  A f e w  a n t i v e r t i g o  
t r a i n s r  s a r e  a c t  u a l l y  s p a  t i a l  d i  s o r  i e n t a  t i o n  d e n o n s t  r a  t o r  s ,  
wh ich  a l l o w  t h e  s u b j e c t  t o  e x p e r i e n c e  t h e  d i f f i c u l t y  i n  con- 
t r o l l i n g  t h e  a t t i t u d e  a n d  m o t i o n  o f  t h e  t r a i n e r  w h i l e  b e i n g  
s u b j e c t e d  t o  s o i n a t o g r a v i c ,  s o m a t o g y r a l ,  a n d / o r  C o r i o l i s  i l -  
l u s i o n s ,  F i g u r e  25 shows two a n t i v e r t i g o  t r a i n e r s  p r e s e n t l y  i n  
use i n  t h e  Un i t ed  S t a t e s  A i r  Force.  O n e  m u s t  be aware t h a t  t h e  
n a n e  g i v e n  t o  a n y  p a r t i c u l a r  a n t i v e r t i g o  t r a i n e r  d o e s  n o t  
n e c e s s a r i l y  d e s c r i b e  i t s  f u n c t i o n :  T h e  USAFSAY S p a t i a l  D i s o r i e n -  
t a t i o n  Demonst ra tor ,  f o r  example,  was a c t u a l l y  an  o r i e n t a t i o n a l  
i l l u s i o n  d e m o n s t r a t o r .  

Although t h e  maximum use of a n t i v e r t i g o  t r a i n e r s  i n  p h y s i -  
o l o g i c a l  t r a i n i n g  of p i l o t s  i s  t o  be encouraged ,  i t  i s  i m p o r t a n t  
t o  r e c o g n i z e  t h e  g r e a t  p o t e n t i a l  f o r  m i s u s e  of s u c h  d e v i c e s  by 
p e r s o n n e l  n o t  t ho rough ly  t r a i n e d  i n  t h e i r  t h e o r y  and f u n c t i o n .  
S e v e r  a 1 a n t i  v e r  t i g o  t r a i n e r  s have a i  r c r a f  t - i n s t  r ument t r a c k i n g  
t a s k s  f o r  t h e  s u b j e c t  t o  p e r f o r m  w h i l e  h e  i s  e x p e r i e n c i n g  
o r i e n t a t i o n a l  i l l u s i o n s  b u t .  i s  n o t  a c t u a l l y  c o n t r o l l i n g  t h e  . 
m o t i o n  o f  t h e  t r a i n e r .  The  t e m p t a t i o n  i s  v e r y  s t r o n g  f o r  , 
u n s o p h i s t i c a t e p  o p e r a t i n g  p e r s o n n e l  t o  t e l l  t h e  subjec t  h e  i s  
" f i g h t i n g  d i s o r i e n t a t i o n "  i f  h e  per forms wel l  on t h e  t r a c k i n g  
t a s k  w h i l e  s u b j e c t e d  t o  t h e  i l l u s i o n - g e n e r a t i n g  mot ions .  Because ' 
t h e  s u b j e c t ' s  r e a l  o r i e n t a t i o n  i s  i r r e l e v a n t  t o  t h e  t r a c k i n g .  
t a s k ,  a n y  o r i e n t a t i o n a l  i l l u s i o n  i s  also i r r e l e v a n t ,  a n d  h e  
e x p e r i e n c e s  n o  c o n f l i c t  between v i s u a l  and  v e s t i b u l a r  i n f o r m a t i o n  
i n  . . a c q u i r i n g  cues  upon w h i c h  t o  b a s e  h i s  c o n t r o l '  r e sponses . .  
T h i s  s i t u a t i o n ,  o f  c o u r s e ,  d o e s  n o t  c a p t u r e  t h e  egs,ence of. 
d i s o r i e n t a t i o n  i n  f l i g h t ;  a n d  t h e  t r a i n e e  who i s  l e d  t o ,  b e l i e v e  
h e  i s  f i g h t i n g  d i s o r i e n t a t i o n  i n  s u c h  a g r o u n d - b a s e d  demon- '  
s t r a t i o n  may d e v e l o p  a f a l s e  s e n s e  of s e c u r i t y  about  h i s  a b i l i t y '  * 

t o  combat  d i s o r i e n t a t i o n  i n  f l i g h t .  The  i n c r e a s i n g  use  o f  
s p a t i a l  d i s o r i e n t a t i o n  d e m o n s t r a t o r s ,  i n  which t h e  s u b j e c t  m u s t  . 
c o n t r o l  t h e  ac tua l  m o t n n - o f  t h e  t r a i n e r  by r e f e r r i n g  t o  t rue-  ' 
r e a d i n g  i n s t r u m e n t s  wh ' i re 'under  t h e  i n f l u e n c e  of o r i e n t a t i o n a l  
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Figure 25. Two types osantivertigo trainer currently in use: a. 
The Vertigon , an orientational illusion demonstrator, 
allows the subject to experience Coriolis and soma- 
togyral illusions while performing &racking and 
dial-setting tasks, b. The Vertifuge , a spatial 
disorientation demonstrator, subjects the trainee to 
somatogravic, Coriolis, and somatogyral illusions that 
generate orientational conflicts as he tries to con- 
trol the attitude and motion of the device by re- 
ferring to a true-reading attitude indicator. 

illusions, will most likely reduce the potential for misuse and 

subject of spatial disorientation. 

Flight training provides a good opportunity t o  instruct’ 
pilots about the hazards of spatial disorientation. Inflight 
demonstrations of vestibular illusions are included in most 
formalized pilot training curricula, although the efficacy of 
- -  such demonstrations is highly dependent on the motivation and 
skill of the individual flight instructor. Somatogyral ana 
somatogravic illusions and illusions of roll attfitude can  
usually be induced in a student pilot by a flight instructor who 
either understands how the vestibular system works o r  knows from - 
experience which maneuvers consistently produce illusions. The 
vestibular-illusion demonstration should not be confused with 
the u n u s u a l - a t t i t u d ’ e - r e e o v e r y  demonstrations in the typical : 

I will improve the effectiveness of presentations to pilots on the ’ 

1 

’ . * * . ,  ,’ 
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p i l o t  t r a i n i n g  s y l l a b u s :  t h e  o b j e c t i v e  of t h e  f o r n e r  i s  f o r  t h e  
s t u d e n t  t o  e x p e r i e n c e  o r i e n t a t i o n a l  i l l u s i o n s  and r e c o g n i z e  them 
a s  s u c h ;  t h a t  o f  t h e  l a t t e r  i s  f o r  t h e  s t u d e n t  t o  l e a r n  t o  
r e g a i n  c o n t r o l  of a n  a i r c r a f t  i n  a s a f e  and e x 2 e d i t i o u s  manner. 
I n  bo th  t y p e s  of d e G b n s t r a t i o n ,  howeverf, c o n t r o l  of t h e  a i r c r a f t  
shou ld  be  handed o v e r  t o  t h e  s t u d e n t  p i l o t  w i t h  t h e  i n s t r u c t i o n ,  
"Nake t h e  i n s t r u n e n t s  r e a d  r i g h t . "  

P a r t  of f l i g h t  t r a i n i n g  i s  c o n t i n u i n g  p r a c t i c e  t o  ina in t a in  
f l : ~ i n 3  p r o f i c i e n c y ,  a n d  t h e  i a p o r t a n c e  of s u c h  p r a c t i c e  i n  
reducing  t h e  l i k e l i h o o d  o f  navinq a d i s o r i e n t a t i o n  inisha? cannot  
562 overeniiha;izcd. N i i e t h e r  E lyinc; on i n s t r u n e n t s ,  i n  f o r m t i o n ,  
c r  e n c j a j e ( !  i n  a e r o b a t i c  i n a n e u v e r i n j ,  f a x i l i a r i t y  w i t h  t h e  
envi ronment - -based  on r e c e n t  exposure  t o  i t - - a n d  p r o f i c i e n c y  a t  
t h e  f l y i n g  task- -based  o n  r e c e n t  p r a c t i c e  a t  i t - - r e s u l t  n o t  o n l y  
i n  a g r e 3 t e r  a b i l i t y  t o  a v o i d  o r  d i s p e l  o r i e n t a t i o n a l  i l l u s i o n s ,  
k i l t  a l s o  i n  a g r e a t s r  a b i l i t y  t o  cope w i t h  d i s o r i e n t a t i o n  when 
i t  does  o c c u r .  

f l  i q h t  ? r D c e . ? J - e S .  I f  a p a r t i c u l a r  i n f l i g h t  p rocedure  
f r e q u e n t l y  r e s u l t s  i n  s p a t i a l  d i s o r i e n t a t i o n ,  i t  s t a n d s  t o  
reason  t h a t  modi fy ing  o r  e l i m i n a t i n g  t h a t  procedure  s h o u l d  h e l p  
reduce a i r c r a f t  mishaps  due  t o  d i s o r i e n t a t i o n .  N i g h t  f o r m t i o n  
t a k e o f f s  a n d  r e j o i n s  a r e  e x a n p l e s  of i n f l i g h t  p r o c e d u r e s  t h a t  
V ~ Z Y  f r e q u e n t l y  a r e  a s s o c i a t e d  w i t h  s p a t i a l  d i s o r i e n t a t i o n ;  and 
k h e  Uni ted  S t a t e s  A i r  Fo rce  has ,  w i s e l y ,  o f f i c i a l l y  d i s c o u r a g e d  
khese p r a c t i c e s  i n  most o f  i t s  major commands. 

A n o t h e r  a r e a  o f  c o n c e r n  i s  t h 2  " l o s t  wingman" p r o c e d u r e ,  
used w h e n  a p i l o t  h a s  l o s t  s i g h t  of t h e  a i r c r a f t  on which h e  h a s  
been f l y i n g  w i n g .  Usually t h e  loss of  v i s u a l  c o n t a c t  i s  due t o  
p o o r  v i s i b i l i t y ,  a n d  o c c u r s  a f t e r  a p e r i o d  of  v a c i l l a t i o n  
between f o r m a t i o n  f l y i n g  a n d  i n s t r u m e n t  f l y i n g .  Such c o n d i t i o n s ,  
of  c o u r s e ,  i n v i t e  d i s o r i e n t a t i o n .  The l o s t  wingman p rocedure  
zust ,  t h e r e f o r e ,  be made a s  uncompl ica ted  a s  p o s s i b l e  w h i l e  s t i l l  
a l l o w i n g  s a f e  s e p a r a t i o n  from t h e  o t h e r  e l emen t s  of t h e  f l i g h t .  
i h i n t a i n i n g  a s p e c i f i e d  a l t i t u d e  and heading  away f r o n  t h e  f l i g h t  
u n t i l  f u r t h e r  n o t i c e  i s  a n  i d e a l  l o s t  wingman p r o c e d u r e ,  i n  t h a t  

, i t  a v o i d s  f r e q u e n t  o r  p r o l o n g e d  d i s o r i e n t a t i o n - i n d u c i n g  t u r n s  . 
and minimizes  c o g n i t i v e  workload.  O f t e n  a p i l o t  - f l y i n g  wing i n  ' 
b a d  w e a t h e r  d o e s  n o t  l o s e  s i g h t  o f  t h e  l e a d  a i r c r a f t ,  b u t  
s u f f e r s  s o  much d i s o r i e n t a t i o n  s t r e s s  a s  t o  make t h e  o p t i o n  of 8 

g o i n g  l o s t  w i n g m a n  seem s a f e r  t h a n  t h a t  of c o n t i n u i n g  i n  t h e  
f o r m a t i o n .  A common p r a c t i c e  i n  t h i s  s i t u a t i o n  i s  f o r  t h e .  
wingman t o  t a k e  t h e  l e a d  p o s i t i o n  i n  t h e  f o r m a t i o n ,  a t  l e a s t  
u n t i l  t h e  d i s o r i e n t a t i o n  d i s a p p e a r s .  T h i s  a v o i d s  t h e  n e c e s s i t y  
o-f - h a v i n g  t h e  d i s o r i e n t e d  p i l o t  make a t u r n  away f r o m  t h e -  
f l i g h t  t o  g o  l o s t  wingman, w h i c h  cou ld  be e s p e c i a l l y  d i f f i c u l t '  
and dangerous  because  o f  h i s  d i s o r i e n t a t i o n .  O n e  s h o u l d  q u e s t i o n  
t h e  wisdom o f  h a v i n g  a d i s o r i e n t e d  p i l o t  l e a d i n g  a f l i g h t ,  I 

however; a n d  some e x p e r t s  i n  t h e  f i e l d  of  s p a t i a l  d i s o r i e n t a t i o n  
a r e  adamant ly  opposed t o  t h i s  p rac t ice ,  w i t h  good r e a s o n .  
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V e r b a l  c o m m u n i c a t i o n  b e t w e e n  p i l o t s  c a n  h e l p  p r e v e n t  
d i :<ocicn taAt ion .  In f ( J L n l ; l k i Q n  E l i ~ j h t  i n  w w t h + - r ,  t o r  cxamplc ,  i t  
is goocl p c a c t l c c ,  f o r  t h c  € 1  I i j t i t  l t - d ~ l t : ~  t o  i n f o r m  his w 1 n ' ~ m a n  
p c c i o d i c a l l y  of t h e  a t t i t u d e ,  a l t i t u d e ,  a i r s p e e d  and  heading  of 
t h e  f l i g h t ,  as  t h e  * task  o f  f o r m a t i o n  f l y i n g  makes i t  d i f f i c u l t  
f o r  t h e  winqman t o  o b t a i n  a c c u r a t e  o r i e n t a t i o n  i n f o r m a t i o n  by 
mon i to r ing  f l i g h t  i n s t r u m e n t s .  I n  some c a s e s  a c o p i l o t  o r  o t h e r  
c r e w  nsmber  i s  a v a i l a b l e  t o  moni tor  a i r c r a f t  a t t i t u d e ,  mot ion ,  
And p o s i t i o n  d u r i n g  t i n e s  when t h e  p i l o t  i s  f u i l y  occup ied  w i t h  
o t h e :  demand ing  t a s k ;  ( e . g . ,  wea2ons d e l i v e r y  a t  n i g h t ) .  The 
o t n e r  c r e w  m e n b e r ' a  v e r b a l  o r i e n t a t i o n a l  s t a t u s  r e p o r t s  o r  
w i r n i n j s  o f  h a z a r d o u s  o r i e n t a t i o n s  c a n  s e r v e  t h e  p i l o t  we l l  
u n d e r  s x c h  c i  r c u n s t a n c s s .  

The manner  i n  which o t h e r s  communicate w i t h  t h e  p i l o t  who 
i s  d i s o r i e n t e d  c a n  n e a n  t h e  d i f f e r e n c e  between life and d e a t h  
f o r  t h a t  p i l o t  a n J  h i s  ?assensers .  U n f o r t u n a t e l y ,  no c l e a r - c u t  
p r o c e d u r e  e x i s t s  f o r  e n s Q r i n g  a 2 p r o p r i a t e  cominunicationa t o  a 
d i s o r i e n t e d  p i l o t ,  Should he  be hounded m e r c i l e s s l y  w i t h  v e r b a l  
o r d e r s  t o  y e t  on t h e  i n s t r u m e n t s ,  o r  s n o u l J  h e  be  l e f t  r e l a t i v e l y  
un4is t racteq. l  t o  s ( - , ~ * J c  h i s  o r i e n t a t i o n  problsm:;? T h e  extreme:; of 
ha rL izz incn t  a n d  n e g l e c t  a r e  d e f i n i t e l y  not a p p r o p r i a t e ;  a few 
f o r c e f u l  , s p e c i f i c ,  a c t i o n - o r i e n t e d  commands probably r e p r e s e n t  
t h e  b e s t  approach. "Level  t h e  a r t i f i c i a l  h o r i z o n ! "  a n d  'Roll  
r i g h t  9 0  d e g r e e s ! "  a r e  e x a n p l e s  o f  s u c h  co'mmands. One m u s t  
rernenber  t h a t  t h e  p i l o t  s u f f e r i n g  from s p a t i a l  d i s o r i e n t a t i o n  
n a y  b e  e i t h e r  s o  b u s y  o r  s o  f u n c t i o n a l l y  compromised  t h a t  
f r i e n d l y  c h i t - c h a t  o r  c o n p l e x  i n s t r u c t i o n s  may f a l l  on d e a f  
e a r s .  S i n p l e ,  e i n p h a t i c  d i r e c t i o n s  may be  t h e  o n l y  means of 
p e n e t r a t i n g  t h e  d i s o r i e n t e d  p i l o t ' s  c o n s c i o u s n e s s .  

T o  i l l u s t r a t e  how o f f i c i a l  r e c o m m e n d a t i o n s  . r e g a r d i n g  
i n f l i g h t  p r o c e d u r e s  a r e  d i s s e m i n a t e d  t o  p i l o t s  i n  a n  e f f o r t  t o  
p r e v e n t  s p a t i a l  d i s o r i e n t a t i o n  mishaps,  a message from a major  
U n i t e d  S t a t e s  Air  Force  command h e a d q u a r t e r s  t o  f i e l d  u n i t s  i s  
e x c e r p t e d  he re :  

1 

" . . . R e v i e w  S D  p r o c e d u r e s  i n  [ v a r i o u s  A i r  Force  
manuals ] .  . . D i s c u s s  t h e  p o t e n t i a l  f o r  S D  d u r i n g  
€ l i g h t  b r i e f i n g s  p r i o r  t o  f l i g h t  i n v o l v i n g - n i g h t ,  
w e a t h e r ,  o r  c o n d i t i o n s  w h e r e  v i s i b i l i t y  i s  
s i g n i f i c a n t l y  r e d u c e d . . .  R e c o g n i z e  t h e  [SD] 
prob le in  e a r l y  a n d  i n i t i a t e  c o r r e c t i v e  a c t i o n s  
b e f o r e  a i r c r a f t  c o n t r o l  i s  compromised. 

A. S i n g l e  Sh ip :  
I 

(1) Keep t h e  head  i n  t h e  c o c k p i t .  Concen'- 
t r a t e  o n  f l y i n g  b a s i c  i n s t r u m e n t s  w i t h  
f r e q u e n t  r e f e r e n c e  t o  t h e  a t t i t u d e  i n d i -  
ca  t o r  . D e f e r  n o n - e s s e n t i a l  c o c k p i t  
c h o r e s .  ; a- 

I' . , e . ,  



_-  

( 2 )  I f  symptoms p e r s i s t ,  b r i n g  a i r c r a f t  t o  
s t r a i g h t  and  l e v e l  f l i g h t  u s i n g  t h e  a t t i -  
t u d e  i n d i c a t o r .  Main ta in  s t r a i g h t  and  l e v e l  
€ l i q h t . . u n t i l  symptoms aba t t~- -usua11y 30 t o  
6 0  seconlls. Use a u t o p i l o t  i f  n e c e s s a r y .  

( 3 )  I f  n e c e s s a r y ,  d e c l a r e  an  emergency and 
a d v i s e  a i r  t r a f f i c  c o n t r o l .  N o t e :  i t  i s  
p 0 ~ 3 i b l 9  f o r  S3 t o  p r o c e e d  t o  t h e  ~ o i n t  
w l ? e r e  th;l 2 i l o k  i s  u n a k l e  t o  s e e ,  i n -  
t e r F r e t ,  o r  p r o c e s s  i n f o r n a t i o n  froin t h e  
f l i j h t  i n s t r u m e n t s .  A i r c r a f t  c o n t r o l  i n  
s u ; h  a s i t u a t i o n  i s  i n F o s a i 5 l t .  A p i l o t  
n u s t  r e c o g n i z e  when phys io loGica l /p sycho-  
l o q i c a l  l imi t s  ha*Je been e x c e e d e J  a n d  be 
pre:;ar?d t o  a1tilAJon t h e  a i r c r i E t .  

3. Forxaition f l i g h t s :  

(1) S e p a r a t e  a i r c r a f t  f rom t h e  f o r m t i o n  
under  c o n t r o l l e d  c o n d i t i o n s  i f  t h e  ws3ther  
e n c o u n t e r e d  i s  e i t h e r  t oo  dense  o r  t u r t u -  
l e n t  t o  i n s u r e  s a f e  f l i g h t .  

( 2 )  A f l i g h t  l e a d  w i t h  Si) w i l l  a d v i s e  h i s  
wingmen t h a t  h e  has  S D  and  h e  w i l l  compiy 
w i t h  p r o c e d u r e s  i n  Paragraph  A .  I f  p o s s i -  
b l e ,  w ing inen  s h o u l d  c o n f i r m  s t r a i g h t  and 
l e v e l  a t t i t u d e  and  p r o v i d e  v e r b a l  feedback  
t o  l e a d .  I f  symptoms d o  n o t  a b a t e  i n  a 
r e a s o n a b l e  time, t e r i n i n a t e  t h e  m i s s i o n  and  
r e c o v e r  t h e  f l i g h t  by t h e  s i m p l e s t  a n d  
s a f e s t  means p o s s i b l e .  

( 3 )  T w o - s h i p  f o r m a t i o n .  Wingnan w i l l  
a d v i s e  lead w h e n  h e  e x p e r i e n c e s  s i g n i f i c a n t  
S D  symptoms. 

( a )  Lead w i l l ' a d v i s e  wingman o f  a i r c r a f t  
a t t i t u d e ,  a l t i t u d e ,  h e a d i n g ,  a n d  
a i r s p e e d .  

. 
( b )  T h e  wingman w i l l  a d v i s e  l e a d  i f  
p r o b l e m s  p e r s i s t .  I f  s o ,  l e a d  w i l l  
e s t a b l i s h  s t r a i g h t  and l e v e l  f l i g h t  f o r  
a t  l e a s t  30 t o  60  seconds .  

( c )  I f  t h e  a b o v e  p r o c e d u r e s  a r e  n o , t ,  
e f f e c t i v e ,  l e a d  s h o u l d  t r a n s f e r  t h e  
f l i g h t  l e a d  p o s i t i o n  t o  t h e  wingman 

Once a s s u m i n g  l e a d ,  m a i n t a i n  s t r a i g h t  
a n d  ' leue3 f l i g h t  f o r  6 0  s e c o n d s .  I f  
n e c e s s a r y /  t e r m i n a t e  t h e  m i s s i o n  a n d  

while hn s t r a i m  m w L u l u .  

I 

1 - 1 3 - 5 6  



,recover by the simplest and safest 
means possible. 

' ( 4 )  More than two-ship formation. Lead 
should separate the flight into elements to 
more effectively handle a w i n g m a n  w i t h  
persistent SD symptoms. Establish straight 
and level flight. The element with the SD 
pilot will remain straight and level while 
other element separates from the flight." 

cockD&J,&vout and Fli- . One of the most 
notorious vertigo traps is the communications-transceiver 
frequency selector or transponder code selector located in an 
obscure part of the cockpit: to manipulate this selector 
requires the pilot not only to look away from his flight instru- 
ments, thus interrupting his instrument scan, but also to tilt 
his head t o  view the readout, thus potentially subjecting him to 
a Coriolis or G - e x c e s s  illusion. Aircraft designers are now 
aware that< easy accessibility and viewing of such frequently used 
devices minimize the potential for spatial disorientation; 
accordingly, most modern aircraft have communications frequency 
and transponder code selectors and readouts located in front of 
the pilot near the flight instruments. 

The location of the flight instruments themselves is also 
very important: they should be clustered directly in front of 
the pilot, and the attitude indicator--the primary provider of 
orientation cueing and the primary instrument by which the 
aircraft is controlled--should be in the center of the cluster 
(Fig. 2 6 ) .  When this principle is not respected, the potential 
for spatial disorientation is increased. A certain modern 
fighter aircraft, for example, was designed to have the pilot 
sitting high in the cockpit to enhance his field of view during 
air-to-air combat in conditions of good visibility. This design , 

1 relegated the attitude indicator to a position more or less , 
between the pilot's knees. A s  a result, at night and during 
instrument weldther, the pilot is subjected to potentially 
disorienting peripheral visual motion and position cueing by ' 
virtue of his being surrounded by a vast expanse of canopy, 
while he tries to glean with central vision the correct orien- 
tation information from a relatively small, distant attitude 
indicator. The net effect is an unusually difficult 'orientation. 
problem for the pilot, and a greater risk of developing spatial. 
disorientation in this aircraft than in others with a lhrger and 
more advantageously located attitude indicator. 

major factor in their ability to convey readily assimilable 
The verisimilitude of the flight instruments is also a . 

'N 5 
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Figure 26.  A well-designed instrument panel, with the attitude 
indicator located directly in front of the pilot, and 
the other flight instruments clustered around it. 
Radios and other equipment requiring frequent manipu- 
lation and viewing are placed close to the flight 
instruments to minimize interruption of the pilot's 
instrument scan and t o  obviate his having to make head 
movements that could precipitate spatial disorien- 
tation. (Photo courtesy of Gen-Aero, Inc., San 
Antonio, TX.) 

, orientation information. The old "needle, ball, and airspeed" 1 
indicators (a needle pointer showing the direction and rate of 
turn, a ball dhowing whether the turn is being properly co- 
ordinated with the rudders, and an airspeed indicator showing ' 
whether the airplane is climbing or diving) required a lot o f .  
interpretation for the pilot to perceive his spatial orientation 
through them; nevertheless, this combination sufficed f o r  nearly 
a generation of pilots. When the attitude indicator '(also knowr\ 
a-6 the gyro horizon, artificial horizon, or attitude pyre) was: 
introduced, it greatly reduced the amount of work required to 
spatially orient during instrument flying because the pilot 
could readily imagine the artificial horizon line to be the r e a l  * - 
horizon. In addition to becoming more reliable and more versa- 

* .  
.h 5 
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t i l e  o v e r  t h e  y e a r s - ,  i t  became even  e a s i e r  t o  i n t e r p r e t :  t h e  
f a c e  was d i v i d e d  i n t o  a g ray  o r  b l u e  "sky" h a l f  and  a b lack  o r  
brown " g r o u n d "  h a l f ,  w i t n  s o n e  m o d e l s  e v e n  h a v i n g  l i n e s  o f  
p e r s p e c t i v e  c o n v e t j i n q  t o  a v a n i s h i n g  p o i n t  i n  t h e  lower h a l f .  * 

Such 3 h i q h  clecjrse of s i m i l a c i t y  t o  t h e  r e d l  wor ld  h a s  made t h e  
l t t i t u d s  i n d i c a t o r  t h e  m a i n s t ~ y  of  i n s t r u m e n t  f l y i n 1 3  today .  

A r e l a t i v e l y  new c o n c e p t  i n  f l i g h t  i n s t r u m e n t a t i o n ,  t h e  
h e a d - u p  d i s ? l a y  ( H U D )  , ?rejects n u i n e r i c  a n d  o t h e r  s y x b o l i c  
i n f o r n a t i o n  t o  t h e  p i l o t  from a combining g l a s s  n e a r  t h e  wind- 
s c r e e n ,  s o  he  can b e  l o o k i n g  f o r w a r d  o u t  o f  t h e  c o c k 2 i t  and * 

s i m u l t a n e o u s l y  m o n i t o r i n g  f l i g h t  a n d  weapons d a t a .  When t h e  
i ~ i l o t  s e l e c t s  t h ?  a s p r o ? r i a t e  d i s p l 3 y  mode, p i t c h  ant3 r o l l  
a t t i t u d e  o f  t h e  a i r c r a f t  a t e  o b s e r v e d  on t h e  " p i t c h  l a d d e c "  
( F i g .  27) a n d  h e a d i n g ,  a l t i t u d e ,  a i r s p e e d ,  a n d  o t h e r  f l i g h t  
p a r a m e t e r s  a r e  n u m e r i c a l l y  d i s p l a y e d  e l s e w h e r e  on t h e  H U D .  I t s  
u p - f r o n t  l o c a t i o n  a n d  i t s  c l o s e - t o g e t h e r  a r r a n g e n e n t  of  most of 
t h e  r e q u i r e d  a i r c r a f t  c o n t r o l  and per formance  d a t a  make t h e  H U D  
a n  a t t r a c t i v e  a l t e r n a t i v e  t o  t h e  c o n v e n t i o n a l  c l u s t e r  of i n s t r u -  
m e n t s ,  a n d  some p i l o t s  use t h e  HUD a s  t h e  pr i inary  in s t rumen t  
f o r  s p a t i a l  o r i e n t a t i o n  and a i r c r a f t  c o n t r o l  d u r i n g  i n s t r u m e n t  
f l i g h t .  P i l o t s '  a c c e p t a n c e  a n d  u s e  of t h e  HUD f o r  f l i t i n j  i n  
i n s t r u m e n t  weather  h a s  n o t  been u n i v e r s a l ,  however: many p r e f e r  
t o  use t h e  HUD u n d e r  c o n d i t i o n s  o f  good o u t s i d e  v i s i b i l i t y  and 
u s e  t h e  c o n v e n t i o n a l  i n s t r u m e n t s  f o r  f l y i n g  a t  n i g h t  and i n  
w e a t h e r .  T h e  r eason  f o r  t h i s  p r e f e r e n c e  may be t h a t  t h e  ho r i zon  
o n  t h e  c o n v e n t i o n a l  i n s t r u m e n t  l o o k s  more  l i k e  t h e  n a t u r a l  
h o r i z o n  t h a n  d o e s  t h e  z e r o - p i t c h  i n d i c a t o r  on t h e  H U D  p i t c h  
l a d d e r .  A n o t h e r  r e a s o n  may b e  t h a t  t h e  H U D  p r e s e n t s  s u c h  a 
n a r r o w  v i e w  of  t h e  o u t s i d e  wor ld - -a  " v e r n i e r "  view w i t h  h i g h  
r e s o l u t i o n - - w h i l e  t h e  c o n v e n t i o n a l  a t t i t u d e  i n d i c a t o r  g i v e s  a n  
e x p a n s i v e  p i c t o r i a l  view of t h e  s p a t i a l  envi ronment .  Fu r the r -  
m o r e ,  t h e  r e l a t i v e  i n s t a b i l i t y  of t h e  H U D  p i t c h  l a d d e r  and t h e  
t endency  f o r  t h e  z e r o - p i t c h  l i n e  t o  d i s a p p e a r  from view make t h e  
H U D  somewhat d i f f i c u l t  t o  use d u r i n g  modera t e ly  a c t i v e  maneuver- 

, i n g ,  a s  would b e  n e c e s s a r y  d u r i n g  a n  u n u s u a l - a t t i t u d e  recovery  . 
a t t e m p t .  ' 

HUD l e a v e  much t o  be  d e s i r e d  a s  f l i g h t  i n s t r u m e n t s  f o r  a s s u r i n g  
s p a t i a l  o r i e n t a t i o n .  Both  s u f f e r  f r o m  t h e  b a s i c  d e s i g n  de- 
f i c i e n c y  of p r e s e n t i n g  v i s u a l  s p a t i a l  o r i e n t a t i o n  i n f o r m a t i o n  t o  
t h e  wrong s e n s o r y  system--the f o c a l  v i s u a l  system. Two untoward, 
e f f e c t s  r e s u l t .  F i r s t ,  t h e  p i l o t ' s  f o c a l  v i s i o n  n o t  o n l y  m u s t :  
s e r v e  t o  d i s c r i m i n a t e  numer i ca l  d a t a  from a number of i n s t r u -  
m e n t s ,  b u t  a l s o  m u s t  take on t h e  t a sk  of s p a t i a l l y  o r i e n t i n g  t h e  - 
p i l o t .  The p i l o t  t h u s  h a s  t o  employ h i s  f o c a l  v i s u a l  system i n  - 
a somewhat  i n e f f i c i e n t  manner  d u r i n g  i n s t r u m e n t  f l i g h t ,  w i t h  
a b o u t  7 0 %  of  h i s  t ime  s p e n t  v i e w i n g  t h e  a t t i t u d e  i n d i c a t o r ,  
w h i l e  h i s  ambient  vision qemains  u n u t i l i z e d .  Second, t h e  f a c t  : 

I . v  

As good a s  t h e y  a r e ,  b o t h  t h e  a t t i t u d e  i n d i c a t o r  and t h e '  

. *.. ,' 
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Figure 27. A typical head-up display ( H U D )  . The p i t c h  l a d d e r  i n  
the c e n t e r  of the display provides p i t c h  and r o l l  

. -attitude information. . .  . .  
. I  .. . 
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t h a t  f o c a l  v i s i o n  i s  n o t  n a t u r a l l y  equipped t o  p r o v i d e  pr imary  
s p a t i a l  o r i e n t a t i o n  c u e s  c a u s e s  p i l o t s  d i f f i c u l t y  i n  i n t e r p r e t i n g .  
t h e  a r t i f i c i a l  h o r i z o n  d i r e c t l y :  t h e r e  i s  a t endency ,  e s p e c i a l l y  
anong nov ice  p i l o t s ,  t o  sense backwards t h e  d i s p l a y e d  d e v i a t i o n s  
i n  r o l l  and p i t c h ,  and  t o  make i n i t i a l  r o l l  and p i t c h  c o r r e c t i o n s  
i n  t h e  wron; d i r e c t i o n .  S e v e r a l  approac:?es have been t3ken  t o  
t r y  t o  i m p r o v e  t h e  e f f i c i e n c y  of t h e  p i l o t ' s  a c q u i s i t i o n  of  
o r i 2 n t a t i o n  i n f o c n a t i o n  from t h e  a t t i t u d e  i n d i c a t o r  and  a a a o c i -  
a t e d  f l i g h t  i n s t r u a e n t s .  One h a s  been t o  naks  t h e  a r t i f i c i a l  
h o r i z o n  s t a t i o n a r y  b u t  t o  r o l l  and p i t c h  t h e  m a l l  a i r c r a f t  on 
t h e  i n s t r u m e n t  t o  i n d i c a t e  t h e  motion of t h e  r e a l  a i r c r a f t  ( t he  
s o - c a l l e d  " o u t s i d e - i n "  p r e s e n t a t i o n ,  3s opposed t o  t h 2  " i n s i d e -  
o u t "  p r e s e n t a t i o n  of  c o n v e n t i o n a l  a t t i t u d e  i n d i c a t o r s )  . Theo- 
r e t i c a l l y ,  t h i s  c o n E i g u r 3 t i o n  r e l i e v e s  t h e  p i l o t  of n a v i n g  t o  
s p a t i a l l y  o r i e n t  h i m s e l f  b e f o r e  t r y i n g  t o  f l y  t h e  a i r c r a f t :  t h e  
p i l o t  mere ly  f l i e s  t h e  s inal l  a i r c r a f t  on t h e  a t t i t u d e  in s t ru inen t  
a n d  t h e  r e a l  a i r c r a f t  follows, s o  t o  s p e a k .  T h i s  a p p r o a c h ,  
however, f a i l s  t o  f r e e  f o v e a l  v i s i o n  from t h e  u n n a t u r a l  t ask  of  
2 r o c e s s i n g  s ? a t i a l  o r i e n t a t i o n  i n f o r m a t i o n .  Another c o n c e p t ,  
t h s  p e r i p h e r a l  v i s u a l  h o r i z o n  d i s p l a y  (PVHD), a l s o  known a s  t h e  
Ya lco lm h o r i z o n ,  a t t e m p t s  t o  g i v e  p i t c h  and r o l l  c u e s  t o  t h e  
2 i l o t  t h r o u g h  h i s  p a r a c e n t r a l  a n d  p e r i p h e r a l  v i s i o n ,  t h e r e b y  
s p a r i n g  f o v e a l  v i s i o q  f o r  t a s k s  r e q u i r i n g  a h i g h  d e g r e e  o f  
v i s u a l  d i s c r i m i n a t i o n .  The s e v e r a l  v a r i e t i e s  of PVHD t h a t  
have been deve loped  p r o j e c t  a c r o s s  t h e  i n s t r u n e n t  p a n e l  a l ong ,  
t h i n  l i n e  of l i g h t  r e p r e s e n t i n g  t h e  t r u e  h o r i z o n ,  which l i n e  of 
l i g h t  moves d i r e c t l y  i n  acco rdance  w i t h  t h e  r e l a t i v e  movement of 
t h e  t r u e  h o r i z o n  ( F i g .  2 8 ) .  The p o t e n t i a l  f o r  f u r t h e r  deve lop-  
ment  and e v e n t u a l  p i l o t  a c c e p t a n c e  of PVHD-type a i r c r a f t  a t t i t u d e  
d i s p l a y s  a p p e a r s  g o o d ,  a s  t h e  PVHD i s  b a s e d  o n  t h e  p h y s i o -  
l o g i c a l l y  sound c o n c e p t  of p r o v i d i n g  pr imary  s p a t i a l  o r i e n t a t i o n  
c u e i n g  th rough  ambien t  v i s i o n - - i . e . ,  i n  t h e  n a t u r a l  f a s h i o n .  

4 '  . 
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Figure 2 8 .  The p e r i p h e r a l  v i s u a l  ho r i zon  d i s p l a y  (PVHD), or 

. .' a c  oss t h e  instrument panel moves i n -  accordance w i t h  
t h  e! r e a l  horizon, and t h e  p i l o t  observes t h e  projected 
horizon and i t s  movement w i t h  h i s  per iphera l  vision'. 
T h e o r e t i c a l l y ,  t h i s  e n a b l e s  him t o  process  s p a t i a l  
o r i e n t a t i o n  information i n  t h e  natural  fashion,  and 
s p a r e s  h i s  fovea l  v i s i o n  for tasks  requi r ing  a h i g h  

t Malcolm h o r i z o n .  An a r t i f i c i a l  ho r i zon  p r o j e c t e d ,  

degree of v i s u a l  discrimination. 1. 

. ' ;  
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INTEGZ\T-iX THE HLXU IXTO THE D E S I G N  PROCESS: 
A CZITICAL CXALLEXCE VHOSE TI!!: HAS CCYZ 

Da-Jid 'i. Hilam, Colonel ,  USAF 

Colonel Y i l a m  x 3 5  born on Jul:r 1 2 ,  1940 i n  Tuscon. A Z  acd graduated  from 
C e n t r a l  His3 Schoo! i n  Puablo,  (70 i n  1353. Af:er az:anding Pueblo J l in ior  
Col lepe f o r  one y e a r ,  he went t o  t h e  USAT Academy where he graduated i n  1 7 6 3 .  
Ha recei-red a X.ister of  Sciences degree i n  Aeronaut ica l  Engineering from the  
Uni . rers i ty  o f  Arizona i n  L 9 7 1 .  Colonel  Xilam a t t e n d e d  the USAF Tzst  P i l o t  
Sc5.001 i n  1 9 7 3 .  He is  a 1 9 7 7  graduaze o f  the  Armed Forces S t a f f  College and a 
1983 graduate  o f  t h e  A i r  War Col lege .  

Upon rece i i i ing  h i s  commission from USAFA, he atter.ded p i l o t  t r a i n i n g  a t  
.".ood:r A F 3 ,  GA and graduatad i n  September of  1 9 6 4 .  A f t e r  g r a d u a t i o n .  he 
a;:ended F - L O O  RTU a: Lukz AFS, AZ and was subsequent ly  ass igned  t o  t h e  5 5 t h  
TXC F i g h t a r  Squadron a t  KAF W e t h e r s f i e l d ,  England from June 1965  t o  June 1968. 

From J u l y  1968 t o  December 1968, he was a f l i g h t  cominafider and 
naintenance o f f i c e r  a t  Bien Hoa A F 3 ,  Republic of ' J ie t  Nan. From January  1963 
t o  J u l y  1 9 6 9 ,  he was a b r i e f i n g  o f f i c e r  f o r  thz Commander o f  7 t h  A i r  Force a t  
Ton Son h l u t  A 3 ,  Republic o f  V i e t  Sam whi le  cont inuing  t o  f l y  F-100's a t  Bien 
Hoa. 

Returning t o  t h e  United S t a t e s ,  he went t o  graduate  school  a t  t h e  
U n i v e r s i t y  of  Arizona. A f t e r  g r a d u a t i o n ,  he was ass igned  t o  t h e  Mechanics 
Department a t  t h e  US X i l i t a r y  Academy, West P o i n t ,  NY from June  1971 to 
December 1972. He taught  thermodynamics, f l u i d  mechanics, and f l i g h t  
mechanics. 

I n  January 1973, he e n t e r e d  t h e  USAF Test  P i l o t  School: A f t e r  g r a d u a t i o n  
i n  he went t o  f l i g h t  t e s t  o p e r a t i o n s  where he managed s e v e r a l ,  
f l i g h t  t e s t  programs on t h e  F -4  and A-7. These t e s t  programs included f l i g h t  
c o n t r o l  system improvements and advanced guns ights .  He r e t u r n e d  t o  t h e  T e s t  
P i l o t  School i n  1975 and taught  f l y i n g  q u a l i t i e s  and l i n e a r  c o n t r o l  systems.  

DecembLr 1973,' 

A f t e r  graduat ion  from t h e  Armed Forces S t a f f  College i n  'May 1977, 
r e t u r n e d  t o  f l i g h t  t e s t  o p e r a t i o n s  a t  t h e  A i r  Force F l i g h t  T f s t  C e n t e r ,  
Edwards A F B ,  C A .  I n  October o f  1978,  he j o i n e d  t h e  F - 1 6  Combined.Test Force .  
H e  h e l d  numerous p o s i t i o n s  i n c l u d i n g  program manager, o p e r a t i o n s  o f f i c e r ,  ' 
deputy d i r e c t o r ,  and d i r e c t o r .  H e  accomplished many of t h e  f l i g h t  t e s t s  for' - 
f l i g h t  c o n t r o l  system development, g u n s i g h t  development and o u t - o f - c o n t r o l  
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f l i g h t .  During t h i s  p e r i o d ,  he was a l s o  the  D i r e c t o r  o f  the  XFTI;F-16 J o i n t  
Tas: Force.  He was res?or.sibLe f o r  t h e  i n i t i a l  forma:ion o f  the  j o i n t  t e s t  
f o r c s  and p a r t i c i p a t e d  i n  t h e  development o f  the  XFTI/ 'F-L6 flight control ,  
syscexi  and c o c k p i t  c o n t r o l s  and d i s p l a y s .  

A f t e r  g raduat ing  f rom t h e  A i r  War CsILe3e i n  Xay of  1933, he was ass igned  
:o  :he A i r  S t a f f  a s  Chief o f  the S p e c i a l  P r o j e c t s  Div is ion  under t h ?  Dirzcror  
o f  Cperazional  !7equLreaents, Ceput:r of  Research,  De-JeIopment and Acqxis i:ion. 
!-!e inanag2d a b road  braaC:h o f  programs t o  inc lude  scveraL programs i n  
e : *cc ron ls  w3rE3rz.  He a s s ~ m e c i  h i s  p r e s e n t  d u t i e s  i n  February 1OY6, 

INTRODUCTIC?I 

I n  my nine y e a r s  a s  a t e s t  p i l o t  a t  t h e  Air Force F l i g h t  Tes t  Center  
IhFFTC)  I have been involved i n  some g r e a t  successes  and some expensive 
f a i l u r e s .  I have seen  t'do d i f f e r e n t  p i l o t s  g e t  i n t o  a P i l o t - I n d u c e d  
O s c i l l a t i o n  (PIO) i n  t h e  F - 4 ;  one a i r c r a f t  was des t royed  and t h e  o t h e r  was 
s e v e r e l y  damaged. I n  both c a s e s ,  t h e r e  was nothing mechanical ly  wrong wi th  
the  a i r c r a f t .  I have watched a l a n d i n g  PI0 on t h e  Space S h u t t l e  a t  Edwards 
AT8 and a t  Holloman AFa. I p e r s o n a l l y  witnessed t h e  i n a d v e r t a n t  f i r s t  f l i g h t  
o f  F-16  when an  experienced t e s t  p i l o t  g o t  i n t o  a l a t e r a l  PI0 on a h igh  
speed t a x i  check. I was t h e  p r o j e c t  manager on t h e  F-16 gunsight  when we 
d iscovered  t h a t  a new guns ight  was u n s t a b l e  when t h e  p i l o t  a g g r e s s i v e l y  
a t tempted  t o  t r a c k  a t a r g e t ;  we d i d n ' t  make t h a t  d i scovery  u n t i l  t h e  guns ight  
had already been on the  a i r p l a n e  f o r  t h r e e  y e a r s .  A l l  o f  these  i n c i d e n t s  were 
Linked by a common element--human i n t e r a c t i o n  w i t h  a m A c h i n e .  All o f  the  , 

inachirie-, had bean c.irefu1Ly des igned  an3 thoroughly t e s t e d  by experienced , 
engineers  and t e s t  p i l o t s  - y e t  t h e  i n c i d e n t s  s t i l l  occured.  Recent 
p r o f e s s i o n a l  symp'osia i n d i c a t e  a growing i n t e r e s t  and b e l i e f  t h a t  important,  
b e n e f i t s  be 
accomplished w i t h  a f u l l  unders tanding  of  t h e  e f f e c t  o f  t h e  human on t h a t  
a i r c r a f t .  

the  

can  be o b t a i n e d  by i n s u r i n g  t h a t  t h e  development o f  new a i r c r a f t  

The 
the - t o t a  
There a r e  

o b j e c t i v e  o f  any a i r c r a f t  development program should b'e t o  opt imiz5 
1 a i rc raf t  system which i n c l u d e s  both  t h e  p i l o t  and tFe v e h i c l e ,  
numerous, t ime-proven,  well-known a n a l y s i s  techniques 'which can be 

used t o  p r e d i c t  a i r c r a f t  response wi thout  t h e  p i l o t  i n  t h e  loop.  These'  
t echniques ,  a l low l i m i t e d  a n a l y s i s  o f  t h e  t o t a l '  * 

system, i . e .  p i l o t  i n  t h e  loop .  Although t h e s e  a n a l y s i s  techniques provide a n  ~ 

such a s  Bode and r o o t  l o c u s ,  
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e f f e c t i v e  too f o r  cbvelopment of  new 
l i m i t a t i o n  t h a t  they do no t  i n c l u d e  t h e  vari. 

;ring q u a l i t i e s  t h e y  have t h e  
l e  of  p i l o t  dynamics. I n  o r d e r  

t o  inc lude  t h e  p i l o t  i n  t h e  d e s i g n  p r o c e s s ,  ground s i m u l a t i o n  must be; 
accomplished. However, unde r s t and ing  the  r e s u l t s  o f  s i m u l a t i o n  r e q u i r e s  t h a t  
d e s i g n e r s  ha-re an unde r s t and ing  o f  how humans accomplish motor s k i l l  t a s k s .  
S p e c i f i c a l l y ,  d e s i g n e r s  must unde r s t and  human mental  p r o c e s s e s  and b r a i n  
a r c h i c a c t u r e  i n  o r d e r  t o  ana lyze  the  F e r f o r m n c c  o f  s k i l l  task;  i n  the  
sl:nuLdtor. SimuLLicion i n c l u d e s  the  hum.in element a t  an e;lrly s t a g e  i n  t h e  
d e s i g n  p r a c e s s  when changes a r e  e a s i l y  made; changes l a t e  i n  t h e  d e s i g n  
p rocess  a r e  o f t z n  e l i m i n a t e d  because they a r e  too c o s t l y .  There a r e  some 
L imi t a t ions  t o  each o f  the p a r t s  oE t h e  d e s i g n  process  ( c o n c e p t ,  e n g i n e e r i n g  
J n # i L ; i s i s ,  grolind s l n u l a t i o n ,  i n f l i g h t  s imuLation,  and f l i g h t  t e s t )  b u t ,  
c o l l e c r i * ~ e l : r ,  the;r can ba used very efEac:ively i n  op t i . n i z ing  a :oca: s;rsrem 
des  i 33. 

D EV ELOPYEYT P9OC ES S 

M i l i t a r y  o b j e c t i v e s  a r e  t h e  r e s u l t  o f  p o l i t i c a l  o b j e c t i v e s  and t h e  
Na t iona l  interes: .  I n  o r d e r  t o  f u l f i l l  m i l i t a r y  r e q u i r e m e n t s ,  which r e s u l t  
from m i l i t a r y  o b j e c t i v e s ,  c i v i l i a n  and m i l i t a r y  l e a d e r s  a t t e m p t  t o  o b t a i n  a n  
optimum ba lance  o f  (1) Force S t r u c t u r e ,  ( 2 )  Read iness ,  ( 3 )  Modern iza t ion ,  and 
( A )  S u s t a i n a b i l i t y .  Monetary cons:raints f o r c e  c h o i c e s  about  t h e  amount o f  
modernizat ion v s .  s i z e  o f  t h e  f o r c e ,  t h e  degree o f  r e a d i n e s s ,  arid the amount 
o f  s p a r e s  f o r  s u s t a i n e d  o p e r a t i o n s .  An optimum ba lance  o f  t h e  f o u r  v a r i a b l e s  
is  d i f f i c u l t  t o  d e f i n e  p r e c i s e l y .  Broadly speak ing  deve lope r s  and t e s t e r s  
must p rov ide  l e a d e r s  w i t h  a c c u r a t e  assessments  o f  t o t a l  system c a p a b i l i t y  so 
t h e  l e a d e r s  can determine i f  t h e  purchase o f  a new system outweighs t h e  I 

importance of  i n c r e a s e d  f o r c e  s t r u c t u r e ,  i n c r e a s e d  r e a d i n e s s ,  of  i n c r e a s e d  
s u s t a i n a b i l i t y .  C i v i l i a n  and m i l i t a r y  l e a d e r s  d e s i r e  p r e c i s e  s t a t e m e n t s  o f  
t o t a l  system c a p a b i l i t y ,  b u t  t h i s  i s  d i f f i c u l t  f o r  the dcve1opc:r t o  de t e rmine .  
Thcrc i l re  inany reasons why t h e  development of  new systems is so complex. One 
d i f f i c u l t y  invo lves  the  u n c e r t a i n t y  i n h e r e n t  i n  con t inuous ly  push ing  t h e  
t e c h n o l o g i c a l  s t a t e - o f - t h e - a r t .  Another d i f f i c u l t y  is t h e  l a c k  o f  c e n t r a l i z e d  
c o n t r o l  r e s u l t i n g  from the  l a r g e  number o f  people  i n  t h e  deve lopmen t / t e s t ing  
p r o c e s s .  

i 

1 

The :ask o f  d e f i n i n g  t o t a l  system c a p a b i l i t y  demands kha t  t h e  d e c i s i o n  
maker have knowledge of  s i x  b a s i c  f a c t o r s :  

8 

o Survivab i 1 i t y  
o R e l i a b i l i t y  
0: Main t a i n a b i  1 i t y  
o Performance 
o Workload 
0 c o s t  

i 
I 

I 

Although 
they  a r e  t h e  most s i g n i f i c a n t .  A produc t ion  d e c i s i o n  is r a t i o n a l  and 

they  are n o t  t h e  o n l y  f a c t o r s  which d e f i n e  t o t a l  system c a p a b i l i t y , '  - 

' N  c 

' ., I .I ,' 
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i t i te l !  Lgent onl;r if a c c u r a t e  assessments  of  t h e s e  fJCt0KS have been pro-fLJed 
:o t h e  d e c i s i o n  maker. A1:hough the d e c i s i o n  s a k e r  wants f a c t s .  some of the 
" f a c t s "  are d i f f i c u l t  t o  t e s t  i n  any q u a n t i z i t i v e  manr.er and are l i t t l e  more, 
t han  b e s t  g u e s s e s .  The r e l evancy  and u t i l i t y  of  t h e  f a c t s  a r e  a f u n c t i o n  O E  
:!?e q u a l i t y  and q u a n t f q  of  t e s t i n g .  

Cos:, rc!li.i5iLiz:r, m a i n t a i n a b i l i t y ,  ar.d performance can a l l  be medsyired 
quanti:J:i*rely, howe*/er, s u r v i v a b i l i t y  and workload c a n n o t .  i s  f i n  the 
2.i;r a contrac:  is s l g e d ,  b u t  i t  subsequen t ly  changes.  Some s o u r c e s  o f  c o s t  
:ro.*izh a r e :  eng inee r ing  c h a ~ g e s  throughout t h e  development o f  a s y s t s m ,  
zhar.ses of  p roduc t ion  r a t e  and q u a n t i t y ,  s chedu le  changes.  i n i t i a l  e s t i s a t e  
L n a c c u r i c i e s ,  unforseen problems, and changes i n  l o g i s t i c  suppor t .  
? .s l i~5i :  i:-r c ~ n  be sstlmatsd 5;r re-:',swing t h e  performance of  har.d-ma?de t e s t  
Trehiiles b u t  onl:r oFe ra t iona1  ex?z r i ence  g i v e s  accura:e nwnbsrs. 
Yiint311:3bili;*r can  a l s o  be measured on a t e s t  v e h i c l e  t h a t  is maintained by 
skillzd a i r c r a f t  t s c h n l c i s n s ,  bu t  w i l l  certain1:r change when young en;Ls:ed 
p 2 o p l o  a r e  worklng on the a i r p i a n e  a t  an o p e r a t i o n a l  b a s e .  P * r f o r n ~ r c e  c.33 be 
neasur.-d i n  nnanj. ways such as  time t o  c l imb ,  t u r n  r a t e ,  s p e c i f i c  e x c e s s  power 
t i ' s ) ,  r a d a r  range,  r o l l  r a t e ,  e t c . ,  b u t  t h e s e  will change i n  t h e  product ion 
-xhic!e because of d e s i j n  changes and system growth. The d i f f i c u l t  d e c i s i o n  
i; t o  determine hov much v e i g h t  t o  gi.1.e t o  each of  t h e s e  performance 
~ ~ r . i i n t ~ t 2 r s .  S t i r - J iyf  i b i  ~-LX i s  d i f f i c u l t  t o  measure q u a n t i t a t i - r e l y  because i t  
dc2ends on threa: c a p a b i l i t i e s  a s  we l l  a s  f r i e n d l y  c a p a b i l i t y .  There i s  the  
potsntinal t o  estima:a s u r - l i v a b i l i t y  w i t h  s i m u l a t o r  s t u d i e s  b u t  t h e  s i m u l a t i o n  

based on many ass-mp:ions o f  number of weapons, a l e r t  s t a t u s ,  t a c t i c s ,  e t c .  
? < l o :  workload cannot  be measured as p r e c i s e l y  as t h e  o t h e r  b a s i c  f a c t o r s .  
There are a t  lease t h r e e  ways to measure workload: 

o c l i n i c a l  ( n o n - i n t r u s i v e )  measure o f  p i l o t  b i o l o g i c a l  f a c t o r s  such 

o secondary t a s k  performance, 
o and p i l o t  s u b j e c t i v e  op in ion .  

as h e a r t  r a t e ,  

Although r e s e a r c h e r s  have examined c l i n i c a l  methods o f  measuring p i l o t  
workload, t hey  have n o t  i d e n t i f i e d  a p r e c i s e  way t o  enumerate changes i n  , 

, p h y s i c a l  and mental  workload. Severe l i m i t a t i o n s  a f f l i c t  t h e  u s e  o f  secondary , 
t a s k  performance a s  workload i n d i c a t o r s ,  because o f  t h e  i n a b i l i t y  t o  c r e a t e  
t h e  a c t u a l  ' f l i g h t  ' cond i t ions ,  such as s t r e s s e s .  Q u a l i t i t i v e  p i l o t  op in ion  is 
s t i l l  the best  method t o  g a t h e r  workload measurement, 

Thus,  c i v i l i a n  and m i l i t a r y  dt?cisfon makers a r e  p l aced  i n  a quandry about 
t h e  .\mount O E  welghc t o  be g iven  t o  e x h  f a c t o r .  I f  c o s t  g e t s  t o o  h i g h ,  i t  
can be t h e  dominant f a c t o r ,  b u t  i t  might be a v e r y  small f a c t o r ' i f  t h e  c o s t  
r e a s o n a b l e .  I f  t h e  p i l o t  workload i s  so h i g h  t h a t  i t  makes a s y s t e q  
unuseab le ,  U n f o r t u n a t e l y ,  t h e  d e c i s i o n  
about  t h e  weight t o  g i v e  each f a c t o r  i s  normally much more d i f f i c u l t  t han '  
t h e s e  s imple  examples. 

t h e n  it might b e  t h e  dominant f a c t o r .  

- -  
I' . I .. 
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A R y  d i s c u s s i o n  of- t h e  development p rocess  demands an unde r s t and ing  o f  
i..r.er loop" and " o u t e r  Loop" d e s i g n .  The o u ~ e r  loop is  the  loop which is 

provided by the  p i l o t .  The i n n e r  loop is t h e  a c t u a l  v e h i c l e  o r  system i t s e l f . .  
Xnalysis  o f  a i r c r a f :  f l y i n g  qua1i:ias p rov ides  an e x c e l l e n t  d e f i n i t i o n  of  
" i m . e r -  loop" and " o u t e r - l o o p "  r e sponse .  One method o f  stud:i ing a i r c r a f t  
E L  11 I r: g t h e  
s : ~ s z e m  as s e q ~ e n t i a ? .  bu i l i i l : iS  S ? o c k s .  F o r  e:tanpLz, or.? e~;ria:ion describes the 
Lo:i<it:iciina! .~ctro,.!:..n~inil~:s..o: an airp1: ine.  ThLi: t?L;i.i:i:ion. usi.J JS  on^ o f  t h e  
buiL,.!i:-.;,; bLc>cks,  is 2:<prr?.s!;t?J b:, 'I L i i ' L ~ c e  t r  i n s € o c : n .  'C!i[is, fd r  a s ;wc i€ i s  
eL-~*:a::~r d e f l e c t i o n  (inpu:) a r d  s p e c i f i c  E l i $ ;  cor idi t ion t h e  response 
jou:i~u:) can be accur3Eel:i p r e d i c t e d .  ( F i g  1) : 

It . 

q m  1 I t i e s in-:o:-~s:i p r e p a r i n g  a s e r i e s  o f  e q u n t i o r - s  xh ich  d e s c r i S e  

S c J 

e l e v a t o r  deflection L 
o< - 
Nz 

AS *e 

2 4 cs +OS&€ I _I 

F i g u r e  1. AE2ODYNAHIC BLOCK D I A G R M  

. A L L  o f  t he  a p p c o p r i ~ t e  parameters  o f  l o n g i t u d i n a l  a i r c r a f t  motion a r e  
s p e c i f i e d  b u t  t h e  pa rame te r s  o f  g r e a t e s t  i n t e r e s t  a r e  ang le  o f  a t t a c k  ( ) ,  
p i t c h  r a t e  ( q ) ,  and l o a d  f a c t o r  ( N z ) .  I n  a l i k e  manner the  f l i g h t  c o n t r o l  
system can be modeled w i t h  c o n t r o l  s t i c k  d e f l e c t i o n  as the  i n p u t  and e l e v a t o r  
d e f l e c t i o n  as the  o u t p u t .  ( F i g  2 ) :  

'g3 = c o n t r o l  stick deflection 

t AS+b I ' ;  

Figure 2. S E R V O  ACTUATOR BLOCK DIAGRAM 

i 
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I n  acy modern a i r ? i a n e  most ou:?ut s i g a ? ~  feed back,  modiE:!ing the  input  
t o  provide addie: ,,oris? control ar,d sta5ili::r a u ~ n e 9 : a t i o n .  These feec!b.ick 
s i g n a l s  arc. modifizd by f i l t e r i n g  and be g 3 i n  changes.  I n  a d d i t i o n ,  t!ie p i t c h  
r a t e  s i g n a l  is  norma?ly "-dashed out" wi:h t h e .  A comp:ate, s i m p l i f i e d  block 
diasram is thus de*reloped. ( F i g  3 ) :  

Figure 3. SIMPLIFIED I N N E R  LOOP DIAG2AH 

32cause a l l  of t h e  parameters  i n  each block a r e  s p e c i f i e d  w i t h i n  acceptab le  
LLnits ,  any engineer  can analyze system response ,  making p o s s i b l e  system 
response of the  " i n n e r - l o o p "  diagram t o  s t a n d a r d  i n p u t s .  

The pilot i n t e r f a c e  i s  not so e a s i l y  d e f i n e d .  The p i l o t  a l s o  senses  
angle  of  a t t a c k ,  load  f a c t o r ,  and p i t c h  r a t e ,  s o  he e s t a b l i s h e s  an  o u t e r  loop 
around the  inner loop .  ( F i g  4 ) :  

4 

7 '  I . , I  ., 
Figure 4. OUTER LOOP D I A G R A M  
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The c h a r . - i c t e r i s t i c s  of t5ese " o u t e r - l o o p "  ferc!b.Icks a r e  ~ i r i ~ b l e .  They vary 
from p i L o t  t o  p i l o t  acd  from t i n e  t o  t ime. T h i s  added  complex i ty  p r o h i b i t s  
s l :np le  Ground a d  f l i g h t  s i n u l a t i o n s  
o f f e r  some i n s i g h t s  i n t o  t h e  e f f e c t  o f  t h i s  o u t e r  l o o p .  The d i f f i c u l t y  o f  
" o u t e r  loop"  o r  t o t a l  s;rstem ( i . e .  p i l o t - i n - t h e - l o o p )  a n a l y s i s  i s  t h a t  p i l o t s  
a r e  u n i q u e ;  e a c h  p i l o t  will r e a c t  i n  a d i f f e r e n t  manner t o  t h e  sane  s t i m u l u s .  
I n  a p r o p e r l y  s : ruc tured  tast program t h e r e  i s  a b l e n d  o f  i n r , e r - loop  and 
o u t e r -  l o o p  t e s t i r . 3 .  

a n a l y s i s  of t h e  t o t a l  sys tem r e s p o n s e .  

There  a r a  f i - r e  development  p r o c e s s  s:eps which a r a  e s s a n t i a l  because  of 
:he shor tcomings  o f  o u r  p r e s e n t  a n a l y t i c a l  c a p a b i l i r i e s :  

o Conce?: - s nerd d e s i g n  o r  a modlf ics : ion 
o E n g i n e e r i n s  Ana lys i s  - p r e l i s i n a r y  " i n n e r - l o o p "  a n a l y s i s  
o Ground S i n u l a t i o n  - i n i : i a l  n o u t ~ r - l o o p n  analysis i n  a h i s h  fidt.Li:y 

ground s i n u l a t o r  
o I n f l i g h t  S i n u l a t i o n  - a d d i t i o r . a l  " o u t a r -  l o o p "  anal:rs is i n  an  

i n f l i g h t  s i m u l a t o r  
o I n f l i g h t  t e s t  - a c t u a l  v e h i c l e  o r  m o d i f i c a t i o n  f l i g h t  t e s t  

The  cft*-:ulopinen: proGe:;:; !s  '111 i t e r . i t i * r e  p r o c e s s  of  design. 
c e s t i n g ,  r e d e s i g n ,  e t c .  ( F i g  5 ) :  

t e s t i n g ,  r e d e s i g n ,  

t 

I Figure  5. DEVELOPMENT PROCESS 
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l o f t  wain rt9m br84n 

F i g u r e  6 .  ARCHITECTURE OF THE B R A I N -  
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In  m m : r  programs, sinrrLation i s  e i t h e r  no t  undertaken,  o r  is undertaken too 
1~ :s  i n  the  des ign  process  t o  be e f f e c t i v e  i n  i d e n t i f y i n g  problems bec.iuse 
la rge  r e t r o f i t  c o s t s  prevent  changes l a t e  i n  the  development p r o c e s s .  I €  any 
of these  f i - i e  e s s e n t i a l  s t e p s  a r e  e l i m i n a t e d ,  t h e  probabi1i:y f o r  mis:akes 
i n c r e a s e s  g r e a t l y .  Each s:ep h a s  l i n i t a t i o n s ,  b u t  tha t o t a l  p rocess  a l lows 
t h e  des ign  t o  matura and be opt imized f o r  i n t e r f a c e  with t h e  human o p c r a ~ o r .  
1: is  the  l a s t  th ree  t h a t  pro*iide t h e  0ppor:unit;r f o r  p i l o t - i n - t h e - l o o p  
anal;rs i s .  

XE‘iThL PRS CES S 

As a p a r t  of the  development p r o c e s s ,  a i r c r a f t  de-re?opers a s s a s s  both 
;.ork:oaJ and ? a r f o r n a n c e .  30th o f  thase  r e q u i r e  “ o u t 2 r -  l o o p “  a n a l y s i s  Tha: 
ansl : is is  denands use of  s i m u l a t i o n  and f l i g h t  t e s t .  Lhen s i m u l a t i o n  and 
f l i g h t  tes: a r e  f i n i s h e d .  d a t a  i n t e r p r e t a t i o n  i s  comp?ica:sd by t h e  
1incar;alnt:r i n  how ht:naF.s do s k i l l  t a z k s .  T5erefore, i n  o r d e r  t o  use 
si ;nul. i tor r e su l t s  in  an ei!ucated ‘day, de*ieloper-i and t e s t e r s  m u s t  unders:.inJ 
how humans do s k i l l  t a s k s .  There is a l a r g e  gap bet-deen the  labora.tory 
(academic world)  and t h e  a i r c r a f t  des ign  world o n  how humans do motor s k i l l  
t a s k s .  des ign  can be opt imized f o r  t h e  human o p e r a t o r  on ly  i f  t h a t  
g p  is c l o s e d ;  a i r c r a f t  d e s i g n  must be accomplished with a thorough 
understanding of  how che human o p e r a t o r  ( p i l o t )  accomplis!-.es motor s k i l l  
tasks.  Research i n  psychology can  y i e l d  some va luable  r e s u l t s  i n  p i l o t  
per fornance .  

A i r c r a f t  

Brain A r c h i t e c t u r e  

The b r a i n  is  an  extremely complicated mechanism and sc ience  is  j u s t  
beginning t o  understand a l l  o f  i t s  f u n c t i o n s .  ( F i g .  6 )  

The b r a i n  stem r i s e s  from t h e  top  of  t h e  s p i n a l  cord .  I n  t h e  b r a i n  stem 
a r e  two s t r u c t u r e s  t h a t  t o g e t h e r  c o n t r o l  t,re,ithing I t s e l f :  O I W  I s  the int!ctuLl.i 
and the  o t h e r  i s  the  pons.  Brea th ing  is a prime example of a behavior  t h a t  is  
prewired i n  t h e  b r a i n .  I t  does n o t  have t o  be l e a r n e d ,  o r  even consc ious ly  
w i l l e d ,  b u t  cont inues  s e m i - a u t o m a t i c a l l y .  I n  f r o n t  o f  t h e  b r a i n  stem is t h e  . 
p i t u i t a r y  gland which hangs from a s t a l k  l i k e  a t i n y  f r u i t . -  I t  s e r v e s  a s  one , 
of  t h e  n?in r e g u l a t o r s  of  body chemis t ry  and so powerful ly  a f f e c t  behavior  
t h a t  i t  is considdred p a r t  of t h e  b r a i n .  branch, 
o f  the  b r a i n  stem is  t h e  cerebe l lum.  I t  main ta ins  t h e  body’s e q u i l i b r i u m  and 
c o o r d i n a t e s  muscles dur ing  f i n e  movements. The b r a i n  stem and i ts  a s s o c i a t e d  
s t r u c t u r e s  a r e  p r a c t i c a l l y  h idden  by two connected b o d i e s ,  t h e  c e r e b r a l  
hemispheres.  

Perched on t h e  h i g h e s t  r e a r  

-- - t 

’ ,  
. 

? 
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Cal?osua . 
F1 gure 7, C E R E B R A L  H E M I S P H E R E S  
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(F!s ,  7 ) :  The t h a l a h s ,  at t h e  c o r e  o f  t h e  h e m i s p h e r e s ,  is t h e  c o n t r o l  
svl :chboard be tween t h e  s p i n a l  c o r d  and t h e  b r . i l n ' s  upper  l e v e l s .  The 
hy?o tha lanus  is a complex c e n t e r  o f  emotions and d r i v e s ;  i t  l i e s  below t h e  
tha l amus ,  commanding t h e  b o d y ' s  r e sponses  t o  stress. I t  s e t s  o f f  i n s t i n c t i v e  
b e h a v i o r  a imed a t  s e l f  p r e s e r r a t i o n ;  f o r  example ,  warn ing  o f  hunger  and 
t h l r s t .  1: triggers s e x u a l  a c t l * ~ l : y .  Y o s t  d r a n a t i i s l l : ~ ,  i t  g e n e r a t e s  i n t e n s e  
f e e l i n g  o f  a n g e r .  f e a r ,  and e':en p l e .~ . ;u re .  The cor:?:< l i e s  i n  t h e  criimpL2d 
cn.:erIng o f  t h e  czrebr.11 h e m i s p h e r e s ,  The c o r t r ? ~  c o n t a i n s  the c e n t e r s  
rzsFor.siSLz f o r  man's u n i q u e n e s s :  t ha  CJF:IIC~::J f o r  Langliage. t h e  d e l i c a r a  
m o x r  c o n t r o l  t h a t  maks; p o s s i S l z  t h e  us2 o f  c o o l s ,  chs s a f e t y  de-Jices thaz 
mci-a3e bui1:- i n  d r i v e s  and e m o t i o n s ,  and t h e  i n t e r ? r e t i v e  s:isterns t h a t  e n a b l e  
%an E o  p e r z e l - i e  h i n s e l f  and  :he i ror ld  around h i n .  T?,e c o r t i c a l  f o l d s  c r e a t e  a 
r-S&ed topography o f  r i d g e s  and fu r rows .  The fur rows  demarcate each  
hemisphere  i n t o  f o u r  s e p a r a t e  loSes: o c c i p i ~ a l  l obe  a t  t h e  back  o f  t h e  head ,  
par i s :a l  l o b e ,  t empora l  l o b e ,  and t h e  f r o n t a l  Lobe. The back po rE ion  o f  t he  
t ' ronca l  l o b s  is :he motor c o r t e x  which is  t h e  command center f o r  vo1un:ar;r 
novement and  i t  is d i v i d e d  a c c o r d i n g  t o  b o d i l y  topograph:/. 

I 
A mew of the l c f t  ride o/ t h e  brain shows 
t h e  motor cor tex  runnin8 across the  top 
o f t h e  brain. MuJcdar  a c t l u e  is 
coord ina lcd  b y  the  cerebellum. at the 
bottom of rAc brain. 

t ' 
I 

.- F i g u r e  8. MOTOR CORTEX AND CEREBELLUM 

( F i g .  8 ) :  T h r e e - f o u r t h s  o f  t h e  c o r t i c a l  t e r r a i n  is u n c h a r t e d .  Somewhere i n .  
t h e  l a b y r i n t h s  o f  t h e  c o r t e x  l i e s  man's a t t r i b u t e s  o f  t h o u g h t ,  c r e a t i v i t y ,  and 
l o v e .  Automat ic  r e f l e x e s  a c c o u n t  f o r  o n l y  a f e w  o f  t h e  body ' s  n e r v e  c i r c u i t s .  
Most musc le  movements a re  v o l u n t a r y ;  

I 

t h e  i n d i v i d u a l  c o n s c i o u s l y  c o n t r o l s  them - 
* N .  

. , * ., 
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t h rouzS  t r a c t s  o f  n e r r e  pathwa;rs t h a t  ex tend  from the b r a i n  through a l l  
r a j l o n s  o f  :he SoCy. T5.e main t r a c t  descezds  d i r e c t l y  from t h e  wrinkled gray I maE:er a t  t he  very top of tSe b r a i n ,  k n o w  as t h e  motor c o r t e x .  S c i e n t i s t s  
ha.;e mapped the c i r c u i t r y  of  t h e  motor c o r c e x  wi th  a s t o n i s h i n g  p r e c i s i o n .  
The motor c o r t e x  does n o t  c o n t r o l  muscle movements a l l  by i t s e l f .  New 
t echn iques  f o r  p r o b i n g  Ser.ea:h the  s u r f a c e  of  t he  b r a i n  hayre revea:ed :ha: 
o z h e r  comina~.d c e n c z r s  work , i n  tar,dem w i t h  :he mot3r C O K ~ Z ~ .  

i o o r d i n a t i z g  movemen:s is the p rov ince  of t ha  cer?b.?Llun. ?Ye cerebel lum 

e:res .  e J r s ,  and e s p e c i a l l y  the long ner-res t h . i t  a l e r r .  the  b r a i n  t o  e.iery 
mo*iene:i: a suscle makes; f o r  example when a person reaches o u t  t o  shake hands 
vi::? a t ' r ie :?d ,  the c e r e j e l l u m  computes t h e  rsla:i-ie posi:ion o f  t h e  t-do hands 
a ~ . d  a - J toma t i ca l ly  glides the  hand and a d j u s t s  i t s  speed f o r  a smooth g r e e t i n g .  
C:' a l l  :he 5ehs.rioral  command c e n t e r s ,  only t he  i z r2be l lum h a s  circui :s  s o  
s t r a l z h c -  for-dard i n  t h e i r  connec t ions  t h a t  s c i e n t i s : s  havie t r a c e d  i n  them what 
3n e1ec:ronics eng inee r  would r ecogn ize  as a wi r ing  diagram. The neurons a r e  
a r r anged  i n  p r e c i s e  p a t t e r n s  tha: r e p e a t  themselves over  and over  aga in  l i k e  
p r i n t e d  c i r c u i t s  i n  a computer.  The ce rebe l lum is  a r eco rd ing  machine t h a t  
t a p e s  muscular a c t i o n s  invo lved  i n  a complex and h a b i t u a l l y  used movement and 
:hen p l a y s  back e n t i r e  sequences on command. 

is w ; c  t o  the motor co::ex, the  b a s a l  g a n s l i a ,  and i3o setisor:/ apparaEus: 

I n  tr1fir.g o u t  new s k i l l s  f o r  t he  f i r s t  t h e ,  a person t ends  t o  t h i n k  
zhrough ar,d consc ious ly  o r d e r  each aovemen:, a p rocess  which p r e s u m b l y  t akes  
p l a c e  i n  :ha h ighe r  b r a i n  c e n i e r s .  These consc ious ly  though t -ou t  commands a r e  
f e d  through the  ce rebe l lum;  i t s  c i r c u i t s  p e r c e i v e  tk,e h ighe r  c e r e b r a l  a c t i v i t y  
and i n s t a n t a n e o u s l y  reproduce i t ,  l i k e  the b a l l e t  s t u d e n t  who mimics the s t e p s  
h i s  t e a c h e r  i s  demons t r a t ing .  I n  t i m e  t h e  c e r e b e l l a r  c i r c u i t s  no longe r  have 
t o  watch;  they t ake  o v e r  t h e  p r e c i s e  c o o r d i n a t i o n  of the  s k i l l e d  movements, s o  
t h a t  t h e  i n d i v i d u a l  need n o t  b o t h e r  t o  t h i n k  about  t he  d e t a i l s  anymore. 
T h e r e a f t e r ,  nerve c e l l s  i n  t h e  motor c o r t e x  can simply swi t ch  on t h e  
c e r e b e l l u m ' s  play-back mechanism and g e t  t h e  same r e s u l t - - m u c h  a s  pushing t h e  
b u t t o n  on a t ape  r e c o r d e r  p l a y s  back a song .  

S k i l l  Task Performance 

Based ,  on t h e  d i s c u s s i o n  of  b r a i n  a r c h i t e c t u r e ,  a g e n e r a l  d i s c u s s i o n  o f  
motor s k i l l  t a s d s  i n  s p o r t s  p r o v i d e s  a good foundat ion p r i o r  t o  d i scuss ing ,  
s p e c i f i c  f l y i n g  s k i l l  t a s k s .  Performance o f  s k i l l  t a s k s  i n  f l i g h t  c l o s e l y  
p a r a l l e l s  t h a t  of  s p o r t s  s k i l l  t a s k s  such  as t e n n i s ,  b a s k e t b a l l ,  s k i i n g ,  o r  
r i d i n g  a b i c y c l e .  H o s t  of t h e  mental  work i n  a l l  of  t hese  t a s k s  is  done on a 
subconscious l e v e l .  The subconscious work i s  done i n  one p a r t  o f  the b r a i n  
(ceyebellum) and t h e  c o n s c i o u s  work is done i n  ano the r  p a r t  (motor cortex)., 
The f o v e a l  v i s i o n  of  t h e  eye ( t h e  c e n t r a l  v i s i o n  o r  s h a r p l y  focusep  v i s i o n )  is 
processed  by the consc ious  p a r t  o f  t h e  b r a i n .  The subconscious p a r t  o f  t h e  
b r a i n  p rocesses  both t h e  f o v e a l  and p e r i p h e r a l  v i s i o n .  
t h e  b r a i n  performs t h e  r eason ing  o r  a n a l y t i c a l  f u n c t i o n s  and i t  on ly  does one 
t h i n g  a t  a t ime. I n  e s s e n c e  i t  "time s h a r e s "  v a r i o u s  t a s k s  and prob1,ems and - 

The consc ious  p a r t  of' 

* h  - 
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t J k e s  some f1ni:e amwmt o f  t i n e  t o  accomplish e a c h  s e p a r a t e  ca:culat ion,  
d e c i s i o n .  o r  an3::rsis. Tke subconscious mind, on the o:!-,er heard, rt?sporc!s t o  
Lnforna:ion and g ives  o i t  a l a r g e  number o f  comin.:intis slmii:taneous?:r; i: can 
do many d i f f e r e n t  func t ions  at t h e  same t ime.  With these thouzhts  i n  m i n d ,  i t  
is ob-lioris tha: the key  t o  a l l  s k i l l  t a s k s  is  t o  do most  of the work on the  
subconscious Level., I n  each separa:e skill t a s k ,  t h e  person mcst use t h e  
(:orre(:: *:lsu;.il r e f e r e x t ?  and then accomplish a lar;? a:x>unt o f  pr.ic:ics t o  
e s t a b l i s h  a Largz d3:a base i n  the  subconscious mind. That p r a c t i c e  process  
can be r e f e r r e d  t o  as  " p r o g r a m i n g  c o r e "  becauss  o f  the ob-rious slml!arit,:? 
*~i :h  dizi.:aL computers.  As pre- i ious ly  d i s c u s s e d ,  thd subconscious nind 
(cerebelLum) has  such a good tape  t h a t  a l l  o f  the  s p e c i f i c  t a s k s  can be 
accomplished without monitor ing o r  c o n t r o l  from t h e  conscious mind. E-rery 
~ T , J L * J L C U ~ L  can r2cal.l d r l - r i n g  a c a r  down a hi$wa:? f o r  a c o n s i d e r a j l a  dis:Jnce 
while t h e  conscious mind v a s  occupied i n  d a y d r e m i n g  o r  conversa t ion  on an  
u n r e l a r s d  s u b j e c t .  

Th: 1rarnir .g  p r o c e j s  o f  s k i l l  t a s k s  h a s  a l s o  been described i n  s l i g h t l y  
Lenrnin3 a s k i l l  d i f f e r e n t  yorks.alchough the  b a s i c  phi losophy i s  the  same. 

involves  t h r e e  s t a g e s  : 

o S t r u c t u r i n g  (knowledge o f  b.3iiic p r i n c i p l r s )  

o Tuning ( a c q u i r i n g  au tomat ic  performance through repea ted  p r a c t i c e  
and u t i l i z a t i o n )  

I n  each s e p a r a t e  s k i l l  t a s k  t h e  s i g h t i n g  r e f e r e n c e  is c r i t i c a l .  F i r s t l y ,  
because of  t h e  s:rong t i e  between f o v e a l  v i s i o n  and t h e  conscious mind, t h e  
conscious mind becomes occupied when t h e  i n d i v i d u a l  c o n c e n t r a t e s  on the  
s i g h t i n g  r e f e r e n c e  and t h a t  a l lows  t h e  subconscious mind t o  do most of t h e  
t a s k .  Secondly,  i n  every  s k i l l  t a s k  t h e  b r a i n  needs some v i s u a l  re ference  a s  
a foundat ion  from which t o  make a d j u s t m e n t s .  I n  t e n n i s ,  t h e  g r e a t  p layer  
watches t h e  b a l l  so i n t e n t l y  t h a t  he can  a c t u a l l y  see  t h e  seams. I n  
b a s k e t b a l l ,  t h e  g r e a t  p l a y e r  w i t h  t h e  c o n s i s t e n t  jump shot  always focuses  . 
i n s t i n c t i v e l y  on some s p e c i f i c  p a r t  o f  t h e  b a s k e t .  The g r e a t  h i t t e r s  i n  , 
b a s e b a l l  watch t h e  b a l l  so i n t e n t l y  t h a t  they  can a c t u a l l y  see t h e  s p i n  of t h e  
b a l l .  4 

4 

I t  i s  imperat ive t h a t  t h e  m a j o r i t y  of mental work be on a subconscious.  
l e v e l :  t h e  indiv-idual e l e v a t e s  p a r t s  of  a t a s k  t o  t h e  conscious l e v e l ,  
he i n v a r i a b l y  slows down i n  h i s  performance a s  exemplif ied by t y p i s t s  and 
p i a n i s t s .  - -  - as w e l l  as i n  s p o r t s .  An o u t s t a n d i n g  p layer  is an i n d i v i d u a l  wh.? 
has  supreme confidence i n  h imsel f  and i n  h i s  coach so t h a t  he 1ea;;es most of 
t h e  t a s k  on t h e  subconscious l e v e l .  If t h e  coach t e l l s  him t o  do something in 
a s p e c i f i c  way, then he p r a c t i c e s  u n t i l  h e  h a s  "programmed" t h e  s p e c i f i c  p a r t s '  
of t h e  t a s k  on t h e  subconscious leve l .  When t h i s  i n d i v i d u a l  i s  asked how he '  
does a t a s k ,  h e  tends t o  answer by s a y i n g  t h a t  he does what comes n a t u r a l l y  

Lhen 

' -  - 
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( '*h wh.itl?ver i t  t.ikos"+. There ace some good pla;rers who t r y  t o  d i g  i n t o  a l l  
:!:e sttp<irAte p a r t s  o f  a t a s k ,  and by doing t h i s ,  the:r elevate each par: o f  t he  
t.isk t o  the  conscious l e v e l .  They can a t t a i n  some high performarxe l e v e l  bu t  
t!-,ey ne-rer q u i t e  become t h e  g r e a t e s t .  They a r e  j u s t  a 1 i : t l e  b i t  slower than 
the  " n a t u r a l  a t h l e t e "  which w a s  descr ibed  f i r s t .  This  second i n d i v i d u a l  
b;comes t h e  r e a l l y  grea: coach e*Jen though he was never :he b e s t  o f  h i s  f ieLd 
3s a p:a:rer. This  f a c t  is Logical because t h e  n a t u r a ?  a t h l e t e  ne*;2r d i d  s : . ~ ; I  
:be i n t r i c a c i e s  of  a :ask  while  t h e  good coach has s t u d i e d  each task i n  
eshaus:ive, Ehoroush, comprehensive d e t a i l  and c a n ,  t h e r e f o r e ,  t s a c h  o t h e r s .  
311 e l e v ~ a t i n g  the  t a s k  t o  t h e  conscious l e v e l ,  he unders:ood i t  better, but  h e  
a l s o  pravented h i s s e l f  from b e i n g  a b s o l u t e l y  g r e a t .  'Aen a coach w h o  has 
s t u d i e d  t a s k s  i n  d e t a i l  t eaches  h i s  p l a y e r s ,  ha speaks from a sound foundat ion 
I n  Euadznen:als and u r 3 e s  t h e n  t o  inaszer the  propar  s k i l l s .  As h i s  ad-iice 
! e ~ d s  then t o  s u c c e s s ,  t h e  p1a:rers g3in confidence i n  t h e n s e l v e s  and t h e i r  
coach and ,  si1bsequentl;r l e a v e  most s k i l l  t a s k s  on the  subconscious l e v e l .  
Frm>m c h l s  confidence i n  the  coach ,  team, and s e l f ,  a:hletic winning t r a d i t i o n s  
JTZ e s c a 5 l i s h e d .  Teams win becJuse they t h i n k  the:r w i l l  win; teaas losz 
SI-c I ~ I S I :  they think the>.{ will 10:;e. A s  s r . a t P d  i n  a book t i t l e d  H..i:<imum 
L'erform.ince "Think w h t - n  E e t ~ ,  & d o  w h r n  yorl neeci t o ,  bu t  make  & 2 
r u l e  t o  k e e D  V O l l K  t h i n k i n s  and doing s e p a r a t e . "  
- -A-  

I 

I n  a l l  of these  s k i l l  t a s k s  i t  is  very  innportant t h a c  t h e  mind and the 
body be i n  tune.  The i n n e r  s e l f  and o u t e r  s e l f  must be i n  harnony; 
30th t h e  p h v s i c a l  s e l f  and t h e  mental  s e l f  must be r e l a x e d  b u t  a l e r t .  

I 

I 

S p e c i f i c  F lv ing  S k i l l  Tasks I 
J u s t  a s  i n  a l l  s p o r t s ,  t h e r e  a r e  p a r t s  of  t h e  f l y i n g  t a s k  which r e q u i r e  

s k i l l  whi le  some t h i n g s  involve  b r u t e  f o r c e .  A p i l o t  must use a l l  o f  the  cues 
a=rai lable  and he must have a good v i s u a l  cue .  When landing  a n  a i r p l a n e  o r  
accomplishing a i r  to a i r  t r a c k i n g ,  the  p i l o t  must p r a c t i c e  those  t a s k s  s e v e r a l  
times t o  "program c o r e . "  The conscious mind " t ime s h a r e s "  its t a s k s ;  
t h e r e f o r e ,  i t  becomes important  t o  e s t a b l i s h  some p r i o r i t y  of t h i n g s  t h a t  need 
t o  be consc ious ly  monitored o r  checked. Hence t h e  s t a n d a r d  ins t rument  c r o s s  
check becomes v e r y  important  t o  f l y i n g  good i n s t r u m e n t s .  Checking two o r  more . 

I i n s t ruments  r e q u i r e s  r a p i d  swi tch ing  between t h e  d i f f e r e n t  i n s t r u m e n t s .  The , 
conscious mind/foveal v i s i o n  spend most of i t s  time on t h e  primary v i s u a l  cue 
( a t t i t u d e  i n d i c a t d r ) .  Other  parameters  a r e  reviewed on a t i m e - s h a r i n g  basLs:, 
a l t i t u d e ,  a i r s p e e d ,  p o s i t i o n ,  engine parameters ,  v e r t i c a l  v e l o c i t y ,  e t c .  
Conscious and subconscious t a s k s  a r e  occur ing  s imul taneous ly ;  t h e  checking o f  
i n d i v i d u a l  a i r c r a f t  inst .ruments is  a s e r i e s  of conscious l e v e l  t a s k s  while  the 
a c t u a l  moving of t h e  s t i c k  is a subc,onscious t a s k .  The human is a s e r i a l  
p rocessor  . -  - f o r  c o g n i t i v e  (consc ious)  l e v e l  t a s k s ,  so t h e  conscious l e v e l  taskq 
must be organized i n t o  an e f f i c i e n t  p a t t e r n  o r  sequence. A good, ins t rument  
p i l o t  has  a h i g h l y  organized ,  methodical ins t rument  c r o s s  check..  ' T h e  check 
becomes ( F i g  9 ) :  
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FIgure  9. STANDARD INSTRUMENT CROSS CHECK 

The key t o  a i r - t o - a i r  gunnery is  a l s o  obvious.  Eyes focus p r i m a r i l y  on 
t h e  t a r g e t .  The subconscious mind does most o f  t h e  work. "Time share"  t h e  
conscious l e v e l  t a s k s  i n  the proper  sequence: r a d a r  l o c k - o n ,  g e t t i n g  i n  t h e  
t a r g e t ' s  t u r n i n g  p l a n e ,  s t a r t i n g  t h e  p ipper  d r i f t i n g  towards t h e  t a r g e t ,  
accomplishing f i n e  t r a c k i n g ,  and s h o o t i n g  a t  t h e  r i g h t  t i m e .  The p i l o t  should  . 
be p h y s i c a l l y  and mental ly  r e l a x e d  b u t  a l e r t .  I f  he b e l i e v e s  he can h i t  t h e  , 
t a r g e t ,  he  w i l l  h i t  the  t a r g e t .  Of course ,  all of  t h i s  assumes t h a t  t h e  
gunsight  is a c c d r a t e .  The development community needs t o  have a deep, 
understanding .of how t h e  p i l o t  does t h e  s k i l l  t a s k  o f  a i r  t o  a i r  gunnery i n  
o r d e r  t o  b o t h  buy and t r a i n  b e t t e r .  The A i r  Force needs t o  purchase equipment 
t h a t  can guarantee  a high p r o b a b i l i t y  of a k i l l ,  and then  provide adequate  
crew t r a i n i n g  so t h a t  t h e  p i l o t  c a n  "program c o r e . "  One o r  two s h o t s  per  y e a r  
a t  - -  a . towed t a r g e t  is inadequate t o  y i e l d  a h i g h l y  c a p a b l e  " g u n s l i n g e r " .  

There a r e  t imes when a l l  o f  t h e s e  facts w i l l  h e l p  t h e  p i l o t s  t o  f l y  an, 
I '  

a i r p l a n e  b e t t e r  b u t  i t  may n o t  k i l l  him i f  he f o r g e t s  them. A t  o t h e r  t imes 
however, p i l o t s  p l a c e  themselves i n  s i t u a t i o n s  where t h e  t h e  s m a l l e s t  mistake - 
can k i l l  them: a i r  t o  ground gunnery, a i r  t o  a i r  combat, o r  a e r i a l  . 

' h  .. 
1' ..... 
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demonstrs t ior .s .  In  a-,.demor.scration, t h e  p i l o t  i s  f l y i n g  extreme117 c l o s e  t o  
t h e  grolinci 3nd 3 mis:.ike m i & t  k i l l  him; i t  becomes very i:npnr:.\::: t o  
c!cter:nine mika 
the  t!neinot:s;rJ:ion l o o k  a l i t t l e  less i n p r e s s i - l e .  For each m.aneuver, the p i l o t  
mnsc e s t a b l i s h  a p r i o r i t y  List of parameters  t h a t  need t o  be checked. H o s t  of  
the f l ; i ing  t J s k  h.15 S e e n  gi-ren t o  t h e  subconscious m i n d  while the con:;c iorin 
:n i :IC~ p t i :n.i r i I :I ) 
..11;tl t i m  -s!ulres checking o t h s r  p a r m e t e r : ;  b.ised on the pr ior i t : /  lisr- 
e s r a b l i s h e t i  b e f o r e  fli<,h:. If t!ie p i l o t  "ptogrsms core"  b:r pr3ctLcing t h e  
dr?:ncns:r~:ion sa . iarai  t i n e s ,  the  demonscration can be made *ierg s a f a .  Tha 
s ~ n e  s t a ~ e m e n t s  can be made about  a i r '  t o  ground gunnery o r  a i r  t o  a i r  combat. 

whLi: ?ar:iint?;L*rs w t l l  k i l l  h i a  ; I I ~  wti.ic p:ir.ilncbt-c.t-s vlll s i inp l :~  

F O ~ :  x; 'i o II : !;e c o r :-.?i : s i !;!I : i n ?; r I> fct :-e 11c e ( .i i r I: L- .i f t a t t i L ude 

Th?r* can be nan:; d i s z r a c t i o n s  which d i s c u r S  the  es:aSlished rou:ins. 
.\n:~:hing t h a t  i; e x t e r n a l  t o  t h e  norm:  thought process  ma:/ g e t  ele.ia:ed t o  
:he consclous l ~ = . e ?  because "core"  doesn '  t knor W ~ J :  t o  do aboct  t h i s  
"::rprc)u,r?rmeci e*:er.:". Rennernber t h a t  :he consc ious  mind does only one t h i n g  a t  
.i t i x e  ( i t  ":im s h a r s s "  s e p a r a t e  t a s k s )  and tha: t h e  norma? parame:er check 
saquence I f  one o f  those parameters 
tha: t h e  p i l o t  misses beaccirisa of the  distur!).lnc.r. i-; .i c r i  t ic.11 p a r . i i n ~ ~ t c r ,  tht.11 
:h.it d i s t u r b a n c e  might k i  11 h i n .  

can be broken by an unprogrammed e v e n t .  

I n  a d d i t i o n  t o  e x t e r n a l  d i s t r a c t i o n s ,  t h e r e  a r e  in:ernal d i s c r a c E i o n s .  
I f  t h e  mind is occupied with something o t h e r  than f l y i n g  t h e  a i r p l a n e ,  then  
:he p i l o t  might miss a c r i t i c a l  parameter .  I t  i s  e:.ctreineljr imporcant to 
c l e a n s e  the mind of  a l l  d i s t r a c t i o n s .  Most p i l o t s  will d o  t h i s  by going i n t o  
i s o l a t i o n  f o r  a p e r i o d  o f  t i m e  p r i o r  t o  t h e i r  demonstrat ion.  By mental ly  
reviewing each maneuver and menta l ly  f l y i n g  t h e  demonstrat ion,  then  the  p i l o t  
can c l e a n s e  h i s  mind of o t h e r  e v e n t s  which might cause a f a t a l  d i s t r a c t i o n .  
X i 1  demonstrat ion p i l o t s  should i n s t r u c t  t h e i r  suppor t  crew and f r i e n d s  about 
t h e  e f f e c t  of a mental  d i s t r a c t i o n .  The ground crew should n o t  b r i n g  problems 
t o  t h e  p i l o t  when he i s  i n  h i s  a i rshow p r e p a r a t i o n .  The p i l o t  should know t h e  
p o s s i b l e  f a t a l  impact of mental  d i s t r a c t i o n s  and should c l e a n s e  h i s  mind o f  
any l a s t  minute problems b e f o r e  h e  goes t o  f l y  t h e  airshow. For example, any 
demonst ra t ion  p i l o t  i s  " t i c k l i n g  t h e  b e a r "  i f  he s t a y s  i n  t h e  h o s p i t a l i t y  
s u i t e  u n t i l  j u s t  b e f o r e  h i s  f l i g h t .  Such overconfidence l e a d s  t o  f i l l i n g  t h e  . 

* consc ious  mind wi th  unneeded thoughts  t o  t h e  e x c l u s i o n  o f  s a f e t y  c r i t i c a l  , 
c r o s s  cheqks.  Many demonstrat ion f a t a l i t i e s  could  have been avoided by 
fo l lowing  t h i s  c h d c k l i s t :  I 

1. Prepare t h e  demonst ra t ion  and e s t a b l i s h  a parameter p r i o r i t y  l i s t  
f o r  each maneuver. 

- .  2 .  

3 .  

P r a c t i c e  u n t i l  "core"  h a s  been adequate 
s a f e  d t ~ o o n s t r a t i o n .  Do riot change t h e  
without  p r a c t i c e .  

Go i n t o  i s o l a t i o n  b e f o r e  t h e  demonstrat  
extraneous d i s t r a c t i o n s .  

y "programmed" t o  g ive  -3 
show a t  the  , last  minute 

I 

on t o ' c l e a n s e  the  mind o f  
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L .  Ga: both t h e  inr.er s e l f  and the  ou:er s e l f  (nnent~!  and physic.11) 

r e l a x e d  b u t  a l e r t .  

5 .  Do no t  a l low e x c e r n a l  o r  i n t e r n a l  d i s t r a c t i o n s  t o  dis:urS t h e  
conscious mind i n  i t s  e s t a b l i s h e d  pa ranece r  check ser,\.:er.c?. Tha 
"unprogra.med e-ien:" can be a k i l l e r .  

Thus.  i n  summa:ion, human s k i l l  t a s k s  a r e  l e a r n e d  through a process  which , 

seems t o  be c o n s i s t e n t  whether t he  s k i l l  t a s k  is  f l y i n g  an a i r ? l a n e  or  h i t t i n g  
n b a s e b a l l .  Se-reral  a speczs  of t h i s  p rocess  a r e :  

I .  

2 .  

3 .  

4 .  
I 

5 .  

-- - 

T h e  m i n t i  works on two l e v e l s .  consi - tor is  ,* subcansciou?:  The 
conscious mind does only one t a s k  a~ time while  the subconscious 
mLnd accomplishes many t a s k s  s i m u l t a n e o u s l y .  The conscious mind 
time s h a r e s .  E,rer:I even t  which happens t o  you i s  s t o r e d  i n  t h e  
subconscious.  S k i l l  t a s k s  a r e  accomplished Ses: when the t a s k  i s  
done a t  the subconscious l e v e l .  

__ - -_ ~- --- 

T i e  between Foveal v i s i o n  and  cor.scious: The s t r o n g  t i e  between 
f o v e a l  v i s i o n  and t h e  consc ious  mind i s  impor:ant because i t  
e s t a b l i s h e s  t h e  n e c e s s i t y  t o  have a good v i s u a l  cue i n  each s k i l l  
t a s k :  "watch t h e  b a l l " ,  "wa:ch t h e  r im" ,  " s t a r e  a t  t h e  t a r g e t " .  
Subconscious hand-eye c o o r d i n a t i o n  is  developed i n  t h i s  way. 

- 

Proper v i s u a l  cue p r a c t i c e  is t h e  k s  t o  s k i l l  t a s k  performance: 
The key t o  s k i l l  t a s k  performance is t o  use the  p rope r  v i s u a l  circ(s) 
and then  t o  p r a c t i c e  a g r e a t  d e a l  t o  g e t  a good d a t a  base i n  the  
subconscious mind ("program c o r e " ) .  Of a l l  t h e  cues t h a t  a r e  used 
t o  accomplish a s k i l l  t a s k ,  t h e  v i s u a l  cue i s  by f a r  t h e  most 
impor t an t .  Probably 90 p e r c e n t  o f  a l l  cues  f o r  doing s k t l l  t a s k s  
a r e  v l s u a l  c u e s .  

Each p i l o t  h a s  a unique s t y l e :  I t  i s  extremely important  t o  . 
under s t and  t h a t  each  p i l o t  i s  un ique .  T r a d i t i o n a l l y ,  w e  have tended , 
FO look f o r  t h e  s t a n d a r d  p i l o t  o r  t h e  g r e a t  p i l o t .  H e  d o e s n ' t  
e x i s t .  ' "The w o r l d ' s  g r e a t e s t  f i g h t e r  p F l o t "  o n l y  e x i s t s  a t  the, 
O f f i c e r s '  Club Bar. 

Inne r  s e l f  and o u t e r  s e l f  must be  i n  harmony: The p i l o t ' s  p h y s i c a l  
s e l f  and mental  s e l f  must be r e l a x e d  b u t  a l e r t .  
------ 

. 
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3~5.23 on an unders:anding o f  t h e  d e s i g n  process  an3 an  understanding of 
t h e  mental process  f o r  accomplishmen: o f  motor s k i l l  t a s k s ,  i t  i s  poss iS le  t o  
~ s s e s s  the  inpac t  o f  t h e  human on t h e  des ign  process .  T;ro q u e s t i o n s  a r e  
,Jb*J i 01.: s ;*?.,at d e s l j n  cons ideraZions  should be made i n  o r d e r  t o  accommodaEe 
z5e h u u n  opera tor"  '&at 1 in i :d t ions  on t h e  Ces lgn  process a r i s e  from the  
hxnnan a s  a t e s t e r :  

!io tm p i l o t s  a r 2  e x a c t l y  a l i k a .  Al thoug:? p i l o t s  d i s p l s ; ~  strocg 
s i m i l a r i t i e s  i n  f l y i n g  t e c h n i q u e s ,  each p i l o t  i s  unique. This  c o n s i d e r a t i o n  
leads t o  four  conclus ions :  

Firs:. s e v e r a l  p i l o t s  mus: be used  f o r  anv e*ialriation which atcemp:s t o  
s ~ h e  objsc:i-ie d a t a  o u t  o f  s t lb jec t i* ie  p i l o t  op in ion .  Four pi1o:s normlalljr 
::*:e an adeqria:e c r o s s  sec:ion. Attempts t o  use more than e i & h t  p i l o t s  become 
ic:nhe:ic>me. Large numbers o f  pi1o:s g i * x  more conf idence  i n  the  r e s u l t s  
~ ~ ~ c . I ~ I s ~ ~  of  thc 1.irge s.iinple size, buc t h e  evnl l i . i t  ion proc-r..;; hecoinc*s t o o  
l t * r i . ; : h / ,  . inti  i t  h4*<:olnt'*i t f i f f i c u l t  L O  g+.t p u r r  p i l o t  o p i n i o n .  

Second, there  v i l l  be d i f f e r e n c e s  opin ion  d u r i n s  any e v a l u a t i o n .  This  
does not  imply t h a t  one p i l o t  is  r i g h t  and the  o t h e r  i s  wrong. I t  becomes 
z e c e s s a r y ,  then ,  t o  d e s i g n  f l y i n g  qualities t h a t  no s i n g l e  p i l o t  f i n d s  
w.acceptable .  The f l y i n g  q u a l i t i e s  of t h e  f i n a l  " b e s t "  c o n f i g u r a t i o n  a r e  
:hose t h a t  a r e  most a c c e p t a b l e  t o  t h e  e n t i r e  group. There is a n  o l d  s a y i n g  
Yhich i s  a p p r o p r i a t e  g iven  t h e  ambi t ious  f l i g h t  t e s t  schedules ,  c o s t  over runs ,  
and l i m i t e d  funds of  the  p r e s e n t  day: " B e t t e r  i s  the enemy of  good enough." 
Evaluators  must be c o n s c i e n t i o u s  b u t  they  cannot  ignore the  schedule  and 
C o l l a r  c o n s t r a i n t s  t h a t  a r e  real  problems t o  t h e  System Program O f f i c e  and t h e  
c o n t r a c t o r .  Ghen t h e  c o l l e c t i v e  o p i n i o n  says t h a t  a c o n f i g u r a t i o n  is "good 
enough", then t h e  t e s t e r s  have a n  o b l i g a t i o n  t o  s t o p  t r y i n g  t o  make i t  
" b e t t e r " .  

0 

- -  
0 

I Define e v a l u a t i o n  t a s k s  so t h a t  a l l  p i l o t s  a r e  doing t h e  same t h i n g . ,  
This  is n o t  always s u c c e s s f u l  because some p i l o t s  i n s i s t  on doing 
t h i n g s  t h e i r  o m  way. Ot'her p i l o t s  do not  do a l l  ass igned  t a s k s ,  
because t h e y . f i n d  them d i f f i c u l t ,  o r  they f e e l  t h a t  t h e  t a s k  does 
n o t  have any p e r s o n a l  r e l e v a n c e .  I 

A f t e r  f l y i n g  each m o d i f i c a t i o n ,  a l l  p i l o t s  meet t o  d ipcuss  t h e i r  
r e s u l t s .  P i l o t s  are asked  t o  p r e s e n t  and j u s t i f y  t h e i t  r a t i n g s . .  
Di f fe rences  o f  o p i n i o n  are r e s o l v e d  i n  a way t h a t  1s c l e a r  t o  
everyone. This  would n o t  happen i f  p i l o t  r a t i n g s  were simply given - 
t o  the  e n g i n e e r s .  The communication of  ideas  i n  t h e s e  meetings i s  - 

. 

' -  * 
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v e q i  enlighte*;ng. P i l o t s  need t o  do e x a c t l y  the  sane t a s k  i n  order  
t o  a l l n u  mc . i r i i n ) ; f i i l  comp.rt-i ion  o f  1-11 lot. r . i[  ii)!~;;. Evt \n  w i  r!r t ! i i**;t .*  

me.isrires, t h c r e  a r e  misunclerst.inJLn,;s btic.iuse p i l o t s  a r e  n o t  t.iLkLng 
about i d s n t i c d l  t a s k s .  One p i l o t  might be cormnenting on an approach 
whiie the  o t h e r  pi lo:  is commenting on a landing .  

:; i : i (  8 -  i i i t i ’ ;  t n F . I I I : /  #,I< i 1 t t , I  ,k is , i t - c ~ i n \ i  I i , i i t L i i  0 1 1  t 1 \ 1 2  s i i I i ~ ~ ~ ~ i i s ~ -  i o l i * ;  L t . . r i * l  , 
z p e c i . 1 1  e f f d r t r  will be retiuircci t o  obt. i in me,iningt‘ul p i l o t  o p i n i o n s .  Each 
2 i i o C  v i 1 1  have a d i f f e r e n t  op in ion  s o  the optimum des ign  w i l l  be  the d z s i ~ n  
:ha: the;r a l l  f i n d  a c c e p t a b l e .  Because :he s k i l l  t a s k  is accomplished 
p r i m a r i l y  on t h e  subconscious l e v e l ,  t h e  p i l o t s  w i l l  no t  always be a b l e  t o  
e s ? l a i n  Some e n g i n e e r s  w i l l  
want t o  s a y  t h a t  p i l o t s  do n o t  know what they a r e  t a l k i n g  a b o u t - - t h e  t r u t h  is 
tha: most n o n - f l y i n g  engineers  d o n ’ t  understand t h e  human s i d e  o f  
p i l o t / v e h i c ? s  i n t e r f a c e .  

why they p r e f e r  one c o n f i g u r a t i o n  over  a n o t h e r .  

I f  a new piece  o f  a-r ionics  equi?ment r e q u i r e s  t h e  p i l o t  t o  i n t e r a c t  i r i th  
i t  on t h e  conscious l e v e l ,  h i s  workload h a s  gone up. The increase  i n  
performance might j u s t i f y  t h e  i n c r e a s e  i n  workload. On t h e  o t h e r  hand, the 
i n c r e a s e  i n  workload might prevent  t h e  p i l o t  from us  ng t h e  equipment during 
h igh  workload f l i g h t  c o n d i t i o n s  because t h e  consc ious  mind does o n l y  one t h i n g  
a t  a t ime. Lhen t h e  p i l o t  focuses  h i s  a t t e n t i o n  on a demanding f u n c t i o n ,  such 
a s  locking  onto an enemy t a r g e t  wi th  t h e  r a d a r  o r  ana yz ing  informat ion  on the  
r a d a r  warning r e c e i v e r ,  he may l o s e  t r a c k  o f  o t h e r s .  The consc ious  mind a c t s  
v e r y  r a p i d l y ,  b u t  i s  s t i l l  “ t i m e  s h a r e s ” .  Cockpit  d e s i g n  and a v i o n i c s  
development r e q u i r e  a good unders tanding  of  t h e  human o p e r a t o r .  

The requirement f o r  h i g h  f i d e l i t y ,  ground s i m u l a t i o n  w i t h  a n  e x c e l l e n t  
’ v i s u a l  scene is  obvious.  The v i s u a l  scene should  be wrap-around so t h a t  t h e  

p i l o t  is  .provided b o t h  f o v e a l  and p e r i p h e r a l  c u e s .  Any major development 
program h i g h  
f i d e l i t y  ground s i m u l a t o r .  S imula t ion  can  a l s o  be a supplement t o  f l i g h t  
t r a i n i n g  i n  new, i n c r e a s i n g l y  complex a i r c r a f t .  Young crew members need t o  
“program c o r e “  so t h a t  a c t i o n s  can be done q u i c k l y .  Actual  combat should not  
c o n s t i t u t e  t h e i r  i n i t i a l ’  exposure t o  t h e  t h r e a t .  

o f  a syst)em which uses  a human o p e r a t o r  should  have access t o  a 

-- - 
I 
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i n  conc lus ion .  i t  i s  obvious t h a t  t h e  h i g h l y  t e c h n i c a l  a i r p l a n e s  of  today 
ar: i i a i t e d  by t h e  p e r f o r s a n c e  c a p a b i l i t y  o f  the p i l o t .  The human h a s  an 
i.nmense p o t e n t i a l  t o  remember, a n a l y z e ,  and a c t ,  b u t  he accomplishes s k i l l  
t a s k s  i n  d c e r t a i n ,  s p e c i f i c  p a t t e r n .  The hunan p i l o t  i s  a SeKla,? p rocesso r  
f o r  c o 3 n i t i ~ ; e  :hou3ht ar.d r e q u i r e s  a2preciab:e t h e  f o r  ac:ion. L%$n :rained 
p r o p e r l y ,  tk.e hunan o p e r a t o r  does most of  the f l y i n g  s k L L 1  t a s k  on the 
SCStiorscious le-ie? and he does man:r t a s k s  simu1:aneousIy. Ths pi lo:  has  

des ign  o f  nev s:rs:ems, t h e  e n g i n e e r  must c o n s i d e r  t h z  human i n  t h e  de-Jelopmen: 
p r s c e s s .  The a i r c r a f t  ir?dus:r:r is e s 2 l o d i n g  with nex i d e a s ,  such a s :  

1 lx l zaz io r . s  i n  h i s  abi l i :y  t o  d e a l  wich unprogrammed e - r en t s .  ?. L O  optixize 21s 

o F l i g 5 :  i n  S i x  Independent 9eg rees  o f  Freedom 
o Vncoi.:;ent i o n a l  Con:rols 
o Y u l t l - p u r p o s e  Dis71a;rs 
o 'JJoics Command 
o t t t- 1 m e  t - mount z d S i P,!I t 
o I n t e s r  1tt.d F i r e  < i i i d  F l i g h t  C o r i t t - c i l  
o S ide  F i e l d  o f  View HUD 
o T a s k - t a l l o r e d  Con t ro l  Xodes 
o H i c &  ' g '  Cockpit  
o S i titik i c  k C o n  t r o 1 I t >  r 

A l i  o f  t hese  new t e c h n o l o g i e s  must be e v a l u a t e d  arid p e r f e c z e d .  We need t o  
corrmu:r.icate with t h e  p i l o t  i n  new and i n n o v a t i v e  ways such as v o i c e  and c o l o r ,  
z o  name jus :  t u o .  We need t o  i n c o r p o r a t e  s t a t e  e s t i m a t o r s  t o  determine when 
t o  d i s p l a y  what p i e c e  o f  d a t a .  I f  t h e  d e s i g n  p rocess  is n o t  done p r o p e r l y ,  
t han  t h e r e  w i l l  be some expensive f a i l u r e s .  

. A 1 1  p i l o t s  must unde r s t and  t h a t  t h e r e  a r e  two k inds  o f  l i m i t a t i o n s  o f  a 
weapon system: hardware and human. The a i r c r a f t  has  d e f i n i t e  l i m i t s  o f  
performance and m a n e u v e r a b i l i t y .  Each p i l o t  must know h i s  own unique 
l i m i t a t i o n s  and must know t h a t  h i s  p e r s o n a l  l i m i t a t i o n s  v a r y  from day t o  day .  
Commanders must f u l l y  a p p r e c i a t e  t h e  requirement  f o r  p r a c t i c e  and p r o f i c i e n c y  . 

' when they a sk  t h e i r  p i l o t s  t o  perform h i g h  workload t a s k s  such as  a i r  t o '  . 
ground guonery, a i r  t o  a i r  combat, o r  a e r i a l  demons t r a t ions .  F ly ing  h i g h -  
speed a i r c r a f t  is a h i g h - r i s k  b u s i n e s s ;  each p i l o t  needs t o  be  g iven  the, 
maximum chance of s u r v i v a l .  Each p i l o t  shou ld  unde r s t and  how t h e  mind works 
i n  o r d e r  t o  maximize h i s  own p e r s o n a l ,  unique c a p a b i l i t y .  

.l 

The f l i g h t  t e s t  coininunity i s  l i m i t e d  i n  many ways s o  i t  i s . c r i t i c a 1  t h a t  
we provide good p i l o t - v e h i c l e  a n a l y s i s  e a r l y  i n  the des ign  p r o c e s s .  We a r e :  e. 

I '  
o Time l i m i t e d - - o n l y  so many h o u r s  i n  t h e  day.  

o People l i m i t e d - - a  f i n i t e  number o f  eng inee r s  and t e s t e r s  l i m i t s  t he  
a b i l i t y  t o  look a t  e v e r y  p o s s i b l e  new i d e a .  

'-. 

1' S I  ., 
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o D o l l ~ r  l ix~i :ed--we cannot  a f f o r d  t o  f l i g h t  tes: a l l  o f  t h e  d i f f s r e n t  
design o p t i o n s  a v a i l a b l e  t o  u s .  

Because of these r e a l  1 i a i : a t i o n s  we must:  

o St*ic?;l the  p i l o t - a i r c r a f :  s7s:sm a t  an e a r l y  p o i n t  i n  the des!gn 
process  throtl3h r e a l i s t i c  t e s z s  i n  order  t o  give good t o t a l  s;is:em 
p e r f o r m n c e .  

0 P r i o r i t i z e  the  d a t a  d i s p l a y e d  t o  t h e  p i l o t  because of  t h e  wide range 
of d a i a  a * r a i l a b l s  f o r  d i s p l a y .  

0 Pro-lids meaningful workload and performance daza f o r  d e c i s i o n  makers 
e a r l y  i n  t h e  des ign  p r o c e s s .  

o De*:e:op S : I S : ~ X S  which acconsToda:e i r .dividuol  p i l o t  d i f f 2 r e c c e s .  

The p e n a l t i e s  f o r  not  c o n s i d e r i n g  t h e  human o p e r a t o r  i n  a i r c r a f t  d e s i g n  
will al..ra:rs be w i t h  us. As t e c h n o l o g i c a l  s o p h i s z i c a t i o n  grows, these  
p c ~ ~ l t i e s  become incrs.lsing!;T unacceptab le .  I f  the  complexity of a i r c r a f :  and 
e l e c t r o n i c  warfare  con:inues t o  i n c r e a s e ,  the  human w i l l  have i n c r e a s i n g  
diiEfIcult:r i n  accomplishing h i s  miss ion .  The time is now i f  we a r e  t o  r e v e r s e  
*rt:.\t  has ~1read: r  bccoine a d i s t u r b i n g  a s p e c t  t o  defsnse  a c q u i s i t i o n  and 
uci1izJ:ion o f  high performance a i r c r a f t .  

E d i t o r ' s  Note: Concerning t h e  concept  o f  t i m e - s h a r i n g ,  a work i s  i n  o r d e r  
r e g a r d i n g  the  mind's n o t i o n  of  t ime, o r  of  t h e  passage of  time. Our not ion  of  
t h e  passage of t i n e  is  q u i t e  v a r i a b l e .  Though t h e  t i n e  t o  .accomplish some 
o v e r - l e a r n e d  t a s k  ( o r  subconsc ious ly  c o r e  programmed t a s k )  is  f a i r l y  
c o n s i s t e n t ,  t h e  time t o  perform some r e l a t f v e l y  new t a s k  may be prolonged, and 
g e n e r a l l y  takes  longer  than one r e a l i z e s .  Among t h e  v a r i a b l e s  a f f e c t i n g  o n e ' s  
t i m e  sense  a r e  mental  work, emotions,  a l e r t n e s s  and v i s u a l  i n p u t s ,  such as t h e  
pa:tern of flow i n  t h e  p e r i p h e r a l  v i s u a l  f i e l d s .  Thus,  i f  one is  
c o n c e n t r a t i n g  i n t e n t l y  on something, p r e s s e d ,  s t r e s s e d ,  o r  o therwise  f a t i g u e d ,  . 

I i t ' s  s a f e r  t o  assume t h a t  time f l i e s ,  t h a t  t h i n g s  take longer  than  one t h i n k s ,  . 
e s p e c i a l l y ,  i f  one i s  head-down so t h a t  t h e  ambient v i s u a l  mode is n o t  updated 
o r  s t i m u l a t e d  by &e p a t t e r n  of  f l o w .  

I 

I t  i s  important t h e r e f o r e ,  to provide t h e  p i l o t  h i s  c r i t i c a l  a i r c r a f t  c o n t r o l  
parameters  (such a s  a t t i t u d e ,  a i r s p e e d ,  a l t i t u d e ,  and v e r t i c a l  velocity) a s  
w e l l  as t h e i r  t r e n d s ,  In  a , f o r m a t  t h a t  is  i n s t a n t l y  recognizable  and t h a t  
r e q u i r e s  minimal expendi ture  o f  f o c a l  mode a t t e n t i o n a l  r e s o u r c e s .  The i d e a i  

' ,  
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dFs?la:i f 3  one t h a t  he d o e s n ' t  even have t o  l o o k  a t  - t h a t  provides  him t h e  

=lode rou:es, such as h e a r i n g  o r  p r o p r i o c e p t i o n .  The p r e s e n t  t r e n d  i n  the  P V I  
i s ,  hove-ier,  t o  bypass the  enornous i n f o r m a t i o n  p r o c e s s i n g  potent ia!  of t h e s e  
c>:her r o u t e s  and t h r u s r  i c  a l l  upon t h e  f o c a l  mode, t hus  t end ing  t a  ove r load  

. -  L..,orn.~:ion * 0 -  he r.eeds ou: o f  t h e  co r~ ie :  of h i s  eye or  throush o the r  n o n - f o c a l  

7 -  
L - .  

5 

0 

0 

0 

0 

0 

0 

_ -  

LongitQdinaL a i r c r a f t  c o n t r o l :  

Can se.3 :he pi:ch r a t e  i f  you have a long nose 
Can see  t h e  AOX, i f  y o u ' r e  l o o k i n g  a t  .\OX gauge 
Can f e e l  t h e  G ' s  

iiuaan performance i s  a Eunction o f  man:' f a c t o r s  i n c l u d i n g  selection. 
t r a i n i n g ,  and expe r i ence  - and is s u b j e c t  t o  a f a t i g u i n g  func t ion .  Human 
is adapt ive and competit i-re i n  t h e  s i m u l a t o r ,  i f  you th ink  Joe B i l l  
Dryden i s  going t o  b e a t  me, y o u ' r e  c r a z y ;  and he f e e l s  the same. 
Successive decomposition: you p r i o r i t i z e  and w i l l  ove r look  t h i n g s .  

Gorkload: T h e r e ' s  no good measure - must a sk  him - u s e  Cooper/Sob Harper 
r a t i n g s .  Fred Hoerner noted chat when he g e t s  bus:?, t he  f i r s t  t h i n g  a 
p i l o r  does is  s t o p  t a l k i n g  t o  you. 

P e r i l o u s  a t t i t u d e s  - macho, a n t i - a u t h o r i t y ,  i m p u l s i v i t y  - I'n a l l  o f  
t h o s e .  

Xemory - f l a s h ,  s h o r t - t e r m ,  1 ,ong- t e rn  - no r e l a t i o n  t o  IQ. Watching 
someone who's good and you can  l e a r n  t o  m i m i c ,  t o  program your own 
cerebel lum by r e p e t i t i o n .  

T ra in ing :  Throw your boy a b a l l  f i r s t  f ime; h i t s  him i n  the c h e s t .  
" s o y ,  t h a t ' s  g r e a t " .  Keep b u i l d i n g  h i s  confidence u n t i l  p r e t t y  soon he  , 

does c a t c h  i t .  Success keeps b u i l d i n g  h i s  confidence-. He becomes t h e  , 
n a t u r ? l  a t h l e t e .  But can he coach? Never. Those who th ink  about  i t  
become s t u d e h t s  o f  i t .  I 

The super  p i l o t  d o e s n ' t  t h i n k  abou t  what he  does ,  o r  how he  does i t .  Ha 
j u s t  does i t .  Keep your t h i n k i n g  and doing s e p a r a t e .  The b e s t  way t o  
s c r e v  him up i s  t o  g e t  him t h i n k i n g  about i t .  k'orks g r e a t  f o r  
gamesmanship a t  g o l f .  Ask your opponen t ,  "Boy, how do ybu do so we117:' 
Nothing w i l l  screw him up more t h a n  g e t t i n g  him t h i n k i n g  aboyt i t .  . 

' Z *  . 
1' . . I " .  
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* -  
o I;eL:'-confitlerice t i : - , ~  concentra;Lon a r e  reall : /  c r i t f c a l .  Keep dn e;ie on 

t h a t  b d l l  - go i n  c h a r s  w i t h  the ac t i tuc ie  t o  v i n .  Need s t a t e  a t  :hat 
b d l l / r i m  ( i n  baske tSa l1)  f o r  aiming r e f e r e n c e .  Conscious mind s t a r e s  - 
s i g h t i n g  re ference  is  critical. Zen v s .  choaking up: I f  conscious nind 
is r e l a x e d  b u t  a i e r t ,  t h e  body is a l s o .  There ' s  a s t r o n g  connec:ion 
between the  mind a d  t h e  body. 

13 Learning:  V e  l e a x  b y  t h e  T a l e s ,  then for32: the book. A f E e r  1.OCO 
h o u r s ,  w'no ns2ds i:? Lie l e a r n  not  by l o g i c  bu: by comparison. 

0 Ins t ruments :  Xe s ~ a r e  a t  t h e  ADI. A good ins:rumen: p i l o t  has  a hi3hl:r 
me:hodical we:;-de-.e:oped c ross  c h e c k ,  aiCed and abet:ed by :he "Standard 
T " .  The same on the HUD plus a F?Y, which l i k e ,  o ~ h e r s  d i s l i k e .  

0 Foveal v i s i o n  - ; ~ o c r  consc ious  mind - your descept i - ie .  I t ' s  a s e r i e s  o f  
conscious le-rel  t a s k s .  i3y shoot ing  t h e  DART with a Lead Computing 
O p t i c a l  S i g h t  ( L C O S ) .  Rela:<,  l e t  the p i p p e r  d r i f t  u p .  

0 AtlrL.11 Demo: D . ~ I I ~ ~ ~ L o u s .  K i l l s  m.iny good p i l o t s .  Operatirig c l o s e  t o  the 
grour.d, t h e r e ' s  no margin f o r  e r r o r .  A l t i z u d e  i s  not  c r i t i c a l :  a i r s p e e d  
i s .  An unprogramned e v e n t  can  be a k i l l e r  - i f  you a l low y o u r s e l f  t o  
become d i s t r a c t e d ,  you may never  p i c k  i t  up aga in .  A l t i t u d e  wi th  the 
P a r i s  A - 1 0 ;  p u l l  with t h e  Thunderbird T-38's. Need t o  program c o r e :  h i t  
t h a t  t e n n i s  b a l l  100,000 t imes.  Go s i t  i n  t h e  A i r c r a f t  and n e n t a l l y  f l y  
:ha: airchow r o u t i n e .  G e t  mind and body r e l a x e d .  Let  no unprogrammed 
e v e n t  d i s t r a c :  you. Only w i t h  p r a c t i c e  c a n  you l e a r n  - t o  l e a r n  t o  f l y  
a i r c r a f t  you must f l y  a i r c r a f t .  V i s u a l i z a t i o n  and s i m u l a t o r s  both 
c o n t r i b u t e  t o  l e a r n i n g .  P r a c t i c e  and p r o f i c i e n c y  i s  very important .  
Commander's r e s p o n s i b i l i t i e s  a r e  t h a t :  

1. Indiv idua l  is w e l l - t r a i n e d .  
2 .  Indiv idua l  i s  ready t o  f l y .  

o Proper  v i s u a l  cues 

HUD: is i t  optimized? Should it be i n d i v l d u a l l y / u n i q u e l y  programmable? 

P i l o t s  a r e  uniqut?: need 5 t o  8 p i l o t s  t o  g e t  good b r e a d t h  o f  opinion.'  
If  over  e i g h t ,  force  of  p e r s o n a l i t y  tends  t o  dominate t h e  group.  I f  less 
than  f i v e  , have insuf  f i c i e n t  b r e a d t h .  

Engineer h a s  a d i f f i c u l t  t a s k :  
t o  a n o t h e r .  H o w  do you p u t  those  on a Bode P l o t ?  

I 

what Ls g r e a t  t o  one p i l o t  may be r o t t q n  -- - . . ' :  
o Disp lays :  need d e s i g n  a i r c r a f t  so h e  can  go heads up s a f e l y ,  o r  i f  he' 

p r e f e r s ,  so he can go heads down s a f e l y .  So h i s  h a s  t h a t  op t ion: '  - 
e s p e c i a l l y  with a t t i t u d e .  

' r C I  - 
9. . . ., 
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Edf:or's Note: Since the pilot spends so much t h e  dwelling on the ADI. it 
 auld be Lc?e.rl t o  p r o v i h  hi3 an attitude dfspl.i:r he didn': need to stare at. 
The Peripheral Vfsion Horizon Display (AiCA Halcoln Horizon) 1s designed to do 
jus: that: enable processing of attitude inforaation by the ambient mode 
( x t t l r a l  orfentatfon chancel. while freeing up the focal mode for tasks 
requiring conscious a::en:ion.) 

b 
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Joined the Air Force in 1952 
Completed Pilot Training in 1954, UPT Nellis AFB 
Completed F-86 Fighter Training in 1955 
Aztended Phase I, AF All-Wea~her School in 1956 at Tyndall Air Force 
Base - -  remained as an Instrument Instructor. 
OIC Instrument" School, Elmendorf AFS, Alaska 1958-1961. 
Instructor, USA? IPIS, 1961-1966. 
In all. an Instructor/Flight Examiner for 17 years, retired from the 
regular Air Force in 1973. 
Employed by Bunker Ram0 Corporation, Canoga Park, on a Pilot Factors 
Research contract with the Flight Dynamics Laboratory 1974-1981. 
From 1981 to present, involved in a small HUD s a m b o l o p  and 
mechanization study and in a sub-contract to Singer-Link Division on 
a number of KC-135 and F-16 C/D cockpit intergration and simulation 
tasks. 
TFT 8,000 hours - T-33, F-86 Dog, T-39, C-118. 

'Introduction 

There has been increasing concern, in recent years, that there may be a 
situation awareness problem in modern and emerging fighter aircraft. Evidence 
of this concern is reflected in a 1980 review of possible pilot disorientation 
caused by :he Head-Up Display (HUD) in F-15 aircraft, the convening of a HUD 
Instrument Conference at Langley AFB in June, 1983 and at least two recent 
instrument flight related F-16 incidents. 

We in Midwest Systems Research, Inc., with over 80 years of combined 
experience in instrument instruction, operational flying, control and display 
design and instrument systems test and evaluation, share in that concern. 

During the last three years our personnel have participated in a varieE:J 
of U Y T I R N  and F-16 C/D simulator evaluations ranging from the original HI'D 
symbology and mechanization studies for the MTIFL! A-10 and F-16 to the most 
recent F-16 Block 25B through 30G integration projects. During this time we 
have been in a position to "fly" the simulators in a wide variety of visual 
and instrument flight maneuvers, train pilots in system mechanization and 
operating procedures, and observe current crew members in the operation of 
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"their aircraft." As a result of these experiences, we have identified a 
number of areas that we consider to be problems or potential problems in the 
safe and efficient operation of the aircraft. The F-16 is referred to 
throughout this paper because it  has been the focal point of most of our work. 
This is not to imply that the issues apply only t o  the F-16; on the contrary, 
many of the same problems apply equally to other weapons systems such as the 
F-15, F/A-18, the C-17, and HH-60D. 

A wide range of new technology is being introduced in the cockpits of new 
and emerging aircraft. Cockpits have become compu:erized; flight and 
navigation information is being presented in computer generated graphics; and 
classical elcctromechanLca1 controls and displays are being r e p l a c e d  by 
electronic multi-func:ional devices. 

Our primary area of concern focuses on the qua1i:y of these modern 
controls and displays as they perrain to keeping the pilot informed of his 
flight situation. In the following paragraphs we will try to discuss them in 
detail, pointing out the good and bad features, as we view them. 

To establish a baseline, we have included a brief discussion of 
developments in instrument flight from about 1940 through current Flight 
Director applications. This has been done to stress :he fact that today's 
conventional displays have evolved from years of careful manipulation of a 
conzrolled set of information that has been displayed and used in a pilot's 
control strategy. Each development: (of any real significance) represents a 
substantive increase in precision and safety accompanied by a similar 
reduction in pilot workload. The attitude indicator, for example, made 
instrument flight easier. Similar improvements resulted from the integration 
of performance and navigation information in the HSI, as did the addition of 
Flight Director Steering commands c m  the ADI. These are examples of cases 
where more innformation was better. On the other hand, we believe we can show 
clearly that the integration and addition of HUD and other graphic display 
symbology can result in less precision and safety along with greacly increased 
pilot workload in several mission applications. 

HCD in Instrument Flight -- 
Early Developments 

Instrument flying (Blind Flight) was made possible by the developinent and 
use of the gyro and, more specifically, the turn needle. It is well known 
that the human loses spatial orienEation quickly in an aircraft wlzhout some 
ou:side references to keep several of his senses in line. In a cloild, a :urn 
needle allowed the pilot to hold the aircraft in straight flight or in a 
controlled turn. This capability was en:husias:ically welcomed by pi1o:s 
because they discovered thac they were finding the ground more often on 
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purpose now t h a n  by mistake a s  had been t h e  case i n  t h e  p a s t .  Used p r o p e r l y ,  
ins t rument  f l i g h t  t i m e  could  be logged wi th  much less exc i tement  and longevi ty  
was i n c r e a s e d  by several o r d e r s  of  magnitude. 

Needle B a l l  and Airspeed 

There were two schools  of thought on how t h e  t u r n  needle  should be used. 
One advoca ted  c e n t e r i n g  t h e  needle  with t h e  rudders  and t h e  b a l l  wi th  the  
s t i c k  w h i l e  t h e  o t h e r  s t r e s s e d  c e n t e r i n g  t h e  b a l l  w i t h  t h e  rudders  and the  
needle  w i t h  t h e  s t i c k .  Happi ly ,  both worked. The f i r s t  procedure worked b e s t  
i n  a s p i n  r e c o v e r y ,  t h e  o t h e r  i n  c o o r d i n a t i n g  f l i g h t  and t h e  c o n t r o l  process  
thereby p r e v e n t i n g  s p i n s .  

Procedures  and techniques were developed t o  a l l o w  f l i g h t  f o r  s h o r t  
p e r i o d s  o f  t ime such a s  might be requi red  f o r  climb o r  d e s c e n t  through 3 cloud 
l a y e r .  P i l o t s  could s e t  power f o r  a climb o r  d e s c e n t ,  t h e n ,  a f t e r  a s s u r i n g  
s t r a i g h t  f l i g h t ,  use  t h e  s t i c k  to c o n t r o l  p icch  so t h a t  he h e l d  t h e  proper 
c l imb o r  d e s c e n t  a i r s p e e d .  I t  was about t h i s  time t h a t  people  d iscovered  some 
techniques  t h a t  made " a t t i t u d e "  c o n t r o l  e a s i e r  wi thout  a n  a t t i t u d e  i n d i c a t o r .  
A l t i t u d e ,  a i r s p e e d ,  and v e r t i c a l  v e l o c i t y  movement r e v e r s e s  d i r e c t i o n  each 
t ime t h e  nose of  an  a i r c r a f t  passes  through t h e  h o r i z o n .  Knowing t h i s ,  the 
p i l o t  cons tan t  
r a t e  climbs and d e s c e n t s  much more p r e c i s e l y .  Ins t rument  s c a n  ( o r  c r o s s -  
check) w a s  d i f f i c u l t  a t  b e s t  and complicated by any t u r b u l e n t  f l i g h t  
c o n d i t i o n s .  

c o u l d  prevent  l a r g e  p i t c h  excursions and c o n t r o l  a l t i t u d e  and 

L a t e r ,  t h e s e  techniques were r e f i n e d  f u r t h e r ,  t o  t h e  e s t e n t  t h a t ,  i n  
r e l a t i v e l y  smooth a i r ,  an  e n t i r e  mission could  be flown from takeoff  t o  
l a n d i n g  u s i n g  t h e s e  instrument  procedures .  The p i l o t  could  e s t a b l i s h  s t r a i g h t  
f l i g h t  by c e n t e r i n g  t h e  t u r n  needle  (bank c o n t r o l )  t h e n  e s t a b l i s h i n g  l e v e l  
f l i g h t  ( o r  a c o n s t a n t  r a t e  climb o r  descent )  by r e f e r r i n g  t o  t h e  a l t i m e t e r  and 
v e r t i c a l  v e l o c i t y  i n d i c a t o r  ( p i t c h  c o n t r o l ) .  The a i r s p e e d  i n d i c a t o r  was used 
t o  determine power requi rements .  This " n e e d l e ,  b a l l  and a i r s p e e d "  method was 
used i n t o  t h e  e a r l y  1950s even a f t e r  e a r l y  " a r t i f i c i a l  hor izons"  began 
appear ing  i n  t h e  c o c k p i t .  During t h a t  t ime,  Ocker,  Crane, Duckworth, an6 
o t h e r s  who understood and ,  i n  f a c t ,  developed many of  t h e s e  e a r l y  procedures ,  
were c o n s t a n t l y  working on d i s p l a y s  and procedures  t h a t  would make instrument  
f l i g h t  s a f e r  and e a s i e r .  

Primary Ins t rument  System 

I n  t h e  195Os, a r t i f i c i a l  horizons became more r e l i a b l e  and p i l o t s  began 
t o  use them more. the  performance d i s p l a y s  remained a s  t h e  b a s i s  f o r  
c o n t r o l .  I n  t h i s  approach,  t h r e e  "primary" d i s p l a y s  were used f o r  pi:ch 
c o n t r o l ,  bank c o n t r o l ,  and power c o n t r o l  f o r  e x e c u t i n g  t h e  instrument  
maneuvers which make up any miss ion .  

S t i l l ,  
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In level flight, the altimeter was primary for pitch control, heading 
primary for bank control and airspeed primary for power control. In a 
constant airspeed climb or descent, airspeed was primary for pitch, heading 
for bank and the tachometer primary for power, etc. Actually, , remembering 
what was primary for what in each maneuver was more difficult to learn (and 
teach) ' that flying the airplane. It did show, however, the reluctance to 
drastically change control and display concepts until a proven better method 
was available. 

The attitude indicator became more popular during this time as 
reliability improved and displays such as  the J - 8 ,  self-contained attitude 
indicator, were found to continue to operate reasonably well even after 
dynamic maneuvering. Precission rates in these displays were quite high, but 
with practice and a little understanding i t  would provide a stable reference 
from which corrections could be made qui:e easily. In the late 1950s and 
early 1960s, Attitude Instrument Flying procedures were developed and have 
been in use since then. 

Attitude Instrument Flying 

In 1940 the SAE (Society of Automotive Engineers) recommended a standard 
set of flight instruments. Their arrangement (basic s i x )  was accepted f o r  
both military and civil use and specified in the HIAD (Handbook of 
Instructions for Aircraft Design). This arrangement, with some modification, 
remained as a specification until the middle 60s. One tried and tested 
configuration of the basic six is shown below (Fig 1). 

FiKKre  1: E a s i c  S i x  Instrumen= Arranr.cmcn: 
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In the early 40s, Sigfried Knemeyer, then in Germany, had the foresight 
and unique understanding of control and display concepts to recommend 
installation of the attitude indicator at the center of the instrument group. 
Later (1947-1948) at Wright Field, he was at the forefront of Flight Director 
development, and again recommended moving beyond the "basic six" arrangement. 
There were two basic Flight Director configurations, one using standard round 
dials and another using vertical scale instruments. These arrangements are 
shown in Figure 2 .  

Figure 2 :  Flight Director Configurations 

Introduction of Flight Director steering was, in early systems, limited 
to ILS pitch and bank steering for final approach and landing. A manual 
heading command was also available. Later, features such as rotation and go- 
around, altitude hold and VOR/TACAN steering were added. 

Primary strengths in the Flight Director arrangement (in addition to 
command steering) were: 1) AD1 size was increased to 5" and it was placed at 
the center of the instrument scan; 2 )  heading, beariq, and course deviation 
information was integrated into a single, and larger, HSI; and 3 )  the number 
of instruments required for aircraft control and navigation was reduced from 7 
to 8 to 5 .  A big plus for the vertical scale configura:ion vas che fact that 
there was only one logical way to put the sys:em in the cockpit- 
standardization by design. 

Ey this time mose production aircraft had newer more reliable attitude 
displays that would opera:e well in a wide range of nmzneuvers. The 3-axis 
gyro  pla:form, for example, allowed full freedon of maneuvering vi:hout 
"tumbling", "controlled precession" or the introduction of large errors. 
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Attitude instrument flying is very similar to the way a pilot flies; and 
thinks, in visual flight conditions. Cockpit displays are divided into four 
groups; control, performance, navigation and steering. 

Control Instruments. The attitude indicator and power displays provide 
information for control inputs. 

Performance Instruments. Airspeed, altitude, heading, vertical velocity, 
and angle-of-attack show aircraft performance. 

Navigation Instruments. Bearing, distance, and course deviation displays 
provide position and situation informa-' Lion. 

Steering Instruments. Flight Director computations provide commanded 
articude and performance of a limited set of maneuvers such as rotazion 
and go-around, ILS approaches and VOR/TXCh"J navigation. 

Today, a pilot established an aircraft attitude and power setting that he 
knows, from visual flight, will approximate what he wants to do. He does this 
by reference ot the control instruments. Next, he scans performance displays 
to see if performance is what it should be. If discrepancies exist, he makes 
appropriaze changes on the control set and, again, checks performance to 
verify that changes in attitude o r  power had the proper effect. This is a 
continuous process in maneuvering flight, made relatively simple by trimming 
:he aircraft properly and maintaining a reasonable degree of proficiency. 

Once the pilot has the aircraft under control and desired performance has 
been achieved, he refers to navigation displays to determine where he is and 
where he wants to be. kjen corrections are indicazed by the navigazion 
displays it's back to the control and performance instruments to make the 
changes. 

The final category, command steering, combines signals from the control 
group (attitude), the performance group (heading) and the navigation group 
(course error, course deviation, glideslope deviation, etc.) and performs 
essentially the same integration of information as the pilot. Specific 
information needs vary with the various operating modes. Steering commands 
make the control task much easier by limiting pitch and bank changes to a set 
o f  limizs consistent with the amount of deviation (szabilize the aircraft) and 
by performing one or more leL7els of  calculation previously requLred of the 
pilot. He can follow the comiands and watch the system work, effectively 
cross-checking steering quality, while monitoririg attitude and heading, etc. 
to see that all parts o f  the system are responding properly. 

By the middle 1060s, virtually all military aircraft in production were 
equipped either with a resonably standard set of "round dial" instrumen:s, a 
Flight Director System or the Integrated Flight Instrment System (Flight 



Director and Vertical Scale Instruments). With these systems, a standard 
approach could be taken in training and in operational Pilots 
could transition from one display configuration to another with relative ease 
because display parameters were used the same way in all three configurations. 

There were, apparently at least, some very significant changes in the 
perceived importance of proficiency and instrument training in the 1970s. The 
fuel crunch and increasing flying hour costs led to a reduction in instrument 
flight hours in pilot training. Proficiency flying for "behind-the-line" 
pilots was virtually eliminated, and in 1978, the Instrument Flight Center 
(previously the Instrument Pilot Instructor School) was closed as an economy 
measure ending 35 years of support to the Air Force. Until this time, the IFC 
served as the Air Force focal point for instrument training, flight procedures 
development, and instrument systems evaluation and testing. The combined 
effects of these actions reduced total flying hours and focused attention on 
wcapons dcnlivery a s p e c t s  of t he  Air Force Mission. Ripple effccts rcncl i~~c!  the 
R 6 D  community where programs that did not address bombs or bullets on target 
were put in file thirteen. These actions were not only unfortunate but a l s o  
very untimely because they were taken just as the gun/bombsight became a head 
up dis?lay, cockpits were computerized and the glass cockpit emerged. To add 
further complexity, the Air Force make a frontal attack on the night, in and 
under the weather, air-to-ground mission wizh W V T I R N ;  a mission that requires 
a new form of instrument flight in a very different environment. As a result, 
we feel that there exists a five to seven year void in serious consideration 
of the inscrument flight aspeczs of a near revolution in cockpit control a:id 
display design. Actually, many of these changes have evolved because 
technology allowed (sometimes required) it to happen. In our opinion, changes 
of this magnitude should be driven by the mission and pilot information and 
control needs to accomplish the mission. 

applications. 

Recent Deve 1 opments 

The following paragraphs will address specific issues in existing and 
cmrrgi 11g cocl.pi ts anti optlr.it ing procc.clui.cbs . 

Situation Awareness 

The term situation awareness is relatively new and used primarily in the 
fighter would to describe the wide range of condi:ions that lead to successful 
and safe mission accomplishment. Loss of an aircraft because the pilot 
becomes spatially disoriented is often attributed to his loss of situa:ion 
awareness. 



It seems that a very generic term has evolved to describe several pieces 
of an overall mission scenario. Pieces of the Situation awareness picture 
include location of a wingman, target or IP location; cloud ceiling, 
visibility, the threat, aircraft attitude, engine condition, speed, TOT, 
altitude and a wide range of others. Of primary impor:ance, however, is the 
actitutde and performance of the pilot's own airplane. Unless he is confident 
of exactly what his aircraft is doing, the other pieces of the awareness 
picture are meaningless. Actually, all of the relavent parts of the situation 
awarenss picture can be placed on a list; one that changes almost constantly. 
The pilot's j o b  is to prioritize items on the list in the dynamics of the 
environment in which he operates. %ile many izems (oil pressure, target 
identification, ISS update) range from near the top to the bottom of the list 
during any given mission, flying the airplane is always on top. This fact, we 
believe, needs to be clearly understood not only by pilots, but by display 
systems and aircraft designers as well. Given the opportunity to d s o ,  we 
would remove aircraft control and performance from the situation awareness 
description and place it on a level of importance with all that rema ns. 

Sew Yissions and Displays 

Advancements in weapons, sensors, in:egration cechniques and 
power 
effici 

- computer 
make it possible to perform old missions with greater precision and 

.ency and, at the same time, open the door to :he potential for new 
applications. The A?W.A.P2!$, for example, will lead to some interescing changes 
in Air-to-Air operations while LANTIRN integrations is of special interest 
because night, single seat in and under the weather inrerdiction and low level 
operation in this environment is new. Because it is new, a close look a: 
potential and implied instrument flight related problems might reveal a f e w  
than can be addressed before they are encountered operationally. Some of 
these are discussed below along with candidate solutions. 

Attitude Displays 

A s  electromechanical attitude displays evolved, the range of attitude 
shown at any given time increased from 20-30 degrees of pitch attitude and 4 0 -  
80 degree of roll to the 5 "  AD1 that is, in fact, all attitude and displays 
approximately 100 degrees of pitch, 360 degrees of r o l l  and, in the F - 4  3 axis 
A 9 1 ,  over 100 degree o f  heading information. This exFansion occurred in a 
period when designers were :rying to expand the envelope in which a pilot 
could operate an aircraft in limired visibility condicions. One early 
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a t t i t u d e  i n d i c a t o r ,  shown i n  Figure 3 ,  probably o p e r a t e d  in t h e  + - 10 - t o  20 
degrees  of  p i t c h  range .  

Figure 3 :  Early A t t i t u d e  I n d i c a t o r  

Demands of  t h e  t r a n s i t i o n  t o  j e t  powered a i r c r a f t  w i t h  much wider 
o p e r a t i n g  envelopes and c o n t i n u i n g  improvement i n  gyroscopic  instrument  des ign  
l e d  t o  newer d i s p l a y s  l i k e  t h e  5 - 8  shown i n  f i g u r e  4 .  With t h i s  ins t rument ,  
p i l o t s  c o u l d  r o l l  through 360 degrees  wi thout  f e a r  of  t h e  ins:rument 
“ tumbl ing .“  A mechanical hor izon  b a r ,  somewhat unorthodox by t o d a y ’ s  
s t a n d a r d s ,  moved v e r t i c a l l y  through 2 7  degrees  o f  p i t c h  (+ - 1 3 . 5  degrees  from 
l e v e l  f l i g h t .  

Figure 4 :  J - 8  A t t i t u d e  I n d i c a t o r  
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The dead-down ins t rumen t  systems i n  emerging c o c k p i t s  are designed such 
t h a t  t h e  p i l o t  is  d r i v e n  t o  t h e  HUD f o r  a t  l e a s t  p a r t  o f  h i s  c r o s s - c h e c k .  The 
problem with t h i s  i s  that  the HUD i s  des igned  around i n e r t i a l  p a t h  a n g l e ,  n o t  
a t t i t u d e ,  and d u r i n g  p e r i o d s  of  poor v i s i b i l i t y  he must r e l y  on a performance 
d i s p l a y  f o r  p i t c h  a t t i t u d e  c o n t r o l .  Primary a r e a s  o f  concern a r e  t h a t ,  u n l i k e  
t h e  ADI, t h e  p o i n t  of r e f e r e n c e  (FP?I) i n  the HUD mover v e r t i c a l l y  over  
s l i g h t l y  more t h a n  h a l f  o f  t h e  HUD s u r f a c e  a s  a f u n c t i o n  o f  ang le  of  a t t a c k  
( A O A ) ,  t he  a b i l i t y  of  t h e  p i l o t  t o  determine p i t c h  and bank a t t i t u d e  
a c c u r a t e l y  is l i m i t e d  and d e t e r i o r a t e s  w i t h  incrrnsinp, A O A ,  a i d  t h  u t i l i t y  of  
t h e  d i s p l a y  i s  v e r y  energy dependent ,  i . e . ,  a t  high AOA the FY?l can reach the  
HUD FOV l i m i t  and become e s s e n t i a l l y  u s e l e s s .  

Another f e a t u r e  t h a t  i s  l a c k i n g  i n  t h e  F-16  and, most of t he  :ime, i n  the  
FA-18 HL‘D is a minia:ure a i r c r a f t  symbol. I n  o r d e r  f o r  t h e  H’JD t o  show 
a t E i t u d e ,  t h e  symbol should be p l a c e d  i n  a p o s i t i o n  on t h e  HL‘D t o  r e p r e s e n t  a n  
e x t e n t i o n  o f  t he  Fuselage Reference Line (FRL).  Khile the  a b i l i t y  of c u r r e n t  
HVDs is  l i m i t e d  i n  t h i s  r e g a r d ,  t h e  a d d i t i o n  of  t h i s  symbol, a t  l e a s t  i n  
s e v e r a l  a p p r o p r i a t e  o p e r a t i n g  modes, would enhance t h e  p i l o t s  a b i l i t y  t o  
c o n t r o l  a i r c r a f t  p i t c h  a t t i t u d e .  Some a p p l i c a b l e  maneuvers inc lude :  

1. Takeoff a t  nigh: o r  i n  l i m i t e d  v i s i b i l i t y  

2 .  I n i t i a l  c l imb ( a s  p a t h  ang le  i s  s t a b i l i z i n g ) .  

3 .  Missed Approach. 

P i t c h  changes u s i n g  t h i s  d i s p l a y  were made i n  b a r  widths  with one b a r  
width equa l  t o  approximately one degree .  When the  h o r i z o n  b a r  reached the  
upper o r  lower l i m i t  the  a i r c r a f t  would, i n  a l o o p  f o r  example, concinue to 
f l y  nround A kidney s11apc.d p o r t i o n  of a sphere u r r t i l  a c i r c l e  (white u p ,  b l a c k  
d o w n )  with the  words clinrb o r  d i v e  appea red .  At: 85 dchgrces-YO c k g r f ’ e s  o f  
p i t c h ,  t h e  d i s p l a y  would r o t a t e  180 degrees  a l lowing  t h e  p i l o t  t o  con t inue  
ano the r  180 degrees  of p i t c h  change b e f o r e  i t  a g a i n  r o t a t e d  t o  allow a r e t u r n  
t o  l e v e l  f l i g h t .  

Procedures  f o r  unusual a t t i t u d e  r e c o v e r i e s  u s ing  t h e  J-6 &ere  somsvhat 
mechanical b u t  e f f e c t i v e .  The bank p o i n t e r  allows p o l n t e d  up (sky FoinEer) 
and when they  were i n  s e p a r a t e  h a l v e s ,  t h e  nose was h i g h .  

The FLY-Series of  a t t i t u d e  i n d i c a t o r s  eliminated t h e  ho:-izon b a r ,  
c!isplayed a c o n t r a s t i r ? g  sky/ground r e l a t i o n s h i p  throur,h :lit- u s e  of  ro lor  
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coding the 
MM-2 and 3 and 110 degrees on the MM-1 and 4. These displays, shown in Figure 
5 ,  were carried into the flight director and Integrated Flight Instrument 
System designs and have remained as a relatively standard display format in 
aircraft through the F-15 and F-16. 

and covered a wider range of pitch by showing 50 to 60 degrees on 

Figure 5: MY-Series Displays 

Heading Displays 

A problem very similar to that discussed in regard to attitude also 
exists with heading displays. These displays on the HUD and many head down 
VSDs show roughly 10 percent of  the 360 degree compass rose as did the 
Directional Gyro (DG) in a 1940s vintage T - 6  trainer. Radio Magnetic 
Indicators (RMI), Compass Cards and Horizontal Situation Indicator (HSI) were 
designed specifically to provide the pilot with a 360 degree view of the 
navigation (orientation) situation. These devices are used frequently to 
determine reciprocal headings arid bearings in addition to pro\*iding, a: a 
glance, direction arid degrees  of turn to a predetermined heading or in:ercept 
angle. Lacking this kind of picture of the navigation situation and into 
addi:ion and subtraction tasks. Being of superior in:ellect, pi?ocs do not 
find this difficult, merely time consuming, often when other more critical 
issues must be considered. 
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Similar arguments can be made with regard to altitude, navigation and 
some airspeed displays on the new graphic displays. Actually the only display 
feature on the LANTIRN NUD with a wide field of regard is the Steerpoint Index 
(in reality it is a bearing pointer) with the capability of indicating 360 
degrees if relative bearing to the selected steerpoint. 

Conclusions 

It can be seen that the evolution of instrument flight into the 1970s has 
been paced more by the way pilots and designers learned to use information 
than by changes in the information being used. There is over forty years of 
experience (good and bad) behind the way pilots are trained to fly in poor 
visibility and procedures and techniques in use were adopted only after very 
careful consideration, testing, and validation. Any attempt to change 
information parameters, major alteration in display format or dynamics or 
changes in the way the information is used by pilots should be considered only 
after the changes are proven to be superior to those already in use. 

Recent introduction of graphic display technology has been much more than 
a media change, it is changing the way we must train pilots and fly airplanes 
- and it is leading to a change in cockpit workload associated with attitude 
and flight pach control. In any assessment of the utility of those new 
display, and the environient in which it was created. 

?he HUD was designed to be the micrometer in an air-to-air and air-to- 
ground weapon delivery task. It was conceived in a visual environment where 
the pilot used his wide field of regard (in excess of 180 degrees vertically 
and laterally) to steer the aircraft to the intended target. To do this he 
had the full range of foveal and peripheral cues with which to remain oriented 
with respect to the earth, the horizon, and the target. Once the target was 
in front of the aircraft and in the HUD FOV, delivery symbology could be used 
effectively to complete the job, and it does this very well. 

If the full visual scene is removed by darkness, for example, as it is in 
the W T I R N  environment, then the pilot's field of view of the outside world 
is reduced to 20 x 30 degrees with a corresponding loss of the peripheral cues 
for orientation and target alignment. He must then use lateral steering cues 
to find the target and only 20 degrees of vertical situation information for 
orientation in the vertical axis. If high humidity degrades the FLIR scene, 
then all outside visual cues are lost and orientation must be maintained with 
the steerpoint cue, TF cue and radar altitmeter, and limited indications of 
attitude. In this final configuration. the pilot cannot revert to head down 
displays without losing the only informacion (TF Cue) that keeps him from 
hitting the ground. His only recourse at this poinr. to to depart the low 
level environment and attempt to find visual flight conditions. Accordingly, 
the evaluator needs to look at worst case conditions to determine total system 
capabilties in the new environment the system is likely to encounter. 
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Our nex t  speaker  i s  L t .  Col B i l l  E rco l ine .  B i l l  is t h e  c h i e f  of 
Opcbra t  i onn l  Plnii:; nnd I'roCrnms Div i s ion  o f  t.lic Air T'orcc Instruincant F l i g h t  
Center  a t  Randolph A i r  Force Base. llis background inc ludes  a Eachelor of  
Ar ts ,  Eachelor of  Science i n  Fhysics  w i t h  C a l i f o r n i a  S t a t e  Col lege and an MS 
i n  Laser  Op t i c s  from AFIT.  H e  i s  a g radua te  of  t h e  A i r  War Co l l ege ,  he 
i n s t r u c t e d  phys ic s  a t  t he  A i r  Force Academy, f l ew  combat i n  t h e  C-130, t o t a l  
f l y i n g  t i m e  i s  3200 hour s ,  h e ' s  i n s t r u c t e d  over  2000 hour s  i n c l u d i n g  the  
in s t rumen t  p i l o t  i n s p e c t o r  s c h o o l ,  b e f o r e  t h a t  c l o s e d .  I n v e s t i g a t e d  
in s t rumen t  r e l a t e d  mishaps invo lv ing  t h e  F-16 and RC 135. He's flown t h e  
Crane a l l - w e a t h e r  f l i g h t  gauge, and h e ' s  c u r r e n t l y  making a formal e v a l u a t i o n  
on t h e  use  o f  t h a t  dev ice .  And h e ' l l  speak t o  us  t h i s  morning on A i r  Force 
Instrument  F l i g h t  T ra in ing .  B i l l .  

I have a l o t  of  infoi-inntion t o  t r y  aiid piis:; on t o  yoii ~ I I  t 1 i t .  f o i m i  0 1 '  t l i i : :  
pr(,:;(*rita[ i o n  so I was ~. i .y i i ' i c  t:o u s e  soine of' t l i ~  i i i f ' o i ~ i i i : i t  i o n  t.li:rt 1 IiLi\.c. p i c . l : ~ t d  
up over  t h e  l a s t  day and a l i t t l e  b i t  of time h e r e .  So I thought maybe I 
would p r o j e c t  30 s l i d e s  and l e t  your subconscious p i ck  i t  a l l  up and then I 
would just  t e l l  you t.li;it your subconscious h a s  i t  n l l  a n d  t l i en  wia t l o r i ' t  t inve 
t o  r,o tlii-ougli cacti :;I id(.  i r i  scqiierice. But C o l  M c N a u y J i t  o n  c o u l d n ' t  p r o v i d e  I I I ~  

wi th  30 p r o j e c t o r s  s o  we a r e  going t o  have t o  go through the  s l i d e s .  The way 
I have t h i s  i n fo rma t ion  organized i s ,  I ,  t o o ,  am going t o  g i v e  you 'a l i t t l e  
background of  h i s t o r y .  A l i t t l e  b i t  about  t he  t h i n g s  we .are  t a l k i n g  about 
today: where i t  a l l  came from. Then I ' l l  t a l k  about t h e  in s t rumen t  t r a i n i n g  
method t h a t  w e  used i n  the  A i r  T r a i n i n g  Command t o  t e a c h  a l l  A i r  Force p i l o t s  
how t o  f l y  in s t rumen t s .  Then we w i l l  t a l k  a l i t t l e  about  t h e  p r a c t i c e s  
throughout t h e  A i r  Force.  I a l s o  want t o  throw i n  a l i t t l e  b i t  about a t t i t u d e  
d i s p l a y  which i s  ve ry  apropclse f o r  today and h o p e f u l l y  show you a d i f f e r e n t  
way, which maybe a l o t  o f  you a r e  f a m i l i a r  w i t h .  And then  w i t h  some time 
remaining,  a couple  of  minutes ,  I would l i k e  my b o s s ,  Col Eske r ,  who i s  i n  the  
audience h e r e ,  t o  c r i t i q u e  me, t o  maybe say  something about t h e  instrument  
f l i g h t  c e n t e r ,  what we a r e  tasked t o  do and what ,  i n  f a c t ,  we a r e  t r y i n g  t o  do 
t h e r e .  

So t o  s t a r t  w i t h ,  I ' d  l i k e  t o  go through some s l i d e s  h e r e .  Before I do 
t h a t  though, I ' d  l i k e  t o  t a k e  you back i n  time f o r  a minute and show you the 
f i r s t  ir :strument that c v c  r came abou t .  The  Wrir,ht Erot l iers .  came u p  w i  t t ~  :?lis 

( t i o l t l i r i ~ ,  up  a picAce o f  s t i - i l l y ) .  T h i s  i:, :.triiiF, ; l i n t  t11cy t i c t i  t o  t l i c  s t r u t  



of t h e i r  a i r c r a f t  t o  blow r i g h t  back i n  t h e i r  f a c e .  They could  t e l l  i f  they 
were descending o r  c l imbing ,  s l i p p i n g  o r  s l i d i n g .  I t  provided them with a l o t  
o f  information.  And they  taught  p i l o t s  t o  use i t .  As a m a t t e r  of f a c t ,  t h i s  
p i e c e  of s t r i n g  was common on a l l  t h e  e a r l y  Vright  F l y e r s .  They got  
information from and a f t e r  we became q u i t e  p r o f i c i e n t  i n  f l y i n g  w e  d i d  a l l  our 
f l y i n g  VFR.  They abandoned i t ,  they went away from i t .  A s  a m a t t e r  of f a c t ,  
t h e  i n s t r u c t o r s  e a r l y  on decided t o  t e l l  t h e i r  s t u d e n t s  they  wanted them t o  
develop a " f e e l  of t h e  s h i p . "  From t h a t  sprung up t h e  myth o f  having t h a t  
i n n a t e  a b i l i t y  t o  f l y  t h e  a i r p l a n e .  

With t h e  advent of  having t o  f l y  i n  f o g  and LWII, because o f  t h a t  myth, 
w e  ended up l o s i n g  a l o t  o f  people.  A l o t  of p i l o t s ,  and we evolved i n t o  a 
d i f f e r e n t  system and e v e n t u a l l y  we came up with something l i k e  t h i s  A - 7  
c o c k p i t .  We got  t h e r e  through a l a r g e  number of years  and through a l o t  o f  
a c c i d e n t s  and a l a r g e  number of experiments .  

We e v e n t u a l l y  g o t  up t o  something l i k e  t h i s  and now we have Fane bcyoiid 
t h a t  which I ' l l  t a l k  about I n t e r ,  b u t  t h i s  i s  what wc <. ; i l l  t l i c .  T - c i . 0 : : ~  ( ~ I I I ~ ( ~ I : ,  
xIiicI\ y o u ' v c  Iica1-d l)(.L'orc: you lirivc y o u r  r i t  I i  t . u c I c ~  iiicIit.:~~oi- it] ~ I I L ~  c ' ~ * I I ~  ( ' I . ,  

down below your HSI, a i r s p e e d ,  a l t i m e t e r ;  and i t  gives  you t h e  b a s i c  T .  I t ' s  
i n  most of our a i r p l a n e s  today,  and I say  t h a t  t a l k i n g  about A i r  Force.  This  
is 51 C-5 c o c k p i t .  Y o u  can s e e  t h e  same l a y o u t .  r3.y t ' l ic .  way,  this cockpit 
~ i i - ~ ; ~ i i ~ , t , i i i ~ ~ r i t  i.s an FAA 1-c.quireincnt: f o r  coinincrcial f l ight .  o p e r a t i o n s .  Ttwre i s  
a r e g u l a t i o n  t h a t  d e f i n e s  t h e  T ,  what ins t ruments  a r e  placed where, and even 
i f  you s t i c k  something i n  between, t h a t  t h e n  becomes a primary instrument .  So 
t h e r e  i s  something t o  t h i s ,  t o  t h i s  arrangement.  I t  gix-es us  b i t s  of 
information t h a t  we t r y  t o  c o n s t r u c t ,  as someone mentioned y e s t e r d a y ,  t o  give 
us somehing l i k e  t h e  r e a l  world.  I t  d o e s n ' t  g ive us che r e a l  world,  but  i t  
provides  us  with something i n  here  t h a t  we b u i l d  on t o  and t h a t  somehow 
t r a n s l a t e s  t o  the  r e a l  world.  

Well, how d i d  we g e t  t h e r e ?  I ' m  going t o  t e l l  you some information t h a t  
I rece ived  from t h i s  man, Col Carl  Paul Crane, who I had t h e  good for tune  t o  
f l y  wi th  i n  the  mid  OS, and l a t e  ' 7 0 s  and even e a r l y  ' 6 0 s .  Car l  passed away 
about 3 y e a r s  ago i n  1 9 6 2 ,  and he had q u i t e  a s t o r y  t o  t e l l ,  and perhaps some 
o f  you have heard t h a t  s t o r y  b e f o r e .  I want t o  give you some of the  
h i s t o r i c a l  information because I t h i n k  i t  is  important.  H i s  ideas  were 
innovat ive  throughout h i s  l i f e  and I t h i n k  he l e f t  a l o t  wi th  us t h a t  w e  BL-e 
t a l k i n g  about today and t h e  s t o r y  t h a t  he t o l d  d e f i n a t e l y  s t a r t e d  the  
information t h a t  we a r e  t a l k i n g  about today .  And I wan t  t o  leave  you with a 
l i t t l e  b i t  of t h a t  before  I g e t  i n t o  instrument  t r a i n i n g .  

I n  1 9 2 3 ,  L: John Nacready flew h i s  f i r s t  f l i g h t  from t h e  Y e s t  t o  t he  E ~ s t  
c o a s t ,  he t r i e d  s e v e r a l  times e a s t  t o  west bu t  he never made i t  s o  he f i n a l l y  
made i t  w e s t  t o  e a s t .  I t  was a s i g n i f i c a n t  e v e r t  a t  t h a t  time but  the 
s i g n i f i c a n t  t h i n g ,  I thought ,  was t h e  r e p o r t  t h a t  he  wrote i n  which he s a i d  i n  
one of h i s  quotes :  ( r e p o r t e d  i n  Nat ional  Ceo.craphic i n  1 9 2 4 )  he said a: chat  
Eime t h z t  he f e l t  he could not  maintain h i s  a i r c r a f t  i f  t h e r e  was not some 



v i s u a l  r e f e r e n c e ,  a p o i n t ,  a l i g h t ,  a h o r i z o n ,  some c loud  o u t  on t h e  hor izon  
t h a t  would h e l p  him main ta in  h i s  a i r c r a f t .  Now, he p u b l i s h e d  t h a t  i n  1 9 2 4 .  
A t  t h a t  time t h e  a t t i t u d e  was t h a t  we d i d  n o t  need ins t ruments  t o  maiirtaiil 
a i r c r a f t  c o n t r o l .  Now, who was Macready? Well ,  he happended t o  be one of the  
c h i e f  t e s t  p i l o t s  a t  McCook F i e l d .  He s e t  an a l t i t u d e  r e c o r d ,  he d i d  a l o t  of 
o t h e r  t h i n g s  t o o .  

' 

Rut t h e  t h i n k i n g  a t  t h a t  time was, t h e r e  was soeietliing happeniny, t o  our 
p i l o t s  when they would go i n t o  weather.  We necded more informat ion ,  but  we 
r e a l l y  where 
they had t h a t  b i g  p i c t u r e  and i t  was n o t  t h e  t h i n g  t o  admit t h a t  you c o u l d n ' t  
f l y  when you went i n t o  weather .  We had a l o t  of 
p i l o t s ;  we had ins t ruments  on the  a i r p l a n e  t h e n ;  we had t u r n  and bank 
i n d i c a t o r s .  A l o t  o f  t i m e s  the p i l o t s  would send them back t o  the  
manufacturers say ing  t h a t  they d i d n ' t  work when they went i n t o  weather .  They 
worked And they would be benched and they would be 
s e n t  back say ing ,  "checked good, OPS checked okay." 

w e r e n ' t  s u r e  because they had been t r a i n e d  i n  a VFR environment 

So we had a problem h e r e .  

f i n e  when they were VFR. 

A l l  r i g h t ,  w e l l ,  how do we g e t  t o  those  cockpi t s  I showed you e a r l i e r :  
t h e  T - c r o s s  check. I n  o r d e r  t o  t a l k  about  t h a t ,  t o  g ive  you a b e t t e r  f e e l  of 
what was going on t h e n ,  t h i s  was the t o p - l i n e  f i g h t e r  i n  1925. I want t o  show 
you t h e  cockpi t  o f  t h a t  a i r p l a n e .  You had some ins t ruments  t h e r e  t h a t  d e a l t  
wi th  t h e  engine ,  b u t  you would be hard  pressed  t o  f i n d  t h e  bank and t u r n  
i n d i c a t o r ,  t h e  t u r n  bank i n d i c a t o r  and t h e  mag compass were hard  t o  see 
because they  were mounted on t h e  f l o o r  between t h e  rudder p e t a l s .  It's iiot 011 

t h i s  s l i d e  but  one of t h e s e  l i n e s  would show you wlrri-c i t  i s .  T I i ( 2  1)nrik 
i n d i c a t o r  was mounted on  tlie f l o o r  nnd t l i c .  coinpa:,s was i i i o u i i t c * d  O I I  top oI i t .  
A s  a mat ter  of f a c t ,  some commanders i n  t h e i r  o u t f i t  had t h o s e  t h i n g s  taped 
over because they wanted t h e  p i l o t s  t o  develop t h i s  i n n a t e  a b i l i t y  t o  f l y .  

As a miittcr o f  f a c t ,  a t  t l r ~ t  t i n i c .  c'veii p r io r  1 0  ,qoinL; i n t o  p i l o t  
t r n i n i n g ,  we hod what was c a l l e d  a Ruggles O r i e n t a t o r  i n  which you woulcl be 
examined. i t  was a c h a i r  t h a t  could be moved around on two a s e s  o f  n i o t i o r i ,  
and you would be esamined based on how w e l l  you could perform a f t e r  being spun 
around i n  t h i s  c h a i r .  And t h a t  could determine whether you would make i t  
through p i l o t  t r a i n i n g ,  whether you would even e n t e r  and g e t  a chance a t  i t .  
That was t h e  a t t i t u d e .  

tiow how d i d  we g e t  through a l l  t h a t ?  This i s  a p i c t u r e  of  t h e  e n t i r e  a i r  
f o r c e  i n  1913.  I ' l l  have t o  take you back i n  t ime.  These iire t h e  o f f i c e r s  i n  
t h e  f r o n t  row. This  i s  L t  Foulo is .  Eut i t ' s  t h e  back row I want t o  t a l k  j u s t  
a minute about because t h e r e  i s  a person back t h e r e ,  r i g h t  h e r e ,  a t a l l  man; 
he i s  t h e  only  one t h a t  has  two medals o n ,  and he was an e n l i s t e d  person ;t 
t h e  t ime and h i s  name i s  B i l l  Ocker, and he i s  the  one who r e a l l y  discovered 
t h e  problem t h a t  we have been t a l k i n g  about  f o r  the l a s t  day. H i s  s t o r y  i s  
q u i t e  i n t e r e s t i n g  and I ' m  going t o  b r i e f l y  t a l k  about t h a t .  
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This i s  Col Ocker about 3 months b e f o r e  he passed away i n  1 9 4 2 .  He 
discovered what t h i s  problem was t h a t  p i l o t s  were e s p e r i e n c i n g  a t  the  time and 
he pa id  d e a r l y  f o r  i t .  He w a s  twice s e n t  t o  Letterman General Hospi ta l  f o r  
p s y c h i a t r i c  e v a l u a t i o n  because h e  had t o  t e l l  p i l o t s  about  what was going on. 
H i s  commanding o f f i c e r  decided he was n u t s .  He l a t e r  i n  l i f e ,  he claimed t o  
b e ,  he claimed t o  be t h e  o n l y  o f f i c e r ,  i n  t h e  A i r  
Corps a t  t h e  time t h a t  had two l e t t e r s  t h a t  proved he was sane .  He s u f f e r e d  
t h e  h u m i l i a t i o n  of a Court M a r t i a l ,  because of an  arguement he had with t h e  
commanding o f f i c e r .  He was a q u i t t e d  on t h a t ,  b u t  he p a i d  d e a r l y  f o r  i t .  He 
w a s  never r e a l l y  recognized f o r  h i s  c o n t r i b u t i o n s  and I want t o  leave you with 
a l i t t l e  b i t  of what he d i d ,  and how t h a t  happened. 

he kind o f  joked  about i t ,  

Col Ocker was given one of  t h e  f i r s t  t u r n b a n k  i n d i c a t o r s  t h a t  E l m e r  
Sperry made i n  1918. And he c a r r i e d  t h a t  t h i n g  r e l i g i o u s l y  with him on every 
f l i g h t  f o r  e i g h t  y e a r s  before  he real ized what it was a l l  about .  He, t o o ,  d i d  
n o t  b e l i e v e  i t .  H e  f e l t  i t  worked f i n e  i n  c l e a r  weather c o n d i t i o n s ,  bu t  when 
he went i n t o  clouds o r  something l i k e  t h a t  i t  j u s t  d i d n ' t  work r i g h t .  And 
could you imagine going o u t  on a s o r t i e  with t h i s  guy, "Wait j u s t  a minute,  I 
have t o  g e t  my t u r n  and bank i n d i c a t o r ! "  He'd mount t h a t  t h i n g  on t h e  s t r u t  
o f  t h e  a i r p l a n e  and away they 'd  go. Now, he took t h a t  t h i n g  with him f o r  
e i g h t  y e a r s .  I n  1926,  a Capt Meyer, f l i g h t  surgeon,  was g iv ing  him h i s  semi- 
annual p h y s i c a l .  He 
would b l i n d f o l d  them and s p i n  them and have them guess  which way they were 
sp inning .  No one could ever  g e t  i t  c o r r e c t l y .  K'ow, no one had a s  y e t  ever  
a s s o c i a t e d  i n  
weather .  He put  Ocker i n  t h i s  c h a i r  i n  1 9 2 6 ,  b l i n d f o l d e d  him and spun him up.  
And s u r e  enough Ocker c o u l d n ' t  g e t  t h e  d i r e c t i o n s  c o r r e c t .  

Capt Meyers would p u t  p i l o t s  i n  t h e  Jones-Barany c h a i r .  

t h a t  w i t h  t h e  problems w e  were having a t  t h e  time about f l y i n g  

So what happened next w a s  k ind o f  i n t e r e s t i n g .  Eecause t h a t  rezlly 
changed our a t t i t u d e  o r  our understanding of instrument  f l y i n g  and what we 
needed t o  f l y .  Ocker r e c a l l e d  an  e a r l i e r  i n c i d e n t  when he was f l y i n g  wizh 
B i l l y  Mi tche l l .  He was B i l l y  Mitchell 's a i d  f o r  a couple of y e a r s .  H e  was i n  
t h e  l o c a t i o n  
and he not iced  some o i l  on h i s  shoe.  As B i l l y  M i t c h e l l  was banking t h e  
a i r p l a n e  t o  t h e  r i g h t ,  he bent  over  t o  wipe t h e  o i l  o f f  h i s  shoe and he f e l t  
t h a t  t h e  a i r p l a n e  l e v e l e d  o f f  and s t a r t e d  t o  t u r n  t o  t h e  l e f t .  And he WBS 
k i n d  o f  s u r p r i s e d  when he s t r a i g h t e n e d  up and found t h a t  they were f l y i n g  
s t r a i g h t  and l e v e l .  Now, t h a t  was e a r l i e r  i n  the  '20s t h a t  t h a t  had happened. 
He ne\.er r e a l l y  c o r r e l a t e d  t h a t  with anything, u n t i l  t h i s  i n c i d e n t  Ki th  Capt 
Meyer. And what he d i d ,  he asked Dr Meyers i f  he could come back and have 
t h i s  :est a g a i n .  And Dr Meyers s a i d ,  "Sure;  anyth ing  t o  f o o l  you damb 
p i l o t s . "  So Ocker went back t o  h i s  room, he g o t  t h i s  t u r n  i n d i c a t o r  t h a t  
Sperry had given him, he mounted it  i n  a l i g h t  type box ,  he puc a flashlight 
i n  these and he put  a m g n e r i c  compass i n .  And he had a l i t t l e  hose t l i a t  he  
could blow i n  t o  g e t  t h e  & y o  sp inning .  H e  went back i n t o  M e y c r s '  o ! f i ~ . c  ~ I I C !  

back s e a t  o f  an a i r p l a n e  and they were checking o u t  a new f i e l d  

t h i s  tiiiic i n s t e a d  of b e i n g  b l i n d f o l d e d  he put  t l m t  boz: ove r  h i s  f i l ce  A I > d  
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Mcyers spun him i n  t h a t  c h a i r  and s u r e  enough, he g o t  t h e  r i g h t  d i r e c t i o n  
every time. That was t h e  f i r s t  i n t e r n a t i o n a l l y  accepted d iscovery  of  p i l o t  
v e r t i g o  and t h a t  h a s  never been cha l lenged .  T h a t ' s  what s t a r t e d  it a l l .  

Now Ocher d i d  q u i t e  a b i t  a f t e r  t h a t ,  b u t  as I mentioned e a r l i e r ,  he paid 
t h e  p r i c e  f o r  t h a t  because a t  t h a t  t i m e  w e  wanted people t o  have t h a t  n a t u r a l  
a b i l i t y  t o  f l y .  L i t t l e  d i d  w e  r e a l i z e  t h a t  it was something e l se .  Now, Ocker 
put  t h e  box t h e r e ,  and he used t o  t r y  and convince people t h a t  you needed t h i s  
type of t r a i n i n g .  La ter  i n  t h e   OS, he met Car l  Crane, who was then a 
l i e u t e n a n t .  C a r l  had a s i m i l a r  i n c i d e n t  t h a t  Ocker had had ,  t h a t  k indled  h i s  
i n t e r e s t  about  instrument  f l y i n g .  He l e a r n e d  something more because of a s p i n  
he had g o t t e n  himself  i n t o .  And Ocker gave him some answers and t h a t  r e a l l y  
made Carl Crane a b e l i e v e r ,  and t h a t ' s  what perpe tua ted  Crane 's  s t o r y ,  bu t  
t h i s  was i n  t h e  l a t e  '20s.  

I n  1970,  t h e  FAA f i n a l l y  decided i t  was a good idea  and they had t h e i r  
f l i g h t  check people  go o u t  w i t h  a l i t t l e  gyro box t o  show people how you 
become 'd isor ien ted .  So i t  takes  a l i t t l e  t ime t o  g e t  new i d e a s  a c r o s s .  

But why do I have a pigeon here  covered up? 1 wanted t o  t e l l  you j u s t  a 
couple of t h i n g s  t h e s e  guys had t o  go through t o  convince people .  People 
wanted them t o  f l y  l i k e  b i r d s .  Well, Crane came up  with t h e  idea t h a t  b i rdc :  
I - r n l l v  d o n ' t  f l y  rhnt w a y  c i t l ic -r .  Tlirsy l i r i t l  t o  s l i c i w  I I ~ O I I ~ C . .  S o  w l i i i t  d i t 1  r1ic.y 
tlui' 'l'lit-y t o o k  :,orr~t' 1,1 I d:. , S O I I I ~  p i  ct'oiis l r l . r c * ,  aiid I Ircby would  cover  t11c.i L- Iic.,~Js 
up, take them up i n  t h e  a i r p l a n e  and throw them o u t  of t h e  a i r p l a n e .  And s u r e  
enough, t h e  b i r d s  would become d i s o r i e n t a t e d ,  b u t  they were smar t ,  they would 
put  t h e i r  wings o u t  a t  a wide d i h e d r a l  and j u s t  f l o a t  down t o  e a r t h .  You take 
t h e i r  bag o f f  and t h e y ' d  f l y  away. So l i t t l e  by l i t t l e ,  t h e s e  were some o f  
t h e  t h i n g s  they  had t o  go through t o  convince people t h a t  you c a n ' t  do i t  l i k e  
a b i r d .  They a l s o  b l indfo lded  people and gave them a l i n e  marker and kind o f  
l e t  them go i n  a s t r a i g h t  l i n e  and you would see  t h a t  everybody s t a r t e d  a 
s p i r a l  tendancy. So l i t t l e  by l i t t l e  we began t o  b e l i e v e  t h e r e  was something 
t h e r e .  

We s t a r t e d  t o  look i n t o  instrument  c o n d i t i o n s  and what we need. Crane and 
Ocker both devised ,  by p u t t i n g  some ins t ruments  on t h i s  o l d  Ruggles 
O r i e n t a t o r ,  t h e  f i r s t  s i m u l a t o r .  L a t e r  with t h e  idea o f  two s c i e n t i s t s ,  
Diamond and Dunsmore, who were working on t h e  model a i rways ,  Carl  Crane put  
toge ther  a s i m u l a t o r  which a c t u a l l y  had course  guidance i n  i t ,  and he pa tcn ted  
t h a t .  

N o w ,  al.lout. A vcrii- i i f t t . 1 -  t l i n t  i i ; i t e i i t  w;ic; f i l c , t l ,  r l i c .  1 1 ; 1 1 c . i i t .  o f  T i c . ( .  i io t  i f  i c , t l  

l i i n i  111:it t I 1 c . 1 ' ~ .  w i i s  i i  i . o i 1 1  I - i r t  1 1 c ~ i . c ~ .  So ir i t~r ) i~ t~  11y t l i f :  ii;irii(' of' 1:tl L i r i l :  l i ; ~ c l  f i 1 c . d  
ij ::; i i r i i  Iirr ~ I I  p i i t  a r i d  t1ic.y }];id t u  resolve t l i c .  i s : ; u t , ,  k'c -1  1 , ovci- tlie ~ ; ~ ~ c ~ c c . : ; s  of 
a lengtliy i n v e s t i g a t i o n  tlley determined Crane was two y e o r s  ahead of Ed Link. 
Link was forced  t o  take  a p a t e n t  ou t  under Crane. Kow, I s a y  t h a t  because  we 
a l l  have heard of Link. I'ery few have p r o b a b l y  heard o f  Crane, snd T s z y  t h t  
because t h i s  was t h e  f i r s c  s imula tor  t h a t  had instrument  course guidnr1c.e i n  
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it .  That s t a r t e d  with Crane 's  i d e a ,  which he g o t  from Ocker and some of the  
needs they had i n  those days.  When you t h i n k  about how much w e  do today i n  
instrument f l y i n g  i n  t h e  s i m u l a t o r ,  you can  a p p r e c i a t e  t h e  magnitude o f  t h i s  
idea  t h a t  happened way back then .  

About t h e  same t i m e ,  under t h e  a u s p i c e s  of  t h e  Guggenheim Fund, Jimmy 
D o o l i t t l e  made the f irst  b l i n d  f l i g h t  from t a k e o f f  t o  landing i n  1 9 2 9 .  This 
was t h e  f i r s t  a r t i f i c i a l  hor izon  i n  t h e  a i r p l a n e .  There was a l s o  a new 
a l t i m e t e r  c a l l e d  t h e  Kollsman a l t i m e t e r  and t h e  f i r s t  d i r e c t i o n a l  i n d i c a t o r  
was i n  t h a t  a i r p l a n e .  From t h i s ,  I f e e l ,  t h e  seed was p l a n t e d  f o r  the  
instrument  panel  t h a t  w e  have today. I f  you look a t  t h i s  pane l  and what was 
done t h e n ,  which i s  very  s i g n i f i c a n t ,  you look a t  t h e  Sperry system t h a t  came 
o u t  i n  t h e   OS, you can f i n d  t h e  a t t i t u d e  d i s p l a y  s t i l l  somewhere i n  t h e  
middle.  Eetween t h a t  p e r i o d ,  b e l i e v e  me, it was moved around a l o t .  

So we a r e  going through q u i t e  a l a r g e  p e r i o d  of  t i m e  h e r e  and then  a f t e r  
t h i s  system it was improvised a l i t t l e  b i t  t o  g e t  you back where we a r e  today,  
b u t  n o t i c e  n o t  much r e a l l y  changed. We changed t h e  sky c o l o r  a l i t t l e  b i t .  
The ground h a s  always remained b l a c k  o r  brown, d a r k ,  b u t  t h e  arrangement i s  
t h e r e  and we developed t h e  T c r o s s  check from that .  T h a t ' s  how we go t  t o  
where we a r e  today. 

What I want t o  do n e x t ,  a f t e r  having gone through about  70 y e a r s  o f  
instrument  c o n d i t i o n s ,  I would l i k e  t o  t e l l  you a l i t t l e  b i t  about  how we do 
i t  i n  t h e  A i r  Force,  how we t r a i n  people t h a t  a r e  completely u n f a m i l i a r  with 
instrument  f l y i n g ,  how w e  t r a i n  them t o  f l y  t h e i r  a i r p l a n e s .  Now t h a t  is  t h e  
guy we a r e  g iv ing  undergraduate  p i l o t  t r a i n i n g .  That may change a l i t t l e  b i t  
once he g e t s  i n  h i s  a i r c r a f t ,  b u t  t h i s  is  t h e  information t h a t  he is  r,ivc>n z i t  

p i  l o t  t r a i n i n g .  

Now I ' m  going t o  have t o  change my media p r e s e n t a t i o n  h e r e .  So could you 
t u r n  t h a t  o f f  p l e a s e ?  I ' m  s u r e  most o f  us  i n  the  room a r e  f a m i l i a r  with t h i s  
c o c k p i t .  I t ' s  the  T-38.  Again,  the nrranr,cinent, tllc T c ross  c l ~ e c k ,  t h i s  was 
t h e  s t a n d a r d  fo r  a long t ime.  And w e  go back t o  t h e  '60s  a l l  the  way up t o  
the  p r e s e n t  day. And we s t i l l  p l a n  on u s i n g  t h i s .  The p l a n  is t o  use t h i s  
a l l  I know of  no p l a n  t h a t  has  been funded t o  
modify rhe instrument  arrangement.  That may change i f  some t h i n g s  develop 
h e r e ,  bu t  even t h e  T - 4 6 ,  i f  i t  ever  g e t s  t h e  bugs worked out  o f  i t ,  w i l l  liave 
t h i s  type of  arrangement i n  i t .  This  i s  what the p i l o t ,  t h i s  i s  how t h e  p i l o t  
i s  going t o  l e a r n  t o  f l y  ins t ruments .  This  i s  t h e  c o c k p i t .  

t h e  way up t o  t h e  y e a r  2000. 

Now, how do we teach  him, what do we teach  him? I t h i n k  Pete  Lovering 
d iscussed  a l i t t l e  of t h i s ,  b u t  I wanted t o  take  something out  o f  5 1 - 3 7 .  This 
i s  a copy of a l i t t l e  c h a r t  t h a t  i s  i n  5 1 - 3 7 .  I t  i s  e x a c t .  k'hat we do f o r  B 

guy t o  l e a r n  t o  f l y  ins t ruments  from t h a t  instrument  p a n e l ,  i s  tht i t  we brezk 
the  ins t ruments  down. L'e t r y  t o  p i e c e  them toge ther  s o  I guess i n  h is  
conscious mind, i f  I understood some o f  t h e  talks y ( s t e : - d a v ,  ve w a n t  t o  y , i ~ t  
him a s e r i e s  o f  events  t h a t  he can comprehend, t o  c o n s t r u r t  t o  put  toE~ether ,  



that real world. So what we do, we take those instruments and break them into 
three categories: control, performance and navigation. Some people may say 
that there is another category that you can call command information. We 
could discuss that, but I think just for the sake of not having an arguement 
right now, You can see under 
certain conditions, your horizontal situation indicators could fall under 
either performance or navigation, depending on how you use them. 

let's just leave it at these three categories. 

What is taught t o  tliose people is ttiat wc mniirtniri nttitutlt. of  L I I C -  
airplane with the control instruments. That's how they get the name 
"control". They are calibrated in order to allow the pilot t o  make exact 
input into his aircraft. Attitude and power, be it the tachometer, the E G T ,  
the FTIT, depending on what nirplanc you are flying, you could get t l r n t  power 
from a various nuinhr of instruinerits. But that is how lie is taught to coiit 1-01 
his airplane. He maintains aircraft control by establishing a cross-check 
based on control instruments. From that he works on what we call the cross- 
check, where he goes from his control instruments to his performance 
instruments. 

The performance instruments are those instruments that give him 
information to see how his aircraft is performing. Sometimes they lag; it 
depends; and depending on his instructor and h i s  knowledge, he will try to 
convey to the student how these interrelate. That's how he learns to fly 
instruments. And you can go through the performance instruments. 

Notice the HUD is not here because 51-37 has not been updattld t o  i n c l u d e  
the H U D .  We feel at the Instruincnt Flight Center, tlrnt tlie 1lUD will f a l l  
under a performance instrument. Presently, present HUDs will. Until some 
changes are made, we are hesitant to put it in the control instrument column. 

But this is the way he learns. We have to have a sequence to teach this 
guy. We can't just let him go out iii an airplane and learn on his own and 
then, "llow did you do it?" "Well I don't know." We have to evaluate him, we 
have to critique him on what he does. In order to do that there has to be 
some kind of event, some series of events that we can critique. And we have 
to give him information. There are just too many people to be able to handle 
it on a one-to-one basis. There has to be some standardization to this whole 
process. And that's a problem we face. But any way, that's the way we do it. 
And with that we develop a cross-check and we use the cockpit of the T-36 to 
work that cross-check and that's how he learns to fly instruments. And that's 
how he will learn to fly instruments for a long time, too. That's not 
changing. 

However, other things are changing. As you can see here, I just want t o  
show you some other cockpits. We have seen quite a few, s o  I won't bore you 
with too many. But I want to shok: you some o f  the things the pilot is r,clinp, 
to he exposed to and some of  the things we are  going t o  h;ive t o  put  hack  int c) 
that training. Or, we are going to have to come up with a sequence of evc~r i t s  
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that allow us to do it consistently over and over again so that we develop 
some type of distribution whereby we can say this guy is the cut o f f  point, 
and everybody below that point doesn't fit. It has to be done. 

As you can see here, thrsc are standby instrumcilts but the B - 1 ,  tlris w i l l  
be an attitude display, can be, your 11SI is below it, you have soiiic tape 
instruments, but the standby group of instruments here. So, something goes 
wrong here, he is going to have to develop a cross-check on the standby down 
to the HSI to get his directional information. So, a little large cross-check 
there, but that would be in an emergency situation. 

F-16 C/D cockpit. Again, we buried the instruments a little lower in the 
cockpit, but I think the integrety here is pretty close. But again, you have 
the option. You have the AD1 here, you have attitude display, although it is 
not an attitude indicator, up here so you can get something out of  that. 

I'll give you a couple of the quickies here. Here is the F-15 E cockpit. 
There is no attitude indicator per se, as we know it in the T - 3 8 .  However, 
you can call up something that looks just like it. Anywhere you want. So I'm 
a little puzzled with that, I'm a little concerned about it too, because i f  
you. . the C-17 cockpit is changed, that's a proposal, and they have some 
information here about, again the pilot has the optiori-ilnd that's one of the 
things that concerns me. It concerns me that we have given the pilot a lot o f  
options here. Maybe that's good,  maybe tliat's bad ;  but I'll tell you w l r a t ,  
t hey  do not h a v e  that o p t i o n  while they are learning to fly instruments. 'I'licy 
are told the way t o  do it and they try to perform to that level. And then we 
put them in an environment where they have a lot of options. NOW whether 
that's good or bad I'm not sure. But that's the way it is. 

I did want.to talk a little bit about attitude displays because what I 
tried I want to go back 
and come up and show you what Carl Crane came up with years ago, back in the 
'30s really. displays. 
Whether that was good or bad, I'm not sure but I do have some mixed emotions, 
mixed feelings on this issue and I'm sure some of you do, too. What Carl felt 
was, over on the left there is our current attitude display (ADI). This is 
what is actually happening in the airplane. If I understood some people 
correctly yesterday, that information on the left of that slide is not the way 
we see it as it actually happens when we tire flying an airplane, in the roll 
sense. I ' m  talking about the roll sense; pitch seems to be correct. But 
there is a conflict here. We build a picture based on that I-epresent;i :- inn 

to show you there was some of the problems we had. 

And we kind of took a different road in our attitude 

OX~.C'I- t - l iv rp  ijrrtl 1'11 t e . 1 1  v c > i i .  i t  t c 1 1 : t . s  c+ w l t i l c ,  f o r  i i  : , l i i r I t , r i t  I O  ~ C * ; I I - I I  t o  

i i i l ~ ~ t ~ ] ~ l e ~ t  I I l ; i t  1 . 0 1  1 i l ~ f ( l l ~ i t i i ! t  i o l \ .  A i \ d  21.c.  [:til M ~ ~ f i : i i i ~ * , l i ~ i J t i  : , i ~ j d  ) ' c ~ : . ~ . f ~ l ~ c 1 : ~ ) ' ,  ! < ) I .  

suine pccrple, it I i~ ,ver  really docs Lecome autoi1l;tic , n l t h o u g t l  yc)u c a n  1c;ii-n t.o 
use it. To master this, you can do it. It takes time to learn it. How niuch 
time? I think we have a handle on that, 
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This, the Crane Alweather Flitegage, though doesn't seem to take that 
much time, and I bet there isn't anyone in here, (and there's not even an 
attitude horizon line on this) but I bet you everyone in this room knows uhich 
way to push the stick to level those wings. All right? This is what you see 
when you are flying an airplane. I think is that, yeah? I don't know if the 
next slide is really going to show what I want it to. Yeah, it's in a bank 
now. The horizon doesn't turn, its stationary. It's always been that way, 
and that's what we see when we ride a bike, do whatever we do, that's what we 
see. That's what our mind picks up and that's wlint we arc! co i id i t ioncd  t o .  
Somehow our instruments do not quite do that. This is what our instrument 
displays, if you will: the horizon turns. Carl Crane felt there was something 
more that you should see. You should see the airplane actually turn, the 
horizon stationary. And he devised, he and Ocker both, by the way, they also 
published the first training manual that was ever written. They wrote a Look 
called Blind Flying in Theory and Practice, published in 1932 in San Antonio. 
And it was the first book that talked about how to teach people to fly in 
instrument conditions. What they felt, this was called your outside-in 
display. where you're outside from the God's-eye view looking in 
and you fly your airplane that way. There's been a lot of research done on 
this. But I'll just mention that. I want to show you, to get a feel for 
what's going on here. That's a climb, and I don't want to get into all this 
other stuff. I think 
that's what's important. This is a right bank. If you want to roll left, you 
just roll the airplane left. Okay, that's called an outside-in display. Very 
simple. It seems to work well. They'll probably do more tests on it, but you 
get into an interesting discussion when you do this because we've gone down 
that other road for a lot of years. There's a lot of equipment out there that  
says we do it the other way. And that's something that 1 d o n ' t  know i f  wt- 
will ever overcome. 

All right, 

I just want to you to be aware of the attitude display. 

But I want to leave you with this information because this is another way 
of doing it. And it seems like there is more of the big picture here. You 
don't have to p i c c e  l i t t l e  ports of  inforination nntl consti-uct t h a t  p i c t u r e  ill 
y o u r  i n i  r i d .  I t . ' s  twrc., i t ' s  L l w  way we do tliings 1 i-oii i  day number 1 ; we s ~ e  i t  
out there arid we learn i t  t h a t  way. We get out in the  airplane, and it's very 
intuitive and natural. It's our subconscious working. I think the Inside-out 
way requires more conscious processing and never does become as inherently 
obvious and automatic as the outside-in (God's eye view) presentation. 
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s t a n d a r d i z a t i o n  and e v a l u a t i o n  f l i g h t  examiner i n  1965. 

I n  October 1966, Colonel Baker began F-4 combat a i r  crew t r a i n i n g  a t  
MacDill A i r  Force Ease ,  F l o r i d a .  H e  w a s  nex t  ass igned t o  Seymour Johnson Air 
Force Base, North C a r o l i n a ,  a s  p a r t  o f  t he  i n i t i a l  f i g h t e r  p i l o t  cad re  t o  
conve r t  t h e  4 t h  T a c t i c a l  F i g h t e r  Wing from F-105 t o  F-4 a i r c r a f t .  Froin 
January t o  J u l y  1968 he  was deployed wi th  the  h'ing t o  Kunsan A i r  Base,  South 
Korea during t h e  Pueblo c r i s i s .  Tn Kovember 1968, he was s e l e c t e d  a s  deputy 
c h i e f  o f  Wing Opera t ions  Plans where he was r e spons ib l e  f o r  p l ann ing  t h e  f i r s t  
e v e r  deployment of  T a c t i c a l  A i r  Commands Eare Ease equipment snd  pe r sonne l  t o  
h'orth F i e l d ,  South C a r o l i n a .  

Colonel Baker t r a n s f e r r e d  t o  Udorn Royal Thai A i r  Force Ease ,  Thai land i n  
J u l y  1970 and was a s s igned  t o  Detachment 1, 56th S p e c i a l  Operat ions h'i,ng. 
During h i s  Sou theas t  Asia t o u r  of d u t y ,  he was a f i g h c e r  p i l o t  and weapons and 
t a c t i c s  o f f i c e r  wh i l e  f l y i n g  combat missions i n  the  AT-28 over  Laos and 
Cambodia. 



The colonel next had a four year assignment to Vnnce Air Force Rase, 
Oklahoma, where he was a T-38 flight commander and chief of the 71st Flying 
Training Wing's Operations and Training Division. His first staff assignment 
came in July 1975 when he joined the Air Training Command's Inspector General 
staff at Randolph Air Force Base, Texas. In October 1976, he became chief of 
the Air Space and Air Traffic Control Division for Air Traffic Control 
Division for Air Training Command. 

From November 1978 to August 1983, he was assigned to Headquarters United 
States Air Forces in Europe at Ramstein Air Base, Germany. As a plans staff' 
officer he was the overall program manager to U.S. Air Force F-16 conversions 
in Europe, specifically directing conversion activities at Hahn Air Base, 
Germany and Torrejon Air Base, He was also named chief of the Fighter 
Programs Division which had basing and other programming responsibilities for 
all U.S. Air Force fighter, reconnaissance and electronic warfare aircraft in 
Europe. 

Spain. 

In August 1983, Colonel Baker was assigned back to Headquarters Air 
Training Command, Randolph Air Force Base, Texas as chief of the Readiness 
Division. He was directly' responsible for the command's first combined 
command post and field training readiness exercise. He assumed this present 
command in October 1983. 

The colonel is a command pilot with 4 , 0 0 0  flying hours in supersonic j e t  
fighter and trainer aircraft. His military decorations and awards include the 
Distinguished Flying Cross, Meritorious Service Mcdal with two oak l e a f  
clusters, Air Medal with four oak l e a f  clusters, Combat Readiness Medal, 
Vietnam Service Medel with three bronze service stars and the Republic of  
Vietnam Gallantry Cross with palm. 

He was promoted to the grade o f  colonel on April 1, 1983 with the same 
date of rank. 

Colonel Baker is married to the former Susan P. Bean from Big Spring, 
Texas. They have one son, Scott. 

Erigadier General Pruden recommended that I stand up and beat the drum 
for an advanced instrument training course or I P I S .  The IFC opened in 0ctobe.r 
1983 at Randolph. We work directly f o r  the USAF and under AFR 23-2, and we 
are the focal point for instrument flight matters in the Air Force. 

The IFC includes four divisions: 

a. Flight Directives Division, r e s p o n s i b l e  for flight publicstions 
and regulations. 

2 - 3 - 2  



b. Aeronautical Information Division, responsible for FLIP. The 
burning issue there is what t o  do with the F-16 and it's 
limited cockpit space. We're evaluating ways t o  shrink the FLIP 
and increase it's utility. 

c. Instrument Procedures Division deals in the TERPs area, 
waivers to nonstandard approaches approach clearance criteria, 

and works with NATO in the ICAO arena. 

d. Operational Plans Division (Lt Col Ercoline) which looks 
forward to anticipating the problems we'll be working in t l w  
future. 

We do worry about instrument training. We're involved in it and write 
the 6-hour annual instrument refresher course. 

We provide instrument training on the road to the ANG and AFRES. 

We're monitoring ATC, and their plans to leave the T-46 essentially 
unchanged concerns us. It's a big transition from the round dial-T to the F- 
15, F-16 and B - 1 ,  and we feel the training should be upgraded with more modern 
displays to help bridge this step. 

The old Instrument Pilot Instructor School (IPIS) put out experts to 
return to their units and serve as focal points on instrument related mat:ers. 
There has been considerable interest out there to resurrect this, and we have 
attempted to reestablish some sort of advanced instrument training school. 
One proposal was for a 4-week course at Randolph AFB: 50 hours of academics,  
7 hours of s imula tors ,  nird 1 2  hours of n r t u n l  I I ~ I - C * I - ; I ~ ~  f lyi i i i :  J I ? :  I I  f i i l r l l  

v ; ~ l j d ~ t t  ion ~ I I I I S ( *  t o  prow* I O  t l w  pi lot  t l i r l t  1 1  t . t - ; I I  I ,  w 0 1 1 : s .  We'd I ~ ~ ~ \ I I I ~ Q  ;I 

'I- 38 equipped with a IWD that could be yrograniined to d i s p l a y  formats of  eit l ler  
F-15 or F-16, whatever. Put the fighter pilots through one track using 
fighter-type displavs. 

0 1 1  [ l i t ,  'l"1'11 : . i ( l t * ,  w c * ' t l  i ~ ! ; c *  11 T-3IJ o r  (:-:'I, i 11 i11  t ~ \ * t * t I t t i ; i l l y  ii f ( ~ I 1 0 w - O I I  *l''l't', 
aircrcll  t. 111 t o d a y ' s  iust-ntc)viiig wc)rld of instrutnc*nts arid displays, tllis 
would provide a core of instrument experts throughout the Air Force. that could 
help keep the MAJCOMs up-to-date. I had a lot of support from CINCTAC snd 
CINCSAC for a ground school but not for the flying program. There may have 
been some concern that it would just turn into a flying club. We estimated a 
cost of $6 million per year. In today's tight budget environment, it's 
difficult to get money to initiate new programs. We haven't given u p ;  we'll 
keep punching. 



PHYSIOLOGIC LIMITATIONS TO PILOT ATTITUDE AWARENESS' 
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Mr. Terry Lutz is an engineering test pilot for Calspan Corporation in 
Ihffnlo, New l'ork where he is involved in flight c o n t r o l  I-escarch. llc scrvcd 
a t  €'-16, 
working primariily on the fly-by-wire flight control system. After spending 
one year as an acceptance pilot on the A-10 production program, he was 
c ; r * l e c * t r , d  l o  a t t c n d  thrs USAF Tr.r,t P i l o t  S c l i n c > l .  A l t e l  p,ia:'du:it i o n ,  hi. *; I ICVI~ f w o  
y e a r s  :IS ( : h i e t  0 1  I l y l i i ) * ,  (!iiuI itle:. r i i r c l  I i r s t r i i c t o r  P i  lo r  of  tlie 'lest P i  l o t  
:~c.liool . tle liils o v e r  5000 Iiouis of  ilying time iii various figtiter/trniner 
aircraft including the F-4, A-10, A - 7 ,  F-15, F-16, Saab-Scania Viggen, and 
British Aerospace Hawk. His undergraduate study was at the University of  
Michigan and his Masters degree was earned at the University of Dayton. Both 
degrees are in Aerospace Engineering. 

tlie E'-16 System program Office during full scalc tlrvelopmcnt of t h e  

I guess I've had more time in some of those airplanes, but unfortunately 
a lot of them were just one time flights, but I was fortunate enough to be 
a b l e  to bc! exposed to tlie way they flew. 

What I'd like to try to do in my presentation is pull together some of  
the things that we've already heard. I had put together a briefing that u s e d  
some of Dave Milam's material, some of Dr. Malcolm's material and some of Pete 
Lovering's material, and then I talked to Grant and I said I've got this great 
outline. He says that's terrific and I said who else is speaking and he said, 
well Dave Milam is speaking, Pete Lovering's speaking and Dr. Malcolm, so  Khat 
I did was I took some information that I had and tried to put. it tofic.thE-r' into 
: . ;nnwt l i i i~r~* ,  t l r n t  niay r l i i i i t .  :.nine . . ;cbc.t ls  i n  s r ~ i c  iiiiiiclr; I I C , I - C .  ;I?;  t o  d i  i - c . c : t  i c i i i s  t t i : i t  

w t '  iii:iy i i c . c . c l  t o  I:O. I ' I I I  l ; u i i i y ,  t . o  t r y  t i i ~ ~ i  r c i i i l i i r i  i i o r i c ' o i i t  i.civ(-r:ii;il i i i  L I I P  
1 i L t : i  LULIC! iiiclicet.or vt'i-sus l i e i id-up display issue, if' it is going t o  be an 
issue, and point out the big differences and let you make some decisions as  to 
where to go. Vnat I'd like to do is integrate some material that viis 
developed by the Air Rational Guard, Major Milt Miller, at Tucson. Some of 
you may have read his article in Aviation Week. Vhat he's done is put 
together a training program for teaching pilots to fly a t  very low a1tit.udi.s 
and very high speeds, and he says  this is what you can and cannot perceive 
with ~ C J L I ~  human visunl system. So what I'm going to do is integrate somP of 
his techniques and show you how the rest of what we've heard in this 
conference can help us understand how to design the cockpit and how the pilot 
performs tasks in the cockpit. 



Before we understand t h e  p h y s i o l o g i c a l  l i m i t a t i o n s  t o  the  p i l o t ,  we've 
got t o  understand wlio the p i l o t  i s ,  and i t  b r i n g s  t o  miiid a s t o r y  t h a t  1 11c.ni-tl 

t h a t  involved t h r e e  surgeons a t  a medical conference:  t h e r e  was a German 
surgeon, Japanese surgeon and a n  American surgeon--and they e n t e r e d  i n t o  a 
d i scuss ion  about  how easy  i t  was t o  o p e r a t e  on people from t h e i r  home country.  
The German s a i d ,  "Obviously, a German p a t i e n t  i s  t h e  e a s i e s t  t o  o p e r a t e  on. 
F i r s t  of a l l ,  t h e y ' r e  engineered  l i k e  t h e y ' v e  engineered a Mercedes, 
every th ing  f i t s ,  every th ing  is  i n  i t s  proper  p l a c e ,  you open them up,  you f i n d  
out  t h a t  a l l  t h e  plumbing i s  on quick  d i s c o n n e c t s ,  from t h e  German beer  t h a t  
they d r i n k ,  every th ing  i s  w e l l  l u b r i c a t e d ,  t h e r e ' s  no problem t o  o p e r a t e  on a 
German p a t i e n t . "  The Japanese man s a i d ,  "No, I t h i n k  t h e  Japanese a r e  f a r  
e a s i e r  t o  o p e r a t e  on. F i r s t  of a l l ,  t h e y ' r e  h i g h l y  r e l i a b l e  and you never 
have t o  open them up ,  bu t  i f  you do happen t o  open them up ,  you f i n d  t h a t  a l l  
p a r t s  a r e  very  s m a l l ,  every th ing  
i s  cadmium p l a t e d ;  t h e r e  is no problem t o  o p e r a t e  on a Japanese . , '  The 
American doc tor  s a i d ,  "Nope, I ' v e  g o t  you both  b e a t .  The e a s i e s t  person t o  
o p e r a t e  on is t h e  American f i g h t e r  p i l o t .  When you open a f i g h t e r  p i l o t  up,  
the  f i r s t  t h i n g  you n o t i c e  h e  h a s  no g u t s ,  second t h i n g  you n o t i c e  i s  he has 
no h e a r t ,  and a t  each end t h e r e ' s  a moving p a r t  and they a r e  hoth 
in te rchangeable  . I' 

a 

i f  you need s p a r e s  you can g e t  them e a s i l y ,  

M i l t  M i l l e r  has  put  t o g e t h e r  a r e a l  good low a l t i t u d e  t r a i n i n g  pror,ram. 
His o b j e c t i v e  i s  t o  look a t  the  aerodynamics, p h y s i c s ,  r711d v i s u a l  l i m i t a t i o n s  
i n  t h a t  a r e a  and teach task-time-management. A r e a l  quick l o o k  then a t  
c u r r e n t  o p e r a t i o n a l  des ign  t r e n d s  i n  the  c o c k p i t .  We've a l r e a d y  seen  the  
cross-check changes; w e ' l l  t a l k  a b i t  about head-up d i s p l a y ;  I ' l l  g ive  you my 
i n t e r p r e t a t i o n  of t h e  d i f f e r e n c e s  between t h e  HUD and t h e  AD1 a s  an instrument  
f l i g h t  r e f e r e n c e ,  and show you some examples o f  s t e p s  t h a t  the  i n d u s t r y  i s  
t ak ing  i n  t h e  r i g h t  d i r e c t i o n ,  and o f f e r  a few s u g g e s t i o n s .  

The o t h e r  important message M i l t  g i v e s  involves  t h e  mission:  t h e  mission 
i s  why we f l y  t h e  a i r p l a n e .  h'e want t o  take  bombs t o  the  t a r g e t  o r  take  our 
gun and k i l l  t h e  enemy o r  m i s s i l e  and k i l l  the  enrii'v. N o w  i n  M i l t ' s  c n s ~ .  
h e ' s  tc.achirig low a l t i t u d e  f l y i n g  t r a i n i n g  hit he p i - i o r i t i z c s  i t .  He s a y s  
w h a t  1 want t o  do is  teach  low a l t i t u d e  maneuvering f i r s t .  T h a t ' s  niy f i r s t  
p r i o r i t y ,  and then the  low a l t i t u d e  t a c t i c s .  He wants t o  make avoiding t h e  
ground the most s t a b l e  of a l l  p i l o t s '  s k i l l s ,  s o  l e t ' s  i n t e r p r e t  t h a t .  L l a t  
y o u ' r e  s e e i n g  i s  j u s t  l i k e  I ' d  t r a i n  a p i l o t  t o  f l y  good i m t r u m e n t s  i n  p i l o t  
t r a i n i n g .  Now I ' v e  got  a p i l o t  i n  t h e  t a c t i c a l  environment,  and I want him to 
wire up a l l  those  l i t t l e  c i r c u i t s  i n  h i s  b r a i n  t h a t  ceaches him t o  avoid the 
ground and p l a c e s  them on a subconscious l e v e l  t h a t  becomes subconscious--he 
knows e x a c t l y  where t o  look t o  g e t  c e r t a i n  p i e c e s  o f  information when he needs 
i t ,  depending on whether h e ' s  t u r n i n g ,  s t r a i g h t  and l e v e l  o r  doing a v e r t i c a l  
Inaneuve r , 



Every pilot has a personal ability right now to fly at low altitude 
(Figure 1). I know I do and I know some of the other pilots in this room do 
also. And depending on how fast you're flying, what altitudes you are 
required to fly, the terrain that you're flying over, the weather that you're 
flying through, and the amount of time that you have available to perform 
tasks in the cockpit or check your wingman or look for threats, you're going 
to give yourself a reactive buffer. But what Milt wants to do is say, "I want 
this guy to fly as low as possible and bring his capability right out here so 
he has a constant reactive buffer, depending on all those other conditions 
that he's flying." In other words, these areas in here are where he's 
increased his reactive buffer or where he cannot perform the mission quite as  
well or where the enemy can shoot him down easier if he gets him up in 
altitude. All right, so what Milt says is let's give the guy a 1 . 5 - 2 . 0  second 
reactive buffer between himself and the ground impact line which is the outer 
side of both of these circles, and he looks at the problem in terms of the 
aerodynamics, the physics and lastly the human perceptions. 

Essentially when you fly at low altitude, you do it with three types of 
maneuvers (Figure 2 ) .  "You fly level flight for a majority of the mission, 
about 90 percent; and 
you do turning maneuvers about 5 percent of the time." Now, if you l ook  at 
the visual capability of the pilot, arid the 
sensitivity of the problem, (i.e. increasing sensitivity or the problem is 
getting worse for the pilot from an aerodynamics and a physics sensitivity 
standpoint) you find that vertical maneuvers fall in the middle between 
straight and level and turns; turns are the .worst. What you want to be able 
to do is use your visual capability, to 
improve the way that you do vertical maneuvers and to improve the way that you 
fly turning maneuvers at very low altitude. 

you do vertical maneuvers about 3 percent of the time; 

wtiich increnscs down this scale, 

understanding its given limitations, 

This (Figure 3 )  is the aerodynamics and physics result and this 
essentially compares level flight in turns--you could do the same thing for a 
diving maneuver, but it's strictly the physics of the problem. If you encered 
a lo dive while flying at an indicated airspeed of 400 knots and your altitude 
were 500 ft, you'd have 35 seconds to ground impact; at 100 ft, 7 seconds. 
Now the way Milt calculated it: If you put a 1.5 second reaction time on 
here, in 7 seconds that would give you 5-1/2 seconds to recover; at tnat 
speed, you'd be able to bring 4 g's in within 2 seconds and the airplane's 
flight path would clear the ground by a slight margin, maybe 10-20 feet. 
Pretty benign in the straight and level condition, but if you go into a turn, 
your time t o  
respectively . 
time to impact; 
a turn before 
reaction times 
happens to work 

- 
impact froin 5 0 0 ' '  3 0 0 ' ,  and 100' are 7, 5 and 3 seconds 
Milt calculates the reaction time is about 50 percent of the 
the reason is that the pilot must to recognize.and roll out of 
he puts his 4 6 ' s  on in 2 seconds. Fifty percent of those 
are 3-1/2, 2 - 1 / 2  and 1-1/2 seconds which, of 'course, just 
out to be the same time at 100 feet. 

2 - 4 - 3  
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T h a t ' s  t h e  aerodynamics and t h e  phys ics  o v e r l a i d  onto  one s l i d e  f o r  
s t r a i g h t  and level  and f o r  t u r n i n g  maneuvers. Now l e t ' s  look a t  t h e  v i s u a l  
c a p a b i l i t y  of t h e  p i l o t  (F igure  4 ) .  There ' s  a l o t  going on i n  what seems l i k e  
a v e r y  simple s l i d e .  F i r s t  o f  a l l ,  the  
speakers  a l l u d e d  t o  t h e  f a c t  t h a t  we ' re  a l l  looking o u t  through a s e t  of 
goggles;  and t h a t ' s ,  i n  f a c t ,  t r u e .  We look  o u t  through a s e t  of goggles 
which s ta r t  p e r i p h e r a l l y .  I can j u s t  b a r e l y  s e e  my f i n g e r t i p s  now i n  my 
p e r i p h e r a l  v i s i o n .  I t ' s  about  180' f i e l d  o f  view and then your c e n t r a l  v i s i o n  
i s  r i g h t  i n  t h e  middle of i t  o r  wherever you happen t o  slew your c e n t r a l  
v i s i o n .  Your c e n t r a l  v i s i o n  i s  about a 2' f i e l d ,  and i f  e v e r y t h i n g ' s  working 
r i g h t ,  a c u i t y  i s  about 20/20. The a c u i t y  i s  p e r i p h e r a l  v i s i o n  f i e l d  i s  almost 
1800 f i e l d  o f  view, a t  l e a s t  s i d e - t o - s i d e ;  i t ' s  lower from v e r t i c a l l y ,  and 
clcpending on the  i n d i v i d u a l ,  i t ' s  about 2 0 / 4 0 0 ,  s o  the  a c u i t y  is  not  t 1 i ; i t  high 
b u t  you can p i c k  up a l o t  i n  your p e r i p h e r a l  v i s i o n .  The s i g n i f i c a n t  t h i n g  
about t h i s  s l i d e  i s  t h a t  when you p u l l  g ,  maybe 4 g o r  depending on the  person 
m;iybe t h n t ' s  6 E'S, b u t  tis you lwy,in p u l l  i l l y ,  I-,, t l i c a  ~ ~ , o ~ , ~ ; l ( ~ s  l w y , i i i  t o  c ~ 1 c i r . i ~  

t l c ~ w i i  i i i  ~ 1 2 ~  i i i i t l  you  1)t~gln t o  grey o u t .  Wc.11, wl i c t t  ex ' ict ly is  t l i n t  tcsllitig 
us? When you grey o u t ,  t h e  mind is beginning t o  f i l l  i n  your p e r i p h e r a l  
v i s i o n  f i e l d  of view wi th  gray ;  i t ' s  s t r i c t l y  a cons tan t  gray input  and i t  
begins  f i l l i n g  i t  c e n t r i p i t a l l y .  Now what e l se  do you l o s e ?  I f  you could see  
i n  c o l o r  i n  your p e r i p h e r a l  v i s i o n ,  and w e  a l l  do t o  some e x t e n t ,  (and I ' m  
going t o  t a l k  about t h a t  i n  a minute) ,  you a l s o  lose c o l o r .  I t  goes from 
c o l o r  i n t o  gray.  Now a t  whatever G - l e v e l  t h a t  happens t o  b e ,  you begin  l o s i n g  
some of your p e r i p h e r a l  v i s i o n .  Sour p e r i p h e r a l  v i s i o n  i s  becoming hypoxia,  
and i f  you are becoming s l i g h t l y  hypoxic ,  a r e n ' t  t h e r e  o t h e r  b r a i n  processes  
t h a t  a r e  beginning t o  slow down? Your h e a r i n g ,  your v e r y ,  very  f i n e  
p e r c e p t i o n  of h e a r i n g  i s  going t o  slow down j u s t  a l i t t l e  b i t ;  i f  i t  i s  a s  
s e n s i t i v e  a r e c e p t o r  a s  t h e  e y e ,  i t  w i l l  a l s o  be a f f e c t e d  i n  t h e  same manner. 
There may be some thought processes  t h a t  a r e  s lowing down, t o o ,  s o  we need t o  
be aware t h a t  i n  a d d i t i o n  to having a v i s u a l  l i m i t a t i o n  when we p u l l  g ' s  such 
a s  t h i s ,  w e  ought t o  look i n t o  f i n d i n g  out  whst o t h e r  degrada t ions  occur .  

w e  saw a s l i d e  yes te rday  and one of 

L e t ' s  pu t  it i n t o  r e a l  time p e r s p e c t i v e .  We a l l  saw Nick Kehoe's 
v ideotape  yes te rday ,  and he says a t  t h e  l a s t  p a r t  of t h e  v ideotape  Chat tie 
l o s t  h i s  perccaption o f  w h r c !  t.lic> Iini-izori  y;is. W 1 . 1 1 ,  WP co i i ld  a l l  S C C  ~ l l o t .  

1 i ~ i t ~ I : : ~ i i i  c - t i s i l y .  1;t)r 1111 ovt*1. 1 1 i ( .  w i i t c . 1  f l i i * , l i [  , t11 ;c t  W ; I ! ;  i i  ~ i r ( . L t y  d i s t  i r i c t  
t ior izot i ,  I W < J U l d ,  s ~ i y .  I t l i i i i k  t l i i l t  w l i i i t  l i a p ~ i e t ~ c ~ d  i s  wlren lie ,went t o  the nici-ge 
and he went i n  f o r  the  hard  t u r n ,  h i s  p e r i p h e r a l  v i s i o n  shrank down t o  wliare 
he c o u l d n ' t  perce ive  t h e  hor izon  anymore. Also keep i n  mind from hear ing  and 
viewing t h a t  v ideotape  t h a t  t h e  camera i s  looking s t r a i g h t  ahead out  the 
a i r p l a n e ;  Nick Kehoe was looking over  t o  h i s  r i g h t  o r  l e f t  f o r  h i s  adversary .  
He w a s n ' t  looking through t h e  HUD; he d i d n ' t  have the  advantage of  the 
a t t i t u d e  l i n e .  He's looking over t o  h i s  r i g h t  and p u l l i n g  g ' s ,  s o  h i s  
p e r i p h e r a l  v i s i o n  s h r i n k s  down and now h e ' s  looking  through a f a i r l y  srriall 
tube at h i s  adversary .  I b e l i e v e  t h a t  t h a t ' s  w h y  he l o s t  the  p e r c e p t i o n  o f  
where the  horizon was. 
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Three other slides on visual perception (Figures 5A 6 B). Your central 
vision is the conscious effort. It gathers information into discrete 
segments; it allows you to process information digitally so to speak.  It 
measures aircraft parameters by direct viewing of instruments in the U U D .  The 
central vision will not measure roll angle, it will not measure dive angle 
unless it has some other reference like the canopy bow or an instrument in the 
cockpit or the head-up display. It 
won't it won't measure flight path 
angle, pitch and roll attitude or range. You must use the HUD or other 
cockpit instruments. 

It very accurately discriminates colors. 
measure your velocity unless you read it; 

On the other hand, with your peripheral vision (Figure 6 ) ,  the 
subconscious effort, the information processing is continuous, and if we have 
time, Dr. Malcolm, I'd l i k e  to sit down and talk about wlirthcr your pel-iphc-1-31 
vision is one of these patched up, wired up t h i n g s  that you can irnpl-ove 
through training or whether it's hardwired and always there, and what other 
things are hardwired and always there or need to be patched up and wired. But 
your peripheral vision provides what Milt Miller refers to as "speed rush 
baseline" and "speed rusli conditioning". What that means is as you're flying 
along at 100 feet and 480 knots, you see the terrain whipping by at a certain 
rate and you become conditioned to that. If you happen to slow down at 200 
feet to 200 knots from 480,  you say, "Gee whiz, I could eat a sandwich here," 
because you were going so fast before and now you feel like you're going 
incredibly slow, when the fact is you're still actually doing 200 knots. Now 
for a fighter, that is kind of slow, but it is a wide speed range to which you 
are sensitive. It measures changes, the key word in that line is changes, in 
pitch and roll attitude. It won't measure them themselves but it would pick 
up the changes. If know where you were and you see the change in your 
peripheral vision, you'd know in which direction you're going. It is very 
sensitive to acceleration in terms of g and has limited color capability. 

Let's talk for a minute about color (Figure 7). The information spectral 
density of a monochromatic display can be so greet that it can o\vcrwhelm the 
observer. It's just what Fete Lovering told us in his briefing that I counted 
ten times the amount of information on this CRT than is normally shown on an 
attitude indicator. You can actually overwhelm the observcr. arid one way t o  
p i c k  111) t l i t h  i r l ) i l i t y  t o  t7 , t i i i i  iriformiitioti o f f  n c l i ! b p l i ~ y  tliiir l i i i s  (1 l o t  of 
i n f o i t t i c i t  Ion O I I  1 t is I ( I  t i s . t a  c o l o r  i n  c.oiilLirlcitioti w i t h  pat  t e rn  rL-coCtiitiori. 
S r m r  studies a d s i s e  usirlg only 4 - 6  colors tnaxiniute to avoid resaturating tile 
guy from an information spectral density standpoint. There are limitations to 
color perception. Grav-out is loss of visual acuity and color perception. 
The second line here, if I had to rewrite it, I would rewrite it and say that 
in the peripheral vision, red seems to be right about in the center from about 
- +150, and as you try to pick up things that are farther out in your field o f  
view, the colors that are easiest to pick out change. They become somewhere, 
that's a contest in the literature, between blue and yellow out here at about 
600, The eye is 
differentially sensitive, as I menEioned; and symbols, when you're using a 

s o  r,pd may not be the best one except right in the center. 
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color display must be large enough to avoid a small field tritanopia, which is 
your inability to discriminate between the colors when the figures are \~t?rv 
!;nlol 1.. 

What Milt does then is he says those are the visual limitations; when you 
recognize them you know that when you go into a vertical maneuver you have to 
look at some pitch attitude reference or pitch reference to tell what your 
pitch attitude is going up, rolling, inverting and bringing the airplane back 
down in a vertical or jinking maneuver. If you 
go into a 300 dive, Putting it on the other 
perspective, was 
doing air-to-air maneuvers at very low altitude, and got into a very high sink 
rate situation. The only instrument in the cockpit that was moving, actually, 
was the altimeter. The airspeed was relatively constant because he was kind 
of stagnated; the vertical velocity was pegged at 6000 ft/min, the attitude of 
the airplane was slightly nose high and he was just sinking rapidly. The one 
thing that was important in that particular case was that if he had looked in 
the HUD, his velocity vector would have been caged in the bottom of the HUD, 
though, in fact, the velocity vector would have probably been down too because 
he was coming down rapidly or was in a turn at a very high sink rate. We need 
to recognize all those visual limitations and know what you can and can't 
perceive. 

Your eye can't perceive that. 
all you're looking at is dirt. 

he was telling us of an accident which occurred while a guy 

So he says those are the limitations, now how do you manage your time in 
the cockpit? Well this is what he says you should do (Figure 8). If you are 
going to avoid hitting the ground, spend some time on terrain clearance tasks. 
These are conscious efforts. And when you're in level flight, you don't have 
to spend very much time doing that; you can spend most of your time on mission 
cross-checks. But when you go into a turn or a vertical maneuver where from 
an aerodynamics and a physics standpoint the problem is much more difficult, 
you have to allot more time to terrain clearance tasking and less time to your 
mission cross-checks. Now, the idea is to go back to one of the first slides 
I showed and never reduce your terrain clearance tasking below the 
aerodynamics and physics minimum reaction time. Now, what this slide is 
really telling us, as airplane designers and airplane flyers, is that when we 
design an airplane or perform a task in the cockpit, we have to consider the 
amount of time it takes the pilot to do that individual task. If it's 
changing radio channels or if it's punching chaff, or if it's resetting his 
radar or resetting weapons switches, we need to be able to make those tasks 
simple enough and straightforward enough that he can do them and still have 
enough time to perform the tasks that he needs to, given his visual 
limitations, so that he won't hit the ground. Enough of the low alcitude 
training program. 

Let's talk a little bit about some of our current cockpit design trends 
(Figure 9 ) .  L'e've seen that we have gone away from the large, centrslly 
located AD1 and away from the T cross-check pattern, (1'11 give you an exmF1e 
of that), toward the use of the HUD for all the flight parameters and tousrd 
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the use of up-front controls and multi-function displays. These are big 
modifications to the way pilots are trained to process information. We heard 
a lot of talk yesterday about treininy., and I think i t  was good talk, and we 
r w r u d  to c l i  sciiss wlirit WI- caii do f roin I I  t 1-11 i riing st;ititlpoirit to teach cuys t o  
hnridlc! tlic new cockpits . 

In the F-15 (Figure l o ) ,  (I'm sure that the guys from McDonnell-Douglas 
that are going to speak are going to give us some more information on some of 
the subjects I'm going to briefly touch on here), there's a nice T cross-check 
pattern. The attitude indicator in the F-15, centrally located, is the larger 
size and a pilot can be able to look from side-to-side in the cockpit at 
different things and be able to keep that attitude indicator there in his 
peripheral vision. If I take the attitude indicator and put it down here and 
look up to here, it's farther away from my central vision field of view and 
farther out in my peripheral vision. The information that we heard yesterday 
said that the size of a given object or figure must enlarge as you get further 
out in your peripheral visual fields in order to be able to perceive it. So 
if you take our attitude indicator and move it down in our field of it 
has to to 
perceive it in the same way. 

view, 
remain fairly large or it has to grow in order for him to be able 

1 1 1  1 . 1 -  ' .L. t 1 1 ~ 1  1:- 1 ' ) I :  ( I ' i  r,iit.t* 1 1 ) , ! . ~ I I I I I ~  r i  i 1-1'1 ; i i i c . ,  i i i ' w i * i  v t * i - ~  i oi l .  Now t l i v  
C~OS,L,- clicck patteiii ha:,ii' t been ostollislicd tor tliis airplane yet a i d  tliere 
are two ways that it can go.  You can either bring your attitude indicator 
down here in the center MFD, and cross-check up to say a radar display here on 
the right MFD, and an E-square display here on the left MFD, or whatever 
happens or you can fly the airplane primarily in the HUD 
and cross-check down. I don't think that's been established yet, and I think 
that's something that TAC needs to take a long, hard look at and see which way 
we're going to cross-check instruments in this airplane. Now the McDonnell 
guys are going to tell us that you can bring the attitude indicator up on any 
of these displays and that's fine and that attitude indicator will work. It's 
3 "  in diameter, and it works just like the mechanical ADI. But as far as 
cockpit management and time management for the pilot, I think it's the user 
that's going to have to decide how he wants to manage his information flow in 
the cockpit. 

to be on the menu; 

A brief look at head-up displays. This is the A - 7  head-up display 
( F i c u r e  1 2 ) .  Y o u ' l l  iiotice that tlie A - 7  is onc of  t h e  cayliest H I l D s  t h a t  t l i e  
A i r  I ' I ~ I . V ( *  ii!,cd i f  i i o t  t l i (  ( : i r l i i&!, t ,  ; i i i t l  i t  t t . t icl: .  t o  \ ) I *  iii iiii ntii i loy, for i i i : i t  

l ) o i l i  lor  t i i 1 - : , 1 1 ( . ( ' ( 1  L I I ~  t 1 1 t  itudr w i t l i  t l i y , i t s  t o  k i i t ; l i l i r , l i t  ttiinr,s. I t  l i t i s  B 

digital heading format here. The only one difference thst I could see about 
the A - 7  was that they tended to use very clear and slightly larger charncters 
for some of the pitch information and some of the heading information, but 
other than that, it's the only difference that I could find. 

2 - 4 - 1  7 



F-lSA/B/C/D CROSSCHECK PATTERN 

- 

F i g u r e  1 0  



F-15E CROSSCHECK PATTERN 



N 
I 
.r 
I 
Iv 
0 - . . . . - . 

I 

A-7D HEAD UP DISPLAY 

5 
I 

12 13 

I 
e . . . .  

- . 

. 
0 



Now I have made a box h e r e  i n  orange and t h i s  box i s  very  s i m i l a r  t o  t h e  
l i t t l e  box t h a t  Pete Lovering showed you wi th  t h e  o v e r l a y ,  and I ' m  going t o  
show it on an  a t t i t u d e  i n d i c a t o r .  This box i s  approximately,  however i t  goes ,  
it a c t u a l l y  goes a l i t t l e  b i t  h i g h e r  t h a n  t h a t  and a l i t t l e  b i t  lower than  
t h a t ,  i t ' s  more l a d d e r  shaped t h a n  it i s  box shaped, bu t  I ' m  going t o  show you 
what t h a t  looks l i k e  on an  a t t i t u d e  i n d i c a t o r  and one s l i d e  more. 

This i s  the  F-15E head-up d i s p l a y  (Figure 1 3 ) .  Now t h e  F-15E head-up 
t i isplny is  a d e f i n i t e  improvement over  some of t l i c :  oth t r  l l U D s  wcb'vc1 had,  
mainly because o f  t h e  d e c l u t t e r .  The reason I asked Pete  t h e  q u e s t i o n  about 
t h e  sky p o i n t e r  v e r s u s  t h e  e a r t h  p o i n t e r  is  because they have s e l e c t e d  an  
e a r t h  p o i n t e r  t o  g ive  t h e  p i l o t  bank angle  information i n  t h e  head-up d i s p l a y ,  
They've a l s o  gone from an  analog o r  thermometer format f o r  t h e  a i r s p e e d  and 
a l t i t u d e  s c a l e s  t o  s t r i c t l y  d i g i t a l .  I t ' s  c leaned up the  HUD a l i t t l e  b i t  and 
I t h i n k  t h a t ' s  kind of n s t e p  i n  t h e  r i g h t  d i r e c t i o n ,  bu t  we can s t i l l  do 
more. 

Now, before  I leave  t h i s  p a r t i c u l a r  s l i d e  and go t o  a s l i d e  showing t h e  
e l e c t r o n i c  a t t i t u d e  i n d i c a t o r  t h a t ' s  i n  t h e  F-lSE, I ' d  l i k e  t o  say  t h a t  t o  m e ,  
t h e .  d i f f e r e n c e  between an  a t t i t u d e  i n d i c a t o r  and f l y i n g  on t h e  HUD is t h a t  
they command t h i n g s  i n  a d i f f e r e n t  way. When you ' re  f l y i n g  an a i r p l a n e  and 
p u l l  back on t h e  s t i c k  and y o u ' r e  looking a t  t h e  a t t i t u d e  i n d i c a t o r ,  i t ' s  an 
a t t i t u d e  command system; t h e  p i l o t  and t h e  a i r p l a n e  a r e  t o g e t h e r  i n  an  
a t t i t u d e  command loop .  and 
you use  t h e  v e l o c i t y  v e c t o r ,  i t ' s  a v e l o c i t y  v e c t o r  command system; p u l l  back 
on t h e  s t i c k  and t h e  v e l o c i t y  v e c t o r  begins  t o  move. Those a r e  not  
in te rchangeable .  We've spent  a l o t  of time trninii iy,  p i l o t s  t o  r i i \ c \ t - r s t  t i i i t l  t . l i c t  
t i t 1 . 1  t :u t l ( :  d l s p l n y ;  ' l t - t . ' . ~ ;  t r n i i i  t l i o i n  i i o w  t o  t o  t i i i d c i . : ; [ : i i i ( t  t t ic  v c * l o c l ( y  \ ~ ( ~ ( - t o i .  
d i s p l a y .  I t  has l i m i t a t i o n s  l i k e  caging i t s e l f  i n  very h igh  r a t e  maneuvers. 
A l s o ,  tl!e p i t c h  l a d d e r  smears and becomes unreadable i n  very high p i t c h  o r  
r o l l  r a t c s .  W e  need t o  know when he can atid wlien tic c ; i i i '  t usc i t ,  what t:he 
~ I I I ' I ' ~ ~ I ~ c * I I ~ ~ c ~ ! ;  i i i - t ' ,  r i i i t l  y , i v ( *  t l i i .  j;,tiv I I  : ; i , t  0 1  ~ t i o l ! : ,  1 1 i : i t  1 1 4 .  ( ' i t 1 1  ! ) l i t  i i i  t i i s  t o o l  
t i ( l x  I l i / i t ' : ;  t.vr.1-y l ) i  t 11:; : . I  I-OII) , ;  i ~ i i d  c ~ \ ~ t ~ i . , y  I l i r  i i ! ;  ( . ( I i i i i i i : 1 i I ( I i i i I :  11s w l i a t  I I C . ' s  [ i s i i i r ,  

I - o t l ; ~ ) '  l o r  1111: ~ 1 : l  i tutlc.  i i i t l i c ; i t o i - .  

When you f l y  t h e  a i r p l a n e  with a head-up d i s p l a y  

This is  the  e l e c t r o n i c  a t t i t u d e  d i s p l a y  i n  t l i e  F -15E  (F igure  1 4 ) .  (I put  
t h a t  l i t t l e  window t h a t  I o u t l i n e d  on t h e  A - 7  HUD i n , t h e r e  so you g e t  a n  idea 
t h a t  the  window t o  t h e  world from a head-up d i s p l a y  i s  s m r l l e r  than  the  window 
t o  t h e  world from an a t t i t u d e  i n d i c a t o r . )  Kow, what we need t o  do i s  examine 
t h e  information t h a t  we p u t  i n  t h a t  l i t t l e  window and make it  u s e f u l  f o r  t h e  
p i l o t .  A guy l i k e  Joe  B i l l  Dryden who h a s  flown a l o t  with head-up d i s p l a y s ,  
has  wired up t h e  p a t h s  and he knows how t o  p u t  those t h i n g s  t o g e t h e r  s o  t h a t  
he can use t h e  HUD t o  t h e  maximum advantage.  We need t o  be a b l e  t o  f i n d  o u t  
what those t o o l s  a r e  and begin wir ing  them up i n  some of our  p i l o t s '  minds. 
Dave Milam made some good comments yes te rday  about t h e  i d e a l  a t h l e t e  who does 
t h i n g s  s t r i c t l y  n a t u r a l l y ,  and i f  you ask him to d e s c r i b e  how he does i t ,  he 
says  no ,  I d o n ' t  r e a l l y  want t o  t a l k  about i t  because he mav riot ha\,e thought 
about i t  i n  t h a t  i n c r e d i b l e  d e t a i l .  €ut  I would l i k e  t o  d e f e r  Dr,ve's  
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- statements to the fact that when he was trying to teach those fighter pilots 
to use the L-COS (Lead Computing Optical Sight) after only 15 minutes in the 
F-16, he had to pick apart the task of firing on the dart into minute detail 
and explain it to that pilot before he could put him in the airplane and make 
him successful. I think that if Dave sat down or if Joe Bill sat down and put 
on paper and began to analyze what it is they're doing when they're flying 
with the head-up display, they'd be able to come up with a clear and accurate 
description of what they're actually doing. It's not easy, but it can be 
done. And that's in fact what we need to do to teach that information and 
p a s s  that information on to other people. 

Okay, a couple other things that are being done that I think are in the 
right direction, this is in addition to the F-15E head-up display (Figure 15). 
Those of you who have flown the F-16 know that in the early days they had 
strictly raw ILS data coming up on the HUD, and the guy said, "Rot we want 
flight directed data up there", so it was changed to put flight directed data 
up there. Well, McDonnell has come up with a plan where they put both command 
information and displacement information in one display. The vertical and 
horizontal bars are your bank and pitch steering bar and the breaks in the 
bars indicate how many dots you are off the ILS course or off the ILS glide 
slope. Sometimes it's difficult to figure it out and then it'll pop. I won't 
leave it up that long, but it is a good display and a step in the right 
direction. 

Another thing that they've done on the F-15E. This is an E-squared 
terrain following display (Figure 16). Those of us who have used air-to-air 
radars know that on some portions of the air-to-air radar display, the horizon 
line of the airplane is displayed (left upper corner, Figure 16). But what 
they've done in addition to showing where the radar sweep is in this little 
portion, they've shown the pitch and the bank steering bars for the terrain 
following radar overlaid with the horizon line so the pilot can actually see 
while he's checking his E-squared scope that's right there in his peripheral 
vision in the upper left corner. It's actually not too bad. 

Some summaries and suggestions (Figure 17): From Milt Miller's training, 
he calculates that the time to ground impact for a pilot is fixed by the 
aerodynamics and the physics nature of a given situation. What you need to do 
is give the pilot the tools or let him understand his visual limitations so  
that he always creates and maintains a reactive buffer. luow the time required 
to do that is limited by the efficiency of the information receptors. I 
talked mainly today about the eyes, but the ears and seat of the pants &re 
also information paths. How efficiently we use those paths indicates how 
efficient the pilot can maintain his reactive buffer. It's also depencient 
upon the degree to which the subconscious functions have been estGblished, and 
if you want to read into that training, that's probably a good way to do i t ,  
but what I really mean is that he needs to look at everv individual little 
task and patch those things up so  eventually he performs these tasks on the 
subconscious level. 
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SUMMARY 

TIME TO GROUND IMPACT IS FIXED BY THE AERO/PHYSICS NATURE bf A GI1 
SITUATION 

EN 

THE PILOT MUST CREATE AND MAINTAIN A REACTIVE BUFFER 

TIME REQUIRED TO DO THIS I S  LIMITED BY 

- EFFICIENCY OF INFORMATION RECEPTORS 

DJ 
I 

I 
L- 

rv 
4 

(EYES, EARS, SEAT OF THE PANTS) 

- EFFICIENCY OF THE INFORMATION FORMAT 

- DEGREE TO WHICH SUBCONSCIOUS FUNCTIONS HAVE BEEN ESTABLISHED 

SOME CURRENT DESIGNS HAVE INCREASED THE TIME REQUIRED TO MAINTAIN 
THE REACTIVE BUFFER 

. 



SUGGESTIONS 

' EXPAND TRAINING TO MORE EFFECTIVELY USE EXISTING 
SYSTEMS WITHIN PERCEPTUAL LIMITS 

BRING THE HUD INTO THE ATC CURRICULUM 

CONTINUE HUD DEVELOPMENT AT IFC 

EXAMINE NEW DESIGNS FROM TWO STANDPOINTS 

1. TIME REQUIRED TO PERFORM RANDOM TASK SERIES 
(CONSCIOUS EFFORTS) 

2. POSSIBLE SUBCONSCIOUS SKILL TASK DEVELOPMENT 

RESEARCH AND INTEGRATE ALTERNATE INFORMATION PATHS 

AIRPLANE TO PILOT 

AND 

PILOT TO AIRPLANE 



Now, this last line can be read two ways. Some current designs have 
increased the time required to maintain the reactive buffer because they're 
not as efficient from a cross-check standpoint; or you can read it - some 
current designs have decreased the time available to maintain the reactive 
buffer because the pilot is so tasked-saturated or the mission is very task- 
dependent. 

Now, these may be over on the apple pie side, like Dave said yesterday, 
but we really need to do our homework and expand training on how pilots fly 
instrument tasks, primarily on HUD displays, and also within our own 
perceptual limits (Figure 18). I think it's mandatory now that the HUD be 
brought into the ATC curriculum, and I don't say that we need to put H U D s  in 
all the T-38's or T-46's; simulator 
or putting it just on a TV screen and say, okay, this is how this works, this 
is how that works, this is the limitation, you're going to see it in the 
future, lock that into core memory. That starts the ball rolling; it starts 
people into thinking, "I'm going to be using the head-up display sometime; 
these are the limitations, and this is how I'm going to use it, if and when I 
have to use it." 

we can start today by putting a HUD in a 

I think that we need to continue our HUD development. There are 
improvements on the way. I think there are other ways that we can improve the 
head-up display. That little bitty window to the world that we have can 
display one heck of a lot of information; let's make sure it's the right 
information and the most efficient information for a pilot. And let's look at 
our new designs from two standpoints: The time required to perform a random 
task series, i.e., the time that's required to do these conscious efforts--I'm 
going to change my radio channels now, I'm going to punch chaff; I'm going to 
look over here at my wingman or I'm going to reset my radar or I'm going to 
check the menu over here on the multi-function display. How long does it take 
the and 
he's at 100 ft at 480 knots, he might have a ground impact because he's 
spending more time on that and less time on his reactive buffer. 

pilot to do that because if it takes him an excessive amount of time 

Let's look into what of those tasks can be put on the subconscious level, 
either by putting something in the airplane like the Malcolm horizon where he 
brings attitude information in through the peripheral vision, or other tasks. 
What else can he get or can he use on the subconscious level, and then let's 
look at alternate information paths. Let's look at what we can and can't do 
from a recognition standpoint with our ears and what we can and can't do from 
a tactile standpoint, The F-16 and the F-15 airplanes by design have neutral 
speed stability, you don't feel the change in airspeed or the requirement to 
trim as the airplane changes in airspeed. We need to be able to give the 
pilot some other cue that tells him that he's rapidly changing airspeed 
without having to look in the cockpit or look at the HUD and focus on t h a t  
ching. Is it increasing or decreasing and how much is it, and when am I ~ a i n g  
to be over a limit, or when am I going to be in trouble ~etting too slow? 
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Finally, let's see if there are any alternate command paths. We 
definitely don't want to put buffet into the airplane because we got rid of 
that, and it was one of the good things that we did from a tactile standpoint. 
Let's look at airplane to pilot and also pilot to airplane. The AFT1 airplane 
has done things with voice command that can reduce the amount of time that it 
takes the pilot to perform a task. if I'm flying an air-to-air 
engagement and I want to know fuel, I'll say, "Fuel," and the airplane will 
either bring it up onto the HUD or say, "2800 lbs," or something like that, so 
that you don't have to look--you can keep your eyes out there on your 
adversary or you can pay attention to avoiding the terrain and maintaining 
your reactive buffer. Thank you. 

For example, 
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S L T Z - F T N C T I O N  D I S P U Y  VS THE . . 
DEDICATED A D 1  

Paul I .  Summers 

?icDonnelL A i r c r a f t  Comp.in:I 

3 :Ct:?.\?!tY --_- 
Y r .  Paul  I .  Summers j o i n e d  McConneIl Zouglas i n  19,6 a f t e r  rece i* i ing  h i s  

3 . S . C . S .  i n  1 3 7 1 ,  a t t e n d i n g  A i r  Force O f f i c e r s  T r s i n i n g  Schoo l ,  Und5rgradua:e 
? i ? o t  Tra in ing  i n  1 9 7 2 ,  and working on t h e  A6E TRL" f o r  Grumman Aerospace 
Corpora t ion  chrough 1 9 7 6 .  Y r .  Summers subsequent ly  worked on F / A - l S A  av ionics  
;-ei?on s :~scen i n t z s r s t i o n  f o r  5 y e a r s ,  fol lowed 5 :~  3 y e a r s  i n  3ac Air 's  
.Al,:ancad 3es lgn  Di- i is ion,  s:udying develoFments i n  ad-lanced c r e v  s:a:ion 
t e c h c o L o g j .  For the  l a s t  2 y e a r s ,  Mr. Summers has  bean ass igned  t o  Yac Air ' s  
hTF p r o j e c t ,  c o n c e n t r a t i n g  on crew s t a t i o n  c o n t r o l s  and d i s p l a y s ,  as  v e l 1  a s  
x2apon s:ls:em i n t e g r a t i o n  a c t i v i t i e s .  

Yr.  Surfiers is aLso n p i l o t  i n  t he  I l l i r , o i s  A i r  S a ~ i o n a l  Guard wi:h n - r e r  
5f;OO f l i g h t  hours .  H e  is c u r r e n t l y  f l y i n g  t h e  11-37 Cragonfly a t  Peor ia .  

Well ,  good morning. I have h e a r d  a l o t  about t h e  s t a n d a r d  instrument  
:his morning. You know, i t s  k ind  of i n t e r e s t i n g ;  i n  t h e  A - 3 7  w e  have what w e  
t a l l  the  s tandard  ins t rument  W, which s t a n d s  f o r ,  " I t ' s  a complete Waste o f  
time t o  f l y  i n  the  w e a t h e r , "  I d o n ' t  know who designed t h a t .  Is t h e r e  
anybody h e r e  from Cessna, by the  way? I a l s o  enjoyed H r .  L u t z ' s  p i t c h  from 
Calspan.  Sounded l i k e  
a b i g  advertisement from Mac A i r .  B a s i c a l l y  t h e  s u b j e c t  f o r  today is t h e  
d s d i c a t e d  A D Z  versus  t h e  MFD (Figure  1) and y o u ' l l  n o t i c e  t h a t  i t ' s  a HUD and 
n o t  a c l a s s i c  i n t e r p r e t a t i o n  of  t h e  MFD (MultL Function Disp lay) .  I n  essence ,  
I d e f i n e  a n  MFD a s  any d i s p l a y  medium i n  t h e  crew s t a t i o n  t h a t  you can use f o r  
m u l t i p l e  uses  and a HUD indeed can  be used f o r  m u l t i p l e  uses  f o r  many 
d i f f e r e n t  t h i n g s .  I would l i k e  t o  d i s c u s s  a l i t t l e  of  t h e  h i s t o r y  o f  
d i s p l a y s  and we have dwelled i n  t h i s  conference  a g r e a t  d e a l  on h i s t o r y .  I 
t h i n k  t h a t ' s  f i n e  and wonderful b u t  I ' m  h e r e  t o  t e l l  you I ' m  h e r e  to t ake  you 
t o  t h e  f u t u r e .  Talk a l i t t l e  about c u r r e n t  approaches,  p r i m a r l l y  the F-18, 
and what w e  t h i n k  t h e  Eut-ure h o l d s .  C o l  McXaughton d i s c u s s e d  about what the  
i n g r e d i e n t s  a r e  f o r  a t t i t u d e  awareness and I couldn': agree  more except  t h a t  I 
would inc lude  v e r t i c a l  v e l o c i t y  (F igure  2 ) ;  I t h i n k  t h a t  i t  i s  very  important 
t o  e s t a b l i s h  what your r a t e s  a r e ,  i n  a d d i t i o n  t o  a l l  t h e  o t h e r  parameters .  
These are t h e  t h i n g s ,  t h a t  I c o n s i d e r  e s s e n t i a l  f o r  
a t t i t u d e  awareness. 

I was wondering i f  they have any viewgraphs I can u s e .  

t h e  sources  i f  you w i l l ,  
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In the  ? a s t  a l o t  of' work h a s  been done,  and b e l i e v e  i t  o r  n o t ,  t h i s  i s  
:he crew s:ation f o r  the  S p i r i :  of S t .  Louis .  I th ink  t h i s  i s  an a t t i t u d e  
i n d i c a t o r .  I t  had a i r  speed ,  a l t i t u d e ,  a c l o c k ,  and a p e r i s c o p e ,  and t h a t  w . 1 ~  

about i t .  This is the P-51 ( F i g u r e  3 ) ;  i t  l o o k s  p r e t t y  s o p h i s t i c a t e d .  but. ;Oh 
o f  ch.it c r e v  s t a t i o n  w3s d e d i c a t e d  t o  t h e  a t t i t u d e  awareness parameters .  ?ion 
. /ar iab! .e-- the;r  were f i x e d .  I s  General  Pruden here  by the  way? He wanted c h i s  
s l l d a .  This  i s  tha F - 4  ( F i g i r e  G ) .  F i r s t  f l ew  i n  1 7 5 2  t i n e  frame. I t  is 
ra3l!.:r a conslomerat ion o f  steam gauges and roucd d i a l s .  I t  is r e a l l y  very  
d l f f ibcu l :  t o  s2e out the  Eront o f  t h e  air?!ane. I d o n ' t  know i f  an:/ of you 
';..a*ie e';er seen t h i s  a i r ? l a n e ,  b u t  basLca1L:r a t t i t u d e  awareness ins t rumenta t ion  
conslimes 20% o f  tha ins:rument pane?.  That i s  a l o t  t o  d e d i c a t e  t o  t h a t  
f u n c t i o n .  I t  r e q u i r e s  thz pi lo:  t o  l o o k  down and i n  t o  d e t e r n i n e  h i s  o u t s i d e  
20 r 1 d s i fu . i t  ion .  

Stimi! o f  :!le h i s E o r i c \ i l  o b s t . i c i e s  t o  a t i i t u d e  auLirencss/YF3 t:/pa of 
a;?roaches.  ( F i j u r a  5 )  : His:or ical ly  CRTs o r  whatevier d i s p l a y  medium you 
 ere t a l k i n g  about hJd i n s u f f i c i e n t  b r i g h r n e s s  a t  lOC00 f o o t  lamberts  
anhience .  That has  gone away;  t h a t  is no longer  a problem. The argument was 
th . i t  t , i c t f c a l  a i r c r . i f t  anti t r a i n e r s  should ha-re s i m i l a r  equipment. We ha-re 
t a l k e d  about t h a t  and,  f rankl ; r ,  i f  w e  w a i t  f o r  ATC t o  g e t  a modern a i r p l a n e ,  
v e ' r e  g s i n g  t o  be f l y i n g  round gauges f o r  e v e r .  

CRT f a i l u r e  r a t e s :  r i g h t  now they a r e  a c t u a l l y  b e t t e r  than e l e c t r o -  
z;.,echanical d i s p l a y s .  Unders :andab il i t y  of  a t t i  tude information:  no 
cexons t raced  HFD a t t i t u d e  dLsp1a:r c o u l d  ma:ch t h e  u n d e r s t a n d a b i l i t y  of t h e  AD1 
p resanta:ion. 

The des ign  g o a l s  f o r  c u r r e n t  f i g h t e r s  a r e  t o  i n c r e a s e  t h e  t a c t i c a l  
f l e x i b i l i i y  of t h e  main ins t rument  p a n e l  by us ing  MFD's and t o  o f f l o a d  most 
a t t i t u d e  awareness and v i s u a l  aEtack f u n c t i o n s  t o  t h e  HUD (F igure  6 ) .  The F-  
18 is a small a i r p l a n e  which h a s  about  h a l f  the  ins t rument  panel  a r e a  
a v a i l a b l e  t o  i t  a s  an  A - 7 .  Yet i t  had m u l t i - m i s s i o n  requi rements ,  Now how do 
we s o l v e  t h a t  problem? We have t o  make t h e  instrument  pane l  extremely 
f l z x i b l s .  And t h e  goa l  is t o  o f f l o a d  most of t h e  a t t i t u d e  awareness and 
v i s u a l  a t c a c k  f u n c t i o n s  t o  head up.  To those  of you who a r e  n o t  f a m i l i a r  w i t h  
what a F -13  looks like, t h i s  is a p i c t u r e  o f  i t  on i t s  f i r s t  f l i g h t .  And t h i s  
is n hn-;ic o u t l i n e  o f  its crew s t a t i o n  ( F i e u r e  7 ) .  B a s i c a l l y  w h a t  i t  
;itt'cinptcd K O  do W . I S  t o  take all t f w  t h i n g s  t h a t  were t y p i c a l l y  on the  console  
and a l l  t t i c  t h i n C s  t h a t  rcqtiLre d e d i c a t e d  swi tches  and d i a l s  and round gauges 
and i n t e g r a t e  them i n t o  m u l t i  f u n c t i o n s .  I t ' s  got  a head up d i s p l a y  a s  a 
primary f l i g h t  ins t rument  i n  t h e  F - 1 8 .  The Navy has  adopted t h e  HUD a s  a 
primary f l i g h t  ins t rument .  I t  h a s  3 CRTs ,  m u l t i  f u n c t i o n  d i s p l a y s ,  a l l  5 x 5 ,  
c u r r e n t l y  monochromatic, t h e r e  is a n  ECP going on t o  make them c o l o r .  The 
c e n t e r  p a r t  is an  u p f r o n t  c o n t r o l ,  which I am s u r e  you a r e  aware o f .  This  
p a r t i c u l a r  up f r o n t  c o n t r o l  h a n d l e s  a l l  t h e  communications, n a v i g a t i o n ,  
i d e n t i f i c a t i o n ,  He never  has  t o  look down 
on t h e  console .  As a matter of f a c t ,  i f  you l o o k  a t  t h e  consoles  they a r e  
f a i r l y  s p a r s e .  We a l s o  i n c l u d e d  t h e  moving map d i s p l a y  i n  t h e  crew s t a t i o n  

and weapons programming f u n c t i o n s .  
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f o r  t h e  a i r -  to-ground mode. 

There i s  a standby c a d r e  o f  ins t rumenta t ion  h e r e ;  f r a n k l y ,  i t  is very  
d i f f i c u l t  t o  use because of  i t s  locac ion .  The inherent  f l e x i b i l i t y  of the  
C K ~ W  s t a t i o n  is t h i s :  the  electronic HSI information can be brought  up on 
ai :her  t u b e ;  any o f  the weapons o r  sensors  can be brought and disp1a;red on any 
t u b e .  azd the  HUD i n f o r n a t i o n  can be brought down and put  where*Jer you want. 
So i E  you a r e  f?:iing through t h e  clouds and you do g e t  v e r t i g o ,  you s i s p l y  put 
yc11.ir H U 3  down- on t h e  tube and X'll show you some data l a t e r  t h a t  i n d i c a t e s  
-1. c.,~: most p i l o t s  f l y  vi:h t h e  HUD on one o f  t h e  tubes  a l n o s t  c o n t i n u o u s l y .  

This  is a t y p i c a l  n a - i i s a t i o n  XCD on t h e  F-13 (Figure 8 )  and we've gone 
thrL>ug5 t h a t  so now i t ' s  s e l f  explana tory .  Some o f  the key f e a t u r e s  t h a t  were 
men:ior.ed before  inc lude  t h e  d i g i t a l  information i n  l i e u  of  t h e  s c a l e s  and 
n e e d l e s .  There is c o n s l d e r a b l z  i n e r t i a  t o  overcome t o  g e t  t h a t  d i g i t a l  
i n f o r m Z i o n  i n  t h e r e .  The F-:5 has s c a l e s .  The problem wizh s c a l e s  is 
:hey ' rs  a l a r g e  l i g h t  o u t ? u t ,  t h a t  they consune a g r e a t  d e a l  o f  t h e  HLD and 
they obscure a g r e a t  d e a l  o f  the v i s i o n  p lane .  People complained i n i t i a l l y  
about t h e  d i g i t s  no t  g i v i n g  t r e n d  information.  Recently I h a v e n ' t  heard  a bad 
 WOK^ abol.it i t .  S o  I t h l n k  a l o t  has  t o  do wi th  a c c l i m a t i o n  and 
.ic:r.c)niin~~c!.ir.ion. 'foli  c.in lc#ir:i to f l y  it. 

Some of the  f e a t u r e s  we put  i n t o  the  F-18 were p r e v i o u s l y  mentioned. 
Becacse t h e  HUD is indeed t h e  pr inary  f l i g h t  instrument  w e  had t o  put  some 
changes i n t o  t h e  HU3 s:imbolog:r t o  accommodate t h e  unusual a t t i t u d e  s i t u a t i o n s ,  
and which you've seen 
(F igure  9 ) .  i n d i c a t e  
above and below the  h o r i z o n ,  r e s p e c t i v e l y .  Now, t h e  F-18 i s  capable  of very  
h igh  p i t c h  r a t e s .  This makes i t  impossible f o r  t h e  user  t o  r e a d  where h e ' s  a t  
s o  what we do is w e  angle  t h e  p i t c h  Ladde'rs a t  one h a l f  t h e  f l i g h t  pa th  angle .  
so e s s e n t i a l l y  when he i s  at 60 degrees f l i g h t  pa th  a n g l e ,  t h e  p i t c h  rungs a r e  
angled I t  g i v e s  you t h e  
accord ion  e f f e c t .  I have a 
b r i e f  v i d e o  tape  showing t h a t  i n  the loop ,  so i f  y o u ' l l  b e a r  w i t h  m e  I'll t u r n  
i t  on .  

one o f  them is  what w e  c a l l  the  vec tored  f l i g h t  p a t h ,  
B a s i c a l l y  w e  use s o l i d  and dashed f l i g h t  p a t h  l i n e s  t o  

t o  30 degrees  and t h e y  always p o i n t  t o  t h e  hor izon .  
So you always know e x a c t l y  where t h e  h o r i z o n  i s .  

(From t h e  video)  

As t h e  f l i g h t  pa th  angle  i n c r e a s e s ,  t h e  Ladder angle  becomes g r e a t e r .  
P r e s e n t l y  the a i r c r a f t  is p o i n t i n g  s t a i g h t  up, o r  a t  t h e  z e n i t h ;  and coming 
down t h e  back s i d e  of t h e  loop  the angle  d e c r e a s e s .  As t h e  loop  cont inues  
and t h e  f l i g h t  pa th  gets-  below t h e  hor izon ,  t h e  f l i g h t  p a t h  l a d d e r  is  
segmented. Going s t r a i g h t  down the  n a d i r  symbol is  a c r o s s  on t h e  d i s p l a y ;  
p u l l i n g  on up towards t h e  h o r i z o n ,  the  l a d d e r  angle  c o n t i n u e s  t o  reduce.  (End 
o f  v i d e o )  

Now t h e r e  a r e  some o t h e r  a d d i t i o n s  r e q u i r e d  t o  make t h i s  t r u l y  an 
As you r e c a l l  a t t i t u d e  d i s p l a y .  They c a l l  t h i s  a s l i d e  f e a t u r e  (Figure lo). 
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i n  the  video tape  and has  been d i s c u s s e d  b e f o r e ,  the  v e l o c f t y  v e c t o r ,  becJuse 
i: shows you where c5.e aircraft fs r e a l l y  going ,  h a s  .i tendency t o  s l e w  over 
the  HLD a s  t h e  a i r c r a f t  d i r e c t i o n  changes.  A s  you a t t a i n  high angle  of  a t t a c k  
o r  s i d e s l i p  s i t u a t i o n s ,  t h e  v e l o c i t y  v e c t o r  has  a tendency t o  s a t u r a t e  or  cage 
i n  the  HUD FO'J, and h i s t o r i c a l l y  the  f l i g h t  pa:h l a d d e r ,  which fol lowed the  
-,.elocity v e c t o r ,  and your a t r i t u d e  i n f o r n a t i o n  would e s s e n t i a l l y  d i s a p p e a r .  
'*!ha: we've done, i f  you can f o l l o w  through t h i s ,  is  n m b e r  1 shows a v e l o c i t y  
' iector c e n t e r a d  i n  t h e  HUD w i t h  a 45 degree l e f t  bank. Now a s  t h e  p i l o t  
sc,ar:s t o  ?ull back on the  s t i c k ,  he s t a r t s  t o  i n c r e a s e  h i s  angle  of a t t a c k .  
'iou can t h i n k  of  i: from t h e  c e n t e r  of the HU3 t o  t h e  c e n t e r  of t h e  v e l o c i t y  
vec tor  is  indeed the t r u e  a n g l e  o f  at:ack. A s  he cont inues  t o  p u l l  back,  t h e  
~ c r \  i n c r e a s e s ,  u n t i l  t h e  ve1oci:y v e c t o r  is  caged and s t a r t s  t o  f l a s h  i n  t h e  
corner  of :he HL'D. A t  t h a t  p o i n t  we b r i n g  up what we c a l l  t h e  water  l i n e  
symbol which is e s s e n t i a l l y  a n  a t t i t u d e  r e f e r e n c e  j u s t  l i k e  an A D 1  b a l l .  And 
vhat  happens is  t h a t  t h e  f l i g h t  p a t h  ladder  t r a n s i t i o n s  acd i n t e g r a t e s  over  t o  
:he uazer  l i n e  slmbol and l o c k s  i n t o  i t .  So you a r e  see ing  e s s e n t i a l l y  AD1 
i n f o r s a t i o n  while  your v e l o c i t y  vec:or i s  caged.  As soon a s  your v e l o c i t y  
v e c t o r ,  your angle  of a t t a c k  d e c r e a s e s  t o  the  p o i n t  where your v e l o c i t y  v e c t o r  
comes o f f  the  cage ,  the p i t c h  l a d d e r  now aga in  becomes a f l i g h t  p a t h  l a d d e r  by 
s l i d i n g  back i n  and locking  back i n t o  the  v e l o c i t y  v e c t o r y ,  and t h e  water  l i n e  
s y b o l  d i s a p p e a r s .  

N o w  subsequent t o  t h a t  d e s i g n ,  we put  what w e  c a l l  the  cage f e a t u r e  i n t o  
the F - 1 8 .  hihat t h a t  a l lows  you t o  do is t o  cage t h e  v e l o c i t y  v e c t o r  a t  any 
p o i n t  i n  time t o  the  c e n t e r  o f  t h e  KL'D and make i t  a p i t c h  r e f e r e n c e  i n s t e a d  
of a v e l o c i t y  v e c t o r  r e f e r e n c e ,  so i f  y o u ' r e  i n  DACT o r  a i r  combat 
maneuvering, you r e a l l y  d o n ' t  need t o  know where your v e l o c i t y  v e c t o r  
r e f e r e n c e  is, you can keep i t  caged a l l  t h e  t i m e .  I t  becomes impor tan t  i n  
landing ,  when you want t o  p u t  t h e  v e l o c i t y  v e c t o r  i n  essence r i g h t  on t h e  
p o i n t  you want t o  touch down on. So w e  have a l l  t h e s e  f e a t u r e s  t h a t  enhance 
the  H U D ' s  a p p l i c a b i l i t y  t o  become t h e  primary f l i g h t  instrument .  We r e a l i z e  
t h a t  i n  a cosmic a i r p l a n e  t h e  p i l o t  is going t o  be spending a l o t  o f  h i s  time 
head down. So we've p u t  a t t i t u d e  information e s s e n t i a l l y  on a lmost  every  
d i s p l a y ,  head down a s  w e l l .  So when h e ' s  working h i s  a i r - t o - a i r  r a d a r ,  t h e  
a t t i t u d e  informat ion  is a v a i l a b l e .  k3en he is working a i r - t o - g r o u n d ,  a g a i n ,  
a t t i t u d e  informat ion  is a v a i l a b l e .  

If h e ' s  working forward looking  i n f r a r e d  (FLIR) ,  a g a i n ,  a t t i t u d e  
informat ion  is a v a i l a b l e  and becomes even more important  when you have an  
i n f r a r e d  wi th  l a r g e  gimbal l i m i t s  l i k e  we do i n  t h e  F-18. They use  t h e  
f n f r a r e d  t o  t r a c k  a t a r g e t  a s  t h e y  f l y  over t h e  t a r g e t ;  the i n f r a r e d  scans  and 
keeps s t a b i l i z e d  on t h a t  t a r g e t  and it a c t u a l l y  goes behind the  a i r c r a f t  t o  
give t h e  p i l o t  BDA. We found t h a t  when he looked a t  t h a t  he g o t  a tumbling 
s e n s a t i o n ,  i f  he d i d n ' t  have t h e  a t t i t u d e  d i s p l a y  r i g h t  on t h e  FLIR. P u t t i n g  
i t  t h e r e  seemed t o  have s o l v e d  the problem. And as I mentioned, you can g e t  a 
v e r t i g o - i n d u c i n g  s i t u a t i o n  i n  and o u t  of c loud .  You can p u t  t h e  a t t i t u d e  
d i s p l a y  r i g h t  on the  V D I .  ( V e r t i c a l  Display I n d i c a t o r ) .  And f o r  t h e  f i e l d  
grade o f f i c e r s ,  i t  d i s p l a y s  a 3" diameter  c o l o r e d  A D 1  b a l l ,  computer- 

- 
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z e n e r a t e d ,  on t h e  5 "  XFD. 

Now we were e:itremel;r concerned about  how t h i s  w a s  going o v e r .  Was the  
W D  working a s  the  primary f l i g h t  i n s t r u n e n t ,  what was i t  used f o r ?  So we d i d  
J. very  d e t a i l e d  s u r r e y  i n  conjunct ion  w i t h  t h e  Na*q a t  Pax River and these a r e  
che  r a c i n g s  so you can understand t h &  viewgraphs coming up: 1 - P o o r ,  2 - 
y a i r ,  3 - Good, 4 - E x c e l l e n t ,  and 5 - OutsEanding. Xt was done i n  No,reniber 
133:. I u a n t z d  t o  show yoli the  a c t u a l  S U ~ - J ~ ; I  and T d i d n ' t  wsnt t o  b i a s  an:Ione 
S O  I p u t  a l l  o f  i t  up t . h z r + .  

Tk,e f i r s :  q u e s t i o n  ~ 3 5 :  1. "How would yoli rate the  HL'D a s  the primar;i 
a i r s p e e d .  a l t i t u d e ,  ~ t z i t ~ ~ d e  re ference  i n c l u d i n g  primary source  f o r  a t t i t u d e ,  

*/t?r:ic.il spc!e(l. Act\. X.ich .ind C ,  for  the  fo l lowing  t . i : iks:  

a .  Quick tn:cr?reta:im f o r  unusual a 2 t i t u d e  recovery:  t h e  mean.- 3 . 2 ;  
g e n e r d l l y  good. You s e e  a l o t  o f  e x c e l l e n t s  and outs tandings  i n  
t h e r a .  

b .  For e x p e d i t i o u s l y  determining a i r c r a f t  parametars :  mean - 3 . 7 ;  
almost an  e x c e l l e n t .  

c .  Recovery from v e r t i g o :  mean - 3 . 8 ;  almost  an e x c e l l e n t  

d .  And we looked a t  some o f  t h e  b a s i c  instrument  t a s k s .  An3 one o f  
them was l e v e l i n g  o f f  a t  d e s i r e d  a l t i t u d e  e x p e d i t i o u s l y :  mean - 
4 . 2 ;  beyond e x c e l l e n t .  

2 .  Rate t h e  u s e f u l n e s s  o f  t h e  AD1 s e l e c t o r  on t h e  VDX: mean - 2 . 6 ;  f a i r ;  
they  d o n ' t  use i t .  

Now you have a l l  scen  a p i c t u r e  of t h e  F-LSE Dual Role F ighter  (DRF) 
(F lg i r r a  11) which h a s  adopted b a s l c a l l y  t h e  same philosophy we forvarded on 
t h e  F-18 and the  whole concept  o f  MFD o f f e r i n g  o r  a f f o r d i n g  f l e x i b i l i t y  i s  an  
i s s u e .  I t h i n k  t h e r e  is a p o i n t  o f  d iminish ing  r e t u r n s  f o r  f l e x i b i l i t y .  I 
t h i n k  t h e  F-18 and t h e  F-15E a r e  a t t e m p t i n g  t o  t a c k l e  t h a t  problem by al lowing 
t h e  p i l o t  t o  program what he wants t o  be a v a i l a b l e .  And t h a t  can be done 
e i t h e r  by a d a t a  t r a n s f e r  module o r  some method w i t h i n  t h e  crew So 
f l e x i b i l i t y  does not have t o  be a n  i n h i b i t o r .  I t  can be used i n t e l l i g e n t l y  . 

s t a t i o n .  

What does t h e  f u t u r e  hold? Well ,  what I r e a l l y  t h i n k  it  holds  is the  
i n t e g r a t i o n  o f  a t t i t u d e  information i n t o  a l l  t a c t i c a l  headup/headdown d i s p l a y s  
i n  a manner t h a t  i s  n o n - i n t r u s i v e .  Now, one of  t h e  ways we are looking a t  
do ing  t h a t  is  t h i s :  t h a t  up f r o n t  c o n t r o l  a r e a  i s  prime r e a l  e s t a t e  in t h e  
crew s t a t i o n  (F igure  12). Boy I'll t e l l  you,  i t  is just r i g h t  t h e r e .  With 
t h e  advent  of new technologies  such a s  f l a t  pane l  l i q u i d  crystal/LED d e v i c e s ,  
we a r e  looking s e r i o u s l y  a t  u s i n g  t h a t  r e a l  es ta te  a s  MFD t h a t  can d i s p l a y  

I a t t i t u d e  i f  you want i t ,  and it  can a l s o  g ive  you your up f r o n t  c o n t r o l  
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f u n c t i o n s :  e l e c t r o n i c  w a r f a r e ,  your  n a v i g a t i o n ,  i n t e r c e p t  geometry ( F i g  13), 
wha:ever you d e s i r e  can be put  t h e r e .  And we a r e  a c t u a l l y  f l y i n g  one now i n  
the F-13. ( F i g  1s) So i f  you want t h a t  b i g  A D 1  r i g h t  i n  f r o n t  o f  your e y e s ,  
you can  have i t .  But, l e t ' s  n o t  l i m i t  t h e  f l e x i b i l i t y ,  l e t ' s  no t  d e d i c a t e  the  
i n s t r u m e n t a t i o n .  

These are  some examples o f  what we a r e  d o i n g  t o  look a t  some advance HUD 
formats  t h a t  t o t a l l y  e l i m i n a t e  t h e  need f o r  p i t c h  l a d d e r s  (F igu re  1 5 ) ,  where 
you can d i s p l a y  a n  e a r t h  r e f e r e n c e  and show a i r c ra f t  a s p e c t ;  and r e a l l y ,  t h a t  
is  a l l  t h e  information you need f o r  combat. Now f o r  instrument  approaches 
where you need t o  e s t a b l i s h  a 1 1 / 2  o r  3 d e g r e e  g l i d e  s l o p e ,  t h a t ' s  a n o t h e r  
i s s u e ;  and t h a t  can be brought  up .  

I 
An example o f  a p o t e n t i a l  unusua l  a t t i t u d e  s i t u a t i o n :  t h a t  is f a i r l y  

i n t e r p r e t a b l e ;  you have t o  r o l l  l e f t  and p u l l ,  and i f  you want w e  can  even 
pu t  an arrow t o  t e l l  you which way t o  pu t  the s t i c k .  I t  is  not t h a t  ha rd  t o  
do.  

With t h e  advent o r  t h e  r e c e n t  advances i n  CRT technology and helmet  
materiaLs w e  are very b i g  proponents  o f  helmet  mounted s i g h t s  and d i s p l a y s  
( F i g u r e  1 6 ) .  We t h i n k  they have a v e r y ,  v e r y  l a r g e  f u t u r e .  I f  we c a n  g ive  
you a d i s p l a y  t h a t  w i l l  weigh less  than  2 pounds,  less than  t h e  c u r r e n t  HCU- 
55,  g i v e  you accuracy w i t h i n  5 m i l l i r a d i a n s  o r  so, and FOV e s s e n t i a l l y  as wide 
as you want ,  we can show you a l l  a s p e c t s  o f  a t t i t u d e  in fo rma t ion  
c o n t i n u o u s l y .  So when you a r e  look ing  back h e r e  checking 6 o r  check ing  t h e  
bogeys,  you d o n ' t  have t o  c o n s t a n t l y  s c a n  t h e  HUD t o  f i n d  o u t  what your 
a t t i t u d e  in fo rma t ion  is. I t  is always d i s p l a y e d  t o  you i n  one l i t t l e  c o r n e r  
of your  v i s o r .  You simply move your  e y e b a l l .  And a typical r e p r e s e n t a t i o n  

- 

Wi:h t h e  ad-rent of c o l o r  g r a p h i c s ,  i t  makes i t  v e r y  s i n p l e  f o r  u s ,  by 
3i : i l izs t ion o f  p e r s p e c t i v e  d i s p l a y  formacs,  t o  gl-re at:itude in fo rma t ion  on 
a l l  crsw s t a t i o n  d i s p l a y s  very e a s i l y  and h i g h l y  i n t e r p r e t i v e l y .  We a r e  a l s o  
looking a t  concep t s  f o r  new HUD formats  o r  head up formats i n  t o t o .  Nov I 
beLie*re C o L  E rco l ine  mentioned t h e  f i x e d  h o r i z o n  r e f e r e n c e  and t h e  moving 
3 i r c r a f t  (Crane Alveather F l i t e  Cage ) .  I t h i n k  t h a t  w i l l  work f i n e  f o r  head 
down. b u t  as soon a s  you p u t  some t h i n g  hedd u p ,  the horizon and t he  e , i r th  
r e f e r e n c e  have t o  match the  h o r i z o n  and e a r t h  r e f e r e n c e  be ing  d e p i c t e d  o u t s i d e  
o r  e l s e  your gyros t o p p l e .  S o  i n  t h a t  v e i n ,  I t h i n k  i: is e s s e n t i a l  t h a t  we 
keep  a l l  t h e  displa;rs ex:remely s i m i l a r  i n  t h e i r  o r i e n t a t i o n .  ( E d i t o r ' s  
nott:.  Those oE us who h.z.ie E l o m  the Cr,inc? Cast - ,  which Is a n  o u t s i d e -  i n  
Ji:;pl,iy s i m i l a r  t o  p r e s e n t a t i o n s  i n  v i d e o - a r c a d e s ,  f i n d  i t  t o  be very e a s y .  
Ev/sn head-up,  i t  does no t  tumble your gy ros .  And the  reason is s imple :  t h e  
r o l l - s e n s i n g  i s  d i r e c t ,  no t  reqrersed, a s  i t  is  on i n s i d e - o u t  d i s p l a y s  l i k e  
lit'D's and XDI's. Xhen you look a t  an AD1 o r  HUD,  you must men ta l ly  t r anspose  
back t o  ou:side-in.  which t a k z s  t i m e  and o c c a s i o n a l l y  l e a d s  t o  r o l l - r e v e r s a l s .  
The Crane Cage does t h i s  s t e p  f o r  you. i . e .  i t  o r g a n i z e s  your  a:t i tude 
in fo rma t ion  i n  a way t h a t  r e q u i r e s  no i n t e r p r e t a z i o n .  I t ' s  i n t u i t i v e ,  f a s t e r  
a r d  n o t  s u b j e c t  t o  the confus.ion o f  i n s i d e - o u z  d i s 2 l a y s . )  
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might Look somezhing like t h a t .  
* * i e r  :roii look you ha*re at:itude i n f o r n a t i o n .  

I t ' s  j u s t  a n  a r t i s t ' s  r e n d i c l o n .  But where 

I n  c o n c l u s i o n ,  (F igu re  1 7 )  I guess  you can  t e l l  I ' m  an advocate o f  YF9.s.  
There a r e  some o t h e r  i s s u e s  t h a t  I t h i n k  shou ld  be addres sed .  Fliturc 
a i r p L a n e s ,  as  a? e:<xn?L2, if the  A i r  Force makes a d e c i s i o n  l ~ t e r  to s u p i n e  a 
p l i o z ,  o n  an ar:lcula:ip.g sea: as  an example. t o  er,har,ca C t o l s r a n c s ,  wha: 
d o e s  th.3: do t;, :rot;r inscrllment pana l?  I t  compresses i t  ver : ical ly .  IC ma;/ 
n o t  a f f s c t  t he  h o r i z o n t a l  d i n e n s i o n ,  bu t  c e r t a i n l y  t h e  v e r t i c a l  d i n e n s i o n  is 
conpr s s sed .  K e l l  nov ,  if you p u t  a round d e d i c a t e d  A D 1  b a l l  you hayre 
des:royed 30% o f  your instrument  p a n e l .  I t h i n k  we need t o  a i low the  a t t i t u d e  
awareness i n f o r n a t i o n  t o  be combined wich o t h e r  t a c t i c a l  formats  and ve can  do 
i t  i n t e L l i g e n t l ; /  now, you knou. 

The F - 1 5  had i ts  f i r s t  f l i g h t  i n  1 3 7 2 ,  approx ima te ly .  The XTF w l L l  f i r s t  
E:*/ i n  1392 . Tha:'s 20 y e a r s .  We have l e a r n e d  something. Khat I ' m  a s k i n g  
is  work. 
Co lo r ,  as mentioned b e f o r e ,  i s  a n  extremely u s e f u l  t o o l  f o r  h i g h l i g h t i n g  and 
d e c l u t t e r i n g  . XFDs a l low u s  t o  accommodate p i l o t  p r e f e r e n c e .  Now you know 
? i l o t s  a r e  l i k e  snowflakes.  There a r e  no tsro a l i k e  o t h e r  than they a r e  a l l  
jock;. I worked on F - 1 5  a i r c r e w  systems,  F-18 a i r c r e w  systems ad;risorjr 
? a n e l s ,  and t hey  would r o t a t e  through every y e a r ,  y e a r  and a h a l f  o r  s o ,  and 
e-rer:rbod;r wanted something e l s e .  Put an AD1 b a l l  h e r e ,  no p u t  i t  h e r e .  p u t  i t  
h a r a .  ?io one i s  eve r  h;lppy. % e l l  w e ' l l  l e t  you p u t  i t  where you v a n t .  Le: 
;IOU program t h e  a i r p l a n e  t h e  way you p r e f e r  t o  have i t .  And i t  does o f f e r  
cs, t he  d e s i g n e r s ,  programming f l e x i b i l i t y .  k h a t  I mean by t h a t  is t h a t  i t  
a l lows  us  t o  accommodate changes f n  weapon sys t ems ,  f u t u r e  changes i n  d e s i g n  
p a r a m e t e r s ,  t h a t  come a long  a f t e r  t h e  a i r c r a f t  is b u i l t  without  expensive 
r e t r o f i t t i n g .  can  t ake  a n  LST pod o r  a FLIR pod o r  a l a s e r  ppd and throw 
i c  on t h e  F-13 and d i s p l a y  whatever t h a t  i n f o r m a t i o n  h a s  t o  o f f e r .  So if 
a f f o r d s  us and i t  a f f o r d s  you t h a t  added b l a s t  f o r  your d o l l a r .  

tha: you l e t  us  apply t h a t  l e a r n i n g  t o  something t h a t  w e  t h i n k  will 

We 

Lhat I ' d  l i k e  t o  do now b e f o r e  w e  t ake  any q u e s t i o n s  i f  t h e r e  are any ,  
is t o  i n t r o d u c e  Haj Laurie  Hawn from t h e  Canadian A i r  Force.  There w a s  a 
r e c e n t  i n c i d e n t  i nvo lv ing  an F-18,  i f  you w i l l ,  a Canadian F-18,  t h a t  1 
thought  would be i n t e r e s t i n g  t o  s e e  t h e  video t a p e .  

CAVADIAV FORCES EXPERIMENT WITH THE CFLS 

Major Laurie  Ham, CFB Cold Lake, A l b e r t a ,  Canada 

A t  t h e  r i s k  o f  t a l k i n g  o u t  o f  t h e  wrong i n t e r c h a n g e  o f  t he  p a r t s ,  I would 
j u s t  l i k e  t o  g i v e  you a r e a l  qu ick  Canadian p e r s p e c t i v e  on what w e  a r e  doing 
w i t h  H L ' D ' s  f l y i n g  wi th  the  F -18 .  We have neve r  had a n  a i r c r a f t  w i th  a HUD 
b e f o r e .  We have abou t  20,000 hour s  w i t h  t h e  a i r p l a n e  o v e r a l l  r i g h t  now. - I 

- .  
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Conclusions 

M ulti f un e tion Displays 
Yield Maximum Flexibility for Main 
Instrument Panel 

ul I I Allow Attitude-Awareness Information to 
Be Combined With Other Tactical 
Formats 

ru 
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Allow the Use of Color Highlighting 

Accommodate Pilot Preference 

Offer Programming Flexibility 
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how w c  were going t o  3il.ipt t o  I:. J u s t  t o  go a l a n g  with some o f  the things 
P J u l  was s a y i n g ,  we found the  transi: ton t o  t h a t  d i g i t a l  type HL'D wi th  the 
l s c k  of  t r e n d s  t o  be d i s c o n c e r t i n g  f o r  t h e  f i r s t  2 o r  3 o r  f o u r  t r i p s  but  
a f t e r  t h a t ,  p r e t t y  wel l  ever:Jbody, i r x l u d i z g  t h e  p i p e - l i n e  gu:, who comes out  
o f  our t r s i n i n g  m i l l  a; Xoosejaw wieh  t h e  T - b i r d  an3 round d i a l s  and such 
C i 3 ~ 1 r ? s  i t  out p r e t t y  q u i c k l y  and adapts  t o  i t  p r e t t y  q u i c k l y .  The head up 
dJb*:ioiisLy is our only o p E i o n .  We d o n ' t  ha*re a head d o w ~  o p t i o n  o t h e r  than t o  
p u t  t h e  head up d i s p l a y  o n  one  o f  our head down dis?la:rs .  So f a r  :hat  hds not 
caused '1s a problem. 

Y e  ha-re had a couple  of inciden:s and w e ' r e  gonna have more. I ' m  s u r e ,  
t h a t  a r e  j o l n g  t o  be f a i r l y  s i m i l a r  t o  t h i s  incidan: ( runs  VTR o f  mishap F-18, 
Cold L a k a ) .  Ghat happens i s  the t a r g e t  is a t  1 2 C O  f e e t  and t h e  c loud  l a y e r  
i s  a t  ; O , O C O  f e e t .  The g i y  f i r e s  .? Spnrro.4 at t h e  f r o n t  a d  goes around f o r  9 

r e - a t t , i c k  wi th  the sicewincier a: the s t e r n .  '~7i.i: he does  and wh.3: he gets i:; 
EO= s o  nuch a loss of atti:ude avareness  as i: i s .  what I heard y e s t e r d a y ,  i s  
overloaded:  g e t t i n g  preoccupied with the  r a d a r  and j u s t  f o r g e t t i n g  t o  f l y  
the  a i r p l a n e .  And what y o u ' l l  see  as  he goes i n t o  the  r e a t t a c k ,  he breaks t o  
:he l e f z  and goes back around t o  the r i g h t  and i n s t e a d  of p u t t i n g  t h e  t a r g e t  
o n  thi. n o s e ,  he th inks  he has thz t J r g e t  on  = h e  nose.  h e ' s  not  looking  a t  the 
X D .  he is  looking a t  the  r a d a r ;  i n  f a c t ,  ha has  t h e  nose b u r i e d  and he i s  i n  
f a c t  going down i n s t e a d  of up and y o u ' l l  s e e  t h e  t a r g e t  d e s i g n a t o r  box up i n  
t h e  to;, l e f t  hand corner  s i t t i n g  t h e r e  f l a s h i n g  s a y i n g ,  "Hey dummy, the  
: a r g e t ' s  up h e r e ,  bu t  i t s  HCD l i m i t e d ;  i t ' s  up i n  t h a t  d i r e c t i o n .  He i s  a l s o  
a c c e l e r a t i n g .  He m i s i n t e r p r e t s  the  t a r g e t  a i r s p e e d ;  he t h i n k s  t h e  t a r g e t  is 
s u p e r s o n i c ,  but  i t ' s  n o t ,  so he r o l l s  f a i r l y  r a p i d l y  i n t o  a 135 degrees  of 
r i g h t  bank,  p u t s  about 4 o r  5 g on the  a i r p l a n e ,  and is a c c e l e r a t i n g  from 500 
t o  700 k n o t s ,  s o  you can imagine what is happening t o  h i s  i n t e r n a l  gyro.  Okay 
he has  j u s t  taken the  Fox 1. There ' s  the t a r g e t  d e s i g n a t o r  box; l e f t ,  back 
around t o  t h e  r i g h t  t o  t h e  s idewinder  s h o t .  That's where he t h i n k s  the  t a r g e t  
is  s u p e r s o n i c .  There ' s  t h e  t a r g e t  up there.. He i n  f a c t  t h i n k s  t h e  t a r g e t  is 
down i n s t e a d  oE up. 

Lhere i t  g e t s  b lack  h e r e  i s  where he S t a r t s  t o  come o u t  of  a c l o u d  about 
2000 f e e t  o r  a l i t t l e  l e s s  above ground. If  you watch i t  down you can s e e .  
He comes o u t  of the c loud  about  35 degrees g e t t i n g  c l o s e  t o  700 k n o t s .  -You 
c a n ' t  h e a r  i t  now , b u t  t h e r e  is a sharp  int . lke of b r e a t h ,  t h e n  t h e r e  is 
s i l e n c e  because he is h o l d i n g  h i s  b r e a t h  and b a s i c a l l y  he j u s t  b u r i e s  the 
p o l e .  I f  you watch the  g b u i l d  up (somebody mentioned Miller's work, 4 g i n  2 
seconds)  t h i s  is  about 11 g i n  one second. The a l t i t u d e  goes down t o  2200 
f e e t ;  e l e v a t i o n  i n  t h a t  a r e a  was about 2050 f e e t .  Though t h e  HUD showed 11.1 
g ' s ,  t h e  t a p e s  i n  the  a i r p l a n e ,  showed in fact i t  was 1 1 . 4 .  A n  advert isement  
f o r  Navy a i r p l a n e s - - t h e y  took it a p a r t  and t h e r e  was noth ing  wrong, no r i v e t s  
popped a n p h e r e .  They p u t  i t  back on the  l i n e :  however, everyone keeps t h a t  
t a i l  number i n  t h e  back of  t h e i r  mind. 

Ten minutes a f t e r  t h a t  i n c i d e n t  we lost our f i r s t  CF-18 in s i m i l a r  type 
- 

- .  
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circumseances a: t h e  same base .  The c a r g e t  was a t  low a l t i t u d e  down a t  500 
f z e t .  R e  guy d i d  a s ini :ar  type o f  t h i n g .  He f i r e d  a Sparrow i n  f r o n t ,  vent  
t o  rea:tack, scayed too  high t o o  l o n g ,  wound up i n  a s l i c i n g  type maneuver, 
probably had a break  lock  i n  t h e  beam, got  too preoccupied with the  r a d a r ,  and 
when he came o u t  of the  cloud a: 1700 f e e t ,  i t  was calcu1a:ed t h a t  i f  he had 
pu!l?d the  handles  righ: then he would hasre made i r .  S u t ,  :!-.at i s  n o t  your 
f i r s :  r e a c t i o n .  Your f i r s t  r e a c t i o n  i s  t o  sa:r, "Ch shi:." As soon a s  he d i d  
:!IS: i c  was a l l  o v e r .  Hs vent  i n  wi:h the a i r p l a n e .  The poin t  o f  i t  I guess 
is  R O E  s o  mwh at t i :ude;  the a t t i t u d e  awareness a b i l i r y  o f  i t  is t h e r e  on t h a t  
n,D v l th  t h e  a c g l e  o f  p i t c h  l a d d e r  and so on.  The p o i n t  was made y e s t e r d a y  
t h a t  i n  a i r p l a c e s  l i k e  t h i s  w i t h  s o  much i n f o r n a t i o n  a v a i l a b l e ,  i t  is  r e a l l y  
no:, i n  t h i s  c a s e ,  a c c i t u d e  awareness as  i t  i s  p i l o t  over load  o r  preoccupat ion 
vi:h t h e  t . i sk  A L  t i n t i t i .  The p o i n t  o €  i n t t ' ; i \ s t  on t h i s  i ;  t!i.it i n  b o t h  t I l c ; e  

t n c i d e n t s ,  the gliys d i d  not  h a v e a t t i c u d e  informdtiori disp layed-  -you can 
& c l u t t e r  the  d i s p l a y s  t o  where you d o n ' t  have t h a t  a t t i t u d e  infornac ion  on 
t h e  r a d a r  d i s p l a y .  I n  both t h e s e  i n c i d e n t s  t h e  d i sp la :?  was dec1ut:ared and 
t h a t  at:itude i n f o r m t i o r i  w a s  n o t  t h e r e .  Our s t . i n J a r J  sor: of p o s i t i o n  i s  
t h a t  when it is day VFK you ' re  oE€, you d o n ' t  need i t ,  but  when i t s  n i g h t ,  IYC 
you f o r  s u r e  need t h a t  a t t i t u d e  informaEion. A t  t h a t  time, we d i d n ' t  have a 
s i m u l a t o r  t h a t  was capable  o f  provid ing  n i g h t  O K  in-weather  IMC i n t e r c e p t  
t r a i n i n g ,  e s p e c i a l l y  low a l t i t u d e .  Ve do now. The p o i n t  was made y e s t e r d a y ,  
ve r e a l l y  have t o  g e t  t o  the  grownups, i t ' s  going t o  c o s t  money f o r  s i m u l a t o r s  
b u t  i n  t h e  end t h a t ' s  cheaper t h a n  smoking h o l e s .  One of  our i n i t i a t i v e s  i s  
t h a t  we use t h e  F - 5  a s  a l e a d - i n  t o  t h e  F - 1 8 .  And r i g h t  now we're t r y i n g  t o  
upda:e t h e  a v i o n i c s  i n  t h e  F - 5  t o  inc lude  an  F-18  s t y l e  HVD, wi th  t h e  same 
t:fpe of  d i g i t a l  d i s p l a y s ,  t o  make t h a t  t r a i n i n g  t r a n s f e r a b l e  from the  F - 5  t o  
t h e  F -18 .  We l i k e  t h e  HUD.  Guys do g e n e r a l l y  f l y  wi th  t h e  HUD symbology 
c a l l e d  up on one of t h e  MFD's, b u t  i t ' s  only  because t h e r e  a r e  t v o  symbol 
d i f f e r e n t  symbol g e n e r a t o r s ,  and i f  you l o s e  one of  t h e  symbol g e n e r a t o r s ,  
y o u ' l l  s t i l l  have t h e  HUD a t t i t u d e  d i s p l a y e d  t h e r e  r i g h t  now and won't have t o  
c a l l  i t  up. So though w e  do f l y  with i t  down t h e r e ,  we f l y  with the HUD a l l  
t h e  t ime,  IFR approaches and e v e r y t h i n g .  I t  d i s a p p e a r s  i f  you e n t e r  a s p i n  - 
t h e n  au tomat ic  s p i n  recovery informat ion  pops up and a t t i t u d e  information goes 
away. HUD informat ion  a l s o  d i s a p p e a r s  o r  is much h a r d e r  t o  s e e  i f  you a r e  
f l y i n g  i n t o  t h e  sun:  another  reason  t o  r e p e a t  i t  head-down. 

. ., . 

I.TC WI 1 I l . i r n  E r c o l i t w :  Y o t i  Y J ~  yoci h'id a t t  L ~ u t l t -  LiiTorin,rtiori on ttic r.iclar scope 
i n  the two F- 18 i n c i d e n t s  you d e s c r i b e d ?  

Laurie  Ham: N o ,  they  d i d  n o t  have i t  c a l l e d  up. However, you have t h e  
o p t i o n  f o r  h o r i z o n  l i n e  and v e l o c i t y  v e c t o r s .  I n  t h e s e  two i n s t a n c e s ,  i t  was 
d e c l u t t e r e d  and n o t  up t h e r e .  When d i s p l a y e d ,  i f  t h e  v e l o c i t y  v e c t o r  g e t s  HUD 
l i m i t e d  ( reaches  a l i m i t ) ,  i t  w i l l  s i t  t h e r e  and f l a s h  a t  you - which may g e t  
your  a t t e n t i o n .  The o t h e r  t h i n g  we've asked Mac A i r  f o r ,  as a r e s u l t  o f  these  
two a c c i d e n t s ,  is  a b a r o - a l t i t u d e  v o i c e  warning. The r a d a r  a l t i m e t e r  is g r e a t  
except  i n  unusual  a t t i t u d e s  where i t  c a n ' t  s e e  the  s u r f a c e ,  so w e  want a baro-  
a l t i t u d e  v o i c e  warning a s  w e l l ,  t h a t  we could p r e s e t  a t  some predetermined 
a l t i t u d e .  - 
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CaI Gar;{ Yat:has: X'*re go t  a conunent and a qiiescior. :  Y 3 ' s  a r e  g r e a i  t h i n g s  
bu: t a i l o r i n g  the c o c k p i t  FndiviCually may be  a problem. Le found e a r l y  i n  
t h e  F - 1 6  program, t h a t  t he  more f1ex ib t l i : y  you g ive  the  more complexity you 
g e t ,  and i f  the guy d o e s n ' t  g e t  i t  s o r t e d  o u t  on the ground, t h e r e ' s  t o t a l  
c o n f u s i o n  i n  the c o c i q i t .  And i f  :ha: happens t o  be a t  nijh:, he  could be 
dead .  So you need t o  make s u r e  you d o n ' t  provide so much f l e x l 5 i l i t r  t h a t  t he  
5';:i who grew up  on T - 3 3 ' s  Looks a t  a l l  t hose  possibL:i:ies t h e  first time and 
a 2 ~ e s n ' t  ha-ie a c l u e  how t o  handle i t .  If he handles  i t  wrong. i f  he c a l l s  up 
ch-. wrong d i s p l a y  a t  t h e  wrong t ime ,  i t  c o u l d  be haza rdous .  L e t  ne ask a 
q u e s t i o n ,  though: i n  your s u r r e y  w i t h  t h e  CSN, one q u e s t i o n  X d i d n ' t  s e e  
:here and which would seem important :  had any o f  those p i l o t s  who r a t e d  t h e  
HL3 fo r  unusual atti:.;de r e c o v d r i e s  e'isr actua?l;r  besn t h e r e  u s i n g  c h a t  HUD 
o t h e r  than i n  VYC? 

S ~ ~ m s r s :  They were a l l  t e s t  p i l o t s .  

C o l .  Gary Xa t thes :  Bu:, what I ' m  a s k i n g  i s  d i f f e r e n t :  he cou ld  have 5000 
h o u r s  of  f l y i n g  b u t  i f  h e ' s  never done t h e  maneuver o f  unusual  a t t i t u d e  
r e c o v e r i e s  u s ing  t h a t  H U D ,  t hen  h e ' s  p robab ly  no t  r e a l l y  q u a l i f i e d  t o  answer 
:ha: ques:ion. 

L;iurie Hxm: We, as a m a t t e r  o f  t r a i n i n g ,  do t h a t  i n  the s i m u l a t o r  with the  
2 i l o t  b u t  t h e  way w e  t e a c h  unusual  a t t i t u d e s  i n  the  a i r p l a n e  a s  w e l l  is when 
t h e  guy f i r s t  goes t o  t h e  HL'D, i f  he c a n ' t  f i g u r e  i t  o u t  r i g h t  now, with t h e  
a n g l e d  p i t c h  l a d d e r s  (and i t  r e a l l y  is k i n d a  easy: i f  y o u ' l l  j u s t  pu t  t h a t  
arrow s t r a i g h t  up a t  the top o f  your helmet and p u l l ,  y o u ' r e  gonna f i n d  t h e  
h o r i z o n )  B u t ,  i f  he looks a t  i t  and he  c a n ' t  f i n d  i t  r i g h t  away, we t e l l  him 
t o  go down, s h i t t y  as i t  is, t o  t h a t  s t andby  AD1 j u s t  t o  g e t  the wh i t e -b l ack .  
hm I going up or am I go ing  down. And as soon as he g e t s  t h a t  e s t a b l i s h e d ,  
t h e n  back t o  the HUD. But guys g e n e r a l l y  d o n ' t  have t o  do t h a t .  Very, v e r y  
seldom do they have t o  do t h a t .  

X a t t h e s :  VMC o r  IXC? 

L a u r i e  Ham: Well ,  in t h e  s i m u l a t o r ,  I M C ,  which i s  a s  c l o s e  a s  w e  can g e t .  

I d i d  a survey o f  v e r t i g o  among p i l o t s  f l y i n g  HUD-equipped a i r c r a f t  
i n c l u d i n g  the  F-15  and two y e a r s  ago w e  updated it  t o  i n c l u d e  the  F-18, and F- 
18 p i l o t s  seemed t o  have l e s s  SDO t h a n  p i l o t s  of p rev ious  a i r c r a f t .  

Summers: I wonder i f  t h e r e ' s  a l e a r n i n g  cu rve  a s s o c i a t e d  w i t h  t h a t .  We also 
i n c l u d e d  some French p i l o t s  who a l s o  had a lower inc idence  of  SDO - s o  my 
c o n c l u s i o n  is you've e i t h e r  done a b e t t e r  j o b  o f  i n t e g r a t i n g  head-up wi th  
head-down d i s p l a y s .  Obviously,  t h e  F-18 has a w e l l i n t e E r a t e d  c o c k p i t  and a 
s u p e r i o r  HUD. You've probably done a b e t t e r  j o b  o f  t r a i n i n g  and a b e t t e r  j o b  
of  i n t e g r a t i n g .  
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LfC Lorenzo Pugh: One o f  t h e  t h i n g s  you s a i d  tha: d i s c u r b s  m e  is t h a t  i f  the 
gu:r nerds t h e  A3I.  he can a:wa:rs ~ ~ 1 1 1  i t  up. '*;hat I ' m  submi:tir.g i s .  i f  you 
w e d  an A D 1  f o r  SDO ver:igo o r  wh;lte-;ar the s i tu .1:  i o  is, you don '  t h.l.,vt? t Lmt* 
t o  c a l l  i t  u p .  

Sumzwrs: Well .  t h a t ' s  an i n t e r e s t i n g  q u e s t i o n  and l*t me a d d r e s s  i t  f i r s :  
before  mencionizg the  automatic  s ? i n  mode i n  the  a i q l a n e .  We found e a r l y  i n  
the t e s t  program t h a t  the a i r c r a f t  had a mode o f  g e c t l n g  i n t o  a f l a t  s p i n .  
T~J: was a s u r 7 r l s e  t o  us and w e  l o s t  an a i r ? l a n e .  5je took some s t e p s  t h a t  
when t h e  F-13 d e t e c t e d  i t s e l f  t o  be i n  a s p i n ,  i t  put  up an au tomat ic  s p i n  
recover:r d i s p l a y  t e l l i n g  the p i l o t  e x a c t l y  where t o  put  the  s t i c k  and when t o  
do i t ,  and we've had no problem with i t .  The a i r p l a n e s  now a r e  smart  and 
the:r 're g e r t i n g  snnarter. There a r e  a l o t  of t h i n g s  we can do a u t o m a t i c a l l y  a s  
v e l 1  as  manual ly ,  t o  a f f o r d  r a p i d  pi:ch re ference  i n s i d e  the  c r e w - s t a t i o n ,  and 
i: could b e  code u p p i n 3  i n  on t h r o t t l e  and s c i c k ,  i t  could be au tomat ic  based 
on a i r c r a f t  s e n s i n g  l i k e  we do f o r  the s p i n  mode; t h e r e  a r e  a l o t  of th ings  
:hat c o u l d  be done,  and w e  h a v e n ' t  r e a l l y  i n v e s t i & n t e d  t h d t  f u l l y ,  and I th ink  
we need t o .  But ,  I would h a t e  t o  d e s t r o y  the HLD or Head-up concept  inc luding  
b.elmet mounted sigh:s, because of  some e a r l y  bad e x p e r i e n c e s .  We're l e a r n i n g .  
The HUD's been around,  what, 20 years?  The ADI's been around,  what,  50-60 
y e a r s ?  Gi-re us an equal  chance. 

LTC Lorenzo Pugh: But,  what i f  you a r e  wrong? You know, t h e  o p e r a t i o n a l  
u n i t s  a r e  t h e  r e a l  t e s i  bed. You're us ing  t e s t  p i l o t s  i n  VFR c o n d i t i o n s  t o  
check t h e  systems o u t  b u t  t h e  o p e r a t i o n a l  p i l o t s  go t o  combat a t  might i n  the  
weather and i n  IXC, and i f  they f i n d  out  t h e n  y o u ' r e  wrong, l i k e  t h e  F-16 with 
the  smal l  AD1 and bad ins t ruments ,  then guys d i e  because your t h e o r y  was wrong 
and work 
b e f o r e  i n s t a l l i n g  i t  i n  t h e  a i r c r a f t .  

you d i d n ' t  use enough of  t h e  r i g h t  d a t a  t o  t e s t  and i n s u r e  it would 
What a r e  you doing about i t ?  

Summers: Oh, I t h i n k  a l l  a i r c r e w  advisory panels  o r  e q u i v a l e n t s  a r e  needed a s  
an  i n t e g r a l  p o r t i o n  of  our  des ign  team, and t h e y  need t o  b e  a mix of 
exper ienced  and nuggets  t o  h e l p  a l l e v i a t e  t h a t  s i t u a t i o n .  And we've t r i e d  to 
do t h a t  t o  a g r e a t  e x t e n t ,  n o t  always s u c c e s s f u l l y  because both  t h e  AF and USX 
t r y  t o  send t h e i r  b e s t  j o c k s  i n .  b u t  I th ink  we need t o  force  t h a t  i s s u e  and 
make i t  a mix. I f e l t  before  any c r i t i c a l  des ign  d e c i s i o n  was made t h a t  we'd 
wrung i t  o u t  f a i r l y  w e l l ,  b u t  I t h i n k  t h a t  process  needs t o  be c o n t i n u e d  and 
emphasized. 

Unrecognized: 
e l e c t r o - m e c h a n i c a l  d i s p l a y s ?  

What's t h e  d i f f e r e n c e  i n  r e l i a b i l i t y  between MFD's and t h e  o l d  

Summers: I looked a t  t h e  d a t a  j u s t  b e f o r e  coming because I was s u r e  t h a t  
q u e s t i o n  would a r i s e .  The c u r r e n t  F-15 ADI b a l l  has a 630 hour MTBF. I d o n ' t  
know i f  t h a t ' s  o c c u r r i n g  o r  i f  t h a t ' s  s p e c i f i c a t i o n  v a l u e .  The F-15E, I 
b e l i e v e ,  I ' m  n o t  s u r e  i f  i t ' s  F-15E o r  F-18 MFD h a s  an  830 hour  MTBF. Now 
wi th  t h e  advent  of  f l a t  pane l  d i s p l a y s ,  we ' re  t a l k i n g  i n  terms o f  probably 
c l o s e  With dual  t o  5000-8000 hours  MTBF i n  t h e  next  g e n e r a t i o n  of  a i r c ra f t .  - 

- .  
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redundant p r o c e s s o r s ,  d i s p l a y  o p t i o n s  if you w i l l ,  t h a t  a r e  capable  of d r i v i n g  
the dis?Iay on b a t t e r y  power a s  v e l 1  a s  g e n e r a t o r  power. I t  a lmost  becomes a 
nooc p o i n t .  I t  winds up i n  t h e  white n o i s e .  I ' m  not  sure t h a t ' s  as  much o f  
an i s s u e  as i t  was i n  t h e  p a s t ,  but a s  c o n t r a c t o r s ,  w e  s t i l l  need t o  
i n v e s t i g a t e  i t .  

Col XcYaughton: I ' d  l i k e  t o  r e i t e r a t e  my comment t h a t  t h e r e  a r e  i n s t a n c e s  
xhen a p i l o t  ma:r n o t  know he needs an ADI. and t h a t ' s  when he r e a l l y  needs 
0r.e.  I f e e l  s t r o n g l y  t h a t  he needs something up there detiic.ateti f t i l l  t t s e  

' L o l l  pop - (1;) 

upr ig t i t .  r o l l  i n v e r t e d  f o r  t h e  p u l l - d o n ,  then  r o l l  out u p r i g h t  looking f o r  
the t a r g e t .  I t  is p o s s i b l e  to  become so engrossed i n  g e t t i n s  t h a t  pipper  on 
the  t . i rg"t  th,it ynci forget you'-ir? r o l l e d  out The d l s p l , i y  011 the N1;D Joci*i n o t  
t o l l  you i u s c a n t l y  wtwthar you're u p r i g h t  or Inver ted .  BeLieving yourseLf t o  
s t i l l  be fnver ted ,  you r o l l  1800 and p u l l - r i g h t  i n t o  the ground. That may 
sound r i d i c u l o u s  buy i t  happened t o  me on a t  l eas t  2 of perhaps 20 O K  30 such 
passes i n  the LLVTIZX s i m u l a t o r .  The simulator p r o j e c t  o f f i c e r ,  Mrw Tony Orr 
a d z i t t e d  that o t h e r  r e a l  f i g h t e r  p i l o t s  had made t h e  same mis take .  

hn t a x  b4np tr  is Jurirry, the Pop- i iy /Pu l l  -dovn orciii.iiice a ! ~ l  Lwry p.i*;s 

So, I r e i t e r a t e  my p o i n t :  you need a n  a t t i t u d e  d i s p l a y  f u l l - t i m e  t o  
provide instantly t h e  Bi3 P i c t u r e :  whe t h e  r you' r e  u p r i g h t /  inver  t e d  , 
c l imbingjd iv ing  o r  i f  so t o  about  what degree  j u s t  t o  prevent  those  kinds of  
e r r o r s .  
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Stanley N .  Roscoe, New Xexico Sta:e Cr.iversity 
ar,d Illiana A*ri.acions Sciences 

S:.ir?Le;r Y. Roscoe is a Professor o €  Ps:Jcholog:r at :lev X2xico Spaca 
Lt?i*/ersi::r and Head of the Behavioral Engineering Laboratory. He is also 
?rofes;or  Emeritus of the L'ni'iersity o f  Illinois and President of Illiana 
A-:idtion Sciences L i i n i t z d .  He recei-Jed his Ph.D. in ps;rcholog:; from the 
Cni7iersi::r of Illinois in 1950, and for many years was affiliated with both 

In:eras:3 include visu3: accommodJEion and spatis1 orl2ntation; compu:er- 
3nina:ed display and control s:rstems; automated pilot selection tes:ing; 
flight simulation dcd automated airmanship training; and a*/iation accident 
investigation, analysis, and sinulation. 

-h %..e Ur:i*iersi~y of Illlnois and Hughes Aircraft Company. D r .  Roscoe's research 

From 19L3 to 1?>6, he ser-red in the U.S. Army Air Corps as a flidht 
l?.struc:or and as a transport pilot in the Pacific Theatre. From 13L6 t o  1352 
!IC progr2ssed from Research Assistant to Assistant Professor at the Aviation 
?s;;chology Labora:or:r, Universi:y o f  Illinois a: Urbana-Champaign, where he 
c~nducceci research on flight displa:r principles and pilot performance. In 
1 3 5 2  he joined Hughes Aircraft Company where he established a human factors 
research and engineering program and advanced to Manager of t h e  Display 
Systems Department. 

He returned to Illinois in 1969 to establish the Aviation Research 
Laboratory with a staff of approximately 50, including an annual average of 
about 25 graduate research assistants. From 1969 through 1974, as the 
Xssociata Director for Research of the University's Institute of Aviation, he 
developed and directed an interdisciplinary program of analysis, design, and 
experimentation at ARL. More than 70 advanced degrees in the behavioral, 
engineering, and computing sciences were earned by graduate students engaged 
in research programs for which he was the Principal Investigator. 

In 1975-77, once again with Hughes Aircraft while on leave from Illinois, 
he investigated visual perception with imaging displays at NASA's Ames 
Research Center. In 1977, he retired from Hughes and returned to Illinois to 
continue his investigation of judgments of apparent size and. distance, eye 
accommodation, and associated visual illusions in flight. Concurrently, he 
formed Illiana Aviation Sciences, an extracurricular contract research and 
consulting group. In 1979, he retired from the University of Illinois to join 
New Mexico State University and establish the Behavioral Engineering 
Laboratory. 

- 
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He h a s  more t h a n  200 p u b l i c a t i o n s ,  i n c l u d i n g  t h e  book A v i a t i o n  
? s - r c k o l o . q ,  19311. H e  h a s  been  a T e c h n i c a l  h d - ~ l s o r  t o  RTCX,  FZA, NASA. and  t h e  
CS Aray,  Na-ry. and A i r  Force  and h a s  s e r v e d  a s  a c o n s u l t a n t  t o  t h e  Royal 
Swedish A i r  F o r c e ,  h l r  Line  P i l o t s  A s s o c i a t i o n ,  A l l i e d  P i l o t s  A s s o c i a t i o n ,  
Un i t ed  A i r  L i n e s ,  N a t i o n a l  H i jhvay  T r a f f i c  Sa fe t ; r  Admin i sEra t ion ,  N a t i o n a l  
hcsdemy o f  S c i e n c e s ,  arid v a r i o u s  l a w  f i r a s  i nvo ived  i n  a v i a t i o n  a c c i d e n t  
~::i3acLon. H e  has h e l d  s e v e r a l  o f f i c e s  and rece i*Jed  numerocs awards Erom t h e  
3 m a n  F x t o r ;  h z r o n s u t i c a l  S o c i e t y  o f  Crr?at B r i t i . i n .  
7 -  

I n  t h e  l a t e  e - ren ing  o f  t h e  f i r s :  day o f  1378,  a n  A i r  I n d i a  7 4 7  t ook  o f f  
f r o n  Ssints Cr-x AFr?orz i n  Bcmbay, bound f o r  D u b a i ,  Uni:ed Arab E m i r a t e s .  As 
t h e  a i r p l a n e  c l i a b e d  o u t  o v e r  t h e  Arabian  Sea and t h e  s u r f a c e  l i g h t s  p a s s e d  
011; o f  v i ew,  C a p r a i n  Kukar g e n t l y  r o l l e d  i n t o  a 1Go bank t o  t h e  r i g h t  w i t h  
a i L e r s n  i r , ?u t s  v a r y i n g  from 9 t o  16' d u r i n g  the  i n t s r - r a l  62  t o  70 seconds  
af:er l i f z o f f .  C a p t a i n  Kukar r e l a x e d  h i s  a i l e r o n  p r e s s u r e  o v e r  t h e  n e x t  1 3  
s e c o n d s ,  and t h e  p l a n e  g r a d u a l l y  r e t u r n e d  t o  * , J i n g s - l e v e l .  Then i t  c o n t i n u e d  
t o  r o l l ,  s l o w l y ,  i n t o  a 9' l e f t  bank .  

A t  t h i s  p o i n t  C a p t a i n  Kukar made a n  a b r u p t  l e f t - a i l e r o n  i n p u t ,  
momentar i ly  r e - r e r s a d  h i s  i n p u t ,  t h e n  v e n t  h c X  t o  h a r d - o v e r  l e f t .  From a n  
a l t i t u d z  o f  1 , 4 6 0  f e e t  t h e  b i g  Boeing r o l l e d  i n t o  a 1080 l e f t  bank ,  3 5  d e g r e e s  
nose dovn,  and  c r a s h e d  i n t o  t h e  s e a  a t  an  a i r s p e e d  o f  330 k n o t s  j u s t  101 
seconds  a f z e r  l i f t o f f ,  killing a l l  210 aboa rd .  C a p t a i n  Kukar h e l d  h a r d - l e f z  
a i l e r o n  and r u d d e r  t o  t h e  e n d .  

The cockpi: v o i c e  r e c o r d e r  p r e s e r v e d  t h e  f o l l o w i n g  b a r e l y  i n t e l l i g i b l e  
'do r d s  : 

A t  87 s e c o n d s  a f t e r  l i f t o f f ,  w i t h  a 320 l e f t  bank and r o l l i n g  left, 
C a p t a i n  Kukar e x c l a i m e d ,  "Arey y a r ,  my ins t rumen t ! "  

Two seconds  l a t e r ,  w i t h  t h e  bank now a t  47' ,  F i r s t  Off icer  Virmani  
r e p l i e d ,  "My . . .  m i n e ' s  a l s o  ( t o p p l e d ? )  [ n o t  c l e a r l y  i n t e l l i g i b l e ] , "  and 
C a p t a i n  Kukar s i m u l t a n e o u s l y  s a i d ,  "Check your  i n s t r u m e n t . "  

A t  9 5  s e c o n d s ,  F i r s t  O f f i c e r  Virmani r e p e a t e d  [more c l e a r l y ] ,  "Hine h a s  
a l s o  t o p p l e d . "  

Onc second later. j u s t  5 seconds be fore  impact ,  F l i g h t  Engineer F<l r fo  
I n t e r j e c t e d ,  "No b u t ,  go by t h i s ,  C a p t J i n . "  

A t  9 9 ,  C a p t a i n  Kukar:  " J u s t  check  t h e  i n s t r u m e n t .  Yar!" 

A t  101, F i r s t  Off icer  Virmani :  "Check what?"  (Sound o f  i m p a c t . )  
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For wha:ever reason ,  Captain Kukar e v i d e n t l y  was confused by t h e  att l :ude 

d i . a ~ ~ . o s c d  t h e  cause o f  the C a p t , a i n ' s  confusion and t r i e d  t o  r e d i r e c t  h i s  
a t : p n t i o n  t o  , inother iri.struma*iit, p ~ > . ; s l b l y  t h c  t u r n  1nd ic . i t o r .  

in<! - & & o n  : of h i s  f l i j h :  d i r e c t o r  instrumer.:. and F l i g h t  Engineer Far io  

Yakins such b a n k - c o n t r o l  r e v e r s a l s  while  usLng a convent iona l  a c t i t u d z  
inclica:or i s  prLinari1:f a genera l  a v i a t i o n  problem. But even a i r l i n e  p i l o t s ,  
n i i i t a r y  p i l o t s ,  and p r o f e s s t o n a l  t e s t  p i l o t s  o c c a s i o n a l l y  perce ive  the  moving 
hor izon  l i n e  on such ins t ruments  a s  i f  i t  r e p r e s e n t e d  t h e  slings of  the  
air?Lane i n s t e a d  o f  a f i x e d  r e f e r e n c e  a g a i n s t  which t h e  plane is  moving. For 
e:tample, an  F-86D scope-canera  movie of an  a i r - t o - a i r  a:tack by ,  of a l l  
peopLe,  Chuck !-lc3anLel, our  c h i e f  t e s t  p i l o t  a t  Hughes A i r c r a f t .  c l e a r l y  
r?cordeii  such a h o r i z o n - c o n t r o l  r e v e r s a l .  F o r t u r a t e l y ,  i t  happened a t  a h igh  
a l c i t u d s  on a c l z a r  day.  a u t  YcDaniel w i l l  ne-rer f o r g e t  an  experience he 
could not  e x p l a i n  u n t i l  he a l s o  saw t h e  scope movie. And t h a t ,  he could 
s c a r c e l y  b e l i e v e .  

Y e a r s  o f  rese.irch ha-:e sho;in t h a t  i n  t h e  absence of  s p e c i f i c  t r a i n i n g  t o  
the contrar:r .  .a hum.3n's " n a t u r a l . "  O K  s t e r e o t y p i c ,  response under a iride 
-4.:\ricty o f  e:<pi!rtlncrrt:.ll co t id i t  ions 1:; t o  expect  n disp1;iy element t o  move ifi 

c o n t r o l  i n p u t  we i d e n t i f y  o u r s e l v e s  w i t h  t h e  element  t h a t  moves.) So vhen a 
sudden i n p u t  r e s u l t s  i n  d i s p l a y  motion i n  t h e  d i r e c t i o n  o p p o s i t e  t o  t h a t  
expec ted ,  t h e  i d e n t i t y  of t h e  moving d i s p l a y  element may become momentarily 
amibiguous o r  a c t u a l l y  r e v e r s e d .  That  i s  why I b e l i e v e  t h a t  t o  a s s u r e  c o r r e c t  
r o l l  and p i t c h  responses  i n  a l l  c i rcumstances ,  i t  is  necessary  t h a t  t h e  
a i r p l a n e  symbol be seen  a s  t h e  moving " f i g u r e "  a g a i n s t  t h e  f i x e d  "background" 
of  the  e x t e r n a l  world.  

L' <.a? s.iine d i r e c t i o n  ;is t h e  c o n t r o l  i n p u t .  (Evident ly  because we make the  
__ -- 

A p i l o t ' s  p e r c e p t i o n  of banked and w i n g s - l e v e l  f l i g h t  comes through two 
sensory  o r g a n s ,  t h e  eye and t h e  i n n e r  e a r .  khen one s e t  o f  s e n s a t i o n s  
c o n t r a d i c t s  t h e  o t h e r ,  t h e  p i l o t  must choose which t o  t r u s t ,  and v e r t i g o  may 
r e s u l t .  The r e a l  problem i n  f l i g h t  a r i s e s  when a n  a i r c r a f t  a c c e l e r a t e s  about 
i t s  r o l l  a x i s  below t h e  p i l o t ' s  v e s t i b u l a r  ( i n n e r  e a r )  sensory  t h r e s h o l d .  - I f  
t h e  p i l o t ' s  a t t e n t i o n  is d i v e r t e d  d u r i n g  t h i s  t i m e ,  when he s h i f t s  h i s  
a t t e n t i o n  back t o  t h e  a t t i t u d e  i n d i c a t o r ,  he w i l l  f i n d  t h e  d i s p l a y  p o r t r a y i n g  
an unexpected a t t i t u d e .  That w i l l  r e s u l t  i n  a c o n f l i c t  between h i s  v e s t i b u l a r  
s e n . . r . i t l o t i q ,  w h I c t ~  I P I I  t i i i n  t i a t  1 - 4  f l y i t l r ,  s t  I - . i f h ; t i t  i i u c f  Ic*vc!l ,  nncl t i l 4  vf*;t1.11 

sensa t lor i s ,  whlch t e l l  hlm he is Ln a banked a t t i t u d e .  

Should he i n i t i a t e  a s h a r p  c o n t r o l  movement t o  c o r r e c t  t h e  undesired 
a t t i t u d e  shown on t h e  d i s p l a y ,  he w i l l  f e e l  as though he is  r o t a t i n g  from a 
w i n g s - l e v e l  a t t i t u d e  into a bank, when j u s t  t h e  o p p o s i t e  is t h e  c a s e .  I n  
o t h e r  words, h i s  eyes  w i l l  t e l l  him p o s i t i v e l y  t h a t  h i s  is c o r r e c t i n g  an 
u n d e s i r a b l e  s i t u a t i o n ,  while  h i s  v e s t i b u l a r  s e n s a t i o n s  w i l l  t e l l  him 

- .  
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po:;iti-/eL:/ t h a t  h i s  i s  !noiring fnto onL'.  Iri t h i s  s i t u a t i o n ,  t h e  . r e s t i 5 u l a r  
szr?s.i t lon; c3n be s o  compell ing tha:: t h e  p i l o t  will re 'rerse h i s  v i s u a l  
a:t i tuda r e f e r e n c e  f o r  t h e  b r i e f  remainder o f  h i s  l i f e .  This is my :heor:/ o f  
wka: happened i n  Bombay. 

During the pas t  L O  :?ears,  the problems and poLantia1 so?ucior.s associaEed 
vi:h f l i g h t  a t t i t u d e  a v a r s n e s s  have r ece ived  much e x p e r i n e n t a l  stud:/  i n  f l i g h t  
s i m u l a t o r s  and some, b u t  much l e s s ,  i n  f l i g h t .  The most comprehensi-re and 
objeczi-re  f l i g h t  e x p e r i n e n t s  were conducted a t  t h e  L'niversi:y of I l l i n o i s  
du r ing  t h e  e a r l y  197Cs and r e p o r t e d  i n  d e t a i l  i n  the August 1975 i s s u e  o f  
Human F a c t o r s  ( B e r i n g e r ,  W i l l i g e s ,  and Roscoe, 1 9 7 5 ;  I n c e ,  W i l l i g e s ,  and 
b s c o e ,  1'?;5, Roscoe and U i l l i g e s ,  1 3 7 5 ) .  They a r e  summarized i n  Chap:er 7 o f  
n : ~  book, A - i l a ? t i o n  Psvcho:o<,~ (Roscoe,  L730), Khich i s  included .IS an nppr:lcli:c 
:o t h i s  p'iper. 

I n  my younger da:is, I waged a f u t i l e  b a t t l e  f o r  a s s l i t ch  t o  a n  " o u t s i d e -  
i @I movin5 a i r p l a n e  a t t i r u d e  p r e s e n t a t i o n .  (The NorEh American F-103 mockup 
io.irsi  d i d  v o t e  uriGinimol: . ;  l y  t o  do so one wt'ek befo r t>  t h e  J i r p l J n e  ,435 cance l l e t i  
i n  f . i*ror of t h e  I.ockhet?d Y F - 1 2 . )  B u t  the  b a n k - r e v e r s a l  p r o b l e a  with the 
" i n s i d e - o u t "  s o v i n g  h o r i z o n  remains,  and a d i f f e r e n t  s o l u t i o n  i s  r e q u i r e d .  A 
j""d one.  experimen:ally v a l i d a t e d  i n  t h e  U n i v e r s i t y  o f  I l l i n o i s  ex7eriments 
spocsored by t h e  Off ice  o f  Naval Research,  i s  t o  have b& s y m b o l s - - a i r p l a n e  
- and horizon--move.  

Such a dual-movement d i s p l a y  is  known as a " f r equency- sepa ra t ed"  
p r e s e n t a t i o n .  Although it sounds confus ing ,  Lt's extremely c lear  i n  u s e .  
Changes i n  a i r c ra f t  a t t i t u d e ,  which a r e  r e l a t i v e l y  slow ( low-frequency 
r e s p o n s e s ) ,  a r e  d i s p l a y e d  as they  always have been by a moving ho r i zon  
i n d i c a t i o n .  The a i r p l a n e  symbol r o t a t e s  i n  d i r e c t  response t o - - a n d  i n  t h e  
same d i r e c t i o n  a s - - t h e  r e l a t i v e l y  East a i l e r o n  c o n t r o l  i n p u t s  (h igh - f r equency  
r e s p o n s e s ) .  Thus,  t h e  r a p i d  i n i t i a l  d i s p l a y  motion is d i r e c t i o n a l l y  
compatible  wi th  t h e  p l a n e ' s  a c t u a l  motion and p r e d i c t i v e  'of i t s  imminent 
a t t i t u d e .  

The r e s u l t s  of  t he  I l l i n o i s  s t u d y  o f  t he  f l i g h t  t r a n s f t i o n  o f  
p r o f e s s i o n a l  p i l o t s  t o  the f r equency- sepa ra t ed  a t t f t u d e  d i s p l a y  i n  a v a r i e t y  
oE o p e r a t i o n a l l y  r e a l i s t i c  f l i g h t  t a s k s ,  t o g e t h e r  w i t h  t h e  r e s u l t s  of 
experiments  i n v o l v i n g  s u b j e c t s  w i t h  l i t t l e  f l i g h t  e x p e r i e n c e ,  p l a c e  the  
d i s p l a y  i n  a unique p o s i t i o n .  Nonpilots  and p i l o t s  o f  l i t t l e  experience 
r e a d i l y  l e a r n  t o  u s e  i t  and show l i t t l e  tendency toward c o n t r o l  reversals t o  
which inexpe r i enced  p i l o t s  are s u b j e c t  w i t h  t h e  conven t iona l  moving ho r i zon .  
Highly t o  
which o n l y  a r o l l - r a t e  p r e d i c t i o n  h a s  been added, t o  assist them i n  
maneuvering t h e  a i r p l a n e .  

experienced p i l o t s  r e a d i l y  adap t  t o  it as a moving h o r i z o n  d i s p l a y  

- 
- .  



I b e l i e v e  t h a t  :he frequency o f  des ign- induced  b a n k - r e v e r s a l  e r r o r s  with 
the con*ient ional  moving hor izon  is much h i g h e r  than  is  ger.eral?y recognized. 
In  a d d i t i o n  t o  l o s s e s  i n  l i v e s  and equipment ,  t h e  consequences o f  s t l c k i n g  
*~i :h  moving horizon d i s p l a y s  include t h e  need f o r  more p i l o t  t r a i n i n g  than 
;rould o:her*rise be r e q u i r e d .  And who knows, i n  t h i s  age o f  Eierce product 
1 i a b i l i z ; r  l i t i g a t i o n ,  we may be o n l y  a s:ep away from a. c o u r t  d e c l s i o n  i n  
which a manufacturer will be found r e s p o n s i b l e  f o r  d e s i p -  induced p i l o t  e r r o r s  
Secausz .;a:rs o f  g ' iarding a s a i r s t  them a r e  scien:iEicall ; i  a s : a b i i s ~ . ~ t  and : J S ~  

:ha mnr.ufac:urer chose not  t o  inplament a chJnge i n  disp1a:r. 

CC'KYEIIT ISSL'ES AVD A P P L I C ~ T I O K S  

The problem oE spci t i , i l  m i s o r i e n t a t i o n  h.ir been exacerba:ed by the use o f  
co l l lm. i ted  virtu.11 i m . i r , i r i g ,  E l i g h t  d i s p l a y s .  F o r  m.111y p i l o t s  t h e s e  head-up o r  
helmet-mocntsd disp!.ijrs pre-rent the  eyes  from focusing a t  t h e  r e a l  ( o r  
; i m u l ~ ~ : ~ l ? )  d i s t a n c e s  o f  ou:side objeccs   hull. G i l l ,  and Roscoe, 1 0 9 2 ;  
l a - Iecchia ,  1 9 8 5 ;  Norman and E h r l i c h ,  1985 ;  Randle ,  Roscoe, and Pe t i t : ,  1 9 8 0 ) .  
Evident ly  c o l l i m a t i o n  r e l e a s e s  the  eyes t o  l a p s e  toward t h e i r  dark focus 
(which v a r i e s  widely from person t o  p e r s o n ) ,  and t h e  bold symbology of t y p i c a l  
he.id-up d i s p l a y s  does n o t  r e q u i r e  sharp  f o c u s i n g  f o r  l e g i b i l i t y .  I n  any c a s e ,  
col l imnEion does not  cause the  eyes t o  f o c u s  a: o p c i c a l  i n f i n i t l r  a s  the 
advoca tes  of HUDs and tdLiT)s a s s e r t ,  and t h e  consequences a r e  t h e  i n a b i l i t y  o f  
most p i l o t s  t o  a t t a n d  c o n c u r r e n t l y  t o  t h e  c o l l i m a t e d  symbology and d i s t a n t  
ob jeccs  wi thout  conscious focus s h i f c i n g  and a s s o c i a t e d  l o s s e s  i n  d i s t a n t  
acuit:f a c d  v e r i d i c a l  s p a t i a l  o r i e n t a - '  L i o n .  

I n  t h e  contex t  of s p a t i a l  o r i e n t a t i o n ,  misaccommodntion can ha-Je s e v e r a l  
adverse  consequences.  Depending on t h e  d i r e c t i o n  of the  d i f f e r e n c e  between 
f o c a l  d i s t a n c e  and o b j e c t  d i s t a n c e ,  o b j e c t s  w i l l  appear  s m a l l e r  o r  l a r g e r  than 
l i f e s i z e  and more o r  l e s s  d i s t a n t .  If  t h e  eyes focus too n e a r ,  a s  they do 
when v iewing  d i s t a n t  scenes  through c o l l i m a t e d  symbolic imagery, o b j e c t s  such 
a s  a i r p o r t  runways o r  s u r f a c e  t a r g e t s  appear  shrunken and more d i s t a n t  than 
they are  and consequent ly  h i g h e r  i n  t h e  v i s u a l  f i e l d  r e l a t i v e  t o  the  horizon.  
As a r e s u l t ,  p i l o t s  tend  t o  come i n  too  f a s t ,  round o u t  h i g h ,  and land long 
and h a r d .  up 
too  l a t e .  

They a l s o  overes t imate  t h e  d i s t a n c e  t o  ground t a r g e t s  and p u l l  

Furthermore,  misacconmodation n o t  o n l y  b l u r s  images, b u t  t h e  b l u r r i n g  
s e r v e s  t o  reduce c o n t r a s t ,  f u r t h e r  i n t e r f e r i n g  with o b j e c t  recogni t ion .  
Because few p i l o t s  can a t t e n d  t o  o u t s i d e  o b j e c t s  and c o l l i m a t e d  symbology 
s i m u l t a n e o u s l y ,  conscious swi tch ing  o f  a t t e n t i o n  is  necessary .  I f  a p i l o t  
dwel l s  t o o  long on e i t h e r  t h e  c o l l i m a t e d  sjmbology o r  o u t s i d e  o b j e c t s  not  
o f f e r i n g  a s t r o n g  h o r i z o n t a l  r e f e r e n c e ,  t h e  p i l o t  may be unaware of gradual 
a t t i t u d e  changes.  I n  such a c a s e ,  a suddenly n o t i c e d  angled o r i e n t a t i o n  o f  
t h e  symbolic  hor izon  b a r  o r  p i t c h  l a d d e r  can  r e s u l t  i n  a perceptua l ly  
overpowering a t t i t u d e  r e v e r s a l  and a screaming s p i r a l  d i v e  i n  t o  t h e  d i r t .  To 
provide a HUD a s  t h e  s o l e  a t t i t u d e  d i s p l a y  i n  t h e  C-17, a s  c u r r e n t l y  planned, 
w i l l  c o s t  l ives  and a i r p l a n e s .  - . .  - -  
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a 
DISPLAY MO'I'ION KELA'I'IONSI 11 PS 

Stanley N. Koscoe. Stevcn L. Jolinson. Robert C. Willigcs 

DYNAMIC displays convey inforiiiatiolr t)y t ~ i c  I)oyitiolis of tlicir liiov- 
ing parts. The display designer niust decide on one of the iirany possillc 
coordinate systems within which clciriciits ol the display are to niWe. 
This decision, often quite arbitrary, dctcrniiiies wlwtlicr t he clca~cala 
that move represciit the pilot's airplane or the outside world. 111e COIIM* 

quences of this choice are not trivial. In the Uiiitcd States during a n y  year 
about 100 people die becausc pilots Ixtrconie disoriented relative to tlic 
outside world and fly into the ground in  a high-speed spiral divc. f h t r y  
into a spiral dive follows entry into a cloud. a shift i n  visual referelice lroni 
the outside world to the flight instruinents. and a rcverrrd rcslmrijc to tlie 
"artificial horizon" (Johnson and Roscoe t 972). 

ry 
I 

-J 

DEFINITION 01: 'I'13HMS 

The two basic coordinate systems in which spatial niglit inforiiiation 
may be displayed are earth coordiiiatcs and aircraft coordiriatrs. thr l l t  
mrdinofes  refer to three orthogoital axcs frxctl in position rclativc to Icr. 
restrial space, as  opposed to inertial or celestial sl~acc. Oiic axis is verlicxd 
and emanates froiii the center of the earth; lttc second id ortliogoiial to tlic 
first and is aligned with the iiortli polc; the (hirtl is ortliogotial IO tlic firat 
and second. Aircraft ruordinaks refer 10 the longitudinirl, latcral.  id vcr- 
tical (x. y. and z) axes of the aircraft. 

When flight attitude is prcsciilctl i n  aircraft coordinates, tlic artificial 
(gyredriven) horizon bar rolls a id  pitches relalive to rlie w)rdiiialre of 
the aircraft's panel-mounted displ;iy. ' h i s  coiiveiitioniil presentat ioii is 
commoqly referred to as "inside-out." "moving Iiorizoii." or "inoviiig 
outside world." Alternatively, a "riioving iiirphne** s y i i i h l  rcprcsciit iiig 
the piloi's own craft as viewed from (tic. rear, or "oritsitIe-iti.'* rolls iiii(l 
pitches in the reversed directions rclirtivc to displiry ctwirtliiiatcs. 'I'lir~w 
basic alternative sets of cuortlin;itcs arc iiot Iiiiiitcd IO thc prt*scbiiti\titili 111 

W I I A T  5110~11.1) hlOVE? 

In  attempting to determine the preferred motion relationships ainony 
display synibols and their real-world cuuiiterparts. it is necessary to con- 
sider the question of whether the pilut thinks that the display represents 
tlie vehicle nioving against the exteriial w d d  or the external world mov- 
ing about tlie vehicle. '[liis questioii iiivolves w l ~ t  )ids k e n  teriiied the 
pilot's "fraine of reference." W itIi respect IO the prtwirtation of aircraft 
attitude. the issue is illustrated graptiically in Exlribit 7.1. In whatever 
manner attitude infornution is disyhiycd. i t  is nccessxy for the pilot to 
think that the aircraft is moving. I f  the outsiile world appears to niovc, the 
pilot is disoririited and sut,ject to v e r t i g o .  

From the date of invention of gyroscopic flight iiistruii\ct\ts. including 
turn indicators, directioiial gyros. a i d  attitudc Kyros. the frame of 
reference for display prcseritation tias I,ccii a subject id controversy. The 
argument found  its way into (Ire literature early arid was aiiirulatcd 
greatly by the fog flyiiig exploits of Jiiriics h d i t t l e  uiltfer ttic sinln- 
sorship of the IIanieI Guggenlieiiii Fuiitl ( IWk l!I:W). 0 1 1  Scpteiiikr 24, 
192'9, I)oolittle proved conclusivcly ttiat i t  WIIS possil)le to take off and 
land an airplane by instrunients aloiie. 

Uoolittle took off with the cockpit of the airplane cuiiil)letely covered. 
flew a distance of 20 niiles. and lai&d at alrtiost e x x t l y  thr. silnic spot 
from which he had takeii off. l'lrr attitude iidicator uscd by 1)cwlrttle wa$ 



11 CONTROLS A N l )  Ib IS I 'LAYS -- 
the Sperry Horizon. which was the prototype for the conveiitioaal ar- 
tificial horizon presentation used today. i'oppen (1936). a naval flight 
surgeon, presented a rationale for the motion relationship of the Sl)erry 
Horizon used by Doolittle, namely, that the correct fornr of prcselitatioli 
was an exact analog of what would be viewed through the witidstreen iii 

contact flight. 
Essentially, Poppen considered the display to be a porthole through 

which the pilot views a symbolic analog of the real horizon. Poppen car- 
ried this line of reasoning to the point of advocating a displacenient of [lie 
gyroscopic turn needle to the left while in a right turn so as to keep the 
display index in proper perspective (perpendicular) to the external world. 
This same rationale has prevailed through the years in support of the 
moving horizon attitude presentation. Nevertheless, the problem of fre- 
quent interpretation and control errors associated with this display re- 
mains. 

FIGURE AND GROUND 

The problem of pilot errors on movinghorizon attitude displays niay 
be explained in tlie context of the psychological phenomenon of figure 
and ground. Although figure-ground definitions emphasize static aspects 
of the visual field. dynamic aspects dominate the flight situation. 
Psychologically, the part of the field of view that appears to be stationary 
is custoniarily called the background, and the object that is nioviiig is 
called the figure. When the entire visual field moves in relation to the 
observer's eye, as occurs with head movement, the observer usually 
perceives correctly that the background is stationary (Fitts and Jones 
1961). 

The question then becomes: do the figure and ground relationships 
between the aircraft and the outside world change when the pilot shifts 
attention from the outside world to the attitude indicator on tlic panel in- 
side the cockpit? I f  the pilot's frame of reference changes when a sniall, 
abstract instrument representation of tlie outside world is all that is 
available, as  opposed to tlie outside world itself, this change niust involve 
a shift in the figure-ground relationship. Specifically, the aircraft's instru- 
ment panel or even tlie framed aperture of an individual displiiy face 
becomes the background against which the display eleniclits iiiove. 

The highly resolved, dynamic, literal iniage in full color presented 011 

a display screen by a projection-type flight periscope consistently yields 
the same stable figure-ground relationships for all pilots regardless of 
display site (Hoscoe 1948; 195 I ;  Koscoe, I lasler, and Ihuglierty l!M). 
With display screeiis SulJtending visual angles ranging froiii 30 tlcgr cc's 
down tq 7.5 degrees (a 2-inch screen viewed from 15 inches) atid presetit- 
ing a fbrward looking view as  narrow as 3.75 degrees ( x 2 niaguificatioli). 
no control reversal was observed duria): iiiore tlian 135 hours of flight ex- 

ly 
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7 I)isp&v , \ I d r ~ n  Nc&liua$hrp, -~ 

pcrinientation involving inore ttidil 25 different pilots of widely varying 
experience. 

CONIHOL- DISt'1.A Y K ELATIONS 

Motion compatibility must tx: corisiJered in  conjunction with the 
pilot's franie of refererice. Dependiiig oil wlietlier the desired or the actual 
position of  a pilot's aircraft is the fraiiie of reference. the display element 
may move either in the s i n e  direction or in a direction opposite to the 
corltrol input. I'Iiat is, the operator may consider the movement of a 
display symbol from the fixed reference either as an indication to be 
followed ("fly-to") or as  soniething to be iiioved directly back to the fixed 
reference ("fly-from"). I n  the first instance a clockwise rotation of an ar- 
tificial horizon symbol, indicating a left roll. would call for a clockwise 
rotation of the  yoke to return to a wings-level attitude; in the  second in- 
stance. clockwise rotation of an airpldrir s y m t d  W O U I ~  indicate a right 
roll and would call for an opposite, or couiiterclockwise. response. 

On careful exaniination i t  t,ecoiiies apparent that the control reversal 
phenomenon is u~ually associated with a sudden resl)oiise to a teiiiporar- 
i ly  unnoticed cliaiige in attitude. such as  a dropped wing caused by a gust 
of turbulerit air or a banked attitude entered gradually while the pilot's at- 
tention is diverted. In routine maneuvers pilots have little trouble with the 
nioving horizon. The problem seeiiis to k associated almost exclusively 
with fast responses to slow changes in display indications; the critical con- 
sideration is that the elements of a display that respond immediately to 
the pilot's control inputs move in the exlbected direction. 

FKEQUENCY SEI'AKAI'ION 

Tliese observations led to the idea of display frequency separation in 
which oiily tlir display elements that respond iniriiediately to aircraft aC- 
celerations niove iii the u n i e  direction as tlie control inputs. and the iiiore 
slowly nioviiig indications of geographic position a i d  flight attitude iliovc 

i i i  the contrary direction. l'lie best known example of a frequrncy.sepa- 
rated display was introduced by Fogel (1959). Fogel's priniary aim in the 
formulation of what tie called a " kinalog" display (a coritraction of 
"kinesthetic analog") was to niake visually displayed attitude iiiforiiiatiori 
more nearly coiiipatible with (lie inforiliation a pilot receives through the 
kiiiestlietic aiid vestibular senses. 

Fogel rccogiiized that tlic I~byriirttiiiitt or vestitJular proprioceptors 
sciise oidy acccleratiocis and c w i v e y  i w  dii.rct iiiforiiiation coirccriiirig 
rates or posi(ioiis. Iiecause accelcratioiis in  it11 airc.raft. Imrtictilarly (lie 
aiigular accelerations associated with cliariges in  attitude. are typically 
traiisient in  nature, Fogel reasoned that visual and vestibular coiiipatibil- 
i ty  requires oiily that the initial motion of a display indication from any 
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steady state be in the same direction as  the angular acceleration. There- 
after, the direction of display motion may gradually be reversed without 
conflicting with vestibular and kinesthetic cues. 

For example, if the pilot moves the control to the right to initiate a 
right turn, the aircraft symbol should immediately rotate clockwise to 
coincide with the direction of angular acceleration. As t he  aircraft 
establishes its right turn and the anmlar acceleration is replaced by linear 
acceleration normal to the aircraft's wings, both the horizon line on the 
display and the aircraft symbol gradually rotate counterclockwise so that 
in a steady turn the aircraft's angle of  bank is displayed by the tilt of the 
horizon bar, a s  in a conventional presentation. 

A simple application of frequency separation to the presentation of 
aircraft attitude gives an immediate indication of roll acceleration and 
rate by the rotation of the airplane symbol in the same direction as the 
pilot's control inputs. while presenting attitude conventionally with a 
moving horizon symbol (Roscoe 1968; Johnson and Roscoe 1971). In  ef- 
fect, a predictive indication of bank angle is represented by the angle be- 
tween the airplane and horizon symbols, and the quick response of the air- 
plane symbol to control inputs is in the expected directioii. 

7 .  
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EXPERIMENTAL EVI D E K E  

Pilot responses to various flight attitude and steering bwidance 
display dynamics have been investigated systematically at the University 
of Illinois. Preliminary experiments (Johnson 1971; Johnson, Williges. 
and Roscoe 1971; Roscoe. Denney. and Johnson 1971; Jacobs. Williges. 
and Roscoe 1973) employed a Link GAT-2 general aviatiorl trainer. 
Definitive experiments involving both flight-naive subjects and profcs- 
sional pilots performing a variety of flight and navigation tasks both i n  
flight and in the Link GAT-2 have been reported by Iiice( 1!)73); IkriiiKer. 
Williges. and Roscoe (1975); Ince, Williges. and Koscoe (1!,75); arid Kos- 
coe and Williges (1975). 

Roscoe and Williges compared four attitude prcsecitatiolls in wliich 
either the horizon symbol or  the airplane synlbol. or both. nioved relative' 
to display coordinates in a flight experiment (Exhibit 7.2). Sixteen flight- 
naive Navy ROTC students each flew three different flight tasks in a 
Beechcraft C-4514 under simulated instrument flight conditions following 
one hour of flight control orientation in a I'ipcr Clicrokce urider contact 
flight conditions, with the flight attitude indicator covercd. Subjects ex- 
hibited ,fewer control reversals during unkiiowii attitude rccovcrics wit t i  
the freqyency-separated display than with the iiiovii1): Iioritoli display. 

Although the moving airplane display producctl tlic Icwcsl reversals. 
disturbed-attitude tracking was inferior to tint with citlicr the iuoviny 
horizon or frequency-separated displays (Exhibits 7.3 and 7.4). In tlic dis- 
turbed-attitude tracking task, subjects were rcquircd t o  conipc.n%te for 

MOVING H O h l Z O N  U O V l h C  AIHPLANE 

displayrd~attitude pri'turbatioiis iiiduced by barid.liniited (0.05 l i z )  
Gaussian wise suiitiiicJ wi th  tfrr a i tua l  I~iiiili attitutie signal. The task 
forced subjects t u  f ~ l l t ~ ~  visually p r c . w i i ~ c . d  irttitutlc ~ntlicir~ioris that were 
i i i  contiriuai d y i i d ~ r i i  ~ . o i i t l i i t  with [Iicir vcstitjuhr sensations oi angular 
acceleratioii. Siirprisiiigly, but p c * i - I i ; i [ ~ ~  iiot utinccouiit;ibly, tIic tiwving 
airplane attitude presciitatiun yicldctl I-cliallly wwsr disturkd.attitude 
tracking tli?art either the cuiiveiiti,tii.tl iitovirrg horizon or i t s  frcqueircy- 
separa tcd coutit crpart . 
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EXII I I I IT  7.4.  Mean standard deviation of disturkd.altitutlt* 
tracking error in arbitrary units lor 16 subjects as a fuiictioii of 
display type and tracking trial (K‘usmcund It’I//Igcs lY75) 

This single unprecedented finding casts doubt on the validity of the 
results of numerous experiments in fixed-base and nioving.base 
simulators that have indicated superior performance with moving air- 
plane attitude displays (Iirowne 1945; 1954; b u c k s  1947; Nygaard and 
Roscoe 1953; Roscoe, Wilson. and Deming 1954.; Dunlap and Associates 
1955; Bauerschmidt and Roscoe 1960; Weisz et al. 1960; hlatheny. 
Dougherty, and Willis 1963; Johnson. Williges. and Roscoe 1971; Jacohs. 
Williges, and Roscoe 1973). 

The  inferior perfornlance with the moving airplane attitude presciita. 
tion cannot be attributed to conflict between visual and vcstibular cuts 
because the disturbed-attitude tracking task created serious cue conflict 
with all displays tested. In all cases, good performance required the sub- 
ject to ignore vestibular acceleration cues and respond only to the visual 
presentation. The inferior performance with the moving airplane display 
must be accounted for in ternis of one or more possible alternative causes. 

A within-subject design was used in this study; all subjects were 
tested on  all displays in  counterbalanced orders. I’oulton (1969) tias SUK- 
gested that differential transfer effects anlong experimental coiiditioiis 
can bias conlparative results in experiments of this type. In lliis cxpcri. 
mcnt. differential transfer may well have occurred because a dispropor- 
tionate amount of practice was received on what were basically iiioviiig 
horizon presentations. ’fhe frequency-separated dIsp!ay is idc!~!ic?! !e !!:e 

7 /)ripht .\1 ,:i.tiI h’rhliumbh8fta -~---.---.--I--- - 

moving klaJriz$)ii display exccl)t for the predictive roll-rate indication 
S U ~ C I ~ W J S C ~  \A\  ~lre airl.raft sy1111,ol. atid the kiiialtlg display expotientially 
tiecays 1 4 )  rl l l i l J V i l l ~  Iiorizun IJi-eseir(atiori w i t h  a 5-sccotld lag. 

Cunsequrritly, each subject, all of wtiorii were male nonpilots. re- 
ceived ttircc-fuurths of his practice on nioving horizon type displays and 
one-fourtli w i  the siitgle iiioviiig airplane attitude presentation as he pro- 
gressed t t l : *Ju~~l  his pdrticular testing scquence iii t tie counterbalanced 
design. ‘I’Itc iact  tlrdt hjth ttie fr.el~urricy-separated display and the 
kirialuy d i b i i i i i y  exhibited liniited airciaft syttitxil niovenient would tend to 
uffsct t l i is  lM,>tuIdtcd bidsing effect. 

plane display may have k e ~ ~  due to differential transfer, two additional 
analyses u! tiir disturbed-attitutle tracking data were performed. First, 
tlie four  attitude presentations were coriipared on the basis of per. 
formalice t ) : !  t t w  fuur  occasiutis i r i  which each was flown first in the coun- 
terbalanict! dchigii to eliiuinate ally traiisfer effect. Second. the data were 
analyzed wi:h scqucrice of testirig as a (actor, and performances with the 
first displdy : ~ I J W I I  were conrparcd with average per fortilances uii displays 
flown i i i  [ ! I C  sccorid, tlrird, a d  fourth serial positions in the coutuerhl- 
anced sequciiies. 

Avcr-dgc stdiidard deviations of disturbed-attitude tracking errors for 
the first a i d  Wccoiid trials on the first dtsplay flowti by each subject are 
suttiiiiarizt.L! 111 Exhibit 7.5. Altlrouyli ttie apparent differences were not 
statistically icliable. tlie nwan perfortilances for the independent groups 
of four SUIJ;L-L[~ each who flew with the nioving horizon and nioving air- 
plane d iqh i !  s, respectively, differed i n  ttie direction predicted by the 
1iypothzs;is ~:;;tt [tie reliaLlr ovcrirtl iliferiority of tile nioving airplane 
prrseotatiol? 15 a rclleitiurl of diiirreritial transfer within the cuunterlal- 
mccti tiesign 

I i y  cuw.!cririg oi i ly  pt3fCJr l l l ; l lKt .S  oil the first display flown. [Ire at- 
titude pres:e:itdtiori factor becolucs a Ijztwcel\-subjccts factor. and only 4 
subjects rs t ! :c r  ttiaii I t i  ap lxar  iri eac.11 treatliierrt. For this r c l d t i v r l y  in. 
scrisitive n i t d ! : . i s ,  iiiure data wotrltl he iieccssary to tleterrniiie [Ire possi. 
ble reliability uf the apparent iliitial superiority of the frequeli,y-sepa- 
rated display. I t  would appear, Iiowever, that f u t u r e  experinielits of this 
type sliould riilploy I)etween-sut)jects tlesigris to avoid possible differen- 
tial intraseri.tl transfer etfects. Nittitrally, for tasks in which tlirre is  no 
a priori reajlm t o  suspcct hiasiiiK iiitriiscrial effects and no pretest evi. 
dciic-c tlicrcui. [lie t l i r  tit y iiivestigittur weti [lot furgo tlrc ewroniics nl  
wit I I i t i .  su I J j  ci I cl c.si g i I s , 

‘l’lle rcsuj[s o i  I tie suppleii1c:iit;iry Ixcisk(low1i of Stxi i l l  positioli cffcCtS 
; i re  sliowii i i i  E k l i i b i t  7.1). Ily assuiliiliy serial p o s i t ~ o ~ ~ s  and disp1.1). tylws 
t o  I)e 0etwrcit-siil)jccts varialdcs (;1s arc the several collrl)inatiolls of thcsc 
vitriablcs), A rcli.dilc: ’l’riiil x Sc.ri.il I ’ O S ~ ~ I O I I  x 1)isl)lay ’I’ypc ititcraciioli 
..UJ 1” caciti i i ,  < W 5 j .  I tic iiic..iiis for this ilrteractioii again show a 

e. I o test [tic possibility that the apoarent inferiority of the moving air- 

(.,.... ..e.... ..... .-.. 
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EXHIBIT 7.5. Mean standard deviation of t l is t i i r l~i l~al~i tucle  
tracking error in arbitrary units as a function of disl11:iy typc 
and trial for the first display flown by subgroup of four sub. 
jects each (Hosme and lVi1lig:rs 1Y7.5). 
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marked iniprovement with tlir iiiovirig Iiorizoil display following rela- 
tively poor perforniarice io tlrr fir-st serial positioii. With the exception of 
the dis1)rol)ortionatcly poor first-trial perforinarices with the kinalog 
display, serial positioit did riot systeiiiatically affect performances on the 
otlier three displays. 

Ince. WiIIiges, and Roscoe (1975) closely replicated the procedures of 
the fliuht exixrinierlt usiiig 24 flight-naive subjects in the Link GAT-2 "~ . . ~ ~ -  .~~ 

simulator. Iridependent groups of H subjects each were tested on the 
various display coiifiguratiorls aiitl tasks while flyi1lK. respectively, with 
no cockpit Iriotion, the sustaiiicd cockpit iiiotioii normal to the GAT-8, 
and subliiilinal "washout" ~ i i o t i o i r .  ' 1 . k  frequency-separated display pro- 
duced disturbed-attitude trackiiig I)C" torirrancr superior to all other 
displays across all motion coiiditioirs t csted (Exhihit 7.7). Furthermore, 
unknown attitude recovery tiiiirs wcrc rclial,ly shorter for the frrquency- 
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separated display ttian for the moving Iiorizon and nioviriy airplane 
displays in the siaiulator. 

Comparison of the three displays in t e r m  of control reversals 
generally supported the conclusion that the superior response stereotype 
of the moving airplane display repeatedly found in simulation ex- 
periments also holds in flight. Because the idea of a frequency-separated 
attitude presentation was originally put forth as a means of gaining the re- 
versal-preventing benefits of the control-compatible nioviriy airplane 
symbol without interfering with pilots' overlearned use of the inovirig 
horizon, the results for initial responses obtained in these experiments af-  
ford little comfort. 

Ilowever, initial coritrol reversals are usually caught and corrected, 
often going unnoticed by others in the cockpit. Reversals that go 
undetected and uncorrected, or secondary reversals made in confusion 
following an initial response. may be the ones that more often prove fatal. 
Secondary reversal results, particularly those for washout motion. offer 
some comfort because the surprisingly high frequency of secondary 
reversals with the iiioving horizon display (2 in every 10 recoveries) were 
cut by two-thirds with the frequency-separated display, al)proximrrtely 
the same a s  with the irioving airplane display. 

The results of these studies suggested that the frequency-separated 
display provides coniparable and in some cases superior performances by 
relatively inexperienced pilots to those obtained with the moving Iiorizon 
display. However. adoption of a frequency-separated attitude preseiita- 
tion for general use would necessarily require a consideration of its possi- 
ble adverse effects on the overlearned response stereotypes of experi- 
enced pilots. Furthermore, the acceptance of the frequency-separated 
presentation by senior pilots might depend on whether they viewed it as a 
completely new display or as a refinement of a familiar one. 

Beringer, Williges, and Roscoe (1975) extended the investigatioii to 
independent groups of eight professional pilots each. The pilots' per. 
forrnaiices were nleiisured during their initial transitions to their respec- 
tive displays in the Link CAT-2 arid the Ueeclicraft C-45fi. Ilisturbcd- 
attitude tracking performances in the airplane were reliably better. with 
the frequency-separated display than with either the convent ioiial iiioviiiR 
horizon or the nioving airplane presentation (Exhibit 7.8). I'erfortiianccs 
followed the same pattern during the pilots' initial introduction to tlicir 
respective experimerltal displays in the simulator. but tlle diffcrciiccs 
were smaller and riot statistically reliable. 

Performances with the frequency-separated and nioving tioriroli 
displays were superior to tliose witli tlie moving airplane disl)Iily i n  si)cetl 
of recovery frorii unknown attitudes i I i  tlic airplane. Examination of cow 
trol input latencies and sulmquent maneuvering times indicated t lmt  tlic 
differential speeds of recovery were due to differences - in  ~ i i ~ n e u v c r i t i ~  
--.-- - 8  a S . 6  I-UVKI y ,  iiui io ciiiierenriai speetis oi i l i i t i a i  respoosc wlieii 
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E X I I I I ~ I T  7 . 8 .  hlcan HhlS batiktrig cr rors  111 dcgrecs for 
tlizturtml dititudc iiac-kltig by I I I&~KI I~ I~ I I~  groups of riplit 
i i i l u i ~  w n g  each disl~1.1~ in the L i d  Gt\'l..2 arid Ikccticrrft 
C-451 I (IicrittgI.r. Ib'rIIIg~!.+, clntt Ir'o.~tu. 1.~7.5) 

presented with unknown attitudes. ?'tie extremely low incidrlice of con- 
trol reversals by the profrssiorial pilots during their srcorid series of trials 
with all displays was consistelit w i t h  their uli iforri i ly deliberdte initial 
responses. 

f'erforinaiices with the frrclueiicy-separatel~ tiisl)lay o i i  I)t,th tasks 
iiiay be p i r t i d l l y  attrlburaltr to i ts  "cminii+wI i i idl idtor" iinturc wliicli 
provides a "prograiiied" r e t u r n  to a wings-level atiitritlc, n i i l i i l i i l z i i i o '  [lie 
i~ro1)ability ol overshoot. Ttie screidipitous coniniiilid guidance proviticd 
by the freqiiciicy-srl)ar3Lcd presciitiitioti occurs a s  a by-prwlirct of I tic 
i;ict that [lie aileron I X J S l t l O l l  sig~iirl W;IS precisely scaled to yield tlic 
proper roll rate sslicdule for a fast. expo1ieiiti:il rciovery to a wings-level 
attitude simply by iiiaintaining atigiiiiient of the airplane syiiihd and the 
tiorizoli line. The speed ot rrcovery i s  directly depei idr~i t  on the sc.ale fac- 
tor selected: the iiiore sensitive tlic aileron positioli iidicatioii. tlic slower 
iind smoother the recovery; the less srrisitive, [lie fiistcr aiitl rouglier. The 
optimum choice yields a fast h i t  stal)le recovery. 
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ject population (Jacobs, Williges, and Roscoe 1973; Ince. Williges, arid 
Roscoe 1975; Koscw and Williges 1975) have shown ptrrforniarlce with 
the frequency-separated display to be comparable if not superior to that 
obtained with the moving horizon display. In no case has there k e n  
evidence of greater difficulty in learning the motion relationships of the 
frequency-separated presentation. The disturbed-attitude tracking task 
actually showed a reliable superiority of the frequency-separated display. 

If a display is to be considered for general use, one must take into ac- 
count all segments of the pilot population that will be affected. This re- 
quires that the transition of highly experiencd pilots froni the nloviiig 
horizon to any other display format be examined. Beringer, Williges. and 
Roscoe (1975) investigated this question, and the results suggest that 
highly experienced pilots can easily learn to use the frequency-separated 
attitude display and, for some tasks, may be expected to perforin better 
with it. 

Another requirement was the use of operationally realistic atid dif- 
ficult flight tasks. The area navigation task, paired with a concurrelit 
number-cancelling adaptive side task, provided such a context. at least in 
terms of realism and difficulty of workload demands. Although there 
were no reliable differences among the three attitude presentations iii 

terms of altitude and course errors or residual pilot attention. the mitior 
sample differences observed favored the frequency-separated display. 

Both disturbed-attitude tracking and recoveries from unknown at- 
titudes exposed pilots to conflicting visual and vestibular cues in a man- 
ner conducive to control reversals and spatial disorientation. Comparing 
data obtained in the simulator with data obtained in the airplane in this  
series of experiments, corresponding results are generally comparable 
when the simulator is operated with washout cockpit motion. Instances in 
which differences occurred may be attributed to the absence of ccxkpit 
motion, inappropriate motion cues. or specific diffcrences in f l i K l i t  
dynamics between the simulator and the airplane. 

The results of the study of flight transition of profcssional pilots to 
frequency-separated attitude display, together with the results of earlier 
experiments involving subjects with little flight experience. place the new 
display in a unique position. Nonpilots,and pilots of little expcrieiice read- 
ily learn to use it and show little tendency toward control reversals to 
which inexperienced pilots are subject with the corlventional nioviiig 
horizon. Ilighly experienced pilots readily adapt to it as a nioving Iiorizori 
display to which only a roll-rate prediction lias bccii added to assist t l i r i i i  
in maneuvering the airplane. 

With these attributes in mind. it would ai)pcar that tlie frequeiicyscp 
aration principle. used in conjunction with tlie flight path prediction priii- 
ciple to he discussed in Chapter 8. is an ideal candidate for use both by 
pilots in training and by those with higher levels of exlwricnce. ?‘he re- 

7 Ihrliluv Abitrriit A’ thlwNihip> - - _ ~  ---_- 
maining step in the acceptarlcc of a frequency-separated flight attitude 
arid steeririg Jjllilldli~e dispby is its roulirw use in h t l i  training and opeera- 
tional applications for a sufficient period to exp~ose and correct any 
undetected probleiiis prior to its general adoption. 
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. A i r c r a f t  A t t i t u d e  A w a r e n e s s  Fron V i s u a l  D i s p 1 s : r s  

P . o b e r t  M. T a y l o r  

F s r n b o r o u g h ,  H a m p s h i r e ,  U K  

a o r n  i n  B r a d f o r i ,  Y o r k s h i r e  a n d  e d u c a t e d  a t  P r e s e n t a t i o n  
C o l l a g e ,  R e a 2 i n g  a n d  a t  t h e  U n v e r s i t y  o f  L o n d o n ,  f r o 3  w h i c h  h e  
c ; r s . l i a t t . l  i n  1 3 7 0  w i t h  a BSc H o n o u r s  D e g r e e  i n  P s y c h o l o q y .  A f t e r  
g r a j u a t i n g ,  h e  t o o k  u p  a r e s e a r c h  a p p o i n t n e n t  w i t h  t h e  C i v a L  
S e r v i c e  a t  t h e  R o y a l  A i r  F o r c e  I n s t i t u t e  o f  A v i a t i o n  M e d i c i n e ,  
F a r n b o r o u g h  w h e r e  h e  is now a P r i n c i p a l  P s y c h o l o g i s t  i n  t h e  
G e n e r a l  T s y c h o l o q y  S e c t i o n .  
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AIRCRAIFP AYl'l'RJDE AWARENESS YRLM VESUAL DISPLAYS 

Fbbert CI. Taylor 
RAP Institute of A v i a t i o a  Uedicine 

Parnbotough, Eampshire, UK 

For people rho don't know which way is up. 

SunMA RY 

Rapid a p p r e c i a t i o n  of s p a t i a l  o r i e n t a t i o n  1s e s s e n t i a l  when recovering 
from unusual a t t i t u d e s  d u r i n g  a i r c r a f t  combat and emergency manoeuvres. 
Th i s  paper  is concerned w i t h  a t t i t u d e  awareness  de r ived  from a i r c r a f t  
i n s t r u m e n t s ,  i n  p a r t i c u l a r  t h e  comprehension of  p i t c h ,  r o l l  and horizon 
i n f o r m a t i o n  from head-up d i s p l a y s .  Human v i s u a l  o r i e n t a t i o n  is  d i scussed  
w i t h  r e s p e c t  t o  dual-mode theo ry  of  f o c a l  and ambient v i s u a l  i n fo rma t ion  
p rocess ing ,  w i t h  p a r t i c u l a r  emphasis on t h e  p e r c e p t i o n  of p a t t e r n  
o r i e n t a t i o n  and t h e  r e l a t i v e  c o n t r i b u t i o n s  o f  g l o b a l  and l o c a l  f e a t u r e s  i n  
mu l t i -d imens iona l  s t r u c t u r e s .  I t  i s  argued t h a t  g l o b a l  o r g a n i s a t i o n a l  
c h a r a c t e r i s t i c s  o f  d i s p l a y  f o r m a t s  a r e  i m p o r t a n t  and n e g l e c t e d  sources  of 
c u e s  f o r  a t t i t u d e  awareness. An improved p i t c h  scale symbology f o r  head-up 
d i s p l a y s  i s  proposed based on empirical evidence from s t u d i e s  of  ope ra to r  
performance on unusual  a t t i t u d e  recovery t a s k s .  

SPATIAL ORIENTATION AND ATTITUDE AWARENESS 

In  r e c e n t  y e a r s ,  a n  i n c r e a s i n g  p r o p o r t i o n  of human f a c t o r s  a c c i d e n t s  
a n d  i n c i d e n t s  i n  high performance a i r c r a f t  have been a t t r i b u t e d  t o  s p a t i a l  
d i s o r i e n t a t i o n  or l o s s  of a t t i t u d e  awareness.  A major f a c t o r  c o n t r i b u t i n g  
t o  t h i s  t r e n d  is  t h a t  w h i l s t  developments i n  airframe c o n s t r u c t i o n  and 
electronic f l i g h t  c o n t r o l s  s y s t e m s  have improved a i r c r a f t  a g i l i t y  and 
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m a n o e u v r a b i l i t y ,  t h e y  h a v e  a l s o  r e d u c e d  t h e  n o l s e  and  v i b r a t i o n  c u e s  t o  
a t t i t u l l e  c h a n q e s .  T5iu h a s  i n c r e a s e d  dependence  on visu.31 i n f o r m a t i o n  f o r  
detect109 utidemandcd d t c t t l r d e  changes and addud a f u r t h e r  onug of 
kegponSII bl l l + y  on I n t o r n a t i o t a  desrqvl f a u  an a l w a d y  heavlly bufidewcd 9cmsery 
charine 1. 

In e x a n i n i n g  tho r e q u i r e m e n t  fcr v i s u a l  i n f o r m a t i o n  on a i r c r a f t  
a t : i t u , ? e j ,  a u s e f u l  ? i s t i n c t i o n  can  be ,dr . iun b e t w e e n  t h e  n o r m 1  p r o c e s s  o f  
m a i n t a i n i n g  s p a t i a l  o r i s n t a t i o n ,  and  t h e  p r o c e s s e s  of r e c o q n i s i n g  
d i s o r i e n t a t i o n  and r e c o v e r i n g  p i t c h  a n d  bank a n g l e  c o n t r o l  f r o m  u n u s u a l  
a t t i t u d e ; .  D u a l - p r o c e s s  t h e o r y  of human v i s u a l  o r i e n t a t i o n  (LZZ3CW ZT'2 and 
PCST, 1 3 9 2 )  suqges 's  t h a t  o r i e q t a t i o n  in v z s r i a l  f l i g h t  rTiles ( V C 3 ; )  
conditions is  n o s t l y  n a i n t a i n e d  t h r o u q h  d e t e c t i o n  of  p e r i p h e r a l  h o r i z o n  
a n d  rztinal motion, o p t i c  f l o w  c u e s  ( c . Z .  GiliNCILEY, 1342; G Z S S S N ,  19-9) 
processed  s u b - c o r t i c a l l y  w i t h o u t  c o n s c i o u s  a t t e n t i o n  or a w a r e n e s s .  This 
s y s t e m  is known as t h e  a m b i e n t  mode o f  p r o c e s s i n g .  The a m b i e n t  s y s t e m  is 
s e r v e d  b y  t h e  lar3e p a r a - f o v e a l  a r r a s  of t h e  r e t ina  which  are  s e n s i t i v e  to 
l o w  spatial f r e q u e n c y  i n f J r n a t i o n .  I n f o r m a t i o n  €rQm t h e  a m b i e n t  s y s t e m  is  
i n t e g r a t e d  w i t h  ves : ibu lar  a n d  s o m a t o s e n s o r y  i n p u t ;  a t  a s u b - c o r t i c a l  l e v e l  
€\.>r t h e  m a i n t e n a n c e  of s p a t i a l  o r i e n t a t i o n ,  pos ture  and s t a b i l i t y  of gaze.  
'Thi.; r e L * i ? ~ . / c ! l . {  p r i  : n i P , i - / - ,  u n l n t s l l a  I v n t  moci,? i > f  proi -+- ,3gin i j  prtxiu(,:+?:i F,!IP 

f i e lds .  O r i e n t a t i o n  i n f o r m a t i o n  c a n  a l s o  be o b t a i n e d  t h r o u q h  t h e  f o c a l  
p r o c e s s i n g  s y s t e m .  The foca l  s y s t e m  is  s e r v e d  b y  t h e  f o v e a ,  t h e  small  
c e n t r a l  p a r t  o f  t h e  r e t i n a  c o n c e r n e d  w i t h  t h e  r e s o l u t i o n  o f  h i g h  s p a t i a l  
frequenc:i  i n f o r m a t i o n .  I n f o r m a t  ion  f r o m  t h e  € o v e a  p r o j e c t s  d i r e c t l y  on t h e  
v i s u a l  c o r t e x .  The f o c a l  s y s t e m  is t h e  c o g n i t i v e  mode o f  p r o c e s s i n g  
i n v o l q r e d  i n  t h e  r e c o g n i t i o n  o f  o b j e c t s  a n d  p a t t e r n s  a t  t h e  f o c u s  o f  v i s u a l  
a t t e n t i o n .  I t  i s  t h i s  s y s t e m  which  is u s e d  t o  p r o v i d e  s p a t i a l  o r i e n t a t i o n  
and  a t t i t u d e  a w a r e n e s s  i n  i n s t r u m e n t  f l i g h t  r u l e s  ( I F R )  c o n d i t i o n s .  

I t  f o l l o w s  f r o m  d u a l - p r o c e s s  t h e o r y  t h a t  d i s o r i e n t a t i o n  t e n d s  to  o c c u r  
i n  t h e  V F R - I F R  t r a n s i t i o n  w h e r e  t h e r e  is a r e d u c t i o n  i n  ambient  c u e s ,  a t  
u n u s u a l  a t t i t u d e s  d u r i n g  combat and  e m e r g e n c y  manoeuvres  w h e r e  t h e  f a m i l i a r  
a m b i e n t  c u e s  a re  r a p i d l y  c h a n g e d ,  a n d  d u r i n g  per iods o f  d i s t r a c t i o n  a n d  
i n a t t e n t i o n  when f l y i n g  o n  i n s t r u m e n t s  w i t h o u t  a m b i e n t  cues. The e x t e n t  t o  
w h i c h  m a i n t a i n i n g  s p a t i a l  o r i e n t a t i o n  is e i t h e r  a c o n s c i o u s  or a u t o m a t i c  
p r o c e s s  w i l l  d e p e n d  o n  t h e  r e l a t i v e  c o n t r i b u t i o n s  o f  f o c a l  and  a m b i e n t  mode 
p r o c e  s s i n  y . 
a n d  a c h i e v i n q  h i y h l y  resolveti  p i t c h  and bank anql t?  c o n t r o l  are more c l e a r l y  
cons(: 1 o u s  (le 1 i be t- .P t e I.:O r t i c a  1 a c t  i v i t i e  Y , i n  v n  1 v i ncj €oca 1 r a t  h e r  t h a n  
a m b i e n t  mode p r o c e s s i n g  r e s o u r c e s .  Rapid a p p r e c i a t i o n  o f  s p a t i a l  
o r i e n t a t i o n  a n d  immediate c o r r e c t i v e  a c t i o n  u s i n g  r u l e s  a n d  h e u r i s t i c s ,  s u c h  
a s  "roll a n d  p u l l  to  t h e  n e a r e s t  h o r i z o n " ,  a re  e s s e n t i a l  r e q u i r e m e n t s  for 
r e c o v e r i n g  f r o m  u n u s u a l  a t t i t u d e s  i n  l i m i t e d  a i r s p a c e .  I n  t h e s e  
c i r c u m s t a n c e s ,  d i s p l a y  d e s i g n  f a c t o r s  a f f e c t i n g  t h e  c o m p r e h e n s i o n  of p i t c h ,  
roll a n d  h o r i z o n  i n f o r m a t i o n  w i l l  be  of p a r a m o u n t  i m p o r t a n c e .  I n d e e d ,  t h e  
t a s k  of u n u s u a l  a t t i t u d e  r e c o v e r y  p r o v i d e s  a c r i t i c a l  t e s t  of design 
e f f i c a c y  and a p o t e n t i a l l y  more d e c i s i v e  a n a l y t i c a l  t o o l  t h a n  e v a l u a t i o n  o f  
a t t i t u d e  c o n t r o l  p e r f o r m a n c e .  

Recocjn L s i n q d i sor i e n  t a  t i o n ,  re c o v e  r i n q f r o m  unusua  1 a t  t i t ude s 

ATTITWE INDICATORS 

An i n t e r n a t i o n a l  d e s i g n  s t a n d a r d  e x i s t s  for m i l i t a r y  e l e c t r o m e c h a n i c a l  
a t t i t u d e  i n s t r u m e n t s  (NATO STANAG 3637 - A t t i t u d e  I n d i c a t o r s ) .  A c c o r d i n g  
t o  t h i s  a g r e e m e n t ,  t h e  s t a n d a r d  A t t i t u d e  I n d i c a t o r  (AI) comprises an h o r i z o n  
b a r ,  roll ( b a n k )  p o i n t e r  a n d  p i t c h  r e f e r e n c e  s c a l e , d i s p l a y e d  on a gyro 



s tab i l i sed  s p h e r e  r e p r e s e n t i n g  t h e  o u t s i d e  w o r l d  ( F i g .  1 ) .  C o l o u r  c o d i n g  is  
u s e d  t o  d i s t i n g u i s h  above  h o r i z o n ,  p o s i t i v e  p i t c h  a n g l e s  ( l i g h t  ' sky '  
co lour )  f rom below h o r i z o n ,  n e g a t i v e  p i t c h  a n g l e s  ( d a r k  ' g r o u n d '  c o l o u r ) .  x 

F i g .  1 WLTO STA,!!G 3637 A t t i t u d e  
Indicator. 

symbol r e p r e s e n t i n g  t h e  a i r c r a f t ,  
f i x e d  w i t h  r e s p e c t  t o  t h e  
i n s t r u n e n t  p a n e l ,  is located o v e r  
t h e  c e n t r e  o f  t h e  s p h e r e .  X f i x e d  
Sank scale is shown on t h e  s p h e r e  
s u r r o u n d .  T h i s  r e p r e s e n t a t i o n  
c o n f o r m s  t o  t h e  a p p e a r a n c e  of t h e  
natural horizon v i e d e d  t h r o u q h  a 
ho le  i n  t h e  i n s t r u m e n t  p a n e l ,  
p ro  v i , .f I n g an  " i n s  i d e  - loo k i  n g o u t  " 
c o n t a c t - a n a l o g  d i s p l a y  w i t h  t h e  
a d v a n t a g e s  for  c o m p r e h e n s i o n  of 
p i c t o r i a l  r e a l i s n .  The o r i g i n a l  
1920's d p e r r y  H o r i z o n ,  used in t h e  
fog f l y i n g  e x p l o i t s  of J a m s  
a o l i t t l e ,  embodied  t h e s e  basic 
e l e m e n t s .  N o w  t h e  c o n t a c t - a n a l o g  
A I  i 3  w i d e l y  used  t h r o u g h o u t  
a * J i a t i o n .  L o n g e v i t y  a n d  
w i d e s p r e a d  u s e  have  n a d e  i t  a n  
e x t r e m e l y  r o b u s t  d e s i g n  s t a n d a r d ,  
h i g h l y  r e s i s t a n t  t o  c h a n g e ,  a n o t  
uncommon c h a r a c t e r i s t i c  o f  long- 
e s t a b l i s h e d  d e s i g n  c u s t o m s  ( t h e  
QWEXTY e f f e c t ? ) .  I n d e e d  most 
a d v a n c e d  colour e l e c t r o n i c  head-  
down d i s p l a y s  (HDDs) m i m i c  t h i s  
f o r m a t .  

The c o n c e p t  of  t h e  c o n t a c t - a n a l o g  AI was c h a l l e n g e d  b y  RUFFELL-SMITH i n  
1948 (RUFFELL-SMITH, 1948). H e  d e s c r i b e d  a n  a t t i t u d e  ind ica to r  w i t h  
separated p i t c h  and  r o l l  p r e s e n t a t i o n s ,  a t t r i b u t e d  t o  HONICK of t h e  R o y a l  
A i  r c r a  f t E s t a b l i s h m e n t  ( Fig.  2 1. Separate 
d i s p l a y s  were p r o p o s e d  t o  p r o v i d e  more 
a c c u r a t e  r e s o l u t i o n  o f  p i t c h  a n d  r o l l  
i . n f o r m a t i o n  i n  t h e  belief t h a t  humans were 
better a t  i n t e g r a t i o n  ' t h a n  d i f f e r e n t i a t i o n .  
However, s u b s e q u e n t  c o m p a r a t i v e  e v a l u a t i o n  
of separated a n d  i n t e g r a t e d  d i s p l a y s  u s i n g  
a n  u n u s u a l  a t t i t u d e  r e c o v e r y  t a s k  p r o d u c e d  
mixed r e s u l t s  (BURROWS a n d  CAMERON, 1957). 
N e e d l e s s  t o  s a y ,  t h e  a r g u m e n t  f o r  s e p a r a t e d  
d i s p l a y s  d i d  n o t  p r e v a i l .  Separate 
a t t e n t i o n  t o  p i t c h  and  roll is p r o b a b l y  n o t  
n e c e s s a r y  f o r  p r a c t i c a l  f l i g h t  c o n t r o l .  
Host c o n t a c t - a n a l o g  AIS w i t h  a n  i n t e g r a t e d  
r e p r e s e n t a t i o n  p r o v i d e  separate p i t c h  a n d  
r o l l  scales f o r  i n d e p e n d e n t  r e f e r e n c e  i f  
needed .  

F i g .  2 RONICK A t t i t u d e  
Indicator ( f r o m  
RUFFELL-SMITH 1948)  

O t h e r  empirical s t u d i e s  h a v e  c h a l l e n g e d  t h e  a p p r o p r i a t e n e s s  of t h e  
movement r e l a t i o n s h i p s  of t h e  c o n t a c t  a n a l o g  A I  for  u n u s u a l  a t t i t u d e  r e c o v e r y  
(FOGEL, 1959; JOHNSON a n d  ROSCOE, 1972; ROSCOE, CORL a n d  JENSEN, 1981). It  
h a s  been argued t h a t  t h e  c o n t a c t - a n a l o g  r e p r e s e n t a t i o n  s h o u l d  e n a b l e  t h e  same 
h i g h l y  l e a r n t  set of r u l e s  to be used €or c o n t r o l  r e s p o n s e s  to c h a n g e s  i n  
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both the. n . i t . u r , l l  , r r i , l  a r t 1  f i c i a l  hortzoi i .  Ilow-wr, evi\ient:ir l n r l i c , . i t ; ? s  t h d t  a t  
unu: i i ia l  a t t i t u i i r s  rt'.jp)rit3e h e s L t a i i c y  and control r e v e r s a l s  a re  m o r e  common 
w i t h  s t a n d a r d  A l s  t h a n  in X I 3  w h e r e  t h e  h o r i z o n  i s  f i x e d  a n d  t h e  a i r c r a f t  
s y a b ~ l  moves w i t h  respect t o  t h e  i n s t r u m e n t  p a n e l ,  i.e. a n  " o u t s i d e - l o o k i n g -  
i n "  r e f e r e n c e .  
mo-iement of t h e  8 l i sp l . sy  e i e m e n t s  a n d  t h e  p e r c e p t i o n  o f  i n a p p r o p r i a t e  f i q u r e -  
qromd rel3tions3igs. Cur ; n ~  v i s u a l  f l i q h t ,  t h e '  a;r;:r.3ft is c o r r e c t l y  
percei.*red as t h e  n o - l i n g  e i e m e n t  or f i g u r e  and t h e  o u t s i d e  w o r l d  as t h e  f i x e d  
e l e a e n t  or g r o u n d  ( o r i e n t a t e d  p e r c e p t i o n ) .  Durinq i n s t r * l m e n t  f l i g h t ,  I t  is 
p o s s i b l e  to p e r c e i v e  t he  s t a b i l i s e d  horizon b a r  as t h e  moving e l e m e n t  or 
f i , J u r c  a n d  t h e  a i r c r ~ f t  s y m b o l  and i n s t r u m e n t  srirr.7und as t h e  f i x e d  ground 
( d i s o r i r n t a t e d  perception). The e r r o n e o u s  p e r c e p t i o n  of  t h e  h o r i z o n  a s  the 
moving f i j u r ;  t r i p s  i n a p p r o p r i a t e  m o v e m e n t - c o m p t i b l e  c o n t r o l  i n p u r a  or 
c o n t r o l  r ? v e r s a l i .  The c h a n 3 e  i n  f i g u r e - g r o u n d  p e r c e p t i o n  is  a t t r i b u t e d  t o  
t h e  low s a l i e n c y  of t h e  artificial h o r i z o n  v i e y e d  against t h e  l a r g e r  a n d  
p e r c e p t u a l l y  more s c s b l r  c o c k p i t  f r a m e w o r k ,  compared  w i t h  t h e  d o m i n a n t  
s t a b i l i t y  o f  t h e  n a t u r a l  h o r i z o n .  E m p i r i c a l  s t u d i e s  have  shown t h a t  c o n t r o l  
e r r o r s  c a n  be re,?:iced by a l l o w i n g  t h e  a i r c r a f t  symbol to nave b r i e f l y  i n  t h e  
s a n e  direction as  t h e  c o n t r o l  for small  f a s t  r e s p o n s e s ,  b e f o r e  moving t h e  
h o r i z o n  i n  t h e  ~ F F O S L ? ~  (direction f T r  1ar:je s l o w  r e s p o n s e s  (INCS, X I L L i G E S  
ami W:;I:!;E, 13713; DL:?:Y(;E:X, d ILLLGE:; anti i?.OSr:CE, 1?75;  RGSCGE and X :SLii ;ES,  
1 , 3 7 5 ) .  T h i s  is known .IS the p r i n c i p l e  of Preqr i t .nc~-s .?para- lon  (FCGEL,  
1 3 5 9  1 . 

T h e s e  e f f e c t s  are i n t e r p r e t e d  a s  c a u s e d  b y  a m b i g u r t y  i n  t h e  

I n  1944, r e c o q l s i n g  t h e  f i g u r e - g r o u n d  problem, K. C W I K  p r o p o s e d  t h a t  
t h e  r e p r e s e n t a t i o n  of t h e  a r t i f i c i a l  h o r i z o n  s h o u l d  be e n l a r g e d  t o  i n c r e a s e  
i t s  s a l i e n c y  a n d  p e r c e i v e d  s t a b i l i t y  (BROWNE, 1954) .  I n c r e a s i n g  t h e  s i z e  o f  
t h e  h o r i z o n  a l s o  p r o v i d e s  a more s e n s i t i v e  i n d e x  of p i t c h  a n d  bank a n g l e  b y  
c h a n g i n g  t h e  s c a l i n g  f a c t o r .  Empir ical  s t u d i e s  w i t h  c a t h o d e  r a y  t u b e  (CRY) 
AXs have  shown t h a t  p e r f o r m a n c e  i m p r o v e s  w i t h  i n c r e a s i n g  h o r i z o n  l e n g t h  u p  t o  
t h a t  o b t a i n e d  o n  a 280 m m  ( 1 1  i n )  CRT, o f f e r i n g  a 12-21O h o r i z o n  v i s u a l  a n g l e  
(CROSS a n d  BITTNER, 1969) .  L a r g e r  h o r i z o n s  p r o d u c e d  a p e r f o r m a n c e  
d e t e r i o r a t i o n .  SEIYPLE, HEXPY a n d  CONWAY (1971 1 s u g q e s t  t h a t  t h i s  
d e t e r i o r a z i o n  c o u l d  be d u e  t o  d i f f i c u l t y  i n t e g r a t i n g  a t t i t u d e  i n f o r m a t i o n  
o v e r  l a r g e  areas. In p r a c t i c e ,  d e s p i t e  t h i s  e v i d e n c e ,  s t a n d a r d  A I S  h a v e  
become smaller r a t h e r  t h a n  l a rger  w i t h o u t  f r e q u e n c y  s e p a r a t i o n .  
122 mm ( 5  i n )  A I  h a s  a s p h e r e  diameter of 76 mm. 
p l a c e  s imi l a r  l i m i t a t i o n s  o n  h o r i z o n  bar l e n g t h .  

A t y p i c a l  
S t a n d a r d  c o c k p i t  CRT s i z e s  

A v a r i e t y  o f  p e r i p h e r a l  v i s i o n  a t t i t u d e  i n d l c a t o r s  h a v e  b e e n  p r o d u c e d  t o  
overcome t h e  s i z e  l i m i t a t i o n s  of A I S  w i t h  l i t t l e  commercial success. T h e s e  
i n c l u d e  t h e  S m i t h s  P a r a - V i s u a l  Director or WD (MAJaDIE8 1960)  a n d  t h e  
C o l l i n s  P e r i p h e r a l  Command I n d i c a t o r  or PCI (FEwICK8 19631, b o t h  of w h i c h  
p r o v i d e  "barber's pole" v e c t i o n  cues ,  a n d  more r e c e n t l y ,  t h e  Malcolm Hor izon  
or P e r i p h e r a l  V i s i o n  H o r i z o n  Display or PVHD (MONEY, MALCOLM a n d  ANDERSON, 
1976).  The PVHD projects a n  e x t e n d e d  h o r i z o n  l i n e  t h r o u g h  t h e  A I  a n d  across 
t h e  i n s t r u m e n t  p a n e l  u s i n g  a r a p i d l y  s c a n n i n g  laser l i g h t  spot. T h i s  
p r o v i d e s  h o r i z o n  o r i e n t a t l o n  r a t h e r  t h a n  v e c t i o n  c u e s .  

C o m p a r a t i v e  e v a l u a t i o n s  of p e r i p h e r a l  d e v i c e s  have  p r o d u c e d  mixed 
r e s u l t s  (BROWN, HOLMQVIST and WOODHOUSE, 1961; VAUERIE, 1966; HASBROOK a n d  
YOUNG,. 1968).  
a r t i f i c i a l  s t i m u l a t i o n  t o  the  ambient v i s u a l  s y s t e m  (MALCOLM, 1984).  
However8 t h e  e x t e n t  t o  w h i c h  p e r i p h e r a l  d i s p l a y s  f u n c t i o n  as a n  a m b i e n t  
s t i m u l u s  i s  d i f f i c u l t  t o  measure d i r e c t l y  a n d  h a s  t o  be i n f e r r e d  from 
a p p a r e n t  loading of a t t e n t i o n a l  r e s o u r c e s .  
would  f r e e  a t t e n t i o n a l  resources for o t h e r  t a s k s .  E x i s t i n g  d i s p l a y s  o f f e r  
r e l a t i v e l y  i solated p e r i p h e r a l  movement  c u e s  w h i c h  a re  i n h e r e n t l y  a t t e n t i o n -  
g e t t i n g  a g a i n s t  a n  o t h e r w i s e  m o s t l y  s table  background,  a n d  g e n e r a t e  only a 

It  c a n  be argued t h a t  t h e s e  d e v i c e s  a t tempt  t o  p r o v i d e  

A s u c c e s s f u l  a m b i e n t  d i s p l a y  



m a r g i n a l l y  a d e q u a t e  a m b i e n t  s t i m u l u s .  I n  t h e o r y ,  a n  e f f e c t i v e  a m b l e n t  
d i s p l a y  s h o u l d  r e d u c e  t h e  i n c i d e n c e  of d i s o r i e n t a t i o n .  H o w e v e r ,  a m b i e n t  
p r o c e s s i n g  1s unlike: j ,  t o  p r o v i d e  t h e  h i g h l y  r e s o l v e d  p l t c h  a n d  bank a n g l e  
c o n t r o l  n e c e s s a r y  fo r  p r e c i s i o n  manoeuvres ,  n o r  is i t  l i k e l y  t o  asslst i n  
u n u s u a l  a t t i t u d e  r e c o . f e r y  which  i n v o l v e s  focal a t t e n t i o n  a n d  t h e  c o n s c i o u s  
a p p l i c a t i o n  of r u l e s  and h e u r i s t i c s  s u c h  as  "roLL a n d  p u l l  t o  t h e  nearest 
h o c  :=on". 
pr3vi  le a m r e  o o m p r ? w n j i * J e  s o ; u t i  m. 

An i n t e q r 3 t * d  coaS1la: ion of focal and anbienc  displays w o u l d  

H E A D - U P  DISPLAYS 

-r.. -ne ; en+ra i  c r e r - 1  i n  si::tsr:r c o c k ? i t s  has 5een to prc*ii+ e l e c t r o n i c  
head-up d r a p l a p  ( k ' C s )  a s  t h e  p r i m a r y  a t t i t u d e  r e f e r e n c e  superim-oosed on t h e  
o u ' s i j e - v D r l 3 .  T h i s  approach  goes sene ~ 3 i y  t ow, . j rd s  an intetqr-tion of f o c a l  
3n.l  amSi-?n t  i n f o r a a t - i m .  MJDs use d i f f e : t ? n t  c ~ d l n q  methocis than A:.; a n t i  tiDDs 
to  represent a i r c r a f t  a t t i t u d e .  Area colour co4iing i s  i n a c l a i s s a b l e  on 
supzr impTse , l  d i s p l a y , ;  b e c a u s e  of  t h e  need to mlnlnise o b s c u r a t i o n  of t h e  
o u t s l k  word. Ins:t.a,!, abs t rac t ,  symbol i c :  codes a r e  used t h a t  r e l y  on l i n e s ,  
s h a p e s  and numera ls  for  p i t c h ,  r o l l  and horizon i n f o r n a t i o n  w l t h o u t  t h e  
ad- anta age;. f o r  c o m p r e h e n s i o n  o f  p i c t o r i a l  r e a l i s m .  C o n v e n t i o n a l  AIS are 
p r o v i d e d  a s  a l l e r n a t  i v o  i n d e p e n d e n t  sources o f  a t t i t - u d e  i n f o r a a t l o n  and as  
s e c o n d a r y ,  s t a n d b y  o r  r e v e r s i o n a r y  i n s t r u s e n t s .  

I d e a l l y ,  H U D s ,  H D D s  a n d  A I S  s h o u l d  u s e  i d e n t i c a l  c o d i n g  m e t h o d s  for 
d i s p l a y i n g  a t t i t u d e  i n f o r m a t i o n .  Coding  d i f f e r e n c e s  place demands  on 
c o g n i t i v e  p r o c e s s l n g  t h a t  l e a d  t o  d i f f i c u l t i e s  i n  a t t + n t i o n - s u i t c h i n g ,  cross- 
m o n i t D r i n g  a n d  r e v e r s i o n ,  c o n t r i b u t i n g  f u r c h e r  t o  t h e  problems of m a i n t a i n i n g  
and r e c o v e r i n g  a t t i t u d e  a w a r e n e s s  ( S C H N I T ,  1982). A t t e n t i o n - s y i t c h l n g  
b e t w e e n  HUDs a n d  AIS has been  made i n c r e a s i n g l y  d i f f i c u l t  by t h e  t r e n d  f o r  
sna:lcr AIS l o c a t s d  i n  low, i n a c c e s s i b l e  p o s i t i o n s  i n  t h e  c o c k p i t .  V a l u a b l e  
v i s u a l  F a n e l  space i m m e d i a t e l y  b e n e a t h  HL'Ds  is t a k e n  u p  b y  H U D  c o n t r o l  panels 
and  d a t a - e n t r y  k e y b o a r d s .  Us ing  t h i s  space for i m p o r t a n t  v i s u a l  i n f o r m a t i o n ,  
s u c h  as a r e v e r s i o n a r y  a t t i t u d e  d i s p l a y ,  w o u l d  seem t o  be a more l o g i c a l  and  
s a f e r  a r r a n g e m e n t .  

IS I 

10 I 

U n l i k e  A I S ,  t h e r e  is  no 
i n t e r n a t i o n a l  s t a n d a r d  for HUD symbo1og.f. 
A U S  M i l i t a r y  S t a n d a r d  (NIL-STD-884) 
s u g g e s t s  f o r  g u i d a n c e  t h e  generic 

1 8 5  s y m b o l s  i n  F i g .  3, w i t h  t h e  i n t e n t i o n  
t h a t  specific r e q u i r e m e n t s  s h o u l d  be 

- 1 5  t a i l o r e d  t o  meet i n d i v i d u a l  needs.  The 
recommended a t t i t u d e  symbology comprises - 10 a c e n t r a l  h o r i z o n  l i n e  w i t h  paral le l  
l i n e s  fo r  p i t c h  a n g l e s  t o  +90° ( z e n i t h )  

1 5  and -90° ( n a d i r ) .  The i n s t a n t a n e o u s  
f i e l d - o f - v i e w  or I F O V  (10-20°) u s u a l l y  
l i m i t s  t h e  d i s p l a y  t o  t h r e e  v i s i b l e  

----,: - 5  p i t c h  l i n e s .  A f i x e d  c e n t r a l  symbol  
r e p r e s e n t s  t h e  a i r c r a f t ' s  v e l o c i t y  

- - - - A  -10 v e c t o r  or f u s e l a g e  d a t u m .  I n  f l i g h t ,  
t h e  s t a b i l i s e d  p i t c h  scale appears t o  

----f -15 move w i t h  r e f e r e n c e  t o  t h e  a i rc raf t  
symbol ,  r o t a t i n g  to i n d i c a t e  roll, and 

-8SL,,,, ----J -85 t r a n s l a t i n g  to  i n d i c a t e  p i t c h ,  i.e. 
i n s i d e  -loo k i n  g-out  d i s p l a y .  The 
preferred movement g e a r i n g  is u s u a l l y  1:l 
w i t h  respect t o  t h e  o u t s i d e  world, 

Pig- 3 MIL--884 S m l o g ~  s u p e r i m p o s i n g  t h e  h o r i z o n  l i n e  on t h e  
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n a t u r a l  h o r i z o n .  
p i t c h  a n g l e s  i > 3 0 ° ) ,  w h e r e  t he  h o r i z o n  i s  o u t s i d e  t h e  f i e l d - o f - v l e w ,  
f a c i l i t a t e  c o m p r e h e n s i o n  d u r i n g  r a p i d  p i t c h  r a t e  changes .  

Some HUDs have slowed p i t c h  movement (e.g. 1:3) a t  h i g h  
t o '  

6 
r - - -  

t 
-1 - -  

3 
1 r - - -  - - -  

.J 

S u r v e y s  h a v e  r e v e a l e d  w i d e  v a r i a t i o n s  i n  HUD s y m b o l o q y  w i t h  L i t t l e  
e m p i r i i : a l  e v i d e n c e  t o  s u p p o r t  c o m p l i a n c e  w i t h  s t a n d a r d s  (e.9. GREEN, 1977: 
EGAN , i n . i  ~GOc;DS(; t l ,  1 9 7 8 ;  NF.XY.\:.I ,an(i F!::{;Ji.;R':!{, 1984). F i q .  4 s h o w s  d HUD p l t c h  

sc:.ile w i t h  1 : 3  p i t c h  gearing develope.1 
fo r  t h e  UK Harrier a n d  Jaguar a i r c r a f t .  
D i f f e r e n c e s  from MIL-STD-dB1 i n  Fig.  3 
i n c l u d e  t h e  c o d i n g  o f  p o s i t i v e  a n d  
n e g a t i v e  p i t c h  ' l i n e s ,  t h e  l o c a t i o n  a n d  
d i r e c t i o n  o f  v e r t i c a l  t a g s  o n  p i t c h  
l i n e s ,  t h e  p s i t i o n i n g  of p i t c h  s c a l e  
n u m e r a l s ,  a n d  o c c l u s i o n  of t h e  a i r c r a f t  
t a i l  f i n .  N o  d o c u m e n t e d  r a t i o n a l e  h a s  
b e e n  g i v e n  for t h e s e  d i f f e r e n c e s  a n d  n o  
subs  t a n  t i a 1 d i  € f e r e n c e s  i n  i n f o r m a t i o n  
r e q u i r e m e n t s  would  account for t h e  
v a r i a t i o n s .  Indeed ,  a s  f a r  as c a n  b e  
d e t e r m i n e d ,  t h e  s y m b o l o g y  d i f f e r e n c e s  
h.3-w a r  i s + n  t h r o u q h  i n d e p e n d e n t  
e v o l u t i o n a r y  dc:3 i q p  procezse:,. Typi - 
c a l l y ,  t h e s e  p r o c e s s e s  r e l y  o n  t r i a l - a n d -  
e r ror  a n d  s u b j e c t i v e  a s s e s s n e n t s ,  w i t h  

i n f o r m a t i o n  r e q u i r e m e n t s  a n d  l i t t l e  
F i g .  4 Jaquar/Barrier Symboloqy l : , t t l e  s y s t e m a t i c  a n a l y s i s  o f  

empLrica1 t e s t i n g  of o p e r a t o r  p e r f o r m a n c e .  
i n f  l u e n c e d  b y  p a s t  e x p e r i e n c e  a n d  v a r y  i n  c o n s i s t e n c y  a n d  r e l i a b i l i t y  p a r t i -  
C'JlarlY when c o n c e r n e d  w i t h  v e r b a l  know Ledge of s k i l l e d  p e r f o r , n a n c e  ( B E R R Y  
and BKCADBEY!', 1984). U n f o r t u n a t e l y ,  t h e  s u b s t a n t i a l  empir ical  e v i d e n c e  o n  
o p e r a t o r  p e r f o r m a n c e  w i t h  e l e c t r o - m e c h a n i c a l  i n s t r u m e n t s  c a n n o t  be r e a d i l y  
g e n e r a  :i sed to  s u p e r  i mposed e l e c t r o n i c  d i s p l a y s .  
a r e  n e e d e d  t o  s u p p o r t  s y m b o l o g y  s t a n d a r d i s a t i o n  a n d  more i m p o r t a n t l y ,  
provide a t h e o r e t i c a l  f o u n d a t i o n  f o r  p r e d i c t i n g  t h e  e f f e c t s  of des ign  c h a n g e s .  

S u b j e c t i v e  j u d g e m e n t s  a re  s t r o n g l y  

O r i g i n a l  e m  p i  r ica 1 s t u d i e s  
t o  

ORIENTATION AND S W E  PERCEPTION 

D e s i g n  q u i d a n c e  for HUD s y m b o l o g y  a s  f o c a l  mode s t i m u l i  c a n  be f o u n d  i n  
t h e  c h a r a c t e r i s t l c s  o f  n a t u r a l  o b j e c t s  a n d  p a t t e r n s  t h a t  f a c i l i t a t e  o r i e n t a t l o n  
j u d q e m e n t u  a n d  s h a p e  p e r c e p t i o n .  
o r i e n t a t i o n  to  t h e  

N a t u r a l  objects  u s u a l l y  m a i n t a l n  a c o n s t a n t  

d i r e c t i o n  o f  g r a v i t y .  
N o r m a l l y ,  r e c o g n i t i o n  i s  
~r:hit 'vc?tl  by k e e p i n q  t h e  
t1i:a-i .inti r?yc:i upr  t c i h t .  
Het:r3ap i t Lon is  d i s r u p t e l l  
when ob jec t s  are  n o t  i n  
t h e i r  n o r m a l  o r i e n t a t i o n ,  
e.g. F i g .  5 .  Here, 
r e c o g n i t i o n  is  a c h i e v e d  b y  
m e n t a l  r o t a t i o n  or 
n o r m a l i s a t i o n .  . I t  ha s  b e e n  
d e m o n s t r a t e d  t h a t  
r e c o g n i t i o n  l a t e n c y  
increases  as a f u n c t i o n  of Fig. 5 Inversion 

a .. L. ..".A .I 

disrupts recogdtion. 
t h e  a m o u n t  o f  r o t a t i o n  
required for n o r m a l i s a t i o n  
(SHEPARD and ME?ZLEH, 1971). S e n i o r  P r i n c i p a l  P s y c h o l o g i s t ,  MOD). 

G l o b a l  features ~ s k  local dis tort ions-  
( w i t h  apologies t o  Dr J o h n  R o l f e ,  FRAcS, 
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M o s t  n a t u r a l  o b j e c t s  have  f e a t u r e s  t h a t  are r e c o g n i s e d  regardless of  
o r i e n t a t i o n  o r  are coded i n  a n  o r i e n t a t i o n - f r e e  f o r a ,  s u c h  as colour and 
t e x t u r e .  These  a c t  as  polar f e a t u r e s  d i s t i n g u i s h i n g  t o p  a n d  b o t t o m ,  a n d  
i n d i c a t e  tilt, o r i e n t a t i o n  a n d  t h e  n o r n d l i s a t i o n  r e q u i r e d  (HOWARD, 1982). 
The p o s i t i o n  o f  t h e  c e n t r e  of g r a v i t y  of a n  object, w h i c h  is n o r m a l l y  l o w ,  
c a n  be reqarde.?  a s  a p o l a r  f e a t u r e .  Hence,  s h a p e s  t h a t  taper  upwards  are  more 
I J f t e n  ]r:Ajt.? as  up': j i ; t .  i 'pr , . rht  s h a p e s  t e n d  t o  ha-w d o m i n a n t  d e t i : l  at t h e  
t c p  (e.9 heads  on botlies) and  e x h i b i t -  a s u r f a c e  t e x t u r e  g r a d i e n t  d i t h  
s i a l l r r  d e t u L  a t  t h e  t o p ,  f a r t h e s t  f r o m  t h e  p o i n t  oP r e g a r d .  

X o s t  p i t c h  scales u s e  s y m b o l s  to desiqnate t h e  z e n i t h  and n a d i r  
pc l e s ,  e. . ; .  ?:J. 1. These a r ?  on ly  via:bit? a t  e ~ t r o e e  pitch a n ~ j l r s  on  iiucs 
w i t h  1 :  1 pit::h s r . 1 1 i n q l  and never appeLtt c o n c u r r e n t l y  i n  t h e  f i e l t i - o f - v i e u .  
A= l o w  pi:--t: a n i j l + s ,  with t h e  n o r i z o n  - ~ i ~ i b L e ,  t h e  symbol;  f o r  p o s : t i v e  a n d  
n e g a t i v e  p i t c h  a n g l e s  p r o v i d e  pc~lar  f e a t u r e s  a h v e  a n d  b e l o w  t h e  h o r i z c n ,  
s e r v i n g  t h e  same f u n c t i o n  a s  s k y / g r o u n d  c o l o u r s  on A I S .  A t  i n t e r n e d i a t r  
p i t c h  a n j l e s ,  when o n l y  p o s i t i v e  o r  n e q a t - v e  p i t c h  l i n e s  are  i n  v iew,  
p l a r i t y  i s  :ndi.:a+--.d o n l y  i n  t h e  s r r i l c t u r e  o r  s h a p e  of t h e  i n d i - r i d i i a l  ? i t c h  
l i n e s  and  p i t c h  scale n u m e r a l s .  R e s e a r c h  h a s  shown t h a t  c u r r e n t  HLT, 
sjrnnbolog.l lacks n a z u r a l ,  i n t u i t i v e l y  meaningfTil  p o l a r  c u e s .  J u d g e a e n t s  o f  
t're o r i e n t a t i o n  of t y p i c a l  p i t c h  s ca l e  s e g m e n t s  b y  n a i v e  O b s P r v e r s  are 
i n c o n s i s t e n t  and u n r e l i a b l e  (TXYLJR, 1982). In  p r a c t i c e ,  e x F e r i ? n c e  and 
t r a i n i n g  are t h e  p r i m a r y  d e t e r m i n a n t s  of t h e  p e r c e p t i o n  of p i t c h  scale 
o r i e n t a t i o n  r a t h e r  t h a n  i n t u i t i v e  r e s p o n s e s  to' n a t u r a l  p o l a r  c u e s .  

F o r  redsons a l r e 3 d y  discussed. it is  p o s s i b l e  t o  p e r c e i v e  e i t h e r  t h e  HUD 
p i t c h  s ca i s  or t h e  a i r c r a f t  r e f e r e n c e  s y m b o l  a s  t h e  moving  f i g u r e .  S i n c e  i t  
is onl:! a p p r o p r i a t e  t o  p e r c e i v e  t h e  a i r c r a f t  as  t h e  m o v i n g  f i g u r e ,  it may be 
i . ? l L p r t a n t  t h a t  t h e  a i r c r a f t  s y m b o l  as w e l l  a s  t h e  p i t c h  scale s h o u l d  have  
f e a t u r e s  t o  i n d i c a t e  o r i e n t a t i o n  a n d  u p r i g h t n e s s .  The s t a n d a r d  symbol  looks 
l i k e  t h e  s h a p e  o f  an  a i r c r a f t  v i e w e d  f rom t h e  ,rear,  formed b y  a c i r c l e  w i t h  
h o r i z o n t a l  t a g s  or w i n g s  a n d  a v e r t i c a l  t a g  or t a i l  f i n ,  e.g. Fig.  3. The 
v e r t i c a l  t ag  s e r v e s  a s  a d i s t i n c t i v e  polar f e a t u r e  for o r i e n t a t i o n .  On t h e  
Jaguar and Harrier HUDs, t h e  s y m b o l  is  r e f e r e n c e d  t o  t h e  a i r c r a f t ' s  c l i s b -  
d i v e  angle (CDA). The f i n  s e r v e s  as a CDA l i m i t  i n d i c a t o r  a n d  i t  is n o r n a l l y  
o c c l u d e d  when t h e  CDA i s  w i t h i n  l i m i t s ,  e.g. F ig .  4. The o c c l u s i o n  of t h e  
t a i l  f i n  h a s  n o t  b e e n  c r i t i c i s e d  b y  aircrew b u t  l i k e  most d e s i g n  f e a t u r e s ,  
t h e r e  is no e m p i r i c a l  e v i d e n c e  t o  s u p p o r t  e i t h e r  i t s  i n c l u s i o n  or o c c l u s i o n .  

In n a t u r a l  objects  a n d  p a t t e r n s ,  t h e  l i n e  j o i n i n g  a n y  pair  of polar 
f e a t u r e s ,  known as t h e  polar a x i s ,  c a n  i n d i c a t e  which  way a n  object is 
t i l t e d ,  w h e t h e r  erect  u p  or i n v e r t e d .  On HUD p i t c h  scales,  t h i s  
is a n  i m a g i n a r y  l i n e ,  j o i n i n g  t h e  z e n i t h  a n d  n a d i r  r u n n i n g  t h r o u g h  t h e  
a i r c r a f t  reference  symbol and p e r p e n d i c u l a r  t o  t h e  h o r i z o n .  O t h e r  axes  t h a t  
h e l p  j u d g e  t h e  o r i e n t a t i o n  o f  o b j e c t s  i n c l u d e  t h e  f o l l o w i n g :  a x e s  of 
b a l a n c e ,  which r u n  t h r o u g h  t h e  c e n t r e  of g r a v i t y  p e r p e n d i c u l a r  t o  t h e  b a s e ;  
a x e s  of symmetry ,  w h i c h  d i v i d e  t h e  s h a p e  i n t o  i d e n t i c a l  m i r r o r - i m a g e  h a l v e s ;  
a n d  main l i n e s  a x e s ,  which  p r e d o m i n a t e  t h e  object or s h a p e ,  o f t e n  b u t  n o t  
a l w a y s  p a r a l l e l  t o  t h e  axes of symmetry .  I f  t h e  mass is  e v e n l y  d i s t r i b u t e d ,  
t h e n  a l l  a x e s  of s y m m e t r y  a re  axes of b a l a n c e .  The p o s i t i o n  of an  a x i s  of 
s y m m e t r y  is u s u a l l y  r e l a t i v e l y  e a s y  t o  judge, making it a p a r t i c u l a r l y  
s a l i e n t  a x i s  of b a l a n c e .  A h e a v y  r e l i a n c e  is placed o n  axes of symmetry  when 
judging w h e t h e r  a n  object or s h a p e  is t i l t e d .  I t  follows t h a t  HUD p i t c h  
scales s h o u l d  be d e s i g n e d  w i t h  c o i n c i d e n t  or para l le l  polar axes, m a i n  l i n e  
axes,  axes of s y m m e t r y  a n d  b a l a n c e .  
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O t h e r  i m p o r t a n t  p e r s p e c z i v e s ,  o f f e r i n g  a r i c h  s o u r c e  o f  d e s i g n  g u i d a n c e ,  
come f r o m  t h e  l i t e r a t u r e  o f  c o q n i t i v e  p s y c h o l o g y  c o n c e r n i n g  t h e . p r o c e s s i n g  
of c o m p l e x  m u l t i - d i m e n s i o n a l  s t i m u l i .  I n  t h i s  a p p r o a c h ,  t h e  p e r c e p t i o n  of  
comp:ex p a t t e r n s  i s  c o n s i d e r e d  i n  t e r a s  of t h e  r e i a t i 7 J e  c o n t r r b u t l a n s  of 
.y:oka: 3 c d  loca l  f e . i t - u r e s ;  a n d  the e:<is:ence of r n t e . 3 r a l  a n d  separ3te 
s t i m u l * x i  s t r u c t u r e s .  T h e r e  is converging e v i d e n c e  t h a t  as a g e n e r l l  r u l e  t h e  
g l o b a l  c h a r a c t e r i s t i c s  o f  c o m p l e x  m u l t i - d i m e n s i o n a l  v i s u a l  s t i m u l i  are 
processed f a s t e r  t h a n  l oca l  d e t a i l  u n l e s s  t h e  q u a l i t y  of t h e  i n f o r n a t i o n  a t  
t h e  g l o b a l  l e v e l  is p a r t i c u l a r l y  poor  ( X A Z F ,  1976; W V G N ,  1977;  HIJGHES e t  a l ,  
1934). F r j .  5 d e x m s t r a t e s  how global s i n i l a r i t i * s  c a n  mask loca l  
d i f f e r e n c e s .  Given  t h i s ,  i t  would seem r e a s o n a b l e  t o  c o n c l u d e  t h a t  f o r  t a s k s  
r e q u i r i n g  r a P i d  de. . : r~:on-making,  s u c h  a s  XED a t t i t u d e  r e c o v e r y ,  t h e  e m p h a s i s  
i n  d e s i p  s h o u l t i  be on the q u a l i t y  of the qlob.iL chara~: tc . r i~ . ; i i : s  ~ ) f  11i:;pL.iy 
f O C 3 ' l d t J  dY wel l  9:; on t h e i r  det-di led c o n t e n t .  U n f o r t u n a t e l y ,  i t  L S  p r o b a b l y  
t r u e  t h a t -  t h e  q u a l i t y  of  i n f o r m a t i o n  on HUES a t  t h e  g l o b a l  l e v e l  is 
re:atr .JeLy poor. Much i n f o r n a t i o n  is r e p r e s e n t e d  by local  f e a t u r e s  such a s  
p o i n t e r s  and d i , i i t a l  r e a d o u t s .  Some q u i d a n c e  on t h e  d e s i r a b l e  p e r c e p t u a l  
chdral:c:ristLcs o t  su(:!i forma' . ;  c.in be o b t , i i n r < i  f c ( > m  studies o €  the 
p r  i n c  i p  1t.s of per::+?pt.~a 1 a r y a n  i s a t i o n  i den  t i  f 1 ed by Ges t a  lt p s y c h o  lotji sts 
(:<'JBC';Y and ?C,clZ:+.\:lTZ, 1981). E'ornat3 t h a t  c o n f o r m  t o  Ges ta l t  laws o f  
p r o x i m i t y ,  s i m i l a r i t y ,  c l o s u r e ,  good c o n t i n u a t i o n  a n d  s y m m e t r y  s h o u l d  be more 
c o h e r e n t ,  eas ie r  t o  work w i t h  and  able  t o  c o m m u n i c a t e  t h e  n e c e s s a r y  i n f o r m a -  
t i o n  more e f f e c t i v e l y  t h a n  f o r m a t s  t h a t  do n o t  possess t h e s e  qua l i t i e s .  

.A f u r t h e r  s e p a r a t e  b u t  n o t  u n r e l a t e d  p e r s p e c t i v e  t h a t  c a n  be drawn upon 
is  t h e  n o t i o n  t h a t  t h e  HUD f o r m a t  h a s  a m u l t i - d i m e n s i o n a l  s t r u c t u r e  which 
a f f e c t s  b o t h  w h a t  is p r o c e s s e d  a n d  t h e  way i n  which  i t  is  p r o c e s s e d .  Two 
k i n d s  of m u l t i - d i n e n s i o n a l  s t i m u l u s  s t r u c t u r e  are d i s t i n g u i s h e d :  s t r u c t u r e s  
w i t h  i n t e g r a l  s t i m u l u s  d i m e n s i o n s  and  s t r u c t u r e s  w i t h  s e p a r a t e  s t i m u l u s  
d i s e n s i o n s  (GARXER, 1974) .  I n t e g r a l  s t r u c t u r e s  a re  processed a n d  p e r c e i v e d  
a s  s i m p l e ,  u n i f i e d ,  c o h e r e n t  w h o l e s :  o t h e r s  a re  processed a n d  p e r c e i v e d  as 
d i - r i s i b l e  s t i m u l i  w i t h  s e p a r a t e  d i s c r i m i n a b l e  s t i m u l u s  d i m e n s i o n s .  C o l o u r  i s  
a prime e x a m p l e  of an i n t e g r a l  s t r u c t u r e  h a v i n g  t h e  r e l a t i v e l y  i n d i v i s i b l e  
d i m e n s i o n s  of hue ,  b r i g h t n e s s  a n d  s a t u r a t i o n .  Redundant  d i m e n s i o n s  are  
sometimes u s e d  i n  d i s p l a y  d e s i y n  t o  e m p h a s r s e  i m p o r t a n t  i n f o r m a t i o n .  
A c c o r d i n g  t o  t h e  i n t e g r a l i t y  n o t i o n ,  o n l y  i n t e g r a l  d i m e n s i o n s  a re  c a p a b l e  o f  
pr mi uc 1 n y re d un da nc  y ya 1 n pe r f o r ma nc6 i m p r o v e  n e  11 t s f o c cor re l a  t e d d i  m e  ns i o n s  
or i n t e r f e r e n c e  for  o r t h o g o n a l  d i m e n s i o n s ,  compared  w i t h  u n i - d i m e n s i o n a l  
s t i m u l i .  
m u l t i - d i m e n s i o n a l  s t i m u l i .  I n  i n t e g r a l  s t r u c t u r e s ,  t h e  i n d i v i d u a l  d i m e n s i o n s  
.are  processed i n  a p a r a l l e l  r a t h e r  t h a n  s e r i a l  manner.  The c o m b i n a t i o n  of 
separate n o n - i n t e g r a l  s t i m u l u s  d i m e n s i o n s  leads t o  p e r f o r m a n c e  improvement  
o n l y  i f  t h e  a d d i t i o n a l  d i m e n s i o n s  are more e a s i l y  d i s c r i m i n a t e d  a n d  processed 
f a s t e r .  The p r e s e n c e  o f  p o o r l y  d i s c r i m i n a t e d  n o n - i n t e g r a l  d i m e n s i o n s  may 
a t t r a c t  u n n e c e s s a r y  a t t e n t l o n ,  i n c r e a s e  r e s p o n s e  latencies , r e d u c e  t h e  
s a l i e n c y  a n d  d i s c r i m i n a b i l i t y  o f  more e f f e c t i v e  c u e s , '  a n d  c a u s e  u n d e s i r a b l e  
c l u t t e r  a n d  o b s c u r a t i o n  o f  t h e  o u t s i d e - w o r l d .  F o r  s imi l a r  r e a s o n s ' ,  non- 
i n t e g r a l  c o n t i n g e n t  d i m e n s i o n s ,  where  t h e  m e a n i n g  of a g i v e n  cue is d e p e n d e n t  
o n  . a n o t h e r ,  are less e f f e c t i v e  t h a n  i n t e g r a l  or u n i - d i m e n s i o n a l  symbols .  
U s i n g  a s p e e c h  a n a l o g y ,  i n t e g r a l  m u l t i - d i m e n s i o n a l  s t r u c t u r e s  a r t i c u l a t e  
clearer a n d  l o u d e r ;  separate r e d u n d a n t  m u l t i - d i m e n s i o n a l  s t r u c t u r e s  m e r e l y  
repeat t h e  message; n o n - i n t e g r a l  c o n t i n g e n t  s t r u c t u r e s  s i m p l y  t a k e  l o n g e r  t o  
complete t h e  c o m m u n i c a t i o n .  

The d i s t i n c t i o n  i s  a n a l o g o u s  t o  p a r a l l e l  a n d  s e r i a l  p r o c e s s i n g  o f  

The Ges ta l t  l a w s  predict  t h e  s t r u c t u r e s  a n d  o r g a n i s a t i o n s  t h a t  w i l l  be 
perceived as  c o h e r e n t  g r o u p s  or f i g u r e s  i n  HUD formats. For good d e s i g n ,  t h e  
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b y  mO'Ji3y v e r t r - a l  scales. 
Preset command vaiues  
becone h o r i z o n t a l l y  
a l i g n e d  w i t h  t h e  h o r i z o n  
i n  n o r m a l  f l i g h t  a n d  
p r o v i d e  a common c e n t r e  
lint. d C T 3 S S  a l l  t h e  
i n s t r u m e n t s .  The p i l o t  
f l i e s  %a k e e p  a l l  t h e  

i..-. -2 i n d i c e s  aliqnjned acruss  t5e 
r?fercrnce  l i n e  w i t h i > i J :  
t u * ]  1 n J t o  re me mbe r 
s p e c i f i c  v a l u e s .  Scale 
d i s p l a c e m e n t s  are a s  f a r  
as  possible i n  a s i n g l e  

t 
8 ,,,:, , ' 4 " c ; < , , " # ;  

. . I <  ,.'I., ..*le, "'i 
,,,!#, , t , . ,  m11.1,. :?,# 

Fig. 6 Early DSAP Integrated Cockpit Display d i r e c t i o n  a n d  c o n s i s t e n t l y  
( f r o m  WtZFECK e t  a l ,  1958 1 re lated t o  t h e  c e n t r e  

r e f e r e n c e  l i n e  a n d  t h e  
2 i l o t ' s  c o n t r o l  novement .  F o r  i n s t a n c e ,  p u l l i n g  t h e  s t i c k  b a c k w a r d s  t o  c l i m b  
c a u s e s  the  h o r i z o n ,  command i n d i c e s  a n d  associated tapes  a l l  t o  move down. 
Fig. 7 d e p i c t s  HL. a t t i t u d e  symbology u s e d  on RaF a i r c r a f t  w i t h  s imilar  
o r g a n l s a t i o n a l  c h a r a c t e r i s t i c s .  An a n g l e - o f - a t t a c k  (AOA) scale is d e p i c t e d  
o n  t h e  l e f t ,  a ver t ica l  speed scale on t h e  r i g h t ,  a n d  a h e a d i n g  scale below 
t h e  a t t i t u d e  symbology. Two c o n d i t i o n s  o f  f l i g h t  are shown. I n  t h e  n o r m a l  

. c o n d i t i o n  ( l e v e l  f l i g h t ,  l o w  AOA, a n d  v e r t i c a l  s p e e d ) ,  the C o n f i g u r a t i o n  is 
simple and  s y m m e t r i c a l  w i t h  h o r i z o n t a l  and  v e r t i c a l  a l i y n m e n t  of t h e  
d i s p l a y e d  e l e m e n t s .  A t  u n u s u a l  a t t i t u d e s ,  t h e  c o n f i g u r a t i o n  i s  r e l a t i v e l y  
complex ,  a s y m m e t r i c a l  and  d i s i n t e g r a t e d ,  f a c i l i t a t i n g  a t t e n t i o n  t o  p a r t s  w i t h  
increased s a l i P n c y  for  t h e  AOA a n d  v e r t i c a l  s p e e d  p r e s e n t a t i o n s .  I n  t h i s  
c i c ? s I ~ j n ,  t h e  a t t e n t  i o r i a l .  i r i t r q r a t i v r b  l o + d  1s rc'4uc:c~i d u r t n y  n o r m a l  c o n t l i t i o n s ,  
faci 1 i t . a t i n y  r e c o y n i t i o n  oE 
t h e  desired c o n f i g u r a t i o n ,  
a n d  a d i s t i n c t i v e l y  
d i s s imi l a r  c o n f i g u r a t i o n  is 
used t o  a n n o u n c e  u n e x p e c t e d  
a t t i t u d e s .  The p e n a l t y  f o r  
t h i s  a p p r o a c h  is t h a t  
d u r i n g  c o n t r o l l e d  f l i g h t  
t h r o u g h  u n u s u a l  p o s i t i o n s ,  
m a  i n t a i n i n g a n  i n t e g r a t e d  
h o l i s t i c  a w a r e n e s s  of t h e  
a i r c ra f t ' s  a t t i t u d e  a n d  
d i r ec t ion  of move ment  
draws c o n s i d e r a b l y  on 
a t ten t iona l  resources. 

a Normal contiguratlon 

3 
1 r--- --- 
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b Unusual al l l tude  conllguratton 

. 
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Pig. 7 HUD Symbology w i t h  Global D i f f e r e n c e s  
between H o r m a l  and Unusual A t t i t u & s  
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O r i e n t a t i o n  i n - f l i g h t  s h o u l d  be based as  f a r  a s  possible o n  t e r r e s t r i a l  
s k i l l s .  
s o u r c e  o f  i n f o r m a t l o n  f o r  m a i n t a i n i n g  v i s u a l  o r i e n t a t i o n ,  compared w i t h  a 
S U C C ~ S S F U ~ ,  a n d  as y e t  h y p o t h e t i c a l ,  a m b i e n t  
d i s a l a y .  slit a13a in l  l i k e  X i s ,  HLDs pr9v:de 
p r e c i s  i o n  i n  formd t i o n  f o r  manoeuvres  
r e q u i r i n g  h i g h l y  r e s o i v e d  p i t c h  a n d  bank 
a n g l e  c o n t r o l ,  o u t s i d e  t h e  c a p a b i l i t y  of 
a m b i e n t  mode p r o c e s s i n g .  X:so, t h e y  c o n t i n u e  
t o  p r o v i d e  p i t c h  a n d  r o l l  i n f o r m a t i o n  a t  h i g h  

o u t s i d e  t h e  f i e l d - o f  -v iew,  a s i t u a t ~ o n  
f r e q u e n t l y  exper  ien1:ol-i d u r  i n 1 3  combat and 

L i k e  A I S ,  HUD symbology i s  p r o b a b l y  a n  i n e f f i c i e n t  a n d  i n a p p r o p r i a t e  

0 
350 I 8 7  

f3 
I l l  

7 A - s  ' 
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e me r g r  n i  y m d  III ,e 11 v r  e s ,311 d when re 1r0 ve  r i n q from 
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d i s p l a y s  such as i i f f r a c t i v e  optics, sensor  - 4 
cnmbin+r displays and ti1;Dn visual ( 3 0 ' '  x ly-cooupled 1 i I "  I k T V ) ,  kead-nsoua?ed p.\ni>raInic L'.__.-.. /) I I l y  :: 
s y s t e m 3  should otEer  b e t t + r  o p p o r t u n i t i e s  for I1 _ _ _ _  __._ 1 s  

s t i m u l a t i n g  a m b i e n t  mode p r o c e s s i n g  w i t h  
s e n s o r - d e r i v e d  a n d  c o m p u t e r  g e n e r a t e d  
i m a g e r y .  A c o m b i n a t i o n  o f  f o c a l  and a m b i e n t  
i n f o r m a t i o n  f o r  f u t u r e  c o m p u t e r  g r a p h i c s  
i m a g e r y  (CGI) s y s t e m s  h a s  been  s u g g e s t e d  by  Pig. 8 HUD Pictorial Porrat 
Jauer and Quina (1982). I n  t h i s  a p p r o a c h ,  ( f r o m  JAUER a n d  QIJINS,  1982).  
d y n a m i c  , pe r i p  h e r a l  , p a n o r  am i c  "na t u  ral" 
t e r r a i n  c u e s  a n d  a r t i f i c i a l  sky t e x t u r e  a re  i n t e g r a t e d  w i t h  c e n t r a l  p i t c h  a n d  
bank a n g l e  s y m b o l o g y  f o r  p r e c i s i o n  f l i g h t  ( F i g .  8 ) .  O p p o r t u n i t i e s  t o  p r o v i d e  
c u e s  f o r  ambient -mode  p r o c e s s i n g  i n  c u r r e n t  HUDs s h o u l d  n o t  be o v e r l o a d e d .  
For  i n s t a n c e ,  e x t e n d i n g  t h e  h o r i z o n  l i n e  t o  t h e  l i m i t s  o f  c u r r e n t  IFOVs 
would seem t o  be j u s t i f i e d ,  i f  o n l y  f o r  r e a s o n s  of i m p r o v e d  p i t c h - b a n k  a n g l e  
s c a l i n g ,  w i t h o u t  c o n s i d e r a t i o n  o f  i t s  a d e q u a c y  a s  a n  ambient-mode s t i m u l u s .  
N o t w i t h s t a n d i n g  t h e s e  p o i n t s ,  it is  i m p o r t a n t  t o  e m p h a s i s e  t h a t  HUD symbology' 
a c t s  p r i m a r i l y  as a p r e c i s i o n  s t i m u l u s  f o r  f o c a l  mode p r o c e s s i n g  a n d ,  as 
d i s c u s s e d  e a r l i e r r  i t  s h o u l d  c o n t a i n  f e a t u r e s  a p p r o p r i a t e  f o r  f o c a l  v i s i o n .  

An i m p r o v e d  d e s i g n  f o r  a HUD p i t c h  scale is 
shown i n  Fig.  9. T h i s  design is a s p a t i a l  a n d  
f u n c t i o n a l  r e o r g a n i s a t i o n  of t h e  cues u s e d  i n  
MIL-STD-884 ( F i g .  3 )  w i t h  some a d d i t i o n a l  
f e a t u r e s .  It is  based on a n  a n a l y s i s  of tasks 
a n d  i n f o r m a t i o n  r e q u i r e m e n t s  and on a s y s t e m a t i c  
s t u d y  of t h e  effects  o f  d e s i g n  v a r i a b l e s  on  
u n u s u a l  a t t i t u d e  r e c o v e r y  p e r f o r m a n c e  reported 

l b 7  i n  pa r t  i n  TAYLOR (1981). The e x p e r i m e n t a l  
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,-J L,, 5 m e t h o d o l o g y  i n v o l v e d , t h e  p r e s e n t a t i o n  of 
c a n d i d a t e  f o r m a t s  a t  u n e x p e c t e d  p i t c h  a n d  r o l l  
a t t i t u d e s .  S u b j e c t s  were required t o  make _ - J  L,- 

c- J L - E  a t t i t u d e  r e c o v e r y  c o n t r o l  movements  or a t t i t u d e  
i d e n t i f i c a t i o n  r e s p o n s e s .  Response  l a t e n c i e s  
p r o v i d e d  t h e  r i c h e s t  source of d e s i g n  g u i d a n c e .  
Both u n i - d i m e n s i o n a l  a n d  m u l t i - d i m e n s i o n a l  
s t r u c t u r e s  were i n c l u d e d  i n  t h e  c a n d i d a t e  

r e d u n d a n c y  ga i n pe r f or mance i mpr o ve  me n t s . 
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Fig- 9 Improved BUD formats  t o  t e s t  f o r  local/global e f f e c t s  a n d  
' Pitch A t t i t u d e  Symbology 
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~ The r a t i o n a l e  f o r  t h e  design of t h e  i m p r o v e d  p i t c h  scale is  as fo l lows:  

a. B i t c h  L i n e  C o d i n g .  P o s i t i v e  a n d  n e g a t i v e  p i t c h  a n g l e s  a re  
d i s t i n g u i s h e d  b y  c o n t i n u o u s  and  b r o k e n  p i t c h  l i n e s  r e s p e c t i v e l y .  
p r o v i d e s  a t e x t u r a l  d i s t i n c t i o n  which,  l i k e .  c o l o u r  on A I S ,  c a n  be 
r e c o g n i s e d  i n d e p e n d e n t  of roll o r i e n t a t i o n .  E x p e r i m e n t a l  e v i d e n c e  
i n d i c a t e s  t h a t  t h i s  c o d i n g  d i s t i n c t i o n  i s  r c c o q n i s e d  f a s t e r  t h a n  
d i f f e r e n c e s  i n  1;ne s h a p e  (hor : ton ta : / s lop ing  l i n e s ;  o u t s i d e t ' i n s i d e  
t a g s )  a n d  n u a e r a ?  p o s i t i o n i n g  ( o u t s i d e  a d j a c e n t / i n s i d e  above), w h e t h e r  
p r e s e n t e d  i n  u n i - d L a e n s i o n a 1  or r e d u n d a n t  s t r u c t u r e s .  A t  l o w  p i t c h  
a n g l e s ,  t h e  globa:  s p a t i a l  a r r a n q e m e n t  of p o s i t i v e  a n d  n e g a t i v e  p i t c h  
lines a b o u t  t h e  h o r i z o n  i s  a nor? e f f e c t i v e  c u e  t o  r o i l  t h a n  n a d i r -  
p o i n t i n g  t a q s  or a s y m m e t r i c  numer,i.Ls, a y a i n  c o m p a r i n g  u n i - d i m e n s i o n a l  
an( i  r e d u n d a n t  s t r u c t u r e s .  C o n t i n u o u s  l i n e s  a r e  u s e d  f o r  p o s : t i v e  p i t c h  
a n y l c s ,  i n  a c c o r d a n c e  w i t h  HiL-ST3-884,  b e c a u s e  of t h e  r e q u i r e m e n t  for 
c o n t r a s t  v i j i i b i  i i t y  a q a i n s t  s k y  b.ickgrounds. 

T h i s  

b. P i t c h  scale n u m e r a l s .  A s y m a e t r i c  p i t c h  scale n u n e r a l s  a r e  pr3vide . l  
f o r  po lar  a n d  g l o b a l  c u e s  t o  r o i l  i n v e r s i o n  a t  h i g h  p i c c h  a n g l e s .  The 
g l o b a l  a s y a n e t r i c  c u e  is  r e c o g n i s e d  f a s t e r  t h a n  t h e  o r i e n t a t i o n  o f  
i n d i v i d u a l  n u m e r a l s  a n d  n a d i r - p o i n t i n g  t a g s ,  w h e t h e r  i n  u n i - d i m e n s i o n a l  
or r e d u n d a n t  s t r u c t u r e s .  V e r t i c a l  a n d  l a t e r a l  a s y m m e t r y  c o m b i n e  as  
i n t e g r a l  d i m e n s i o n s  t o  p r o d u c e  a r e d u n d a n c y  g a i n  p e r f o r m a n c e  
i m p r o v e m e n t .  The n u m e r a l s  are  located a b o v e  t h e  p i t c h  l i n e  i n  
a c c o r d a n c e  w i t h  normal w r i t i n g  p r a c t i c e  a n d  t h e  p r i n c i p l e  o f  d o m i n a n t  
d e t a i l  o n  t o p .  They are located on t h e  r i g h t  o f  t h e  p i t c h  scale, i n  t h e  
r i g h c  v i s u a l  f i e l d  d u r i n g  n o r m a l  f l i g h t ,  to  map d i r e c t l y  o n  t h e  l e f t  
h e m i s p h e r e  o f  t h e  b r a i n  r e s p o n s i b l e  for verbal  p r o c e s s i n g .  N e g a t i v e  
siq-is are n o n - i n t e g r a l  r e d u n d a n t  c u e s  w i t h  p i t c h  l i n e  c o d i n g .  They are 
omitzed t o  r e d u c e  u n n e c e s s a r y  c l u t t e r  a n d  o b s c u r a t i o n .  

c. H o r i z o n - s l o p i n g  p i t c h  l i n e s .  I n c l i n a t i o n  o f  t h e  p i t c h  l i n e s  
p r o v i d e s  a global  c h e v r o n  c u e  t o  t h e  d i r e c t i o n  of t h e  n e a r e s t  h o r i z o n .  
T h i s  c o d i n g  of h o r i z o n  i n f o r m a t i o n  is  r e c o g n i s e d  f a s t e r  t h a n  h o r i z o n -  
p o i n t i n g  t a q s  and  n a d i r - p o i n t i n g  t a g s .  The o r i e n t a t i o n  t o  t h e  n e a r e s t  
h o r i z o n  o f  n a d i r - p o i n t i n g  t a g s  is c o n t i n g e n t  o n  p i t c h  a n g l e .  
I n c l i n a t i o n  i s  v a r i e d  w i t h  p i t c h  a n g l e ,  s a y  w i t h  0.5O i n c l i n a t i o n  f o r  lo 
p i t c h ,  g i v i n g  a maximum 4 5 O  i n c l i n a t i o n  a t  t h e  z e n i t h  a n d  n a d i r ,  
f u r t h e s t  f r o m  t h e  h o r i z o n .  T h i s  c h e v r o n  c o d i n g  p r o v i d e s  a n  a n a l o g  cue 
for  j u d g i n g  p i t c h  a n g l e ,  p i t c h  r a t e ,  d i r e c t  of p i t c h  c h a n g e  a n d  h o r i z o n  
p r o x i m i t y ,  and  i t  is  recognisible a t  h i g h  r a t e s  of p i t c h  a n d  ro l l ,  
u n l i k e  t h e  p i t c h  n u m e r a l s .  E x p e r i m e n t a l  e v i d e n c e  i n d i c a t e s  t h a t  t h e  
i n c l i n a t i o n  of t h e  p i t c h  bars does n o t  i n t e r f e r e  w i t h  r o l l  r e c o v e r y  
p e r f o r m a n c e .  R o l l  o r i e n t a t i o n  j u d g e m e n t s  c a n  be based o n  t h e  a x i s  of 
s y m m e t r y  of t h e  p i t c h  scale, which is  c o i n c i d e n t  w i t h  t h e  polar a x i s  and 
a x i s  of b a l a n c e ,  a n d  o n  o t h e r  main l i n e  a x e s  t h r o u g h  t h e  n u m e r a l s  a n d  
t h e  e n d s  of t h e  p i t c h  bars. 

d. P i t c h - b a r  tags. The t a g s  are  o r i e n t e d  t o w a r d s  t h e  h o r i z o n  a t  t h e  
i n n e r  p i t c h  l i n e  e x t r e m i t i e s  on b o t h  pos i t ive  a n d  n e g a t i v e  p i t c h  l i n e s .  
E x p e r i m e n t a l  e v i d e n c e  s h o w s  t h a t  t h i s  a r r a n g e m e n t  provides a r e d u n d a n t  
c o d i n g  of h o r i z o n  i n f o r m a t i o n  which is recognised fas te r  a n d  g i v e s  
better r o l l  r e c o v e r y  p e r f o r m a n c e  t h a n  p i t c h  l i n e s  w i t h o u t  t a g s ,  p i t c h  
l i n e s  w i t h  tags  o n  t h e  o u t e r  e x t r e m i t i e s ,  a n d  p i t c h  l i n e s  w i t h  t a g s  
o r i e n t e d  away from t h e  h o r i z o n .  I n  t h e  recommended a r r a n g e m e n t ,  t h e  
a n g l e  b e t w e e n  t h e  p i t c h  l i n e s  and  t h e  t ags  i n c r e a s e s  w i t h  t h e  r e d u c i n g  
p i t c h  a n g l e ,  b e c o m i n g  more s a l i e n t  a p p r o a c h i n g  t h e  h o r i z o n .  A t  h i g h  
p i t c h  angles, t h e  tags combine i n  a n  i n t e g r a l  s t ructure  w i t h  t h e  
h o r i z o n - p o i n t i n g  p i t c h  l i n e s  t o  e m p h a s i s e  t h e  c h e v r o n  cue t o  t h e  

2 - 7 - 1 2  



. d i r e c t i o n  of t h e  h o r i z o n .  A t  less c r i t i c a l  low p i t c h  a n g l e s ,  where  t h e  
i n c l i n a t i o n  of t h e  p i t c h  bars has lower s a l i e n c y ,  t h e  t ags  p r o v i d e  a 
more d i s t i n c t i v e  s e p a r a t e  r e d u n d a n t  cue t o  t h e  direction o f  t h e  h o r i z o n .  
tocated o n  t h e  i n n e r  p i t c h  l i n e  e x t r e m i t i e s ,  t h e  t ags  e n h a n c e  t h e  main 
l i n e  a x i s  b e t w e e n  t h e  i n n e r  p i t c h  l i n e  e x t r e m i t i e s  close t o  t h e  a i r c r a f t  
symbol  a n d  close t o  t h e  a x i s  of symmetry.  T h i s  f a c i l i t a t e s  t h e  
judgement  of t h e  r o l l  o r i e n t a t i o n  o f  t h e  p i t c h  scale. 

e. Eorizon l i n e .  The h o r i z o n  l i n e  is t h i c k e n e d  a n d  e x t e n d e d  t o  
f a c i l i t a t e  i d e n t i f  i c a t i o n  a n d  t o  i m p r o v e  bank a n g l e  s c a l i n g .  Nadir- 
p i n t i n g  tags  a r e  i n c l u d e d  as  polar f e a t u r e s  for roll i n v e r s i o n  
d e t e c t i o n .  D i s c r i m i n a t i o n  o f  t h e  h o r i z o n  l i n e  f r o m  pos i t i ve  p i t c h  l i n e s  
i s  a c h i e v e d  b y  t n e  l e n g t h  a n d  t h i c k n e s s  d i f f e r e n c e s ,  a n d  f r o m  n e g a t i v e  
p i t c h  l i n e s  by t h e  l i n e  s t r u c t u r e  a n d  o r i e n t a t i o n  o f  t h e  t a g s .  

f .  Aircraft reference symbol. The a i r c r a f t  r e f e r e n c e  s y m b o l  h a s  a 
t a i l - f i n  polar f e a t u r e  t o  f a c i l i t a t e  r e c o g n i t i o n  of roll i n v e r s i o n .  

The symbology i l l u s t r a t e d  i n  Fig.  9 h a s  b e e n  o p t i i n i s e d  f o r  r e c o v e r y  f r o m  
u n u s u a l ,  u n e x p e c t e d  a t t i t u d e s  w i t h  o n l y  l i m i t e d  dynamic  e v a l u a t i o n .  
d y n a m i c  t e s t i n g  w i l l  be n e c e s s a r y  t o  d e t e r m i n e  t h e  de t a i l ed  p h y s i c a l  
r e q u i r e m e n t s  of t h e  symbols s u c h  a s  t h e  l e n g t h ,  s p a c i n g  a n d  i n c l i n a t i o n  of 
p i t c h  l i n e s  w i t h  d i f f e r e n t  p i t c h  scale gearing. 
s t r u c t u r e  o f  t h e  n e g a t i v e  p i t c h  l i n e s  c o u l d  be o b t a i n e d  from c o n s i d e r a t i o n  of 
t h e  Optimum s p a t i a l  f r e q u e n c y  f o r  c o n t r a s t  s e n s i t i v i t y  (GINSBERG, 1981). I n  
v i e w  of t h e  s u b s t a n t i a l  e v i d e n c e  for t h e  d i s p l a y  f r e q u e n c y - s e p a r a t i o n  
p r i n c i p l e  f r o m  e l e c t r o - m e c h a n i c a l  a t t i t u d e  i n d i c a t o r s ,  s e r i o u s  c o n s i d e r a t i o n  
s h o u l d  be g i v e n  t o  p r o v i d i n g  res t r ic ted c o n t r o l - c o m p a t i b l e  movement of t h e  
a i r c r a f t  symbol .  

Full  

Some g u i d a n c e  o n  t h e  

Another  a p p r o a c h  n o t  i n c o m p a t i b l e  w i t h  t h e  f o r e g o i n g ,  would be t o  use 
computer g e n e r a t e d  p i c to r i a l  command s y m b o l s  f o r  u n u s u a l  a t t i t u d e  r e c o v e r y -  
HOOVER, SHELLEY, CRONAUER a n d  FILARSKY (1985) report t h e  s u c c e s s f u l  f l i g h t  
t e s t i n g  of a n  i n t e g r a t e d  Command F l i g h t  P a t h  D i s p l a y  or CFPD. A l t i t u d e ,  
d i r e c t i o n  a n d  speed commands are presented i n  t h e  form of a n  e l e c t r o n i c a l l y  
g e n e r a t e d ,  real-wor Id 
f l i g h t  p a t h  and a t h r e e -  
d i m e n s i o n a l  a i rcraf  t 
command v e l o c i t y  i n d i c a t o r  
( F i g .  10) .  T h i s  s t u d y  
c o n f i r m e d  t h a t  for p i lo t s  
w i t h  d i f f e r i n g  degrees of 
e x p e r i e n c e ,  compared w i t h  
F/A 10 symbology, t h e  
i n t e g r a t i o n  of rea l  world 
v i s u a l  cues i n  t h e  CFPD 
required no l e a r n i n g  o r  
m e n t a l  i n t e g r a t i o n  a n d  
e l i m i n a t e d  d i s o r i e n t a t i o n .  
The a u t h o r s  make t h e  
i m p o r t a n t  p o i n t  t h a t  
i n f o r m a t i o n  from t h e  CFPD 
is acquired through 
d i f f e r e n t i a t i o n  rather 
t h a n  i n t e g r a t i o n .  

Command 
velocf ly Ar tificiol horizon 

indicator 

/ 
C . - Command flipkt 

Fig .  10 Conrand Flght Path Display 
(from HOOVER e t  a1  1985) 
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By t h e  sane token, a three-dinensional  A i rc ra f t  Command Att l tude or “Follow- 
Me“ Indica tor ,  such as t h a t  i l l u s t r a t e d  i n  Fig. 1 1 ,  would provide an 
I m m r a d i a t e l y  comprehennihle  cue t o  €01 tow anti rrc-over from u r r u u r ~ . ~ l  n t . t . i t . u t ! e b l .  

U 

Pig. 11 BOD and Cornand Att i tude  Indicator 

Ult imately the most important t e s t  of a d l sp lag  format is  t h e  qua l i t y  of 
t h e  cogni t ion or awareness comnunicated about s i t u a t i o n s  i n t e r n a l  and 
ex terna l  t o  the a i r c r a f t .  ‘vle know tha t  a t t i t u d e  awar?ness from AIS or i i U D s  
is influenced by  t h e  perception of f iqure-ground re la t ionships .  These 
percept ions may be inappropr ia te ly  moving-earth referenced and hence 
d i so r i en ta t ed ,  or moving-aircraft  referenced, and hence co r rec t ly  or ien ta ted ,  
corresponding t o  inside-out o r  outs ide- in  percept ions of the  outs ide  world. 
HUD formats a r e  highly a b s t r a c t ,  symbolic representat ions.  The q u a l i t y  of 
these  representa t ions  should be judged by the  ex ten t  t o  which they f a c i l i t a t e  
t he  development of s i t u a t i o n  awareness, a s  i l l u s t r a t e d  i n  Fig. 12. 
Improvements can and should be made to  symbology. However, p i c t o r i a l  
formats ,  such a s  t h e  CFPD, a r e  probably the way ahead because they o f f e r  more 
d i r e c t  l i n k s  b e t w e e n  representa t ion ,  perception and cognition than abs t r ac t ,  
symbolic codes. 

P i g .  12 Levels of Situation Awareness from Aircraft Visual Displays 
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AIRCRAFT ATTITUDE AWAREXESS FROM THE US NAVY PERSPECTIVE 

Mr. Fredr ick  Hoerner 

Patuxent R i v e r ,  MD 
SY 70', Naval A i r  Tes t  Center  

B I OG RA PHY 
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USNA ' 5 6 ,  B . S .  E l e c t r i c a l  Engineering 
Naval Avia tor  '57 ( F i g h t e r s )  
U.S. Naval T e s t  P i l o t  School ' 6 1  
F l i g h t  T e s t  HUD F-11,  F - 8 ,  A - 6  ( ' 6 1 - ' 6 5 )  
Vietnam ' 6 6 - ' 6 8 ,  368 Missions NVN, M I G - 1 9  ' 6 7  (wi th  a gun) 
Chief Tes t  P i l o t  Sperry Rand 
Technical  S p e c i a l i s t  f o r  Advanced Aircrew Displays Naval A i r  Test  
Center  
Created Display Evaluat ion F l i g h t  T e s t  (DEFT) 
Chairman, Advanced Aircrew Display Symposium 
Chairman, Socie ty  o f  Experimental Tes t  P i l o t s  
Lh,OOO F l i g h t  Hours, over  800 C a r r i e r  Traps.  

My s p o t  probably should  have followed t h e  A-7 o r  MacAir p r e s e n t a t i o n s  

Regarding head-up d i s p l a y s  (HUDs), I f l i g h t  t e s t e d  t h e  F-11 and F-8 and 
worked f o r  Sperry Rand, who f lew t h e  f i r s t  HUD i n  1950. HUDs a r e  b e t t e r  f o r  
V F R  t h a n  IFR. One good experience is t o  f l y  around for hours  on t h e  HUD then 
suddenly l o s e  t h e  HUD and be f o r c e d  t o  go heads down t o  g e t  a l l  the 
informat ion  i t  provides  y o u - - i t ' s  a g r e a t  VFR ins t rument .  

There i s  a t r a n s f e r  f u n c t i o n  from s i m u l a t o r s  t o  t h e  rea l  world which we 
e v a l u a t e d  i n  a v a r i a b l e  s t a b i l i t y  a i r c r a f t  a t  Calspan. The a i r c r a f t  a l s o  had 
a v a r i a b l e  d i s p l a y  c a p a b i l i t y ,  and w e  found by changing t h e  formats of 
d i s p l a y s ,  t h e i r  s i z e ,  shape ,  and e s p e c i a l l y  dynamics, we could  induce changes 
i n  t h e  a i r c r a f t ' s  handl ing  q u a l i t i e s  response without  changing t h e  f l i g h t  
c o n t r o l  system. P u r i s t s  d o n ' t  l i k e  t o  h e a r  t h a t .  

Regarding d i s p l a y s ,  w e  need t o  develop performance e v a l u a t i o n  o f  
d i s p l a y s .  Everyone h a s  an  opin ion  about them, and t h e r e  i s  cons iderable  
i n t u e s t  i n  d i s p l a y s .  

Secondary t a s k  loading  may be a good parameter .  S t u d i e s  by t h e  B r i t i s h  
showed t h a t  when y o u ' r e  beginning t o  g e t  task-over loaded ,  one of  t h e  f i r s t  
t h i n g s  you do i s  s t o p  t a l k i n g .  Speech i s  one of  t h e  f i r s t  channels  t o  go when 
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vou  g e t  real btisy. T!)e p i l o  s woul~l S.I:I--"W~~'~C getting b u s y ,  getting 
overloaded." You'd say ,  "Describe for me what's happening." And the pilot 
would just clam up. 

In the early days of the F-18; the Canadians and Australians were 
corxerned about us bashing aircraft, comparable to the F-16 experience--not 
that it was bad, but it simply preceded the F-13 experience by a few years. 
They prompted us to examine the situational awareness problem and also 
de:ermine srhecher we should be concerned. 

We esamined the F-18 mishaps at NAS Patuxent River. The first loss was a 
night GCA, no apparent problems with the aircraft; loss of consciousness was 
certainly a consideration. 

o We had the Canadian ACM mishap. 
o We had another night FCLP landing. 
o Plore recently, we had the Catalina Island mishap, which I'd like to 

discuss in more detail--worth repeating because of the MFDs and 
multimode displays. 

'Tho F-18 has MFDs and a moving map display. At night, after you've done your 
navigating and are shooting the approach, you don't want your moving map 
display. Its reflections cause the "Star Wars" Effect; it's too bright and 
too distracting. The briefed procedure is to turn off the moving map and 
replace it with the HSI. What is an HSI? It's just a TACAN rose with DME. 
He had the wrong TACAN tuned in. He shot the approach perfectly, to the wrong 
TACAU, Had he had the map display on, he'd have seen the 
wrong island coming into view. What's scary is that the aircraft's sensors 
knew where it was but couldn't or didn't tell the pilot. You decide where the 
problem lies. 

and hit a mountain. 

Anyway, we were having accidents. They seemed to be Controlled Flight 
into Terrain (CFIT), l o s s  of consciousness, or loss of situational awareness, 
I think, And there seem to be two kinds of situational awareness: One is 
vestibular vertigo; the "upset" where you need to grab the aircraft right 
away. And the other is navigational awareness, a lot scarier, because you 
I h i i t k  y o u ' r a  doing evri'vt h l r i f i  ok:iy. It c.111 t )v LI riiivIp,:i~ional e r r o r ,  a r i d  b y  
t lw w . ~ y ,  r l~gnrc l lng  i~'ivL);.~t lu l l  OVL*L' water, I redi l ly  l i k e d  those comments about 
f l y l n g  over water--especially single engine. It's only recently we've gotten 
two engines in aircraft. 

When you're shooting a Case Two approach to the carrier, you're supposed 
to break off and arrest your rate of descent; if you're working on getting the 
new inbound bearing to the carrier (carriers don't like to remain on one 
inbound bearing very long), the CCA is constantly giving you new track 
updates; so while you're working on track, you bust your altitude. And you're 
very comfortable doing it. I've done that; I've done that and I've been 
lost. I was glad the first time I got vertigo because I'd I've had vertigo; 
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Being lost: How long before you realize you're really lost? How long 
does it take to say to yourself, "Self, you're lost," admit it, and get on 
with the program. How is the aircraft 
able to help you? 

Same thing with navigational errors. 

How do we do that with the F-18 and where do we go from here with the F- 
13 and what was involved? Well, with me it's been from tactical 
maneuvering, and in those situations, you over-stress yourself or the aircraft 
and And 
by the way, the reason I used guns to kill the HIG-19 was that one missile was 
leaking fluid and wouldn't fire, and I fired the other way out o f  the 
e n v e l o p e .  I was pulling so many G ' s  it couldn't possibly track, atid I was 
forced to use guns. So you really get involved, and let me tell you, when 
you've got a silver star in your sights, your C-tolerance just goes up 
astronomically. 0 

get yourself so involved with a kill that you lose all perspective. 

Target f i x a t  Lon, l o w  level navigation- -you know the only difference 
very few seconds; but between a good 10' strafe and an impact is only a very, 

how do you determine those differences? 

And non-tactical maneuvering: We're going to hear some words about GPWS, 
I'm sorry, you are. And these are typical situations we have; just normal 
navigational approaches, etc. 

Llat's the piLot got to establish Situational Awareness (SA)? You're not 
going to hear much new, but I'm going to suggest a couple of things though. 
He's got the usual, normal outside references and canopy rails. Remember 
going through instrument training? You 
bet. And how easy it was on a sunny day with the continual shadows? No 
matter where the hood was, at least you had roll rate information. But also 
you're getting some SA from displays and instruments, so it's getting fairly 
complex here. 

One peek was worth a thousand scans. 

If I gave my tutorial on cockpit evolution, we've got performance data, 
health data; also now a lot of sensor data, which takes up prime real estate; 
and takes much of your time as well. Seat-of-the-pants, aural cues; can be 
other systems: getting the barometric altitude to talk to you. In the F-4 it 
was the GIB who told you when to start your level off. Not a bad deal except 
the GIB costs about 2500 lbs of total airframe weight. That's a consideration 
for our next generation aircraft. ECS? Nobody's been able to quiet the ECS 
yet. 

Attitude of the aircraft while you're maneuvering along. In the Navy, 
the primary attitude reference, we console ourselves that it's the head-up 
display. An interesting difference emerged when that first happened. In the 
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13:s ‘ 6 0 ’ s .  the A - ? E ’ s  came along: the older guys took their night cat shots 
head down, the new guys head up,  and the performance was quite markedly 
different, because all you have head down is attitude. You don‘t have 
velocity vector. You can’t tell what the aircraft is doing. 

Flight Control System. Okay, what does the aircraft know? We’re talking 
about the HUD, but what’s the airframe know? It’s got a flight control system 
that can tell you the G available to it. And, by the way, if you’re going to 
limit the C, remember some o f  these situations we’ve he‘ird a b o u t .  C o 1  K+hoP 
i ~ t ~ t ~ ~ l , ~ d  e’vcbry C; t \ i . i t  w.1’: t ’ w r  I l t r i  1 t i 111 o t I1.1r ii I r I I’.IIIII\ I o :tvo I ( I  I t  i [ I I II): I II~. 
~ ; ~ ~ ) l t l 1 ( l ,  wh tc.11 h,ls ,I PH o t oI1c’ . 

The radar altimeter can really sense where the world is in cases where 
the surface is flat. Air Data Computer--the INS, velocity vector, energy 
management, radar--all the data and these sensors tell the aircraft where it 
is. We‘re suppressing side lobes now on the radar--would help S A ;  trouble 
is, you’ve got your headlights on which you don’t want in certain hostile 
areas when they’re loding for you. But that’s what the aircraft knows. We 
need an information transfer, easily and readily interpreted by the pilot. 

So what do we conclude about the F-18? FCS provides minimal feedback in 
auto. Neutral speed stability i s  getting to be more of a problem. Conclusion 
is it’s better for combat maneuvering, but in other modes, e . g . ,  ingress, 
certainly navigation, it’s very tiring to fly X-C with a neutrally stable 
aircraft. If we could have a mode selectable FCS, looks like it might improve 
things. 

Pitch attitude doesn’t change much in t h e  F-18, not with auto f l a p s .  Thc? 
i i t t l t u d c ’ s  t h e  same t he  w h o l e  timc. SO now YOU have i1 pitch sLtu:ition s o r t  O E  
like neutral pitch stability, such that the aircraft holds the same attitude 

. to the horizon all the time. 

The tlUD is not adequate for quick unusual attitude recognition, period. 
We do have trouble with digital vs analog, and I ‘ l l  be quoted from that if you 
like. We can’t pick up trends from the digital displays and we’re working 
software solutions to that now. 

We said a lot of negative things about HUDs but let’s say some good 
things about ‘em. Accuracy: You‘ve got one milliradian accuracy with the 
HUD--can‘t fly more accurately than that. Look at the comparisons on the 
Space Shuttle. A l l  performance data: speed and dive angle was much more 
accurate with the HUD than before it. Compare climbout pitch on the Concorde 
using the ADI; their accuracy is at best one degree. The HUD is 50-60 times 
more accurate. 

Aural cues: The engine/ECS mask all cues. McDonnell-Douglas Aircraft 
Corporation is proposing an aural system to tell you where the aircraft is in 
terms of airspeed. This is reminiscent of early experiences with the Fokker 
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D-8--which h;id the first fully cantilevercd wirig--no wires; and p i l o t s  
c*ouldn't tell hov €List they were going without th,\t no i se  feedback. N o t  too  
dissimilar. 

The other displays: You can put attitude on the radar, but when target 
searching on it, you really get busy. b'hen you go to radar expanded mode, of 
course, it's not one to one--you can get mesmerized. Our concern was not near 
misses but that some pilots misjudged their airspeed by over 300 kts. 

FLIR,  of course, is extremely disorienting. The map is good for 
navigational SA (when it's on). So that's obviously a problem. 

The fixes this particular group came up with: 

a. Improve Displays 

b. Wider FOV HUD - with idea that falls into the peripheral vision 
display. 

c. Peripheral Vision Display - not wider, just broader. 
d. Analog vs digital - we're working on that. 
e .  Neutral speed stability - Do we need it? In certain modes, 

probab Ly not . 

f. Potential for a GPWS in the F-18 mission computer. If we can't 
come up with solutions, . and by the way, I don't hear any, then 
maybe we've got a bandaid by giving him a warning that it's 
coming. Obviously, commercial aircraft have benefitted greatly 
from this approach. Greatly. There are documented saves in the 
military, too. I certainly don't like another voice or bell 
(warning) or the added weight or complexity to the airplane. 
But what's the option? How many F-16's have you lost now? How 
many F-18's have we lost? What do they cost? $32 million a 
copy. We can't afford to do that. So we said let's not 
degrade anything, let's get on with the program. That was what 
came out of that. 

g. There was concern about the HUD: the HUD is not suitable for 
quick, snap-shot attitude interpretation, i.e. quick look at 
nose high attitude. Most participants disliked the digital 
format of the HUD.  Pilots had to read and interpret individual 
numbers rather than getting cues via peripheral vision. Pilot 
work load was, of course, a factor. 

h. Fixes to the displays - HUD and head down to make for rapid 
unequivocal interpretation, designed to be read even by the 
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p e r i p h e r a l  v i s u a l  f i e l d s .  

How much money i s  a v a i l a b l e  f o r  hardware f i x e s  t o  t h e s e  k inds  of a i r c r a f t  
today? Three months from now, how much a c t i o n  do you t h i n k  w i l l  have been 
taken? One year  ago,  t h e  S e c r e t a r y  of  Defense sponsored a s a f e t y  meeting here  
.XLL Wright -Pa t te rson ,  seeking  f o r  answers t o  how we could  s t o p  bashing 
a i r c r a f t .  I ' v e  n o t  seen  one p iece  of correspondence from h i s  o f f i c e  he lp ing  
us on some o f  the  t h i n g s  we've recommended. How much money do w e  have f o r  
hardware? I d o n ' t  know t h a t  t h e r e  a r e  any hardware f i x e s  a v a i l a b l e  except: a 
wider FOV. 

Sot.'tw;ire? YC...;, wc'vt: go t  cioint? prr!tty good 1dci1.q f l o a t l n g  around Ilor-c, 
and I ' d  l i k e  t o  s e e  'ern t e s t e d  in up and away f l i g h t  a f t e r  be ing  v a l i d a t e d  and 
scrubbed i n  s i m u l a t i o n .  Both the  A i r  Force and US Navy have some money t o  
s t u t l y  Dr. T a y l o r ' s  l lGD i<lt?i lr;  arid some o E  tlhc h c t t c r  iclt.ns o r i t  ttirre j,ri t h c  
f i v l t l  t o  1 1 ~ ~ 1 ~ )  ii:i. TI \ ; i t - .  p i * o ) I , r . i i n  w t l  1 11;iv1. ~ ) ~ ~ t ~ ~ . ' ~ ~ ~ . i t ~ ~ ~ t l ( ! ~ ~  crtt.t 'rl:i  V<!I-:;~I:; 

p ~ t ! t ' c c c + i r c : ~ * ,  w l i i c h  i:; uiifnrturiutcly w t i a t  we've doiw o v e r  t h e  y e a r s .  I'm 
getting t f r e d  of s e e i n g  these  a i r p l a n e s  going i n  the  way they a r e .  

We took t h a t  program o u t  t o  Lemoore, t o  the  F-18 U G  and t h e i r  a t t i t u d e  
w a s ,  " i f  they c a n ' t  hack i t ,  they deserve t o  d i e . "  T h a t ' s  c a v a l i e r  a t  the  
b a r ,  b u t  we j u s t  c a n ' t  a f f o r d  i t ,  whether they  l i k e  i t  o r  n o t .  

One f i n a l  thought :  Why n o t  a ground proximity a l g o r i t h m  t h a t ' s  wired 
I submit t o  you, what 's  i n t o  the  FCS so t h a t  t h e  a i r c r a f t  resists crash ing?  

the  opt ion?  How many F - 1 6 ' s  would t h a t  have saved? 

QUESTION AND ANSWER 

Fred Hoerner: I ' m  open f o r  q u e s t i o n s .  Yes s i r .  

Q :  D r .  W i l l i a m  Richardson. I tend t o  b e l i e v e  l i k e  you,  some type o f ,  
l e t ' s  c a l l  i t  a cushion ,  t h a t  enables  t h e  a i r c r a f t ,  which h a s  a l l  o f  the 
information on  a diagram, about l t ' s  s t a t u s  and which Ls n o t  presumably 
corifiiscti by ttic vc:;ttbcll.lr s e n s a t i o n s  due t o  the i l l u s i o n s  t h a t  we ta lked  
about  y e s t e r d a y .  That would be i f  the  p i l o t  would t u r n  t h e  problem over t o  
t h e  a i r c r a f t t o  g e t  o u t  of the  problem, i n  a l l  p r o b a b i l i t y ,  t h e  a i r c r a f t  could 
g e t  o u t  o f  the  problem wi thout  t h e  e r r o r s  t h a t  we've seen .  So maybe t h a t ' s  a 
v i a b l e  s o l u t i o n  and maybe i t  could be implemented i n  any a i r c r a f t  t h a t  h a s  an  
a u t o p i l o t  system . 

FH: I t h i n k  somebody used it as a s e l e c t a b l e  swi tch  and would s a y ,  "DO 
t h a t . "  Well I ' m  going j u s t  one s t e p  beyond t h a t  and s a y ,  when the  
a i r c r a f t ' s  i n  t r o u b l e ,  and some of  you r e c a l l  the  H a r r i e r  a c c i d e n t  a t  Pax 
River .  were scheduled f o r  a r o c k e t  run  on a t a r g e t  and i t ' s  a n  extremely 
heavy instrumented range ,  and we h i t  t h e  water .  A f t e r  t h e  f ac t ,  w e  were a b l e  
t o  go back through a l l  o f  the  d a t a  and show t h a t  when he f i r e d  t h e  r o c k e t ,  he 
was dead. Bottom l i n e  i s  t h e  v e h i c l e  performance, e v e r y t h i n g  was on board and 

We 
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knew this, but that was not transmitted to him. N u t  I'm submitting is that 
if you've looked from the system out and from che pilot in, we've got to fuse 
that; and if there's still confusion, i.e., there's that navigation 
situational awareness, then let the smarter system take over. 

Q: Dr. William Richardson, It's a good application for what we call 
artificial intellignece. 

FH: Absolutely. It's scary, you know when you talk this kind of stuff to 
XLPA, you really get a strong head-shaking. 

SOMEONE INTERRUPTS and says, I like what Gene Adam said about artificial 
intelligence, along with it comes artificial insanity. 

FH: Or would you let your daughter marry one. 'ies sir! 

Q: Dr. Jerrold Gard. At least one real objection (remainder inaudible) 

FII: We can't u E E o r J  the option, J e r r y .  The option (SOMEONE INTERRUPTED 
A G A I N ) .  Yes, but I'm suggesting in these extreme cases, and what I'm hearing, 
I don't hear a clear solution for situational awareness, but I do see that the 
airplane can figure it out and that the airplane has the power to take it out 
of there. I don't like the airplanes being taken away from me, but I'm 
suggesting that what is the option just from a material acquisition 
standpoint? Yes sir! 

Q: At least one major seat manufacturer for years has been advocating 
what you're saying. How are you gonna overcome the pilots' attitude toward 
what they perceive as a partial loss of control of the situation, i.e., 
punching out when due to the laws of physics, you'll die if you wait any 
longer? How are you going to overcome that? That's the big one. 

FH: I honestly can't--this is really tough. What can we afford in terms 
of aircraft losses due to a system that did, in fact, level it off at 4 or 5 
g's at 1500 ft AGL, and just holds it there until the guy reawakens. Yes sir! 

Q: What would be t l i ~  pnrninctcar t h a t  i t  recovci-tic1 L o ,  as I cnn s e c  a lot 
o f  controversy coming; in other words, if you state that the airplane is 
always going to recover at 1500 foot, well that's not very tactical for it to 
do that. In other words, I can just forsee certain things where the airplane 
would say, "Hey, this is uncontrollable", or the pilot may want to go down to 
200 feet, he may want to do a split S and recover at 200 feet; he may be 
attacking and have options that he wants to exercise. 

FH: I understand. All I'm suggesting is that we can't afford the losses 
that we're presently incurring. 

Q: There's a point where the pilot gets paid if we had gone down to 
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training relative to enough purposes to determine training, but the next step 
from what you're saying is well, let's program the airplane to take off by 
itself and program it to do all the things by itself as well as have 
communication. again I feel the pilot has some responsibility to avoid 
the airplane flying into the ground. 

But, 

Dr. McNaughton: If I could just have a moment, we're going to talk about 
this in the morning. We've got a full hour devoted to automatic recovery 
systems. 

FH: I knew that this would get: into that; that's really tough, but I 
don't see a clearcut solution to loss of situational awareness and losing 
airplanes in let's just say the next ten years. From the kinds of airplanes 
that we're buying and the kinds that we're going to be selling, F-16's, F- 
L8's ,  €or a long time. 

Q: I guess I miss the point of the moving map scenario. 

A: The moving map caused him to turn off the HSI, which would have given 
him the situational awareness that he was closing on Catalina. He really 
would have seen the wrong terminals, it was the wrong island, it doesn't look 
on But 
the information was there and would have been presented to him--it would have 
been as it moved into the view, he would have seen Santa Catalina, Avalon 
Harbor, all this good stuff, and said, "whoa". He had another cue available 
to him to show that he had the wrong TACAN. 

the map at all like San Clemente which was what he was heading for. 

Thank you. 
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ROLE (3F T W  STANDBY ATTITUDE INDICATOR 

W .  Richard 6eismlhart 
ASD/EIUECH 

WWB, Ohio 

M r .  Girec lhar t  w a s  qr rdu r t rd  from Brown l h i v w m l t y  i n  1953 
with A . B .  deqrmo m d  received h i s  H . 9 .  in Experimental Psychology 
from the Un ivers i ty  o f  P i t t sbu rg  i n  1359. He served th ree  years 
i n  the U.S. &ray i n  the  i n t e r i m .  Ho jo ined the  Bohaviwal  
Sciences Laboratory, a t  t h a t  t i m e  par t  o f  U.S.A.F. Aeromedical 
Research Laboratories. While a t  M R L  he conducted research on 
operator t r a i n i n g  and con t ro l  systems f o r  spacecraft. He then 
conducted several f i e l d  research p ro jec ts  w i t h  C I l r  Training 
Command on methods f o r  improving UPT (Undrrqrrduatm P i l o t  
Training). I n  1966 Mr. Bmiselhart t r m s f w r e d  t o  AS0 as par t  o f  
System Engineering 6roup ( l a t e r  t o  bee- Deputy f o r  Enginewing) 
and worked on t he  C-5 and U.S. /Federal Rcpubllc o-f 6 e ” n y  
V i s i t o r  Program. O n  t h m  C-SA he deve lopd a progrur to i a p r O V 0  
the r e a d a b i l i t y  of techn ica l  manuals. Later I n  1966 6mlrelhart  
founded ASD’s C r e w  STation Design F a c i l i t y  nhich he ha8 since 
developed i n t o  a 25 m i l l i o n  d o l l a r  f a c i l i t y .  

Under tlr. Beise lhar t ’s  superior technical  dlrmction, the 
f a c i l i t y  has successfu l ly  tested, modified, and evaluated p r o g r a m  
e+fwts i nc lud ing  tha  F-16, LANTIRN, C-S, B-1, Reaotely P i l o t r d  
Vehicle ( R W )  , and J o i n t  Tac t ica l  Information D i s t r i b u t i o n  System 
(JTIDS) to name a f m n .  From i t s  Incept ion un t i l  t h m  present, 
under W .  Geiselhar t ’ r  tu te lage the CSDF ha8 conducted over 100 
short t w m  and long t e r m  s tud ies fo r  ASD. Of therm, over 2S hrvw 
been published as technica l  repor ts  whose t op i cs  rang- from 
workload, w a k e  v w t i c i e s ,  cockpi t  design, to ground c o l l l r i c m  
avoidance, m d  s i t u a t i a n  awareness. 
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ROLE OF THE STANDBY CITfITUDE INDICATOR 

T h a t ’ s  r r a t h e r  e x c i t i n g  i n t r o d u c t i o n  fo r  a r a t h e r  d u l l  
t o p i c :  S t andby  A t t i t u d e  Indicators .  I don’ t  t h i n k  i t  t u r n s  many 
p e o p l e  on: h o n s v e r ,  w e ’ l l  g e t  moving n i t h  it. F i r s t  of a l l ,  I ’ m  
g o i n g  t o  g i v e  you a his tor ica l  p e r s p e c t i v e  and a background. I 
may plow o v e r  some of t h e  ground t h a t  P r t r  L o v e r i n g  d i d  t h i s  
morninq, b u t  I ’ m  o n l y  go inq  t o  do i t  b r i e + l y ,  j u s t  t o  sat t h e  
s c e n a r i o  f o r  nhy you need  s t a n d b y  i n d i c a t o r s .  T h m  I ’ a  going  t o  
t a l k  a l i t t l r  b i t  a b o u t  t h e  c h a r a c t e r i s t i c s  of s t andby  
i n d i c a t o r s ,  &ace ne p u t  t h e m  i n  c o c k p i t s  (and I somotinrrr  wonder 
why w e  p u t  t hem *err w e  do)  md t h a n  I ’ m  g o i n g  to t a l k  abou t  
some related issues: h o u  t h e  HUD p l a y s  a p a r t  h e r o  and t h e n  1’11 
b r i e f l y  t a k e  a l o o k  a t  w h a t  I t h i n k  may b o  cominq i n  t h e  f u t u r r .  

I ’ l l  bet f l i p p i n g  back And f w t h  on the5e .  The f irst  
a t t i t u d e  i n d i c a t o r s  uero vacuum run, b u i l t  by  A company j u s t  up 
t h e  r o a d  h e r e  i n  C l e v e l a n d ,  Ohio, called J a c k  and  H e i n t z .  I t  nds 
i n t e r e s t i n g  r e s e a r c h i n g  t h i u  problem! f i n d i n g  t h a t  w e  rt i l l  had 
p i c t u r e s  of a l o t  of t h e s e  t h i n g s .  Then i n  ‘45 w e  decided t o  g o  
e lectr ic  gyros .  T h e  f a c e s  remained t h e  same. The r e a s o n  I am 
g e t t i n g  i n t o  what powers  them is t h a t  is t h e  r e a s o n  uhy ue have  
s t a n d b y  i n d i c a t o r s .  N o w  t h e  5-3 s p h e r e  ( F i g u r e  1) appea red  and 
i t  p r e s e n t e d  a human f a c t o r s  problem. T h i s  w a s ,  i n c i d e n t a l l y ,  
S t a n  Roscoe’s f i r s t  job a5 a g r a d u a t e  s t u d e n t ,  c o n s u l t i n g  he re .  
You w i l l  n o t i c e  t h a t  w e  have  g o t  t h e  d i v e ,  b l a c k  on t o p  and t h e  
climb, w h i t e  and  on t h e  bottom. And t h a t  nas t h e  b r q i n n i n g  of a 
l o n g  h i s t o r y  of i n s i d e  ou t  versus o u t s i d e  i n ,  which, I guess  I a m  
n o t  g o i n g  to  e s c a p e .  I h a v e  a b o u t  3 more y e a r s  t o  go u n t i l  
r e t i r e m e n t  and I ’ m  sure t h a t  I ’ m  go ing  to h a v e  t o  l o o k  a t  t h a t  
damn t h i n g  aga in .  Then Lear cama i n  n i t h ,  h a t  t h e y  call ,  t h e i r  
m o d e l  978. And i t  i a p r o v e d  t h e  a c c u r a c y  and i t  r e a l l y  started 
moving i n t o  t h e  modern era and t h e y  s tar t  u s i n g  remote gyros 
t h e r e  and  i t  w a s  u s e d  on almost e v e r y t h i n g  f rom t h e  8-36 t o  t h e  
RB-66, RB-47. T h i s  is k i n d  of  what t h a t  l o o k e d  l i k e  ( F i g u r e  2).  
Then t h i s  is t h e  L e a r  97% and F and you c a n  see t h e  b e g i n n i n g s  
of t h e  modern AD1 r i g h t  there. Then w e  moved i n t o  t h e  modern era 
when t h e  f irst  s t a n d b y  s t a r t s  showing up. T h i s  is t h e  f i r s t  t i m e  
w e  had a s t a n d b y  k i n d  of t h i n g .  The so called n e e d l e ,  b a l l ,  and 
a i r s p e e d .  So i f  you los t  poner t o  your  CIDI or were g e t t i n g  
i n a c c u r a t e  i n f o r m a t i o n  you could g o  to t h i s .  Looking  a t  some 
other advancements.  Then t h e  F-111 came up n i t h  t h e  fWU118 and 
you n o t  o n l y  had n e e d l e ,  b a l l  and a i r s p e e d ,  you had three s i x t y .  
W e  o n l y  u e n t  t h r o u g h  me g e n e r a t i o n  of. t h e s e .  I guess t h o  
i n f o r m a t i o n  could n o t  b e  r r a d  precisely enough, I n o v c r  nas a b l e  
t o  f i g u r e  those out. And t h e n  of course, now ne are moving i n t o  
t h e  electronic era.  And our AD15 are go ing  t o  s ta r t  l o o k i n g  l i k o  
t h i s  ( F i g u r e  3) and t h e  s t a n d b y s  are go ing  t o  p r e s e n t  some mort 
of a d i f f e r e n t  problem f o r  us, I t h i n k .  I ’ l l  d i scuss  a l l  t h e s o  
i t e m s .  

T h e  need  f o r  t h e  s t a n d b y  i n d i c a t o r  arose out of s e v e r a l  
c o n s i d e r a t i o n s .  One w a s  08 d i d  have  a r e l i a b i l i t y  problem w i t h  
our ADIs. T h e r e  w a s  quite a wide  r a n g e  and it w a s  n o t  unknown 
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for  t h o  o p e r a t o r s  to lo80 power to t h e  main ADI. Host ADIs had 
warning flags for  loss  of p o w m r  only i n t o r n a l l y  t o  t h o  indicator. 
N o w ,  i f  you g e t  i n t o  an inridtour fai lurm, t h e r m  you are n o t  
g e t t i n g  110 v o l t s  into t h a t  i n d i c a t o r ,  you are q o l n g  down t o  90 
or 80 v o l t s ,  you are n o t  g o i n g  t o  g e t  t h a t  f l a g ,  and t h m  
i n f o r m a t i o n  is going t o  b o  not correc t .  And t h a t  is soastir#r 
ha rd  t o  f i n d .  So a t  that t i m e  TAC and some of t h o  o t h e r  f i g h t e r  
communit ies  s t a r t e d  saying, "Maybe w e  need a s t a n d b y  w A backup 
o r  if ne t a k e  a h i t  and w e  lose power t o  our AD1 m a y b e  ue c o u l d  
use some k i n d  of a backup."  So t h e  f i rs t  ones t o  cam% o u t  w w o  
what they callard remote s t a n d b y  indicators. Y o u  had a gyro 
system f e e d i n g  a 2 i n c h  i n d i c a t o r .  And 1'11 t a l k  8 l i t t l e  b i t  
more abou t  t h a t  nhen I g e t  t o  t h e  i n d i c a t o r s .  But t w o  p r o b l e m s  
s t i l l  e x i s t  when you have  t u o  a t t i t u d e  i n d i c a t o r s  i n  8 a i r p l a n e .  
O n e  says on- t h i n g ,  one s a y s  another t h i n g .  Which d o  you 
b e l i e v e ?  T h e  t e n d e n c y  i o  to b e l i e v e  t h e  b i g  onr, I t h i n k .  
Whatevrr t h e  reason. B u t  WB have  some a n s w e r s  f o r  what w d o  
abou t  t h a t .  

And w h a t  do you do I n  t h e  case of t o t a l  loss of a i r c r a f t  
power? So even i f  you have  g o t  a remote s t a n d b y ,  you are g o i n g  
t o  lose t h a t  power, too. So t h e  t h e  nmxt thing t h a t  cam0 a l o n g  
was t h e  r c l f - r u s t a i n f n g  sys t em which w a s  able t o  r u n  o f f  of A 
b a t t e r y  and i t  r laa  had t h e  coast c a p a b i l i t y  t h a t  a l lowed  i t  to 
run f o r  9 m i n u t e s  w i t h  n o  power i n  t h e  a i rc raf t .  A t  l e a s t  t h a t  
w i l l  h e l p  you k e e p  t h e  a i r c r a f t  s t r a i g h t  and l eve l  and g e t  t u r n e d  
for  home in t h e  r i g h t  d i r e c t i o n .  I t  had a h i g h  a c c e p t a n c e  i n  
Tactical A i r  Command b e c a u s e  t h e y  l i k e d  t h e  idea t h a t  I f  you lost 
a l l  power, you had someth ing  to recover w i t h ,  S o m r  of t h r  
d i s a d v a n t a g e s  were t h a t  t h e r e  w a s  no sky p o i n t e r  A V a i l d b l r ,  u h i c h  
p i l o t s  had become used  to, and a s h i m  was also required because 
t h e  q y r w  are s e l f - c o n t a i n e d  i n  t h e  i n s t r u m e n t  and  had t o  b e  
s i t t i n g  p e r p e n d i c u l a r  i n  t h e  c o c k p i t .  

Now t h e r e  are t w o  types. Css I s a i d ,  t h w e  io t h e  reaotr 
t y p e  and t h w e  is also t h e  s e l f - c o n t a i n e d  type. The r e m o t e ' t y p e  
h a s  g o t  t h e  o l d  MC1 gyro n i t h  t h e  2 i n c h  i n d i c a t o r  r e m o t e d ,  i t ' u  
used i n  t h e  T-38, F-105, F-111, CI-7; w e  sti l l  use a l o t  of t h r s e  
and i t  h a s  p l u s  or minus 82 d a q r r e s  p i t c h  and unlimited r o l l  and  
I t s  g o t  a b w t  a 3 deqrso t o  8 degrem w r o r  d e p e n d i n g  on hon f a s t  
t h e  rate d u r i n g  t h e  loop.  It is no t  very m f f e c t i v r ,  i n  h i q h  t u r n  
ratms, b u t  I w o u l d  assume t h a t  when you got i n  t h a t  s i t u a t i o n  you 
would r e f r a i n  f rom do ing  t h a t  sort of t h i n g  i f  poraiblo. I t  h r r  
no cage c a p a b i l i t y .  What t h e y  cal l  f a s t  s e l f - aK=t  is 10 t o  15 
d e g r e e s  a minu te ,  which is p r o b a b l y  too slou for  a f i g h t e r  p i l o t .  
B u t  so t h e  nodal  803, m d  t h a t ' s  b u i l t  by J.E.T., I t h i n k ,  is a 
s e l f - c o n t a i n e d  s t a n d b y  2 i n c h  gyro h o r i z o n .  And it 's made 
s p e c i f i c a l l y  f o r  t h e  f i g h t e r  a i rc raf t  and as I said earlier, i t  
h a s  a 9 m i n u t e  coast time a f t e r  power loss, i t  has a c a g r  
c a p a b i l i t y  which is a l m o s t  a lways  used, recovery time is 
r e l a t i v e l y  s l o w .  I t ' s  got S O  p i t c h  and ro l l  a n d  i t  is also DC 
powered. These are t h e  t w o  i n d i c a t o r s  (Figure 41, on0 of e a c h  
t y p e  t h a t  w e  are t a l k i n g  abou t .  Hww, and t h i s  one is us& i n  
t h e  F-16, t h e  A-10 and some others. A s  I said, t h i r  is used in 
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t h e  F-111 and s o m e  o t h e r  v i n t a g o  f i g h t e r  a i r c r d t .  

T h e r e  is some f i c t i o n  and  f a c t  c o n c e r n i n g  t h e s e  t h i n g s .  I 
g o t  as many of t h e m  as f could from t h e  i n s t r u m e n t  p e o p l e  i n  
r e s e a r c h i n g  t h i o .  Many p e o p l e  t h i n k  t h a t  i f  you r o l l  t h e  
a i r c r a f t  y o u  have  t o  re-ermct t h e  qyro. A s  w e  said earlier, 
c o n t r o l  t u r n  r a t e  is 3-9 d e g r e e s  error.  T h a t  is not t h e  problem. 
Now, many p i l o t s  b e l i e v e  t h a t  t h e  g imbal  p r e v e n t s  p r e c e s s i o n  
errors .  T h a t  is n o t  t r u e ,  That  gimbal l o c k  was p u t  i n  t h e r e  so 
t h a t  i t  d o e s n ’ t  qot knocked around when it is  sh ipped .  And some 
p i l o t s  u s e  a power to power shutdown. They t h i n k  it w i l l  sdvw 
the  i n s t r u m e n t s 3  t h e  vendor  says t h a t  t h i s  i o  r m a l l y  unnecessa ry .  
T h e r m  are  p r o v i s i o n s  in t h e  instrument for t h a t .  It w i l l  o t l f -  
c o r r e c t  up t o  7 d e g r e e s ,  which is t i m e  consuming, so t h e  manual 
cage, as I said, ir a l i t t l e  b i t  f a s t e r .  They are DC powered and 
t h e  g y r o  w i l l  t umbl s  w h e n  i t  h i t s  a stop, so you w i l l  have  t o  rm- 
erect i t  when you do a loop. 

Non, I n a n t  t o  t a l k  a l i t t l e  b i t  about p l a c m m t ,  and t h e y  
r e a l l y  jump around t h e  c o c k p i t  i n  a lot  of a i rp l anem,  T h i s  is 
where i t  is i n  t h e  F-111 ( F i g w e  SI. I t s  quite low and t o  t h e  
r i g h t .  O f  c o u r s e ,  b e i n g  a s i d e  by s i d e  a i r p l a n e ,  t h i s  doer h a v r  
t h e  a d v a n t a g e  t h a t  i f  f o r  some reason t h e  US0 (Weapons System 
O p e r a t o r )  h a s  t o  t a k a  t h e  a i r p l a n e ,  h e  has t h e  i n s t r u m e n t s  close 
by him. B u t  i t  is a l i t t l e  b i t  f a r  f o r  the ,  p i l o t ’ s  sea t ,  i f  h e  
h a s  t o  use it. 

Now one t h i n g  I nas n o t  able t o  f i n d  io any d r t a  on how 
o f t e n  any  s t a n d b y  i n d i c a t o r  h a s  been umed. A s  f a r  as I c o u l d  
t o l l ,  I t a l k e d  t o  a l o t  of p i l o t s ,  no p i l o t  t h a t  I e v e r  t a l k e d  to 
t o l d  m e  t h a t  h e  had o c c a s i o n  t o  u s e  t h e  s t a n d b y  CIDI. Hare is 
where she io in t h r  A-10 ( F i g u r e  6). W e  got a p r e t t y  good 
placecnrnt in t h e  A-10. T h i s  is t h e  r e l f - c o n t a i n &  unit ( F i g u r e  6 )  
I t h i n k  t h i s  is a good spot fo r  i t .  I t  w o r k s  quitr w e l l .  Now i n  
t h e  F-16, i t  is i n  t h i s  area r i g h t  h e r e  (Figure 7 ) .  Y o u  c a n ’ t  
see i t  too w e l l  i n  t h i s  p a r t i c u l a r  p i c t u r e  because of t h o  a n g l r .  
We w e r e  t r y i n g  t o  l o o k  a t  t h e  d a t a  e n t r y  d i s p l a y  (DEDI. So I am 
going  t o  resort t o  a a r t i s t ’ s  s c h e m a t i c  t o  shou y o u  where it  is- 
The s e l f - c o n t a i n e d  AD1 is r i g h t  under t h e  da ta  e n t r y  d i s p l a y .  I n  
t h e  F-18, as you c a n  see ( F i g u r e  8 1 ,  t h i s  is r e a l l y  n o t  0 
s t a n d b y  AD1 i n  t h e  t r u e  s e n s e  of t h o  nord and I am going t o  b e  
t a l k i n g  a b o u t  t h a t  i n  a minut.. T h i s  is r e a l l y  a regular hDI, 
b u t  b e c a u s e  t h e  HUD is c a n s i d e r e d  t h e  p r i m a r y  i n s t r u m e n t ,  what 
f o r m e r l y  w a s  a p r i m a r y  i n s t r u m e n t  now becomes a s t a n d b y  
i n s t r u m e n t .  I am g o i n g  t o  t a l k  abou t  t h a t  in a few minutes .  

Some related issues. One of t h o s e  is t h e  t r i p l y  r edundan t  
a t t i t u d e  i n f o r m a t i o n .  About 15 years ago w e  had a rash of 
a c c i d e n t s  i n v o l v i n g  i n s i d i o u s  f a i l u r e s  i n  t h e  AD1 or c o n f l i c t i n g  
i n f o r m a t i o n .  You had tno ADIs i n  t h e  a i r p l a n e  and y w  d i d n ’ t  
know which one  t o  b e l i e v e .  The son of t h e  Chiof of S t a f f ,  
General Ryan, w a s  k i l l e d  i n  such  an a c c i d e n t ,  and some a c t i o n  was 
t a k e n  and  TAC a d o p t e d  t h e  p o l i c y  of having t h r e e  sources of 
a t t i t u d e  i n f o r m a t i o n  available t o  t h e  p i l o t  in t h e  c o c k p i t .  T h e  
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F-111 a l s o  pu t  a comparative m o n i t o r  i n  there  t o  he lp aake soem 
determinat ion nhich CIDI was bad. They use a DC powered CWU-42. 
N o w  in the  F-16, you do have redundancy bu t  i t ’ s  i n  tho  
i n d i c a t o r s  only. You have three Ind i ca t i ons  of  a t t i t u d e  SO if 
you have a f a i l u r e  in an a t t i t u d e  ind ica tor ,  you have a backup. 
But t he  gyros feeding them are not  t r i p l y  redundant, they are 
doubly redundant. (Source f o r  the AD1 and HUD is the I n e r t i a l  
Navigat ion System; t h a t  f o r  the SA1 is i t s  o m  gyro.) 

Another subject near and dear to ay hear t  is t h e  lack of 
prec ise a t t i t u d e  in format ion i n  HUDs. Now, about 6 m r k s  ago I 
attended a conference i n  Washington where w e  pa r t i c i pa ted  i n  
f i x i n g  A i r  F o r c e  p o l i c y  cmcmrninq instrument f l y i n g  and head up 
displays. O n e  of  the  th ings  tha t  came out of t h a t  memting was 
tha t  heads doHn in format ion w a s  a necess i ty  i f  you are going t o  
use t h e  HUDJ ‘as a primary instrument.’ That’s undw review 
r i g h t  n o w ,  but  t h a t  l o o k s  l i k e  tha t  i s  t he  wry I t ’ s  going. W e l l ,  
when you go heads down you h r v r  got another problem on m o m e  
airplanes. And i t ’ s  coming up and i t ’ s  going t o  come up pore 
often. I t ’ s  the electromechanical versus t h e  CRT display.  Non 
i n  the  C-17, the HUD i s  going t o  be primary. The heads down is 
goinq t o  be cm an e lec t ron i c  display. f k d  the  heads down 
in format ion is going t o  be l a r g e l y  a repeat of the in format ion he 
sees on t h e  HUD. I have problems seeing how, i f  he has probleam 
look ing through the  HUD, how look ing doun a t  t he  same informat ion 
is going t o  help him. So tha t ’ s  something t o  th ink  about. The 
other one is the  c a u l t i  f unc t i on  d isp lay  is t h a t  a l so  happens t o  
be on t h e  m u l t i  f unc t ion  display.  W e l l  t h e  A i r  Force p o l i c y  i o  
probably going t o  say t h a t  i t  has t o  be immediately avai lable. 
So the p i l o t s  t e l l  me t h a t  i t  is a pushbutton away. B u t  what is 
a pushbutton away &en you have a W D  w i t h  15 but tons doun the  
s ide and you are  d isor iented? Are you going to h i t  the r i g h t  
switch? Are y o u  going t o  be able t o  c a l l  t h a t  informat ion up? 
That’s t h e  question ue have t o  th ink  about. 

So what i s  in the  fu ture? Uhat arb w going t o  be doing 
w i t h  standby instruments? Well t he  g lass  cockpi t  in l n h e r r n t l y  
redundant as f a r  as the i n d i c a t o r  s i d e  o+ t h e  problem is. Uherr 
we had t o  worry about a f r i l u r r  i n t e r n a l  t o  the  electromechanical 
one, you are going t o  have three or four t lFDr up there  and y#r 
j u s t  run the data bus and you can pu t  the a t t i t u d r  i n f o r a r t i o n  
anywhere you want. So the a t t i t u d e  3qogrsg i s  what m must worry 
about having a backup for. W e  are going t o  have enough 
redundancy i n  what’s feeding those w l t i  func t i on  displays. 
A n o t h e r  th ing,  when w e  go t o  the  a l l  glass cockpit,  w as the F- 
16 io cal led,  the a l l - e l e c t r i c  airplane, uhwe you get  a power 
loss, you lose  everything, you lose the data bus, you loso 
everyth ing on the  airplane. So, t h e  standby is going t o  become 
somewhere i n  the  pouer source. W e  are  going t o  have t o  us0 
e i t h e r  r a m  air turbines, so c a l l e d  FIAT, w e  use hydrazine p o w -  
APUs so i t  comes up very qu ick ly  so we don’t loom power t o  the 
computers f o r  very lonq BO it doesn’t lose i t s  memory. Perhaps 
w e  are even look ing a t  a sel f -conta ined e lec t ron i c  standby 
ind ica tor .  The guy f r o m  J e t t  was here, I don’t know 19 they aro 
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working on that ,  f h d  f i n a l l y ,  mince a l o t  of tirrrs w e  go t o  the 
AD1 f o r  l o s s  o+ s i t u a t i o n  awareness, I was t a l k i n g  t o  one the 
human engineers from t h o  Xwae l i  Aerospacm Indust ry  and one of 
the th ings  they are going t o  put on the L A V I ,  and I don’t know i f  
ue are going t o  t a l k  about t h i s  la te r ,  is the  v e r t i g u d .  This  is 
t i e d  i n t o  the  d i g i t a l  f l i g h t  cont ro l  system# i f  you go i n t o  a 
cloud bank or fee l  t h a t  you nay be d isor ien ted  you h i t  a but ton 
and the d i g i t a l  f l i g h t  con t ro l  system l e v e l s  tho  a i rp lane  and 
br ings i t  t o  a s l i g h t l y  nose up a t t i tude .  So you k ind  of use 
that  a5 a check if you a r e  going i n t o  a s i t u a t i o n  &ere you th ink  
you n i g h t  ge t  vert igo,  So t ha t  is what I see poss ib ly  coming up 
and t h a t  p r e t t y  much covers what I have been able t o  research 
concerning standby ADIS. Any questions; I w i l l  be happy t o  
en ter ta in  them? 

Question: The R i r  FWCP generating a spmc i n  l i g h t  o f  the 
glass cockp i t  phmoaenr turn i n  what t h e  o l d  r t t i t u d m  source 
should be, f o r  instance, the primary swrce i s  t y p i c a l l y  the 
i n e r t i a l  p l a t f o r r .  &re they planning on 

Answer: F i r s t ,  i f  there i s  m avion ics man i n  t h m  roam, he 
is more responsible fo r  t h a t  spec than I am. But I w w l d  imagine 
that w e  a r m  qoinq t o  havo t o  l o o k  at ronnthing l i k m  tha t .  

Question: The FB-111 amp is going i n t o  f l i g h t  t e s t  w i t h  t w o  
INS’S; pr imary and secondary INS and s t i l l  r e t a i n s  the  
capab i l i t y .  . . The t h i n g  I uould like t o  p o i n t  out is t h a t  the 
entire TCSC 111 f l e e t  has primary INS and CIDI and the  standby AD1 
dr iven by a remote gyro and then had the  t h i r d  se l f -conta ined AD1 
added back there w h e n  you w e r e  t a l k i n g  r b w t  . . . TAC is the  
only ones t h a t  w e n t  w i t h  comparator, cwnparing pr imary n i t h  
secondary w i t h  no t h f r d  t h i n g  t o  vote w i t h .  

That was i n  the  1113 Yea, okay. Thank you. 

Question: The A-10 c a r r i e s  an INS and an &-harness. #hem 
you p u l l  back an the  A-harness i t  would automat ica l ly  d r i v e  both 
the INS and the  ADI.  

A n s w e r :  Yes, bu t  I th ink  he is  a l l u d i n g  t o  the glass 
cockpit, which ne i ther  o+ those aro. 

Rebuttal :  The 86 does thm same t h i n g  and i t  has an W D  for 
e t t i  tude. 
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Frank X a t l e r  is  a t e c h n i c a l  manager a: t h e  Ad-Janced Sys:ems 3Lv i s ion  of  
S o r t h r o p .  Frar,k ser-:ed two t o u r s  o f  duty i n  t h e  Yarine Corps - i n  t h e  
i n f a E t r y  i n  LTII ,  and i n  a v i a t i o n  du r ing  che Korean Xar p e r i o d  as a r a d a r  
obse rve r  i n  a l l - w e a t h e r  f i g h t e r s  ( t h e  Grumman F7F T i g e r c a t  and t h e  Douglas F3D 
Skykn igh t ) .  He also owned and ope ra t ed  a Model B Navion f o r  many y e a r s .  

He a t t e n d e d  Georgia  Tech between the wars ( i . e . ,  L-211 and Korea) and 
ho lds  B . S .  and Y . S .  degrees  i n  Engineering from UCLA. I n  s c h o o l ,  h i s  a r e a s  of  
i n t e r e s t  were a e r o n a u t i c s ,  e l e c t r o n i c s ,  c o n t r o l  sys t ems ,  applit.c! mnth, and 

! I :  rj: t~c.hriolor,y.  

I n  the  l a t e  f i f c i e s  and e a r l y  s i x t i e s ,  while  a t  Do'uglas A i - - - -  , - , , f t  co , 
Frank worked on t h e  Army-Naxy I n s t r u n e n t a t i o n  Progrzm (AYIP) where t h e  
concep t s  o f  t h e  "concac t  analog" and " f l i g h t  pa th"  displa::s f i r s t  e z s r g e d .  

He j o i n e d  Northrop i n  1 9 7 L  and has  s i n c e  been r e s p o n s i b l e  f o r  deve lop ins  
the C o n t r o l s  and Di sp lays  Eva lua t ion  Model (CODEY) and t h e  Maneuvering F l i g h t  
Path Di sp lay .  The former i s  a method f o r  e n g i n e e r i n g  t h e  c o c k p i t  c o n t r o l s  and 
d i s p l a y s  t o  q u a n t i t a t i v e  crew performance c r i t e r i a .  The l a t t e r  is t h e  s u b j e c t  
of h i s  p r e s e n t a t i o n  today .  

The concept  o f  a f l i s h t  p a t h  d i s p l a y  f i r s t  emerged from t h e  Army-Navy 
Ins t rumen t  Program (ELYIP) i n  1 9 5 3 .  The computer technology a t  t h a t  t ime ,  and 
u n t i l  t h e  AKIP was termina:ed i n  1 9 6 3 ,  limited the  f l i g h :  pa:h development  :o 
the r e l a t i v e l y  s t a t i c  \ v ~ r s i o r i  fra:urcbd in t l i c  A h  a i r c r a f t .  ! ~ o r : t , r , ~ ~ ~ ,  
i i i d~~per idcn t ly  arid w i t t l  P:,,vy si ,onsorst l ip ,  h:ts w o i I . . i . d  s i r ice  1 9 7 5  t o  devc.!op 
f u l l y  mrlneu\.ering v e r s i o n  o f  t he  concept .  Th i s  v e r s i o n ,  t h e  Ysneuvering 
F l i g h t  Pa:h D i s p l a y ,  i s  t h e  s u b j e c t  of t h i s  p a p e r .  

I n  a l l  a i r c r a f t ,  t h e  p i l o t  is confronted wi th  :wo fundamental  problems - 
t he  c o n t r o l  o f  h i s  v e h i c l e ' s  f l i g h t  t r a j e c t o r y ,  and t h e  o p e r a t i o n  of  h i s  
system a s  t h e  v e h i c l e  proceeds along t h a t  t r a j e c t o r y .  S i n c e  a l l  e l s e ,  
i n c l u d i n g  the  p i l o t ' s  l i f e ,  i s  dependent on p r o p e r  t rz ;ec:ory c o n t r o ! .  ?e: us 
focus ou r  d i s c u s s i o n  on t h a t  problem 
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F i r s t  of  a l l ,  what do we mean when w e  t a l k  of  v e h i c l e  t r a j e c t o r y  c o n t r o l ?  
I n  a g r o s s  s e n s e ,  we mean c o n t r o l  of t he  v e h i c l e ' s  f l i g h t  p a t h  i n  f o u r  
dimensions: X ,  Y ,  Z ,  and t ime.  More p r e c i s e l y ,  and i n  terms o f  g r e a t e r  
p e r s o n a l  i n t e r e s t  t o  t h e  p i l o t ,  w e  mean c o n t r o l  of  t h e  v e h i c l e ' s  geographic  
p o s i t i o n  ( l a t i t u d e  and l o n g i t u d e ) ,  a t t i t u d e  ( r o l l ,  p i t c h ,  and yaw), a l t i t u d e ,  
speed ,  and d i r e c t i o n .  

N o w  l e t  u s  examine how the  p i l o t  c o n t r o l s  h i s  v e h i c l e ' s  t r a j e c t o r y  i n  
p r e s e n t  day a i r c r a f t .  I n  c o n t a c t  f l y i n g ,  t he  p i l o t  m a i n t a i n s  v i s u a l  c o n t a c t  
w i th  t h e  ground and sky and,  r e f e r r i n g  on ly  o c c a s i o n a l l y  t o  h i s  cockpi: 
i n sz rumenrz t ion ,  maneuL'ers w i t h  r e s p e c t  t o  t h e  h o r i z o n  and o t h e r  e a r t h - r e l a z e d  
r e f e r e n c e s .  In instrumen: f l y i n g ,  t h e  p i l o t  v i s u a l i z e s  t h e  t r a j e c t o r y  he 
v i s h e s  t o  make good ( i n  o r d e r  t o  p r e s e r v e  h i s  r e a l  world o r i e n t a t i o n ) ,  r e f e r s  
con t inuous ly  to v a r i o u s  pa rame t r i c  d i s p l a y s  i n  the c o c k p i t ,  c o r r e l a t e s  the 
c o c k p i t  d i s p l a y  parameters  t o  h i s  mental  image o f  t h e  t r a j e c t o r y ,  and c o n t r o l s  
t h e  parnmezers s o  a s  t o  adhere t o  t h e  d e s i r e d  f l i g h t  p a t h .  I n  many c a s e s ,  the 
p i l o t  is r e q u i r e d  t o  f l y  under condi:ions i n  which t h e  t w o  t ypes  o f  f l y i n g  are 
a l t e r n a t e l y  involved and f r e q u e n t  t r a n s i t i o n s  between t h e  two a r e  n e c e s s a r y .  

The p i l o t  corrnunity w i l l  acknowledge t h a t  pu re  c o n t a c t  f l y i n g  is  :he 
eas ies t ,  t h a t  pure instrument  f l y i n g  i s  d i f f i c u l t  i n  t h a t  i t  e n t a i l s  an 
unSroken s u c c e s s i o n  of  complex c o g n i t i v e  t a s k s ,  and t h a t  an i n t e r m i z t e n t  
mi s tu re  of  t h e  two can o f t e n  prove t o  be t h e  most hazardous ( s a y ,  when a 
z r a n s i t i o n  t o  in s t rumen t  f l i g h t  is r e q u i r e d  fo l lowing  a v i s u a l ,  l o w - l e v e l ,  
a i r - t o - g r o u n d  a t t a c k ) .  Accordingly,  a v e h i c l e  t r a j e c t o r y  d i s p l a y  which 
p r e s e n t s  t he  e s s e n t i a l  c o n t r o l  i n fo rma t ion  a c c u r a z e l y  i n  a p i c t o r i a l  
r e p r e s e n t a t i o n  o f  t h e  corresponding c o n t a c t  f l i g h t  s i t u a t i o n  should reduce t h e  
comples i ty  and i n c r e a s e  t h e  s a f e t y  of f l i g h t ,  wh i l e  s imul t aneous ly  a f f o r d i n g  
the  same h igh  l e v e l  o f  c o n t r o l  p r e c i s i o n  under a l l  t h r e e  c o n d i t i o n s .  

B u t  how shou ld  one go about c r e a t i n g  such a d i s p l a y ?  A r e -examina t ion  o f  
t he  fundamentals i nvo lved  is always a d v i s a b l e ,  s o  le: u s  s t a r t  t h e r e .  k'e know 
t h a t  f i v e  b a s i c  v i s u a l  cues  a r e  involved i n  c o n t a c t  f l i g h t  - i n t e r n a l  
r e f e r e n c e ,  e x t e r n a l  r e f e r e n c e ,  l i n e a r  p e r s p e c t i v e ,  s u r f a c e  t e x t u r e ,  and motion 
p a r a l l a x .  These cues  a r e  d e p i c t e d  g r a p h i c a l l y  i n  F igu re  1. 

The i n r e r n a l  r e f e r e n c e  i s  provided by t h e  windscreen frame o r  canopy bow. 
The e x t e r n a l  r e f e r e n c e  i s  the h o r i z o n .  Every p i l o t  i s  aware o f  the impor:ance 
of  t h e s e  two cues  because they a r e  prominent ly  invo lved  i n  h i s  f i r s t  f1yir.g 
l e s s o n .  The i n s t r u c t o r  demonstrates  where t h e  h o r i z o n  shou ld  be rela:ive t o  
t h e  windscreen frame f o r  l e v e l  f l i g h t  and s t a n d a r d  r a t e  t u r n s  t o  the  l e f :  and 
r i g h t ,  and t h e  s t u d e n t  p i l o t  i s  t augh t  t o  c o n t r o l  t he  a i r c r a f t  s o l e l y  by 
r e f e r e n c e  t o  the two c u e s .  
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FIGURE 1. VISUAL CUES INVOLVED IN CONTACT FLIGHT 
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Linea r  p e r s p e c t i v e  is t he  cue t h a t  e n a b l e s  u s  t o  judge d i s t a n c e .  0hjcct.s  
o f  t h e  same s i z e  appear  l a r g e r  o r  s m a l l e r  a s  a n  i n v e r s e  f u n c t i o n  of t h e i r  
d i s t a n c e  from t h e  o b s e r v e r .  Su r face  t e x t u r e  enhances o u r  judgment o f  d i s t a n c e  
and e n a b l e s  us t o  d i s c r i m i n a t e  and i d e n t i f y  i n d i v i d u a l  o b j e c t s . ,  

Motion p a r a l l a x  p rov ides  t h e  dynamic r e a l i t y  invo lved .  Simply s t a t e d ,  i t  
is t h e  motion of t h e  ground which w e  p e r c e i v e  a s  a consequence o f  our  own 
movement. I n  t h a t  p e r c e p t i o n ,  o b j e c t s  i n  t h e  near f i e l d  move p r o p o r t i o n a t e l y  
f a s t e r  t han  o b j e c t s  i n  t h e  f a r  f i e l d .  For example, imagine t h a t  you a r e  
d r i v i n g  down a coun t ry  road a t  n i g h t  under a f u l l  moon. G h i l e  i t  appea r s  t h a t  
you a r e  " f l y i n g  formation" w i t h  t h e  moon ( i . e . ,  t h e r e  is no movement of :he 
moon r e l a t i v e  t o  y o u ) ,  t h e  t r e e s  and te lephone poles on t h e  s i d e s  o f  t he  road 
a r e  moving by you r a p i d l y .  

I t  appea r s  t hen  t h a t  o u r  t r a j e c t o r y  d i s p l a y  shou ld  i n c o r p o r a t e  
g e o m e t r i c a l l y  c o r r e c t  r e p r e s e n t a t i o n s  of t h e  f i v e  v i s u a l  cues  o f  c o n t a c t  
f l igh' : .  

Fine!  But how do we g e t  t h e  r e q u i r e d  t r a j e c t o r y  in fo rma t ion  i n t o  the  
"cor,;act  analog" forma:? Again,  we examine the  fundamentals o f  t h e  si:un:ion. 
The d e s i r e d  "highway i n  t h e  s k y , "  which w e  v i s u a l i z e  i n  o r d e r  t o  ma in ta in  our  
r e a l  world o r i e n t a t i o n  d u r i n g  instrument  f l i g h t ,  is capab le  o f  p rov id ing  
almost  a l l  o f  t he  d i r e c t o r  i n fo rma t ion  elements  we need - i f ,  w e  were t o  make 
i t  v i s i b l e  and g i v e  i t  geographic  f i d e l i t y  ( i . e . ,  t i e  i t  t o  p a r t i c u l a r  poincs  
on t h e  s u r f a c e  of  t he  e a r t h ) .  Since the  "highway" is  s imply o u r  planned 
course through e a r t h - r e f e r e n c e d  space ,  w e  can  p e r s p e c t i v e l y  t r ans fo rm t h a t  
cour se  and end up wi th  a f l i g h t  p a t h  d i s p l a y  p r e s e n t a t i o n  which is i n h e r e n t l y  
compatible  w i t h  our " c o n t a c t  analog" d i s p l a y  concep t .  Figure 2 p o r t r a y s  t h i s  
t r a n s f o r m a t i o n  as it  would appear  on a v e r t i c a l  s i t u a t i o n  d i s p l a y  ( V S D ) .  

The p i l o t  would s t a y  on c o u r s e  by f l y i n g  down t h e  c e n t e r  of  t h e  f l i g h t  
pa th  j u s t  as though h i s  l a n d i n g  gea r  were extended and h i s  task were t o  t a x i  
on t h e  f l i g h t  p a t h .  The elements  o f  t he  f l i g h t  pa th  d i s p l a y  a r e  analogous t o  
" t a r  s t r i p s "  on a highway. Hence, t hese  s y n t h e t i c  t a r  s t r i p s  move a t  a r a t e  
e q u i v a l e n t  t o  t h e  p r e v a i l i n g  groundspeed o f  t h e  v e h i c l e .  The continuum of t a r  
s t r i p s  p rov ide  t h e  command in fo rma t ion  which t h e  p i l o t  u s e s  t o  c o n t r o l  h i s  
a t t i t u d e ,  a l t i t u d e ,  and d i r e c t i o n .  A h o r i z o n  l i n e  s e r v e s  t o  p rov ide  t h a t  
a d d i t i o n a l  s i t u a t i o n  in fo rma t ion  needed t o  ensu re  t h e  p i l o t ' s  o r i e n t a t i o n  i n  
the  r e a l  wor ld .  

We now complete the  d i r e c t o r  i n fo rma t ion  by adding t h e  means f o r  t he  
p i l o t  t o  c o n t r o l  h i s  speed .  A r e a l  world ana log  v e l o c i t y  i n d e x ,  which i s  a 
computer speed ,  
is f l i g h t  
pa th  d i s p l a y .  Lhen we a r e  f l y i n g  a t  the  p rope r  speed ,  t h i s  " l e a d "  a i r p l a n e  
h o l d s  p o s i t i o n  on comfortaSle  d i s t a n c e  ( e q u i v a l e n t  to a l o o s e  c r o s s - c o c n t r y  
fo rma t ion  p o s i t i o n  o f  about  700 f e e t )  i n  f r o n t  o f  our  t r a i l  a i r c r a f t .  h3en 

g r a p h i c s  d e p i c t i o n  of  a " l ead"  a i r p l a n e  f l y i n g  a t  t h e  p r o p e r  
p l aced  t o  t h e  l e f t  o f  and about  two l a n d i n g  gea r  h e i g h t s  above t h e  
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THE CONTACT ANALOG 
DISPLAY PRESENTATION 

THE 
XRSPECTIVELY 
TRANSFORMED 
AREA 

THE 
PERSP ECTlVELY 
TRANSFORMED 
COURSE LINE 
(THE FLIGHT 
PATH DISPLAY) 

VERTICAL SITUATION DISPLAY 

SEGMENT OF COURSE LINE 
TO BE PERSPECTIVELY 
TRANSFORMED 

AREA TO BE 
PERSPECTIVELY / TRANSFORMED 

H 0 R I20 N TA L SITU AT ION D IS PLAY 

FIGURE 2. THE SOURCE OF THE FLIGHT PATH DISPLAY 
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HEAD-UP DISPLAY PRESENTATION 
IN VlSUAL FLIGHT 

FLIGHT PATH DISPLAY 
VELOCITY INDEX 
HORIZON LINE 

I 

HEAD-DOWN VERTICAL SITUATION 
DISPLAY PRESENTATION 

FLIGHT PATH DISPLAY 
VELOCITY INDEX 
TERRAIN INFORMATION 
SKY TEXTURE 

FIGURE 3. HEAD-UP AND HEAD-DOWN PRESENTATIONS OF THE MFPD 
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our speed is too great, when we are too slow, 
the lead aircraft moves away from us. The addition of this velocity index 
gives us kinetic energy management capability, in addition to the potential 
energy control extent in the projected tar strips, and turns our simple flight 
path display into the Maneuvering Flight Path Display (MFPD). A l s o ,  the 
velocity index our altitude control by providing the upper limit to augment 
the lower limi: inherent in the flight path display itself. 

we close on the lead aircraft; 

Figure 3 shows how the MFPD would appear on a head-up display (HL'D) under 
visual flight conditions and on a head-down vertical situation display (VSD) 
of  the f u t u r e .  The XFPD on the HUD under visual flight conditions would 
consist of only the flight path display, the velocity index, and the horizon 
line. Under instrument flight conditions, the HUD presentation vould be 
essentially the same as that shown on the VSD. Thus, when the needed 
situational information is not available from the real world, it would be 
provided synthetically. Figure 4 is a photograph of the Northrop MFPD during 
landing. 

/ 
-- 

I \ 

FIGURE 4. MANEUVERING FLIGHT PATH DISPLAY PHOTO 
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I n  summary, t h e  MFPD provides  a l l  o f  t h e  p i l o t  i n f o r m a t i o n  r e q u i r e d  f o r  
e a s y ,  s a f e ,  and p r e c i s e  t r a j e c t o r y  c o n t r o l  and i t  does i t  i n  a way t h a t  i s  
opt. r ;I t i onn 1 1 y c ompir t i b 1 e w i t h he nd - up , t Iw 
p i l o t  can respond t o  the  d i s p l a y  w i t h  h i s  p e r i p h e r a l  v i s i o n  i n  much the same 
s-ay he  drt\ .es h i s  c a r ,  s i n c e  t h e  complex c o g n i t i v e  t a s k s  a s s o c i a t e d  wich 
conven t iona l  i n s t rumen t  f l i g h t  have been r ep laced  w i t h  t h e  s i m p l e  cond i t ioned  
r e sponses  a s s o c i a t e d  wi th  d r i v i n g .  F u r t h e r ,  t h e  MFPD p r e s e n t s  t h e  necessa ry  
command/director i n fo rma t ion  i n  an e a s y - t o - u n d e r s t a n d  s o l u t i o n  format which 
s imply shows what needs t o  be done and how, when and where t o  do i t .  I t  a l s o  
p r o v i d e s  the a n c i c i p a t o r y  informazion t h e  p i l o t  needs t o  s t a y  ahead of  h i s  
v e h i c l e  and t o  e s e c u t e  promptly and p r o p e r l y  t h e  r e q u i r e d  maneuvers. The 
d i r e c t o r  informa:ion of the YFPD c a n  be suppor t ed  e a s i l y  with compatibly 
forsat:ed s i t u a t i o n  information t h a t  p rov ides  t h e  o r i e n t a t i o n ,  s t a t u s ,  and 
t r e n d  1nforaa:ion t h e  p i l o t  r e q u i r e s  t o  determine what he  i s  doing,  how w e l l  
he is do ing  i t ,  and whether t o  a c c e p t ,  r e j e c t ,  o r  postpone the  d i r e c t o r  
i n fo rma t ion  b e i n g  p rov ided .  

t nc t 1 c D 1 f 1 f gh t' . Spec L f f c 14 1 1 ]r , 

In a d d i t i o n  t o  i t s  workload r e d u c t i o n  f e a t u r e s ,  t h e  MFPD incorpora t e s  a 
number of c a p a b i l i t i e s  t h a t  make i t  o p e r a t i o n a l l y  a p p e a l i n g  as w e l l .  For 
example,  g iven  t h e  a 7 p r o p r i a t e  s e n s o r s ,  t he  YFPD can be used i n  every phase of  
f l i g h t  from p r e - f l i g h t  t a x i  t o  p o s t - f l i g h t  r e t u r n  t o  p a r k i n g .  Since i t  
a f f o r d s  the  means o f  c o n t r o l l i n g  a l t i t u d e  ( p o t e n t i a l  energy)  and speed 
( k i n e t i c  e n e r g y ) ,  t h e  MFPD i s  i n h e r e n t l y  an energy d i s p l a y .  Thus, t he  
continuous d i s p l a y  of  a p p r o p r i a r e  iombina t ions  of  a t t i t u d e ,  a l t i z u d e ,  speed ,  
iind direction (and  t h e i r  r e s p e c t i v e  r a t e s )  f o r  t h e  mis s ion  pach of  :he moment 
i s  a s s u r e d .  For example, mi s s ion  requirements  p e r m i t t i n g ,  the XFPD w i l l  
p rov ide  zrajec:or ies  t h a t  y i e l d  maximum range whenever w e  are i n  t h e  CRUISE o r  
SAV mode, maximum endurance i n  the HOLD o r  LOITER mode, and minimum 
time/energy c o n s e r v a c l v e  f l i g h t  i n  e i t h e r  AIR-TO-GROUND o r  A I R - T O - A I R  modes. 

If we a r e  t o  e n j o y  a l l  t h e s e  benefi ts  of  t h e  MFPD, however, we cannot  
l o s e  i t  from o u r  d i s p l a y .  Indeed, w e  cannot  d e v i a t e  v e r y  f a r  from the  p a t h  
b e f o r e  A f e a t u r e  we c a l l  t h e  
" : ransi t ion p a t h "  ensu res  t h a t  we always have an MFPD which i s  v a l i d .  A 
window of maximum accep tab le  d e v i a t i o n  is e s t a b l i s h e d  about t h e  p a t h .  
L leneve r  o u r  d e v i a t i o n  exceeds t h a t  l i m i t ,  a new MFPD t h a t  t a k e s  u s  back t o  
t h e  p re=ra i l i ng  mis s ion  pa th  i s  g e n e r a t e d .  Thus,  whether  our  d e v i a t i o n s  a r e  
i n t e n t i o n a l  o r  a c c i d e n t a l ,  we a r e  neve r  w i thou t  t h e  c o r r e c t  MFPD i n fo rma t ion .  

t he  v a l i d i t y  o f  i t s  cominands b e g i n s  t o  s u f f e r .  

S e p a r a t e  demons t r a t ions  by Northrop and the  Sa\y have e s t a b l i s h e d  tha: 
t h e  MFPD w i l l  a f f o r d  instrument  f l i g h t  t h a t  i s  approx ima te ly  an orc?er o f  
maynitude m3re p r e c i s e  t h a n  t h < i t  now p o s s i l ! e  with  cclnven; i o n n l  cockpit 
i nr; t rumt.ri:n t 1 o n .  
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In conclusion, the MFPD should provide impressive increases in both 
operational effectiveness and flight safety, with concurrent reductions in 
crew training and system life cycle costs. The concept can be implemented 
with presently available hardware and, with customer support, could be 
operational within three years .  
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Aviation - Green electroluqinescent (EL) strip lighting for nisht 
o?erations - requirement increasing AF-wide. 

Aircraft lighting - requirement depends on ambient light levels. 

Incandescent lights - poor attitude (Fig 1) 

o Used on majority o f  today's aircraft 
o Point sourccr 
o Provide poor indication of aircraft attitude for multi-ship 

format ion. 

Strip Lir,htinf: ( F i g  2 )  

o Strip lighting such as electroluminescent (EL) lighting is an 
excellent source for recognizing target aircraft attitude because o f  
its application as an area source. 

o Currently used on some of today's aircraf:, e.g., F-4, F-15. 

o Design criteria 

o Flight path basic arrow effect 
o Direction 
o Relative attitude 
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o Specific night requirements 

o Designer should research the mission requirements extensively 
before fnstalling lights.. 

- Don't just put them where they look pretty 
- Proper application is often neglected 

o Know everything about the mission (e.g., pilot interviews, 
flying in aircraft). 

- In addition, know aircraft structure before configuring the 
1 ighting . 

- - Don't cover access panels; airstream deflection 
problems should be analyzed. 

- Skin of the aircraft - how to attach lights? 

- -  Weld, bond, rivet, etc? 
o Mission analyses: e.g., A - 1 0  lead and wingman positions Curing 

a close air support mission. 

o Mission Planning Factors - Idenrify :he appiicable mission 
factors: 

A-10 
o Visibility 

Comments 

3 NY adequace formation visibility 

o Symmetrical marking 
required 

Any aircraft may have to serve as 
lead at any time or move to right/ 
left echelon 

o Inflight refueling No requirements 

o Covertness Use minimum number of lights and 
intensities in full moon to no 
moon condition. Formation safety 
is the critical tradeoff condition 

o Long Range Acquisition KO strip lighting requirement for 
this: they would just use esisEing 
1 ighting 

o Wingman Considerations Try to design using normal daytime 
visual c u e s  
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o I n t  1 lglit  or 8 1 i n u L n r . c 1 1 -  ovalutit loi ia:  (Fig 3 )  

- Estimate range, direction, angle 

o Question/Answer period 

o Aviation green EL lighting is the color used on most aircraft 

o Don't have to use EL strip light but advantage is that it is not 
subject to catastrophic failure like other strip light 'sources would 
be. 

0 Sofc glow o f f  EL lighting is well liked by pilots 

o HC-130 EL lighting test mod designed for Night Vision Goggles (Y.'Gs) 
and naked eye use - test results indicate it might be improved by 
moving the EL lighting toward red end of light spectrum. 

0 Stealth: Incandescent lights cannot be turned down nearly as far as 
EL lights can and still be visible. 

o Xezhods of design are questionable vhen reviewing today's aircraft 
already equipped with EL strip lighting. 

o EL lighting can also be used in the cockpit to reduce glareshield 
reflections and to achieve night vision goggle compatibility. 

o EL formation light levels range from 15 ft-lamberts for 
to 1 ft-lambert for close formation. 

acquisition 
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INCANDESCENT LIGHTING 

THE MAJORITY OF TODAY'S AIRCRAFT STILL FLY WITH 
INCANDESCENT (POINT SOURCE) LIGHTING 

SHIP FORMATION 

DAY 

POOR INDICATION OF AIRCRAFT ATTITUDE FOR MULTI- 

8 .  , . I  . ,  .. 
HE-85.10-6 , . 



STRIP LIGHTING 

STRIP LIGHTING (SUCH AS ELECTROLUMINESCENT 
LIGHTING) IS AN EXCELLENT SOURCE FOR RECOGNIZING 
TARGET AIRCRAFT ATTITUDE BECAUSE OF ITS 
APPLICATION AS AN AREA SOURCE 

CURRENTLY USED ON SOME OF TODAY'S AIRCRAFT 

FLIGHT PATH 

. .  

FLIGHT PATH 
WITti DlRFCTlON 
(BASIC ARROW) 

I 

- 
I 

/ 
FLIGHT PATH, 

WITH RELATIVE ATTITUDE' 
DIRECTION. / 

/ 

'TARGET ATrlTUUE RELATED TO OWN ATTITUDE 

HE-85.10-4 



MISSION PLANNING FACTORS 

DESIGN USING DAYTIME VISUAL CUES WHEN APPLICABLE 

\ 



VISUAL CUE GEOMETRY 

ATTITUDE CUES 

U FINGERTIP POSITION 

F i g u r e  4 :  Visual cile geoirietry, e . g . ,  
f i n g e r t i p  p o s i t i o n  I'or t h e  A - 1 0 .  

LEVEL 

DIRECTION 



INFLIGHT OR SIMULATOR EVALUATIONS 

I - 
HAVE PILoTS A 

I 

a3 ESTIMATE 

USE c 2 CONFIGURATIONS 

RANGE 
DIRECTION 

ANGLE 

A-10WlNGTlP => 

HAVE PILoTS 
RATE 

.DARKROOM MODEL 

.COMPUTER GENERATED 
0 INFLIGHT 

Iu 

EACH LIGHT 

OF BOTH CONFIGURATIONS 

ACQUISITION RANGE 
.CORRECT ATTITUDE 

HE-85- 10.12 
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EFFECT OF GLARE AND REFLECTIONS ON AIRCRAFT ATTITUDE AWARENESS 

, Dr., H. Lee Task 
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ISTRODUCTION 

AA!!RL has been involved in a number of research efforts that relate to 
the impact of glare and reflections on observer performance and perception. 
A1:hough none of these efforts has directly addressed the effects of glare and 
reflections on aircraft 'attitude awareness it is obvious that i f  you cannot 
see outside the cockpit and you cannot see your instruments due to glare 
and/or reflections, then you will indeed have a problem with attitude 
awareness. 

The terms "glare" and nreflection" are used quite often to describe a 
' ,number of different e.ffects. .This pape.r. de.scribes several of these 

conditions.. Table ,1 is a listing,of the topics discussed in this paper. 
, .  . ,  , .  , .  

Table 1. List' of topic areas discussed :?In this"..paper. 
, .  

- _ _ - _ _ - - _ - - _ - - _ _ _ - _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - -  

4' " )  2,. ,NIGHT . .  
, .  

DAY ~' 

. .  

External. re'lections 

Internal. Fe1;ections 

Night J i s i b i i .  Goggles 6 glare 

' : I , :  
, .  

Windscreen haze' "glare" . ' 

Solar "glare" from H V D ~  

Daycime "glare" reflections 

Possible solutions ' , ' 

. I  , /'./'., . , , 
' 

. ,  . .  
, I .  

I , I  

. .  
. .  

.:, . ( 4 '  I , . .  
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DAYTIME EFFECTS 

Windscreen Haze 

Modern military and civilian aircraft typically have plastic windscreens 
instead of glass. The plastic can be easily molded to aerodynamic shapes and 
is much lighter than glass. The military aircraft have switched to plastic 
because it is much tougher than glass and is able to withstand birdstrikes 
substantially better than glass. However, one of the drawbacks to plastic is 
that the optical quality of the transparency is not as good; in particular 
microscopic inclusions and small surface scratches cause a scattering of 
incident light. 

This scattered light results in a veiling luminance that reduces the 
contrast of objeccs viewed through the windscreen. This effect is called 
windscreen haze. The degree of haze depends on many factors such as the 
number and density of surface scratches and internal scattering particles, the 
illumination intensity, the angle of the illumination with respect to the 
viewing angle and the luminance level of the scene viewed through the 
transparency. 

If the haze is sufficiently bad it may totally obscure the view through 
the windscreen. This condition can occur when the aircraft is oriented toward 
the sun at sunrise or sunset (Fig 1). Haze effects also increase with the age 
of the windscreen. As the windscreen ages and receives more microscopic 
surface scratches (many of these are due to cleaning procedures as well, as 
impact with particles of sand, etc.) the haze increases. 

It is apparent that if the haze is so bad that the pilot cannot see out 
of the transparency, then h i s  ability to maintain attitude awareness via 
direct viewing of the outside world is greatly reduced. There have been 
methods developed to quantify the haze in the windscreen (Task 6 Genco, 1985) 
with the intent of developing standards for both accepting new windscreens and 
de:ermining when used ones should be removed from the aircraft due to, the 
level of haze. 

HUD effects - haze enhancement -- 
Aircraft heads-up displays (HUDs) use combiners to superimpose the HVD 

display image on the exterior scene as viewed through the windscreen. This 
combiner can also be a source of light scattering (haze) while at the same 
time reducing the luminance of the exterior scene which further enhances the 
contrasc reducing haze effect (Compare Figs 2 ,  3 ,  and 4 ) .  

Holographic HUDs such as the W T I R N  HUD may cause higher levels o f , h a z e  
simply due to the dichromated gelatin o f  the hologram. 

2 - 1 2 - 3  
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Daytime reflections 

There are several reflection situations in aircraft cockpits that either 
reduce visibility throughtout the windscreen or reduce the viewability of the 
aircraft instruments. Reflections can be either specular (mirror-like) or 
diffuse (scattered; similar to haze except in a reflection mode). Three 
specific reflection problems are described in the following: 

Windscreen reflections 

A common reflection problem is the reflection of various objects internal 
to the cockpit, illuminated by the sun, reflecting in the windscreen. Two 
specific examples of this are the reflection of the pilot's white helmet in 
the windscreen of the F-16 and the reflection of the glare shield in the 
windscreen of most aircraft (Fig 5 ) .  The glare shield reflection is 
particularly irritating; the reason the glare shield is painted black is to 
reduce this reflection. However, as dust and dirt gathers on the glare shield 
the diffuse reflectance of the surface can increase substantially resulting in 
as much as an additional 10-15 % loss of contrast viewing through the 
windscreen. 

Sun reflections off the HUD: 

The LANTIRN HUD is designed using three holographic lenses. These are 
arranged in such a way that the pilot must view through all three of these in 
the upper or "eyebrow" region of the HUD. This area is therefore particularly 
bad from the standpoint of transmissivity and haze. 

In addition, the LANTIRN HUD optical system is such that the sunlight can 
enter from the top through the eyebrow region and enter the optical chain in 
such a way as to produce a real image of the sun located part way between the 
HUD and the pilot. There are also two secondary smaller virtual images of the 
sun created in the lower region. These various images are quite bright and 
move in opposite directions as the aircraft changes orientation with respect 
to the sun. Thus these unwanted reflection-produced images can not only 
obscure HUD symbology, they can also provide a significant dynamic distraction 
in the pilot's critical forward field of view (Fig 6 ) .  

Sun reflections from aircraft instruments and displays: 

Another daytime reflection problem occurs when sunlight illuminates 
aircraft instruments and displays. The illumination can result in both 
specular and diffuse reflections from cathode-ray tube (CRT) display phosphors 
and glass face plate as well as instrument cover glasses. These reflections 
can 'reduce contrast of the instruments and displays to a level where the 
information on the display or instrument is difficult'or impossible to read 
(Figs 7 and 8 ) .  

2 - 1  2 - 7  
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P . e s e  effec:s can  b e  r e d u c e d  or e1imina:ed wi:h :ke a?propr ia :e  u se  of 
C~Z:TLIS:  er.!-.ancenrrnt f l i t i . r s  and g l a r e  s h i e l d  d e s i g n  ( F i g s  9 and 10). 

* Use a??rop:ia:a meaaGrezen: me:hols a r d  speclf:ca:ion le.=e:s f.=r 
c c r . z r o l l i n g  :>.e degree  o f  t r ans ; a rency  h a z e  a l lowed.  This is f o r  a , ,  
trazsparenciss inc;udlr.g w i n d s c r e e c s ,  c a n o p i e s ,  b.e:xe: visors, g3s nasics, H Y 3  
: sm:ne r s ,  e c c .  

.. 
, .  

* Use conzzasz  e n k a n c i 2 g  f i l t e r s  f o r  i c s c r m e n t s  and d i s p l a y s  such  as 
c i r c c L 3 r  p o l a r i z e r  f i1 : e r s .  c o l o r  no:ch f i l z e r s ,  ne-:ral densi:y fi?:ers vi::? 
an: l - ref iec: lon coa:ir,Ss, micro-lou-:er ( 3 %  Co.) baf fLes  ( F i g  ll), e c c .  

As i n  =he Cay:ime si:ua:ion t h e r e  a re  s e v e r a l  ref!ec:ion condi:ions :hat 
o c c u r  and a l l  a r e  lumped i n t o  t h e  same designa: ions a s  ref1ec:ion and g l a r e  
7roSlerr.s. There a re  two b r o a d  a r e a s  o f  r e f i e c t i o n s  t h a t  c a n  be c o n s i d e r e d :  
in:ernal  r e f l e c i t o n s  a n d  ex:ernal r e f l e c t i o n s .  For p u r p o s e s  o f  this 
presen:a:ion, i n t e r n a l  r e f l e c t i o n s  a r e  d e f i n e d  a s  any r e f l e c t l o n  t h a t  Is 
caused  by a l igh :  s o u r c e  in :e rna l  t o  t h e  c o c k p i t  and ex:err,al r e f l e c t i o n s  a r e  
an:{ r e f l e c c l o n s  tha: o c c u r  f rom l i g h t  s o u r c e s  ou:sids of  t h e  c o c k p i t .  

There  a r e  t w o  t y p e s  o f  ex:ernal re f1ec : ions  tha: have been  n o t e d .  One, 
r e p o r t e d  f o r  t h e  A - 1 0 ,  o c c u r s  d u r i n g  l a n d i n g  and cake -o f f  and i s  c a u s e d  by t h e  
l i & ? l :  f r o m  t h e  runway marker  l i g h t s  s n t c r i n g  t h e  cockpi :  through :tae 
win2screer l  and t!~t!r, r e f  !ect i i ig  from t h e  i n s i d e  s u r f a c e  o f  t h e  w i n d s r e e n .  T h i s  
r e s u l t s  i n  a d i s t o r t e d  image of  rhe  rczk'3y marker 1igh:s a p p e a r i c g  i n  t h e  
p i l o t ' s  p e r i p h e r a l  vLsior. ( F i g  12). 

The second :yFe o f  e x z e r n a l  r e f l e c t i o n  i s  a l s o  c a l l e d  m u l t i p l e  i rcsg icg .  
. h i s  r e s u l z s  f rom l igh :  coming f rom :he runway marker lig5:s ( o r  ar.y c z h e r  
ex:err,a: l igh::  s o u r c e ,  alzhough t h e  marker  l i g h ~ s  a r e  t h e  main cause  f o r  
c o z p l a i n t )  corr.ing chrozgh t!-,e f irs:  (ou:er) s - r f a c e  o f  :he v i n d s c r e e n ,  :hen 
soxe o f  :he lig:?: r e f i e c : i n g  from :he second  ( i n s i d e )  s u r f a c e  of  ::.e 

-.. 
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- ~ L Y . ~ : ; C : , : I ~ ~ ~  b.ick t o  the f jrs: s u r f i i c c ,  t!icn some o f  t!iis li:,hc ref:cc:ing 9rice 
a s ~ i : ~  b;isk toward :he !ntc:ior o f  :he c o c k p i : .  . h i s  second ra:r o f  Liz!-.: 
produces I f  t h e  windscreen is of 
s.Affici.ey.tly h i g h  quality t h e n  tk.e secondary i s a g e  is  f o r n e ?  on cop of  tk.e 

a s i n s l e  ligk.:. nowe*:er, i f  t h e  secocdary i m g e  is an3J:arly s h i f t e d  wi:h 
respec:  to t h e  ?;in'a:y :hen t h e  p i l o :  s e e s  =-do rovs o f  runvay marker li2h:s. 
a e  s e s c n d a r y  i s a g e  i s  :y?ica?ly nuch  dlxTer  than :>.e pr lmary ( .by a fac:Dr o f  
2 3  or mcre ) ,  is 
essen::al:y the  same a s  the  primary, making i t  v e r y  v i s i b l e  ( F i g  1 3 ) .  

". 
a second image o f  :he runway marker Ligh:. 

-.-. -.;inazy (d i r ec :  view) inage o f  t h e  r x w a y  m3;ksr lis:?: azd tt,e :*-*o a r e  seen as .. 

bu: due t o  t h e  n i g h t  sl:ua" &,on the  c o n z r a s t  o f  t he  secor.Car;: 

This e f f e c t  o f  mul:ip?e ima3ir.g ( t h e r e  can  be more than  jus:  a second 

res iszar , :  windscreecs  :ha: a r e  ins:alled a t  ra:her s:eep anS?es.  Complain:s 
o f  m*J?Lzi?ie inaping ha=re been r e p o r t e d  f o r  F-111 a i r c r a f t  and 3 - 1  aircraf : .  
!-!e:k.cCs o f  quan t i f ; , . i~ ,g  and deve lop ing  accepzaSle lizi:s of mu;:i?le i x i g l n s  
a r e  now i n  2 r o g r e s s  a; A-k'GL f o r  t h e  8-13 a i r c r a f :  windsreen ( F i g s  1: and 15). 

add i L ,,or.a: ; ina52)  O C C G ~ S  more f r e q u e n t l y  wlzh t he  t h i c k e r ,  p l a s t i c ,  birds:r ike 

In:ernal r e l f e c t  ions 

Intt.:nal ref1ec:ion c o e p l a l n c s  occur  wb,en c o c k p i t  ins:rumz:s and 
dis?lays a r e  posi:ioned such t h a t  an inage o f  t h e  i!lu;nina:ed ( o r  emrc::r.g) 
instrumen: o r  d i s p l a y  is v l s i b l e  i n  the  windscreen.  3o:h i n n e r  and o u t e r  
s u r f a c e s  o f  :he v;indscreen r e f l e c c  a ?orZion o f  =he ligtr: i n c l d e n t  o n  :>.e 
i.i.;'.dscreen f r om the  il1umina:sd insrrmen:s  and d i s ? l a y s  ( F i g s  16 and 1:). 
.nus :he i n z e n s i t y  o f  t h e  r e f l e c t i o n  i s  a7proxima:ely h a l f  due t o  che i n s i d e  
s u r f a c e  and h a l f  due t o  t h e  o u t s i d e  s u r f a c e  o f  t 5 e  v l n d s c r e e n .  I t  is t h i s  
f a c t  tha: makes i t  exzremely d i f f i c u l t  to c o r r e c c  t h i s  problem by t r e a t i c g  t h e  
windscreen.  There have been d i s c u s s i o n s  o f  coa:ing t h e  i n s i d e  s u r f a c e  o f  t>,e 
x lndsc reen  w i t h  a n  an t i - r e f1ec : ion  c o a t i n g  t o  reduce t h e  i n t e r n a l  ref1ec:ions.  
2 . i ~  1s a very  d i f f i c u l t  p r o c e s s  due to :he ang le  dependence of a n t i -  
r e f l e c t i o n  coa:ings and t h e  s i z e  of  t h e  p1as:ic windscreens.  Even if such a 
c0a:ir.g were p o s s i S l e  and to:ally s u c c e s s f u l ,  i t  would reduce t h e  intensi:y of  
the r e f i e c t i o n  by on ly  abou t  50% because che ou:er s u r f a c e  w i l l  sti;l be 
r e f l e c t i n g  the  l i g h t .  S i n c e  t h e  o u t e r  s u r f a c e  i s  s u b j e c t  t o  a ra:her s eve re  
e n v i r o m e n t  (wea the r ,  sand a b r a s i o n ,  c l e a n i n g ,  e t c . )  i t  is h i g h l y  u n l i k e l y  
t h a t  a n  a c c e p t a b l e  c o a t i n g  p r o c e s s  w i l l  be developed f o r  :he e x t e r i o r  s u r f a c e .  

The bes: way t o  reduce i n c e r n a l  r c i f l e c t i o n s  is t o  s im?ly i n s u r e  tl-,at t he  
l i g h t  cannot  r e f l e c t  i n  t h e  windscreen.  This can  be done by u s i n g  v a r i o u s  
me:hoCs t o  d i r e c t  t he  l i g h t  t o v a r d  t h e  p i l o t  and avay from t h e  wlndscreen.  Cn 
some a i r c r a f t  (such as :he F-16) t h i s  mighc be d i f f i c u l :  because  o f  t h e  
conslderzb:e azo*xt: o f  windscreen a r e a  and the "wra?-around" na'**- ,-,e o f  :he 
windscreen.  

. .  

c 

I Anozher p o s s i b l e  me:hod of  redtlcing t h e  in:er?.a? ref1ec:iozs caused by 
ins:rmer.=s and d i s p l a y s  tha: a r e  1oca:ed such z'nat it i s  C i f f i c c l :  :o 
p r o p e r l y  b a f f l e  them i s  :o p o l a r i z e  t h e  l igh: coming from t h e  I n s r r w e n :  o r  

2- 12-  f 7 



2-12-18 





2 - 1 2 - 2 3  



2 - 1 2 - 2 1  





dis?:ay. L len  v i eved  a t  a n  a n g l e ,  s u r f a c e s  o f  t r a n s p a r e n c i e s  a c t  l i k e  p a r t i a l  
? o l ~ r i z e r s .  t5:e 
index o f  refrac:ion o f  t h e  ma:eria?. By polarizi3g t he  lig,!i: s o c r c e  i n  a 
direc:!on a7proxiza:ely p e r ? e n d i c u l a r  t o  :>e n a z u r a l  po!.ariza:ion :efiec:ion 
d i r e c t i o n  o f  :he transFarer.: s u r f a c e ,  i: is ? o s s l b l e  to d e c r e a s e  :!-.e arnount 
o f  r e r ' l ecz ion  a: bozh i r s i d e  and o u t s l d e  s c r f a c e s  of t h e  t t i n s p a r e n c : ~  
c c c s i d e r 3 5 1 ; ~  ( a  9 C k  r r d u c z i o n  f o r  soce  angles  has been dasc r?s t r a=ed  i n  ::?e 
l ab ' ,  . 

n e  degree  o f  po1ari:ation de?ends on the a n g l e  o f  v.Levd and 

... . ;sic3 E 0 z.2 1 e S 

>e ic:eres: i n  nigh: v i s i o n  gogg les  (S:Cs) f o r  f l y i n g  a i r c r a f t  a t  n i g h t  
has i nc reased  c o n s i d e r a b l y  I n  :>.e l a s t  s e v e r a l  y e a r s .  The ~"v'CS a r e  rou:inely 
.Jsed 0:: soze s ; lecial  02e ra t io r . s  a i r c r a f :  s * x h  as  f i x e d  ,;in3 t rans?or :  a l r c r a f :  
a:,d h e l l c o p z e r s  (Fis :S). X key prohlem wich us l r .5  t t e  Yc'Gs i n  acy a i r c r a f :  
is :5az :he:? a r e  no: coz?a:iSle wi:h tk.e incandescen: l igh: lr?g :ha: is t y ~ l c a l  
o f  a i r s r a f :  cockpi: i l i3mlna: ion.  The YV.Cs are ser.si:ive to :he near  Fnfra- 
r+d  and :he c o c k p i t  i1lunina:ion erci:s a consideraS:e amount o f  energy i n  :his 
r eg ion .  This r e s u l t s  i n  c o n s i d e r a b l e  r e f l e c t i o n s  i n  :he windscreen making i: 
v i r t u a l l y  impossible  t o  s e e  o u t  o f  t b e  a i r c r a f t .  

I n  order t o  reduce :>e S l a r e  ax! ref1e::iocs caused by i x o m ? a z i b l e  
lig!~:Lr.g, iz i s  n e c e s s a r y  t o  e1inlna:e t h e  ir.fra-:ed por:ion o f  t h e  cockpi: 
ii@.:inS and reduce as much as p o s s i b l e  visib:e l i s h t  in :he ret3 and :;elLou 

electroltunlnescen: (EL)  l lgh: izs ,  u s i n g  l i g h t  e..r..lzti?.g d iodes  (LE3s). c o v e r i n g  
incandescen: sou rces  wi:h 12 b l o c k l n g  f i l t e r s  and t u r n l c g  o f f  a l l  unnecessa ry  
',Lgt;:s. 3 e s e  t y p e s  oE r e : ro - f i c  c o r r e c t i o n s  have been accomplished on a 
?.umber of  d i f f e r e n t  a i r c r a f c  i n c l u d i n g  :he Pave Low I11 he',icop:er ( F i g  l 9 ) ,  
(Task 6 G r i f f i n ,  1982). 

.-e A -5:ors c. o f  the  s p e c r r ~ ~ .  This can  be doze i n  se. ..era: v a y s :  LS'- &..S 

St'?'!..ARS 

I C  should be aFparen t  from t h e  inforEa:ion presen:ed h e r e  :ha: t h e r e  a r e  
s e v e r a l  a s ? e c t s  r e l a t i n g  t o  " g l a r e "  ar,d "ref1ec:icns" :ha: c a n  ha-..e a 
s i g n i f i c a n ~  impact on t h e  p i l o t ' s  v i s u a l  a c q u i s t i o n  o f  ir .formation which i n  
t u r n  a f f e c t s  h i s  a t z i t u d e  awareness  c a p a b i l i t y .  Xany o f  t h e  problems 
d i scussed  can be e i t h e r  e1imina:ed o r  reduced i n  s e v e r i c y  by u s i n g  c u r r e n t l y  
a v a i l a b l e  technology and d e s i g n  t e c h n i q u e s .  The fo l lowing  r e f e r e n c e s  p rov ide  
more d e z a i l e d  in fo rma t ion  on s e v e r a l  of t h e  t q i c  a r e a s  d i s c u s s e d .  
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COCKPIT WXRNINC SYSTEMS FOR LOW ALTITUDE FLIGHT 
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by 
Capt Joe Byerly . 

3247 Test Squadron 
Eglin AFB, FL 32542 

Originally from Vienna, Virginia. 

Attended the USAF Academy, graduating in 1976  with a B.S. in Physics 
and Mathematics. 

Graduazed from pilot training in 1977 at Craig AFB, Alabama. 

Attended F-4 training at Luke AFB, Arizona. 

Spent two years ( 1 9 7 8 - 1 9 8 0 )  as an operational F-ltC/D pilot at 
Torrejon AB, Spain. 

Transitioned to the A-10 at Davis-Monthan AFB, Arizona in 1980. 

Was a squadron instructor pilot in the A-10 at Myrtle Beach AFB, 
South Carolina for 2 1/2 years. 

Was a graduate student at the Massachussetts Institute of 
Technology, receiving the Masters Degree in Physics in 1984. 

Graduated in June 1 9 8 5  from the USAF Test Pilot School at Edwards 
AFB, California. 

Presently working as the Director of A-10 Flight Test at the 3247 
Test Squadron, Eglin AFB, Florida. 

INTRODUCTION 

The purpose of this presentation is to provide useful information for the 
design and implementation of future ground collision avoidance systems for 
tactical aircraft. Specifically, the differences will be highlighted between 
effective and ineffective cockpit warning systems for the single seat fighter 
pilot on low altitude missions. To limit the subject, the algorithms used in 
generating a ground collision warning will not be discussed. Instead, 
concentration will be given to the interface between the system and the pilot. 
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Atkiitionnlly, tactic31 aircraft with a dedicAteai terrain following t-.itl.tr 

such . IS the F-111 and L\NTIRN equipped F-16 won't tie covered. A L t 1 i o u l ; h  S O I I I ~ '  

of  the information will pertain to these aircraft, specialized missions such 
os night or in the weather low level flying are a subject all their own. 

X R E E  PHASES OF LOV ALTITUDE FLIGHT 

Limiting the subject to daylight good weather flight conditions does not 
eliininate the problem. Tragically, pilots do continue to fly perfectly 
flyable aircraft into the ground. To find out why, low level operations will 
be broken down into three distinct phases. this categorization was developed 
by Capt Milt Miller of the 162nd Air National Guard and A-7 Fi-ghter Weapons 
School in Tucson a s  part of his Low Altitude Training program. The three 
phases are straight and level time, level turns, and vertical maneuvering. 
Each of these phases will be covered in some detail to discuss the pilot 
Yorkload and inherent dangers of ground collision, 

Strait and Level Phase 

The straight and level time is the navigation phase of the low altitude 
It is the time spent getting to and from the target area and makes mission. 

up approximately 90% of the total time spent at low altitude. 

The straight and level time is also the benign phase of low altitude 
flight because the pilot has time to make corrections to flight path 
deviations. Using the example of an A - 1 0  at 300 knots and 150 feet above the 
ground, if the aircraft were to enter a one degree descent, an amount 
perceptible by the pilot, the pilot has over 18 seconds until ground Impact. 
Even if the aircraft were an F-16 travelling at 480 knots, the one degree 
descent still allows over 10 seconds from 150 feet. Although these times may 
not soirnd like much, they allow the pilot time to take care of  mission 
c?:;:;tbriL 1.11 t ,isk:i w 1 i l c . h  rcquire looking ot.her p 1 . t ~ ~ ~ : ;  t t u n  out the f r o n t .  
E:cnrnplcs of these are visual lookout, map reading, and miscellaneous cockpit 
tasks, 

The visual lookout task involves an aggressive and systematic search 
pattern for air-to-air and surface-to-air threats. Full body movements are 
required to search the vulnerable areas at the aircraft's six o'clock. On 
combat missions, the visual lookout task is second only to avoiding the 
ground. 

Even though most modern fighters display INS information in the HUD, the 
pilot still must spend a great deal of time map reading. Although the INS can 
be programmed on the ground, route diverts in the air are common due to 
weather, unanticipated threats, or mission tasking. Because these could come 
at any time the pilot is constantly updating his position on the map. 
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The miscel laneous cockpi t  t a s k s  inc lude  a l l  o f  t h e  nume,rous items which 
r e q u i r e  These occur  throughout t h e  
low l e v e l  mission and inc lude  r a d i o  and I F F  changes,  weapons swi tches ,  anti INS 
and computer d a t a  e n t r y .  

the  p i l o t  t o  l o o k  down i n t o  t h e  c o c k p i t .  

To sum up t h e  s t r a i g h t  and l e v e l  phase ,  the  p i l o t  is n o t  always looking  
o u t  the  f r o n t  of h i s  a i r c r a f t  because t h e  mission demands t h a t  he look 
elsewhere,  and he h a s  time t o  do s o .  This  i s  n o t  t r u e  f o r  t h e  hard ,  l eve l  
t u r n  phase.  

Hard, Level Turn Phase 

The time s p e n t  making high g l e v e l  t u r n s  i s  t h e  most dangerous phase of 
l o w  a l t i t u d e  f l i g h t s .  Although only  Eive percent  of thc t o t a l  tiiiir a t  low 
. i l t i  t i i t i t )  1s s p ~ i i r  iii.il-.iii): h.iri1, I c ~ v e L  V L I I . I ~ ,  ovc’r \Oak o f  ,111 t lw ! . i t a 1  i t l e s  
froin C O I ~ L ~ O L L ~ ~  C 1  iglit into t e r r a i n  dccLdc-nts occur d u r i n g  these  mLineuvers.  

The reason f o r  the  increased  danger is t h e  decreased  r e a c t i o n  time 
a v a i l a b l e  f o r  p i l o t  c o r r e c t i o n s  t o  f l i g h t  p a t h  d e v i a t i o n s .  This i s  
i l l u s t r a t e d  by looking a t  an F-16 s t a b i l i z e d  i n  a f o u r  g level t u r n  a t  480 
k n o t s  and 150 f e e t  above t h e  ground. If t h e  a i r c r a f t  were t o  overbank by j u s t  
t e n  degrees ,  t h e  r e s u l t a n t  change i n  t h e  d i r e c t i o n  o f  l i f t  would cause ground 
impact i n  3 . 5  seconds.  Even i f  t h e  a i rc raf t  were an  A-10 a t  300 k n o t s ,  t h e  
time a v a i l a b l e  remains j u s t  3.5 seconds.  The t e n  degree overbank and 
r e s u l t a n t  a i r c r a f t  nose drop can be perce ived  and c o r r e c t e d  by t h e  p i l o t  i f  he 
is looking through t h e  HUD, b u t  is  can  be e a s i l y  missed i f  he is  looking 
elsewhere.  Capt M i l t  M i l l e r  i s  h i s  Low A l t i t u d e  T r a i n i n g  b r i e f i n g  sums i t  up 
p r e c i s e l y  by s a y i n g  t u r n i n g  and looking  is  a dea th  a c t !  

The problem goes beyond t h e  p i l o t ’ s  p h y s i o l o g i c a l  i n a b i l i t y  t o  perce ive  
changes i n  a i r c r a f t  a t t i t u d e .  H e  e s t a b l i s h e s  a h a b i t  p a t t e r n  during t h e  
s t r a i g h t  looking 
c l o w n  l t r t o  t t i c -  cockp i  I. fc,r o t h ~ r  t6isl<s. I t  tIiI:: 1 1 . 1 1 ~ 1  1. \ ) , i L t t l ~ - t \  c.irrLc?s ovcr i i l l t l  

t.Iie! p t  l o t  c o n t i n u e s  l o o k i n g  o t h e r  than  o u t  the f r o n t  d u r i n g  h a r d ,  l e v e l  t u r n s ,  
t h e  r e s u l t  can be f a t a l .  

and l e v e l  time oC looking over  his shouldcr for threats  a n d  

V e r t i c a l  Maneuvering 

The l a s t  d i s t i n c t  phase of low a l t i t u d e  f l i g h t  i s  v e r t i c a l  maneuvering. 
This  is  t h e  a g g r e s s i v e  p u l l  ups and p u l l  downs where t h e  p i l o t  i s  e i t h e r  
r e a c t i n g  t o  a t h r e a t  o r  maneuvering t o  deliver,weapons i n  t h e  t a r g e t  a r e a .  

I t  i s  another  h i g h  r i s k  p o r t i o n  o f  t h e  low a l t i t u d e  mission.  Although 
v e r t i c a l  maneuvering comprises only  t h r e e  percent  o f  t h e  t o t a l  time on low 
a l t i t u d e  m i s s i o n s ,  i t  accounts  f o r  one t h i r d  of a l l  t h e  c o n t r o l l e d  f l i g h t  i n t o  
t e r r a i n  a i r c r e w  f a t a l i t i e s .  
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The danger i s  due t o  t h e  dynamic na ture  o f  the  maneuvers. A f t e r  p u l l i n g  
up from low a l t i t u d e ,  t h e  p i l o t  i s  r a p i d l y  searching  f o r  h i s  t a r g e t ,  then 
making a high g p u l l  down from a near  i n v e r t e d  a t t i t u d e  t o  p r e c i s e l y  a l i g n  h i s  
a i r c r a f t  f o r  weapons d e l i v e r y .  If t h e  p i l o t  p u l l s  f o r  j u s t  a s p l i t  second too 
Long, he can f i n d  himself  i n  a s t e e p e r  than planned dive angle  wi th  n o t  enough 
a l t i c u d e  t o  recover .  Airspeed is another  parameter the  p i l o t  must moni:or 
because i f  he is too slow a t  t h e  apex of  t h e  maneuver, t h e  a i rc raf t  may not  
have t h e  aerodynamic l i f t  o r  "g a v a i l a b l e "  t o  recover  a f t e r  t h e  weapons 
d e l  ive ry . 

The w e l l  t r a i n e d  p i l o t  can e f f e c t i v e l y  employ h i s  weapons and s a f e l y  
reco-rer t h e  a i r c r a f t  i n  t h e  t a r g e t  a r e a  by looking out  t h e  f r o n t  
a i r c r a f t .  The HUD g i v e s  him important information such a s  a i r s p e e d  
n n ) : l ~ ~  Mort. i m p o r r . i n t l v ,  t t  it;  t h e  villiinl ( * I I & * * .  Iii-t)viqb(l Iiy t tw . I  

~ . i \ i [ t l l  11 c . l \ . i i \ ) ; i ~ ~ g  i i i ~ - * i *  1 i o c i  i LIOII . t g , i l ~ i * . t .  LIIC~ t i . 1  u r i L i i  l ~ . ~ i ~ L ~ r o ~ ~ ~ i d  wlilch a 
t10 judge when he is  g e t t i n g  i n  d dangerous p o s i t i o n .  

As w i t h  t h e  h a r d ,  l e v e l  t u r n  phase,  t h e  p i l o t  can only  ensure  h 
by looking o u t  the  f r o n t  d u r i n g  t h e  p u l l  down p o r t i o n  o f  h i s  
maneuvering. If he i s  d i s t r a c t e d  o r  h a b i t  p a t t e r n s  f o r c e  him 
elsewhere,  he may n o t  p e r c e i v e  t h e  r a p i d  change i n  a i r c r a f t  a t t i t u d e .  

o f  h i s  
and dive 
1.t: ) . , I  f 1 ' !i 
l o w s  11 i m  

s s a f e t y  
v e r t i c a l  
t o  look 
When he 

f i n a l l y  does look forward, he could e a s i l y  f i n d  an  unrecoverable s i t u a t i o n .  

REQUIREXENTS FOR AN EFFECTIVE GROUND COLLISION AVOIDANCE SYSTEM 

A f t e r  looking i n  d e t a i l  a t  t h e  low a l t i t u d e  mission and p i l o t  workload 
some common requirements f o r  any e f f e c t i v e  dur ing  t h e  t h r e e  d i s t i n c t  phases ,  

ground c o l l i s i o n  avoidance system become obvious.  

The primary requirement  is f o r  a n  audio warning. This  h a s  t h e  obvious 
advantage of  reaching t h e  p i l o t  r e g a r d l e s s  of  where he is  looking.  The 
mission r e q u i r e s  the p i l o t  t o  look o t h e r  p l a c e s  than the  IiUD while  he  is  
* ; t  r : i i y , t i t  . i r i c l  lt*vt:L. Ihirin}; t t l c .  It*vctl t i l r i i  :lilt1 v ~ u t  i c : i l  i n . l i w ~ l v c . r l i i y ,  p t l . r : ; c . . ; ,  

l l i t t  p l l o t .  s h o u l d  be  l o o k l ~ i g  ttrrougti the HUD, but  i t  is the l a p s e s  i n  judgement 
when he looks elsewhere which g e t  him is t r o u b l e .  Therefore ,  a v i s u a l  warning 
i n  t h e  HUD is  t o t a l l y  inadequate  by i t s e l f .  The audio warning i s  r e q u i r e d  t o  
ensure t h e  warning reaches t h e  p i l o t .  

Any audio ground c o l l i s i o n  avoidance warning must be c lear  and 
unambiguous t o  be e f f e c t i v e .  The p i l o t  has  t o  be a b l e  t o  p e r c e i v e  t h e  warning 
above t h e  o t h e r  c o c k p i t  and h e a d s e t % n o i s e s  without  mis tak ing  i t s  meaning. 
With t h e  numerous tones a l r e a d y  genera ted  by o t h e r  a i r c r a f t  systems such a s  
r a d a r  warning, angle  of a t t a c k ,  and gear  warning, a human v o i c e  i s  t h e  b e s t  
op t ion  f o r  g e t t i n g  through t o  t h e  p i l o t .  The a c t u a l  words spoken a r e  n o t  t h a t  
important as long a s  t h e  meaning remains c l e a r .  Some e f f o r t  should be made t o  
s t a n d a r d i z e  audio a l e r t  c a l l s  between d i f f e r e n t  t a c t i c a l  a i r c ra f t  w i t h  ground 
c o l l i s i o n  avoidance systems.  
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Two requirements on the a lgor i thm i t s e l f  are a p p a r e n t  from the discuss ion  
oE t h e  p i l o t  workload o n  the  Low a l t i t u d e  miss ion .  The f i r s t  i s  t h a t  any 
e f f e c t i v e  warning syszein m u s t  have minimal f a l s e  a la rms .  The system l o s e s  a l l  
o f  i t s  e f f e c t i v e n e s s  i f  t h e  p i l o t  has  any h e s i s t a n c y  i n  b e l i e v i n g  i t  o r  
r e a c t i n g  t o  i t s  warnings.  

The second requirenicnt on the  a lgor i thm i t s e l f  is the  system must be 
e f f e c t i v e  a t  high bank angles .  The r a d a r  a l t i t u d e  coverage should be accura te  
t o  a t  l e a s e  150 degrees  o f  bank, p r e f e r a b l y  up t o  a f u l l  180 degrees  o f  r o l l .  
As n o t e d ,  i t  is  the  high bank angle  maneuvers such a s  h a r d ,  l e v e l  t u r n s  and 
tliose performed i n  the  v e r t i c a l  maneuvering phase of low a l t i t u d e  f l i g h t  which 
a r e  t h e  most dangerous,  and t h e r e f o r e  where t h e  p i l o t  needs the  most 
p r o t e c t i o n .  

SECONDARY WARNING SYSTENS 

Besides  t h e  primary warning genera ted  by a ground c o l l i s i o n  avoidance 
system, secondary warnings a r e  u s e f u l  as e i t h e r  a backup o r  pre l iminary  
warning. For t h e s e  purposes ,  v i s u a l  warnings may be e f f e c t i v e l y  used.  

Examples of a v i s u a l  backup warning is  t h e  f l a s h i n g  "break X" symbology 
i n  t h e  HUD, which o r i g i n a t e d  w i t  t h e  A - 7 .  This  i s  s t i l l  a v i a b l e  warning, but  
i t  i s  only  u s e f u l  t o  t h e  p i l o t  when he i s  looking through t h e  HUD. However, 
t h e  p i l o t  g e n e r a l l y  does n o t  g e t  i n  t r o u b l e  when he is  looking  forward. 

Perhaps more u s e f u l  v i s u a l  warnings a r e  heads down c o c k p i t  messages which 
can s e r v e  a s  a pre l iminary  alarm preceeding t h e  primary audio  warning. The 
l a t e s t  sof tware  change t o  t h e  A - 7  ground c o l l i s i o n  avoidance system f l a s h e s  
t h e  words "heads up" i n  both  the ' INS panel  d i s p l a y  and TV monitor t h r e e  
seconds p r i o r  t o  t h e  primary low a l t i t u d e  warning. 

A f i n a l  system which is p a r t i c u l a r l y  u s e f u l  i n  t r a i n i n g  is a time t h a t  
comes on a t  a p i l o t  s e l e c t a b l e  a l t i t u d e .  This  system would be t o t a l l y  
s e p a r a t e  from t h e  primary ground c o l l i s i o n  a l e r t i n g  system which would have no 
p i l o t  s e l e c t a b l e  f e a t u r e s .  The l o g i c  f o r  t h e  system would be t h e  same a s  f o r  
t h e  low l i g h t  on most r a d a r  a l t i m e t e r s .  That i s ,  t h e  time would a c t i v a t e  one 
time once t h e  a i r c r a f t  descended below t h e  p r e s e t  a l t i t u d e ,  and it  would reset  
only  when t h e  a i r c r a f t  climbed back above t h e  r e f e r e n c e  a l t i t u d e .  This  system 
is c u r r e n t l y  i n  use i n  Navy A - 7  a i r c r a f t .  The p i l o t  s e l e c t a b l e  f e a t u r e  would 
a l low t h e  p i l o t  h i s  choice f o r  a l t i t u d e  depending on h i s  exper ience ,  the  
miss ion ,  weather ,  and a h o s t  o f  o t h e r  v a r i a b l e s .  For example, a p i l o t  new t o  
t h e  a i r c r a f t  f l y i n g  d i r e c t l y  i n t o  t h e  sun over  rugged t e r r a i n  might want t o  
s e t  t h e  tone  a l t i t u d e  a t  500 f e e t ,  whereas t h e  h i g h l y  experienced p i l o t  f l y i n g  
over  f l a t  t e r r a i n  wi th  t h e  sun a t  h i s  back might use 150 f e e t .  Such a system 
would a l s o  be u s e f u l  f o r  f l y i n g  instrument  approaches,  a s  a backup t o  d e c i s i o n  
h e i g h t  c a l l s .  I t -  should be emphasized t h a t  t h i s  system could n o t  a c t  a s  a 
s u b s t i t u t e  f o r  an  e f f e c t i v e  ground c o l l i s i o n  avoidance system a c t i n g  without  
p i l o t  i n p u t .  
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The pilot workload on low altitude missions places several requirements 
on any effective ground collision warning system. During the straight and 
l eve l  portion of the mission, it is reasonable to expect the pilot will be 
looking through the HUD less than 40% of the time as he takes care of other 
mission essential tasks. When the p i l o t  is performing hard, level turns or 
vertical maneuvers at low altitude, he should be looking out the front, but 
distractions or habit patterns may force him to look elsewhere. This is by 
far the most dangerous aspect of the low level mission. 

Therefore, the only truly effective warning is the clear, unambiguous 
audio warning that will reach the pilot no matter where he is looking. The 
warning system has to be effective at high bank angles with minimal false 
alarms. 

U ~ . ; l c l t . ! ;  tllc pr1m.Ii.y . I L K I L O  w.lt-nIllg, secondary v i u u n l  alarms such a s  the 
flashing "break X" in the HUD or heads down cockpit selectable altitude can be 
particularly useful in training situations or when flying instrument 
approaches. 

A well structured training program is the major part of the total 
solution to reducing the controlled flight into terrain accident rate. An 
effective ground collision avoidance system can help fill the gaps where pilot 
perception or judgement fail. 
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3-D SOUlVD I N  WXRNT!IG AND ALERTS 

Mr. Lewis S c o t t  ''Eo" Gehring 
Bo Gehring Assoc ia tes ,  Venice,  C a l i f o r n i a  

lNTRODUCTIOM (Col  McNaughton) 

One of the  reasons we included t h i s  block on warnings and a l e r t s  is the  
f:;ict t i int  mishap records  show numerous ins tances  i n  which t h e  p i l o t  repea ted ly  
i grio t:c:(i Rt? sii I ts 1 nc 1 udc- r,cn r - up 1 a i d  i iigs o r gr! t. 1: i. ri};, too 
1 , o w  o i l  c l i o  g l  t c l c ! - ~ L o p ~ ~ ,  When conceritr i i t ine o u r  €1.111. a t t c n t i o n  on s o m e  foci11 
I I I O ~ C  v i sc i r i l  t a s k ,  such as  shoot ing  an approach t o  minimums i n  a snow shower o r  
i n  blowing f o g ,  v i s i o n  can t u n n e l ,  e f f e c t i v e l y  s h u t t i n g  down p e r i p h e r a l  v i s i o n  
was wel l  as h e a r i n g .  A problem with c u r r e n t  warnings and a l e r t s  is  t h a t  they 
3 r e  not  always s u f f i c i e n t l y  commanding. Some, l i k e  t h e  g e a r  horn ,  h a b i t u a t e ,  
and a r e  psychologica l ly  tuned o u t .  Others ,  l i k e  t h e  low g l i d e - s l o p e  c a l l s ,  
may simply l a c k  t h e  sense  of urgency o r  immediacy necessary  t o  i n t e r r u p t  one ' s  
consc iousness .  I t  seems t h a t  w e  a l l  have about us  a s o r t  o f  psychologica l  
"sacred"  space o r  bubble t h a t  must be v i o l a t e d  i n  o r d e r  t o  command our  
a t t e n t i o n .  This  bubble may be v i o l a t e d  i n  s e v e r a l  ways: v i s u a l l y  by a 
movement toward o n e ' s  e y e s ,  t a c t i l e l y  by a rap  on t h e  knuckles ,  o r  a u r a l l y  by 
making a sound seem l i k e  i t  is  coming p r a c t i c a l l y  from i n s i d e  o n e ' s .  e a r .  
Imagine the  d i f f i c u l t y  i n .  ignor ing  a s u l t r y  whisper i n  your e a r ,  o r  R 

r a t t l e s n a k e  i n  your e a r .  

i l l  id 1 t:o cy w n  r n  I. til;:; . 

BIOGRAPHY 

The man you a r e  about t o  h e a r ,  Mr. "Bo" Cehring,  is  a windsur fer ,  ex- 
s c u l p t o r ,  former p r o f e s s i o n a l  motorcycle r a c e r ,  p r i v a t e  p i l o t ,  and engineer ing  
school  dropout  who has  never s tayed  put  i n  any school  long  enough t o  g e t  a 
degree.  He i s  a l s o  head of Bo Cehring A s s o c i a t e s ,  one of t h e  most s u c c e s s f u l  
companies i n  the  h i g h l y  compet i t ive  f i e l d  of  movie and TV g r a p h i c s .  Known 
throughout h i s  i n d u s t r y  as t h e  "Image Maker," Bo i s  a major des igner  and 
producer of  v i s u a l  communications us ing  t h e  b e s t  o f  computer graphics  a r t  and 
des ign  f o r  what he d e s c r i b e s  as " s y n t h e t i c  p i c t u r e  making." I t  was he who 
c r e a t e d  such f i l m s  a s  t h e  ground breaking  ABC Logo in t roduced  dur ing  t h e  ' 8 4  
Olympics, t h e  Apple I n t e r n a t i o n a l  commercial i n  which t h e  mul t ico lored  apple  
wings through t h e  channels  of  a computer c l i p  and flows around b u i l d i n g s ,  and 
a shampoo commercial i n  which a blond emerges from a cube o f  r i p p l i n g  water  
suspended i n  mida i r .  H e  worked on such f i l m s  a s  2010, c r e a t i n g  t h e  b l a c k  
monoli ths  t h a t  m u l t i p l y  and surround t h e  p l a n e t  J u p i t e r  j u s t  b e f o r e  i t  is  
des t royed;  and he genera ted  s p e c i a l  e f f e c t s  f o r  f i l m s  S tar  Trek and 
Nightmares. He is  - c u r r e n t l y  d i r e c t i n g  t h e  i n d u s t r y ' s  l a r g e s t  ever  o n - a i r  
g raphics  p r o j e c t  f o r  t h e  Canadian Broadcasting Corpora t ion .  Bo has  l e c t u r e d  
i n  computer animation a t  many u n i v e r s i t i e s  and was a speaker  a t  t h e  1975 Aspen 
Design Conference.  Bo responded t o  DARPA's r e q u e s t  f o r  h e l p  i n  producing an 
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I ' m  used t o  doing p i c t o r i a l s  so the  i d e a  of doing something you c 3 n ' t  
p o i n t  a t  is a l i t c l e  new t o  m e ,  b u t  w e ' l l  t r y  t h i s .  I ' m  going t o  p lay  two 
t ~ p e s  f o r  you but  I ' l l  r e q u e s t  a l i t t l e  f a i t h .  These were meant t o  be Iit-.ircl 

MiEh headphones, no t  r e a l l y  with speakers .  The audiences t h a t  have heard t h i s  
agree t h a t  i t ' s  a s  compelling a s  a c t u a l l y  b e i n g  t h e r e .  The f i r s t  tape is  a 
rough c u t  demors t ra t ing  my new, 3-dimensional sound process ;  i t  l a s t s  8-1/2 
minutes .  (The tape  included a v i s i t  t o  t h e  d e n t i s t ' s  o f f i c e  f o r  a f i l l i n g ,  
which l e d  t o  the fo l lowing  remarks.)  I f  you h e a r  t h e  t o o t h  d r i l l i n g  with 
h e a d s e t s ,  many can a c t u a l l y  l o c a l i z e  t h e  t o o t h .  Khat I ' m  t r y i n g  t o  
demonscrate i s  t h a t  you can l o c a l i z e  sounds n o t  on ly  o u t s i d e  b u t  a l s o  i n s i d e  
the  head.  k'hen I f i r s t  produced t h i s ,  i t  caught  me o f f  guard because i t  was 
s o  compell ing.  

Regarding t h i s  sound, why is i t  s o  compelling? Now, I ' v e  worked computer 
g r a p h i c s  f o r  years  and I ' m  used t o  t h i n k i n g  i n  terms o f  h i g h  i n t e n s i t y ,  s h o r t  
t i m e - l i v e  v i s u a l  communication. I d o n ' t  come from the u n i v e r s i t y  but  I ' v e  
worked i n  t h i s  d a i l y  €or  t h e  p a s t  12 y e a r s ,  s o  I t h i n k  I know p r e t t y  much what 
t h e r e  is  t o  know about t h i s  and the  power of  t h i s  sound j u s t  t o t a l l y  s u r p r i s e d  
me. 

L e t  me j u s t  t a l k  about  a couple of  view graphs 

1 You can p r o j e c t  i n t o  t h e  l i s t e n e r ' s  "sacred  space" - about a 2 f o o t  
r a d i u s ;  t h e r e  i s  a pr imal  i n a b i l i t y  t o  ignore  t h i s .  F i r s t  of a l l ,  
I ' ve  worked t h e  en ter ta inment  i n d u s t r y  1 2  y e a r s  and t h e r e  i s  no 
communication medium o t h e r  than sound t h a t  can invade t h i s  sacred  
space .  I t  is  well-documented t h a t  we have t h i s  two f o o t  envelope 
around a l l  of us, and i f  something g e t s  i n s i d e  i t ,  w e  must a t t e n d  t o  
i t ,  and i f  i t ' s  n o t  f r i e n d l y ,  w e  must d e a l  wi th  i t .  I t ' s  a very  
pr imal  response t h a t  c a n ' t  be  ignored.  R e c a l l i n g  when my k i d s  were 
b o r n ,  the f i r s t  t h i n g  doc tors  t e s t  is  a s t a r t l e  r e a c t i o n ,  before  the 
k i d s  can s e e ;  and i f  they respond t o  a sharp  ins t rument  or  a l o t  of 
n o i s e ,  you know they 've heard i t .  I ' v e  been t r y i n g  t o  communicate 
very cli.rectly wl th  people v i s u a l l y  for  y c a r s ,  and t h i s  exrcrded 
. i i i y t h i n ~  1 w.1.; ,II,LC to do wLth p i c t c t r t ' s ,  so I s t a r t e d  l ook lr lg  t o  
f i n d  out  why. The o t h e r  p a r t  of i t ,  which is a very  t e c h n i c a l  th ing  
t h a t  people i n  my i n d u s t r y  have never  picked up on ,  involves  the  
a r t i f a c t s  of  t h e  way w e  record  t h i s  m a t e r i a l ,  t h a t  i s ,  p i c t u r e s  and 
sound. The technology w e  have t o  record  t h e s e  two t h i n g s  i s  very 
d i f f e r e n t .  If you t h i n k  about i t ,  cons ider  an  omni max camera, a 
show scanner ,  o r  any o f  t h e  new, l a r g e  format ,  h igh  speed movie 
cameras. C a l c u l a t i n g  with your p e n c i l ,  you can f i g u r e  t h a t  t h e y ' r e  
record ing  only  5-10-20% of  r e a l i t y  a t  most, and what t h e y ' r e  
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record ing  is  a s e r i e s  of s t i l l  images, which b e a r ,  I t h i n k .  no 
d i r e c t  r e l a t i o n  t o  t h e  metamorphic r e a l i t y  around u s .  T h a t ' s  
because t h i n g s  d o n ' t  move i n  24th-of -a-second increments;  they 
metamorphase, and p r e s e n t l y  w e  d o n ' t  have any way t o  record  t h a c  i n  
v i s i o n .  So i t  d o e s n ' t  s u r p r i s e  me t h a t  they c a n ' t  do good v i s i o n .  
I know bec:iu.;t> I ' v e  c e r t a i n l y  t r i e d  t o  do a Lot o f  i t .  

With sound, a s  i t  t u r n s  o u t ,  you g e t  i t  a l l  f o r  f r e e ,  because YOU can 
record  i n  metamorphically.  

Sound is  a continuous medium. P i c t u r e s  a r e  incomplete by comparison; 
t h a t  i s ,  i t  
r e a l l y  i s .  But with sound, you can record  i t  metamorphically with even the  
s i m p l e s t  h i - f i ,  even these  cheap t a p e s ,  and y e t  i t ' s  s o  powerful.  You have 
a l l  t h i s  hardware i n  the a i r c r a f t :  your headse ts  a r e  no doubt b e t t e r  than 
t h i s  l i t t l e  Sony Walkman; t h e  d e l i v e r y  modem is a l r e a d y  t h e r e .  I f  you take 
the  w e l l - f i t t e d  USAF helmets t h a t  block o u t s i d e  n o i s e  and connect a 
u n i d i r e c t i o n a l  microphone a t  t h e  top  of your head,  imagine t r y i n g  t o  naviga te  
with t h a t .  T h a t ' s  how p i l o t s  sense  t h e  a u r a l  world r i g h t  now, because 
f r a n k l y ,  I t h i n k  no one has  n o t i c e d .  

we have no way t o  record  r e a l i t y  v i s u a l l y  o r  d i s p l a y  it the  way 

The thought occurred t o  me, why n o t  make an  a u d i t o r y  a t t i t u d e  i n d i c a t o r .  
I have some Having s u r v i v e d  a s p i n  i n  a Cessna 150 on my second s o l o  f l i g h t ,  

sympathy f o r  the  d i s o r i e n t e d  p i l o t  f o r  c o n t r o l l i n g  t h i n g s .  

With regard  t o  u s i n g  it i n  t h e  a i r p l a n e ,  I 've touched on t h e  a s p e c t  of 
urgency. Another i s  t h a t  i t ' s  a p a r a l l e l  s e n s e ;  it d o e s n ' t  g e t  i n  t h e  way of  
t h i n g s ;  We use i t  f o r  
n a v i g a t i n g  and f o r  l o c a t i n g  t h i n g s ,  e . g . ,  r i n g i n g  te lephone ,  c h i r p i n g  b i rds .  
Two unique a t t r i b u t e s  of 3-D sound are:  (1) a l l  around ( 4  P i )  sens ing  
without  t h e  p i l o t  having t o  move h i s  head o r  i n t e r f e r i n g  w i t h  o t h e r  modes and 
( 2 )  p rovid ing  urgency a s  needed because c l o s e  up " r e a l "  sounds c a n ' t  be 
ignored.  

i t ' s  a very  pr imal  s e n s e  and i t ' s  t h e r e  a l l  t h e  t i m e .  

The 4 P i  sens ing  comes f o r  f r e e  and t h e  r e s o l u t i o n  i s  e x c e l l e n t .  The 
combination of 4 P i  s e n s i n g  and t h e  urgency could  be used f o r  RWR; a 
r a t t l e s n a k e  tone i n s i d e  your e a r  could  a l e r t  you and d i r e c t  your a t t e n t i o n  t o  
a p a r t i c u l a r  s p o t  i n  4 P i  s p a c e ,  o r  to look a t  a d i s p l a y .  I l i k e  t h e  i d e a  o f  
a sound t o  cue you where t o  l o o k ,  a t  a d i s p l a y  o r  e x t e r n a l l y .  

L e t ' s  p l a y  t h i s  second t a p e ,  a f l i g h t  i n  an  open c o c k p i t  b i p l a n e  wi th  an  
a t t i t u d e  beep overhead. (This  was my f i r s t  a t tempt  t o  use a 3-D sound as an  
a t t i t u d e  i n d i c a t o r  and is  an  example of  how not t o  do i t ) .  A s  wi th  t h e  o t h e r  
c a s s e t t e s ,  t h e  sound source needs t o  b e  s m a l l e r .  I got  t h e  i d e a  of an  a u r a l  
a t t i t u d e  i n d i c a t o r  t h a t  always i n d i c a t e s  t h e  d i r e c t i o n  overhead ( o r  toward t h e  
Zeni th)  from my lawyer,  who looked away momentarily while  copying a c l e a r a n c e  
i n  I M C ,  and when he looked back ,  no th ing  made s e n s e .  When you ' re  i n v e r t e d ,  
y o u ' l l  h e a r  t h e  v e r t e x  i n d i c a t o r  beneath your f e e t .  
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The other nice thing about sound Is that it can be mixed. In vision, a 
huge amount of effort an& money is spent in composing and organizing scenes to 
avoid occlusions or overlays. But In sound. you get it all for free. It can 
simply be added. It would be easy to fmagiine a small electronic component 
vith sufficient bubble memory that plays back some number of positions to 
allow the pilot to resolve h i s  attitude. It would take information from the 
attitude indicator and pipe it into the hsadset. 

With regard to aural attitude indicators, it doesn't matter where the 
pilot i o  looking. Sound can be modulated or brought closer to direct his 
attentfon to a developing problem via the intimacy aspect. If you're getting 
fnto some dangerous attitude. you vant that sound to come up just like an 
electric drill inside you. Pilots have to participate in the decisfon as to 
what sound to use. This can be much more commanding/compelling/urgent than 
the voice commands that are "just out there.' The technology should be 
available to create an aural attitude indicator. You can take a Sony 
laser disc and record, say, a hundred different sounds, and they could be very 
rich sounds. but a whole environment; you could record those 
on the d i s k  and then use the attitude indicator to step it around. Record the 
sounds you want, store in bubble memory, then call whatever you vant up as 
needed, and play it back digitally through the headset. This would provide a 
tool the pilot could use in real time. These are the other points regarding 
the att€rude indicator: 

not just beeps, 

o The technology is easy and can be used without other changes. 

o Can brldge movements of visual inattention (e.g., 
the instruntent scan, ete.). 

looking away from 

o For less experienced aviators, 
orlentation. 

an attitude tone could help maintain 
Could be simply a Polhemus Coil in a Sony headset. 

Another application would be to design a sound environment in a virtual 
cockpit. If your attention needs to be directed to something, sound could do 
it.  If he's got a threat coming from 6 o'clock, he should hear it. Some 
pilots like the rattlesnake idea, but it could be something else. 

The environmental noise such as vind in the vfres, engine and airframe 
noises are all but trivial. They provide significant orientation and 
situational awareness cues. There is so 
much going on in the sound synthesis ffterature that I don't have time to keep 
up vith it. 

And the technology is here to do it. 

There are vaveforms that sound like concert instruments. I'm not up on 
military qualifications, but I can tell you that you can do it today. 



The mixing process, because of the nature of sound, turns out to be 
painless--you get it all for free. 

For this community, one of the best uses is localized communication with 
3 - D  sound. Technically what's going on with this sound that makes it 
different is that it is spectrally shaped. A sound emitting object, s u c h  as a 
5irti, cnn be located Eairly accurately out in the environment; becailse oE 
differences in phase and the shape of the frequency spectrum, the sound is 
slightly different in the two ears. That's why we hear the way we do. You 
can resolve that to faLrly small angular acuities. It would be an obvious 
next step to localize it--e.g., to the control tower or your wingman, or to 
your adversary in an engagement. Sound would go through a little spectral 
shaper to modify the waveform. Gary Kendall of Illinois is pioneering work in 
this area. He's composing for entertainment things happening out in space. 
Tom Stockton, University of Utah, has synthesized Caruso's voice. The 
technology for this transient data, i.e., radio communications localized on 
the fly by microprocessor spectral shaping, or electromechanical devices, will 
require more research. 

COKIENTS, Q AND A 

Q: Localization should be possible using high frequency waveforms; e.g., 
ringing telephone or breaking glass. Do you have to look to localize sounds 
like those? 

BG: No. What you are hearing is the spectral shaping performed by your 
ears as the sound goes in. What I have is a set of very good binaural 
microphones. Once the information is encoded, i.e., once the waveform is 
modified, it always sounds like it's coming from the same spot. Why it does 
so is another matter, but it sounds the same for all people even though all 
ears are not alike. 

B/G Rufus DeHart: I am sure we can do this but is it practical? Most of 
our orientation cues come from vision ambient and focal modes. This will 
undoubtedly add cost to the aircraft. Is the increment improvement worth it? 

Bo Gehring: If you could come up with a device that could be installed 
for about $1,000 per airplane, and it saved one aircraft per year, I would 
think it to be cost justified. I don't mean it to replace vision. This is an 
adjunct to vision. No reason, though, why it couldn't enable straight and 
level flying on aural references only. 

Q: How do head movements affect .the attitude indication? 

Bo Gehring: A Polhemus Coil senses his head position and factors that 
in. 

Q: When you generate attitude information, how do you generate pitch 
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information? There doesn't seem to be enough phase shift or amplitude 
difference for minute pitch changes. 

Bo Gehring: The waveform is different as it rises, as does the 
helicopter. Most people feel their hair move when the child whispers. 

Lt Col Joe Bill Dryden: I'd like the localization to a threat but 
regarding a contiinuous attitude tone, I feel most guys would just tune that 
out right away because we're listening to other inputs. 

Bo Gehring: You understand, this tape was done by a novice pilot who is 
not qualified to know what you'd want. It is technically possible to provide 
what you want based on research. 

Dr. William Richardson: If we can design a warning system to keep him 
from hitting the ground, we're doing something very positive, and I think 
that's why we should push this. 

Bo Gehring: With 3-D sound, it's possible to generate a horizon. I also 
did a little tape driving out here and it turns out, you also  get a sound 
rush, like standing between two on-rushing trains. As you flew lower, it 
could provide that aural rush to complement the visual rush. A modular unit 
could play back one sound f o r  attitude, another for ground rush. Remember, 
you can mix in sound. 

Bo Gehring: The sound generator doesn't have to be too loud. 

Bo Gehring: The wind-in-wires ambience can provide adequately useful 
cues. 

Bart Brooks: I wish the headsets in the F-16's were as good as you 
suspect. They're just barely in mil spec for noise--the ECS is loud and 
already competes with noises you've got to hear, like RWR. 

Col McNaughton: AAMRL is currently developing a noise cancelling headset 
useful for relatively steady-state background noise. Microphones i n  the 
headsets sample the noise, phase reverse, and play it back through the 
headset, Should be available within 2 - 3  
years. 

effectively cancelling about 20 db. 

Maj Art Fowler: The RWR rattlesnake tone cued you to check the RWR 
scope, and in SEA, provided a sense of urgency. 

Bo Gehring: The design of Warnings and Alerts needs to be selective such 
that you don't clutter the environment needlessly, but you do get his 
attention when indicated. The secret is to let things make noise only when 
you need to think about them, and that's what I suggest. 
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Dr Richard Haines: Visual vection can crc.ite a sense of body motion. Is 
it p o s s i b l e  to create th,it level of auditory vection? 

Bo Gehring: I would like to see some research to find out. 

Dr Haines: If you could, you might have a means of producing or 
preventing SDO or countering SDO. 

Bo Gehring: Tom Furness has brought this up--that if you had a good 
strong audio environment, that i f  you know what reaches the pllot, whether it 
be an overhead beeper or wing lights or combinations, and you know he's 
disoriented, you could basically go in and get him. You'might start with a 
sound which is referenced to him and then counter-rotate him into the airplane 
reference because you'd have the tool to do it with. 

Bo Gehring: To me as a student pilot, it would have been great to have. 
I can't speak for the fighter pilots' problems. 
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AL'TOM;\TIC RECOVERY SYSTEYS - TECHNOLOGY 

MK. J .  Robert DeGiorgio 
Lear S i e g l e r  As t ronics  Div is ion ,  Santa  Monica, CA 

R IOGRqPtiY 

Mr. Robert  DeGiorgio i s  employed by L e a r - S i e g l e r  As t ronics  D i v i s i o n ,  
Santa  Yonica, C a l i f o r n i a .  Bob has  a degree i n  P o l i t i c a l  Science from 
C a l i f o r n i a  S t a t e  U n i v e r s i t y ,  Long Beach, C a l i f o r n i a .  He's a graduate  of t h e  
N a - ~ l  pos tgraduate  school  of Aviat ion S a f e t y ,  Naval a v i a t o r ;  f lew A-4's and 118 
combat missions i n  Vietnam. H e  was an A - 7  squadron commander; h a s  about 300 
t r a p s ;  t o t a l  m i l i t a r y  f l y i n g  time i s  about 3,000 hours .  He then  f lew with the  
a i r l i n e s ,  Boeing 727 ' s  and t h e  DC-10; he has  about 10 ,000  hours .  (He has 
a lmost  a s  much time as  our  speaker l a s t  n i g h t ,  Jack  Eggspuehler who has  a h t i t  
13,000 p l t i s  h o u r s ,  5 ,000 o f  which w i l s  i i i s t r t i c t  I i ~ p , . )  Rob h t ; i o r y , l o  1:: 
presc?ntly involved in e f f o r t s  t o  s o l v e  the problem of G-induced LOC i n  high 
performance f i g h t e r s ,  and h e ' s  going t o  speak t o  us about  automatic  recovery 
systems pri.marily f o r  i n c a p a c i t a t e d  p i l o t s  . . . .  Rob! 

The system t h a t  we ' re  looking a t  i s  n o t  a f u t u r e  system; i t ' s  c u r r e n t .  
We're i n  t h e  process  of  t r y i n g  t o  apply c u r r e n t  technology,  b u t  one t h i n g  I 
would l i k e  t o  t a l k  t o  i n i t i a l l y ,  maybe g e t  on my soapbox i n  t h e  beginning 
h e r e ,  is t h a t  w e  have been exposed t o  an awful l o t  o f  good informat ion  on 
a t t i t u d e  awareness ,  and we ' re  t a l k i n g  a l i t t l e  b i t  about l o s s  of  consciousness  
now, and General  Pruden t h e  f i r s t  day we were h e r e  spoke t o  some s t a t i s t i c s  
t h a t  involved a c e r t a i n  amount of  f a t a l i t i e s ,  c e r t a i n l y  a l a r g e  number of  
mishaps,  and I guess  what I would l i k e  t o  s e e  come o u t  of  t h i s  i s  t h a t  a s  a 
r e s u l t  w e  march o f f  and t r y  t o  do something about i t  now t h a t  we're more aware 
of t h e  problem. I t a l k  now t o  t h e  a v i a t o r  i n  t h e  room and we're among a group 
t h a t  c e r t a i n l y  is n o t  a h o s t i l e  group when i t  comes t o  t h i s  problem; t h e y ' r e  
sympathe t ic ,  b u t  o u t  t h e r e  i n  t h e  procurement and a c q u i s i t i o n  a r e a ,  n o t  
everyone i s  r e a l l y  sympathet ic  with where you would l i k e  t o  s e e  t h e  e f f o r t  i n  
d o l l a r s  expended; t h a t  is t o  say  t h a t  i n  the  course of  b r i e f i n g  and t a l k i n g  t o  
t h e  A i r  Force and i n d u s t r y ,  t h e  f o l k s  i n  t h e  procurement/acquis i t ion process  
only  have a f i n i t e  number of d o l l a r s  t o  spend, and i f  you want t o  s e e  them 
s p e n t  i n  a r e a s  l i k e  s o l v i n g  t h e  loss o f  consciousness problem, a s  an  example, 
then i t ' s  incumbent upon each of us t o  march of€ and make sure t h a t  w e  a r e  
ireart1 iiid h o p e  r h i i t .  t h o  c l o l l n r s  a r c  slwnt  nnrl t i r c !  1lvrr; A ~ O  s a v e d ,  ant1 with no 
pun in tended ,  b u t  t h a t  we somehow p o s i t i v e l y  make an  impact on these  
s t a t i s t i c s  t h a t  w e  s a w  up here  presented  by General Pruden on t h e  f i r s t  day. 
We've g o t t a  r e a l l y  do something; we've g o t  t o  take  some a c t i o n .  

Now, t h e  f i rs t  t h i n g  t h a t  I would l i k e  t o  show:.  we've t a l k e d  a g r e a t  

p a r t i c i p a t e d  i n ,  kicked o f f  a s tudy  d e a l i n g  w i t h  t h e  G-induced l o s s  
of  consciousness  problem and what happens w i t h ,  i n  t h i s  c a s e ,  o n e ' s  hands.  

d e a l  about v e s t i b u l a r  problems and o c u l a r  problems and what n o t .  I 
i n  f a c t ,  
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F l a c c i d i t y  i s  apparent ly  i:nplied when one l a p s e s  i n t o  unconsciousness i n  an  
air-pL<ine. W e  f e l t ,  i n i t i a l l y  t h a t  h i s  hand would t y p i c a l l y  f a l l  aw.2y from the 
f l i g h t  c o n t r o l  syscein, atid I t h i n k  t h a t  t h a t  prob'ibly w i l l  be proven o u t .  a u t  
what I ' d  l i k e  t o  do is  t o  kind o f  show you r e a l  q u i c k l y  a tape  on l o s s  of 
consciousness  i n c i d e n t s ;  t h i s  happened l a s t  week i n  t h e  c e n t r i f u g e .  I want t o  
t a l k  about recovery systems, and what I w i l l  do i s  s p i n  o f f  on o u r  t.fforts i n  
the C-induced loss  of  consciousness  a r e a .  But r e s t  a s s u r e d  when one coiiws out. 
o f  a loss o f  consc iousness ,  G-induced i n  t h i s  c a s e ,  l e t ' s  assume he has  a l l  
these  v e s t i b u l a r  problems and o c u l a r  problems t h a t  w e  t a l k e d  a b o u t ,  what 
you ' re  s e e i n g  h e r e  now is r e a l l y  a f a t a l  a c c i d e n t  from t h e  p i l o t ' s  vantage 
p o i n t  (and l e t  me go ahead and r o l l  t h e s e ) .  I t ' s  only  a few seconds,  b u t  it 
w i l l  g ive  you a k i n d  of a p p r e c i a t i o n .  The g 
s u i t  was n o t  connected i n  t h i s  case. I went unconscious a t  about 8 g ' s  and 
you'll s e e  t h e  i n c a p a c i t a t i o n .  I d i d n ' t  exper ience  a l o t  o f  t h e  c l a s s i c  
f l a i l i n g  a l l  about  t h e  cockpi t  and what n o t ,  b u t  w e  d i d  have a s t i c k  force  
sensor  i n  t h a t  c o c k p i t  and w e  were measuring the  f o r c e  a p p l i e d  t o  t h a t  s t i c k ,  
and i t  would i n d i c a t e  a c t u a l l y  t h a t  t h e  hand came oEf o f  the  f l i g h t  c o n t r o l  
system. So t h a t ' s  what g o t  us i n t o  t h i s  au to- recovery  e f f o r t  t h a t  we're 
involved i n  r i g h t  now. 

Heart  r a t e  and g ' s  a r e  recorded .  

N o w  a g a i n  I say I ' l l  s p i n  o f f  i n t o  some of t h e  o t h e r  t h i n g s  we've been 
t a l k i n g  a b o u t ,  b u t  our e f f o r t  was centered  around t h e  GLOC i n c a p a c i t a t i o n .  
The f u n c t i o n a l  i n c a p a c i t a t i o n  and r e o r i e n t a t i o n  p e r i o d  las ts  f o r  about  20-30 
seconds i n  some c a s e s  i n  the  o l d  42 year  o l d  a i r l i n e  p i l o t s .  If you weren ' t  
t h e r e  l a s t  n i g h t ,  you won't g e t  t h e  g i s t  of t h a t ,  so i n  some c a s e s  the  
r e o r i e n t a t i o n  p e r i o d  l a s t s  a b i t  l o n g e r ,  and f o r  me, I d i d n ' t  f e e l  good f o r  
about two days.  The A i r  Force conducted a GLOC survey some time ago;  t h e  Navy 
h a s ,  i n c i d e n t a l l y ,  a l s o .  I n  t h e  A i r  Force survey (and these  a r e  r i g h t  o u t  of 
A i r  Force s t a t i s t i c s  from t h e  A i r  Force Safe ty  Center  a t  Norton) ,  they  had 
about 1900 responses .  There were 231 i n c i d e n t s  r e p o r t e d .  S i x t y - e i g h t  p e r c e n t  
of  t h e  GLOC i n c i d e n t s  were r e p o r t e d  t o  be t h e  4-7  g regime. Now what t a c t i c a l  
a i r p l a n e  i s  incapable  of t h a t  today? However, t h e r e  a r e  some t a c t i c a l  
a i r p l a n e s  t h a t  are more capable  of  r a p i d  o n s e t  o f  g and t h a t ' s  where the 
problem h a s  s u r f a c e d ;  i t ' s  much more o f  a problem w i t h  an  a i r p l a n e  t h a t  has 
t h e  c a p a b i l i t y  o f  r a p i d  o n s e t  of g .  

GLOC Accidents .  Now t h e s e  a r e  i n  t h e  1983-84 time frame. Again,  these 
a r e  AF s t a t i s t i c s :  four  F-16 ' s  (you can read  i t ) ,  1 F-106, couple  of F - 5 ' s ,  
two A-lo's; the  F-20 a c c i d e n t s - - t h e  Northrop people a r e  s t i l l  t r y i n g  t o  f i g u r e  
t h a t  o u t  e x a c t l y  what happened i n  those  two a c c i d e n t s ,  b u t  I b e l i e v e  t h a t  
probably t h e  f i r s t  a c c i d e n t  was n o t  G-induced; t h e  second one ,  I t h i n k ,  is  
h i g h l y  l i k e l y .  A r e c e n t  MacDill a c c i d e n t  (Art  may know more about  t h a t ) .  
There ' s  been some d i s c u s s i o n  t h a t  a most r e c e n t  MacDill F-16 a c c i d e n t  was a l s o  
G-induced loss o f  consciousness .  A T-37 i n  t h e  f a l l  o f  1 9 8 2 .  So w e  see  
t h e  magnitude of  t h e  problem. Those a c c i d e n t s  t h a t  you s a w ,  have the  
i m p l i c a t i o n  of  b e i n g  observed by a wingman; t h a t  t h e  p r o f i l e  was observed by a 
wingman, t h e r e  was somebody t h e r e  t o  observe t h e  t y p i c a l  GLOC p r o f i l e .  Now, I 
asked how many a c c i d e n t s  have we had over t h e  y e a r s  where t h e r e  wasn ' t  a 

3 - 2 - 2  



xin;;:i13n there to observe the profile and identify that as  G-induced. Why now 
all the talk about GLOC? While GLOC has really always been a problem, we 
talked about it being in the 4-7  g regime. But with the dynamic instability 
that we now build into our airplanes in looking for great maneuverability, 
airplanes are much more capable of rapid onset of g; therefore, GLOC becomes 
more o f  a problem, with them capable of rapid onset of g, but, of course, 
capable certainly of high g first of all. High g Load along with rapid onset 
capability. The GLOC initiatives that are underway now are physiological 
initiatives with weight training; frequent exposure to g is important - that 
increases your g tolerance so the more you're out there flying your jet and 
pulling g ' s ,  the greater your tolerance to withstand that. 

Equipment. We talked briefly about the G-suit initiatives. now they're 
working on another thing at Brooks: assisted positive pressure b r e a t h i n g  to 
increase g tolerance. We're educating our pilots now; all tactical aviators 
in the Air Force in the future will be required to go through centrifuge 
training. That will ultimately be done at Holloman, but until that centrifuge 
is up and running, we'll accommodate them down at Brooks. 

Now the technical side: we're talking about auto-recovery. Now we're 
kind of spinning off into auto-recovery systems. There has been some 
discussion that further g-limiting would preclude GLOC from'happening; if we 
further G-limit the airplane--that's unacceptable--we can't do that. Fred 
Hoerner yesterday talked to that. It's more acceptable to a tactical aviator 
to pull the wings off the airplane rather than be bagged by an Atoll missile, 
so he wants every g that you'give him; every g that's available for that 
airplane he wants access to. So precluding GLOC by G-limiting is not the way 
to go; we don't further G-limit airplanes. 

Auto-Recovery. Talking now about loss of consciousness in general, 
certainly GLOC is the problem that stimulated this solution. When a loss of 
consciousness is sensed, the flight control computer commands a wings level 
pitch to a positive rate of climb to a level off. I believe frankly in the 
positive rate of climb and probably leveling the aircraft off at some 
previously selected bar0 altitude. Given the environments in which we fly, 
t h c  tnrCct a r r a s ,  I d o n ' t  thtnk that the leveL-off is prolhd)ly thc way to  g o .  
L'cl I l k t i  L O  Y C O  soiiit~ kl i i t l  o f  posltlvc? rate of clLinl) to a predeteriiilned 
altitude at 14 ,000-15 ,000  feet, you level the guy off and put him in a smooth 
orbit and wait for him to come back to work. 

An auto-recovery system can address a lot of things. It can address, of 
course, the GLOC; it can address loss of consciousness in general: cardiac; 
hypoxia; seizure; it can address spatial awareness problems; it can address 
auto-recovery systems; it can also address overload where a guy just says, 
"Hey, this is just too much for me"; and the unrecognized situation loss can 
also be addressed by an auto-recovery system. 
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Now the GLOC a u t o - r e c o v e r y  p r o f i l e  sensed by t h e  f l i g h t  c o n t r o l  computer 
fol lowing a r a p i d  o n s e t  of g: when the  f l i g h t  c o n t r o l  computer f i r s t  senses  
the  r a p i d  o n s e t  o f  g ,  i t  s a y s ,  " U h ,  o h ,  O K ,  hoop one h a s  been jumped through; 
r a p i d  o n s e t  of  g, now l e t ' s  watch and see what happens."  The t h i n g  t h a t  we're 
kind of looking a t  now would be followed by lack  o €  s t i c k  f o r c e  o r  purpo:;r€ul 
( :ont ; ic : t  o'mr a p e r i o d  o f  t ime. The  t i m e  c o n s t ~ ~ n t  t l ~ t  we're looking a t ,  w c ' r c  
givii ig an o p t i o n  h e r e .  above l e t ' s  j u s t  s ay  an  a r b i t r a r y  f i g u r e ,  above 10,000 
f e e t  maybe y o u ' l l  g i v e  t h e  guy, maybe i t ' s  15,000 f e e t ,  whatever ,  y o u ' l l  g ive 
the  guy 5 seconds o f f  wi th  t h e  l a c k  o f  s t i c k  force  input  fo l lowing  t h e  r a p i d  
o n s e t  seconds; 
b u t  below 10,000 f e e t  a t  t h e  lower given a l t i t u d e ,  you can s t a r t  marking o f f  
t h e s e  t imes and s h o r t e n  them. I n  o t h e r  words, t h e  c l o s e r  you g e t  t o  t h e  
ground, t h e  l e s s  time w e  would a l low him t o  be o f f  the  c o n t r o l l e r  before  we 
s t a r t  f l y i n g  an  au to- recovery  p r o f i l e .  

of g o r  l a c k  o f  c o n t a c t  on t h e  s t i c k  f o r  maybe a p e r i o d  o f  5 

Cardiac ,  hypoxia ,  s e i z u r e  sensed by l a c k  of s t i c k  f o r c e  o r  c o n t a c t  over a 
per iod  of  t i m e .  c o n t r o l  
computer, you can  have i n  t h e  a lgor i thm,  a l o g i c  t h a t  s a y s  "okay, g h a s n ' t  
been r a p i d l y  o n s e t ,  b u t  t h i s  guy 's  been o f f  of the  f l i g h t  c o n t r o l  computer f o r  
15 seconds o r  whatever .  Now we're t a l k i n g  about when h e  is n o t  i n  an 
a u t o p i l o t  mode, h e ' s  hand f l y i n g  t h e  a i r p l a n e ,  so t h e r e  a r e  t h i n g s  t h a t  w e  can 
do with t h i s ,  t o o .  

The g i s  o u t  o f  t h e  p i c t u r e  h e r e  so i n  your f l i g h t  

Now t h e r e  is a l s o  a c r i s i s  swi tch .  I ' d  c a l l  it a crisis swi tch ;  a guy 's  
having a p h y s i o l o g i c a l  problem, h e ' s  having a medical problem, he d o e s n ' t  want 
t o  reach down, o r  c a n ' t ,  o r  whatever ,  o r  he needs quick  access t o  a recovery 
system of s o r t s  and r a t h e r  than  engaging t h e  a u t o p i l o t ,  h e  can h i t  a bang 
swi tch ,  and t h e  a i r c r a f t  w i l l  e i t h e r  f l y  a p r o f i l e  f o r  him, o r  level  t h e  
wings. t h e  s p a t i a l  d i s o r i e n t a t i o n  o r  overload t h e  p i l o t  o r  wingman 
recognized,  t h e  p i l o t  is s t i l l  w i t h  u s ;  he i s  not  unconscious,  b u t  he has  l o s t  
c o n t r o l  of t h e  s i t u a t i o n ;  h e  recognizes  h e ' s  d i s o r i e n t e d ,  o r  t h e  wingman 
recognizes  t h a t  h e ' s  d i s o r i e n t e d  and announces i t  t o  him. Says ,  "Hey, you've 
got  a problem, I t h i n k  you've g o t  v e r t i g o . "  I n  f a c t ,  I have had t h a t  happen 
where w e  g o t  t o  
t a l k i n g  about i t ;  h e  j u s t  d i d n ' t  know where he was, and a g a i n  t h e  crisis 
swi tch .  Now t h i s  crisis swi tch  i s  a c t u a l l y  happening i n  t h e  Lavi ( I s r a e l i  
F i g h t e r ) .  We do t h e  f l i g h t  c o n t r o l  system f o r  t h e  L a v i - - i t ' s  a t r i p l e x  
d i g i t a l  f l i g h t  c o n t r o l  system and they  spec 'd  i n  t h a t  f l i g h t  c o n t r o l  computer 
e x a c t l y  t h e  
guy, overload o r  whatever ,  s p a t i a l l y  d i s o r i e n t e d ,  h e  lunges and bangs the 
swi tch  and t h e  a i r c r a f t  f l i e s  a p r o f i l e  o r  a wing l e v e l e r .  

I n  f a c t ,  

a wingman was o u t  t h e r e  and h e  was d r i f t i n g  back and f o r t h ;  

t h i s - - a  mash type  c r i s i s  switch--when it g e t s  t o  be t o o  much f o r  

Unrecognized s i t u a t i o n  loss: Well t h e r e  is  a p r o t o t y p e  computer o u t  
r i g h t  now t h a t  p i c k s  o u t  t h e  number of  sensor  i n p u t s  and can  recognize 
emergency s i t u a t i o n s  and d i s p l a y s  c o r r e c t i v e  a c t i o n  t o  t h e  p i l o t  so t h a t  they 
a r e  applying now a r t i f i c i a l  i n t e l l i g e n c e ;  i t  d i s p l a y s  t h e  c o r r e c t i v e  a c t i o n  t o  
t h e  p i l o t ,  and i f  h e  d o e s n ' t  t ake  c o r r e c t i v e  a c t i o n ,  t h e n  i t  t a k e s  i t  f o r  him. 
That technology i s  h e r e  now. 
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Now a spin-oEE t o  t h a t  technology i s  what I would c a l l ,  and we .\re 
looking a t  t h i s ,  a parameter management system. I ' v e  j u s t  taken an esmiiple 
here  of how such a system might work. I ' v e  taken a pop-up r o l l  ahead, a 
weapons d e l i v e r y  p r o f i l e .  The system would be programmed by t h e  p i l o t  on the 
ground, on t h e  c a r r i e r ,  p r i o r  t o  launch.  He programs any number of h i s  
systems;  he programs h i s  parameter management computer, d i a l s  i n ,  "Well, I'm 
go ing  t o  so a i r  t o  ground". We may d i a l  i n  a number of miss ions :  Air  to 
ground, plugs i n  s i r - t o - g r o u n d ;  I ' m  gonna go wenpotis drhllvcry,  p l u g s  1 1 1  

weapons d e l i v e r y ;  and the  s p e c i f i c  weapons d e l i v e r y  t h a t  I ' m  going t o  f l y ,  the  
s p e c i f i c  p r o f i l e :  Pop-up/rol l  ahead - boom, he bangs i n  PURA. Now PURA f o r  
t h i s  would be a t y p i c a l  p r o f i l e  h e r e ;  t h i s  happens t o  apply p r e t t y  much t o  the  
A - 7 ,  but  whatever t h a t  PURA p r o f i l e  i s ,  i t ' s  known t o  the  computer f o r  t h a t  
a i rpLane--500 k t  r u n - i n ,  as  an example, 200 f e e t  a l t i t u d e .  You'd pop-up a t  
15 ,000  f e e t ,  you p u l l  4 g ' s .  We d i d n ' t  put  t h i s  on h e r e ,  b u t  you r o l l  o u t ,  
you come up over t h e  top a t  about 4 - 5 , 0 0 0  f t  AGL and you d e l i v e r  t h e  weapon i n  
about a 100 d i v e ;  you drop the  weapon a t  about 800 f t ,  so y o u ' r e  o u t  a t  about 
500 f t .  The computer knows t h i s ,  t h e  computer knows what t h e  t y p i c a l  
parameter i s .  So i f  t h e  p i l o t  b reaks  any one of t h e s e  parameters ,  then you'd 
have a d i s c r e t e  d i s p l a y  i n  the  HUD, maybe an  audio as w e l l ,  t h a t  would read  
o u t  " a l t i t u d e ,  a l t i t u d e ,  'I " a i r s p e e d ,  a i r s p e e d .  'I This  i s  j u s t  an  example: 
' g ' s ,  g ' s . "  Now a g a i n  t h e s e  are a l l  picked o f f  o f  e x i s t i n g  s e n s o r s  i n  the  
a i r p l a n e .  

Here is  t h e  range marker. We've r u n - i n ,  we've overshot  t h e  1 5 , 0 0 0  f o o t  
marker,  we ' re  now a t  13,000 f e e t ;  w e  apply  t h e  4 g ' s  on t h e  a i r p l a n e ,  should 
be downhi l l ,  w e  s t i l l  r o l l  o u t  a t  4 - 5 , 0 0 0  f t ,  b u t  because w e  busted t h i s  
parameter ,  we ' re  2 ,000 f t  c l o s e r  t o  the  t a r g e t ,  we've g o t  a much h igher  d ive  
angle  now, and i f  w e  t r y  t o  d e l i v e r  t h a t  weapon a t  800 f e e t ,  we may impact the  
ground with the  a i r p l a n e .  The pop-up r o l l  ahead happens t o  be a d e l i v e r y  t h a t  
you ' re  l i k e l y  t o  run i n t o  problems l i k e  t h i s  were you t o  b u s t  some of these  
parameters ,  some of them a r e  more c r i t i c a l  than o t h e r s .  Again,  a parameter 
management system f o r  t h i s  p a r t i c u l a r  d e l i v e r y  could  enable  you t o  do t h i s  
with a 450 angle  d i v e ,  a medium angle  d i v e .  I mean, any number of weapons 
d e l i v e r y  systems can be plugged i n t o  t h i s  computer and g ive  you a how goes i t ,  
a d i s c r e t e  when y o u ' r e  n o t  meeting t h e  parameters .  

Now, something we've a l s o  k icked  around and d i s c u s s e d  is  i n  t h e  bombing 
computer. An A - 7  bombing computer, a s  an  example, t h e  C P - 7 4 1  h a s  a break  
l i g h t ,  t h e  F-16 h a s  a break  X - l i g h t .  There are t h i n g s  w e  can  do here  a l s o ,  
and we've been k i c k i n g  t h e s e  around as w e l l ;  t h e  break  X - l i g h t  i l l u m i n a t e s ,  
t h a t  means you've g o t t a  p u l l  4 g ' s  w i t h i n  2 seconds and e s t a b l i s h  t h a t  p r o f i l e  
and main ta in  it o r  t h e  a i r c r a f t  i s  l i k e l y  t o  h i t  t h e  ground. Most guys s e e  
t h e  break X - l i g h t  once i n  t h e i r  l i fe t ime,  I guess .  So what w e  do is  we say  
a l l  r i g h t ,  t h e  break  X - l i g h t  i l l u m i n a t e s .  We p u t  t h e  g on t h e  a i r p l a n e  ( i f  he 
d o e s n ' t  p u t  4 g ' s  on t h e  a i r p l a n e ,  h e ' s  l i k e l y  t o  h i t  t h e  ground) ,  s o  w e ' l l  
g ive  you whatever g is r e q u i r e d  to keep from h i t t i n g  t h e  ground. Again, we're 
t a l k i n g  about  au to- recovery  o r  a u t o - a s s i s t e d  g program i n  t h i s  c a s e .  Now i f  
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the  g i y  u s u s l l y  f l i e s  c l o s e  t o  the  l i m i t ,  then maybe we wai t  u n t i l  the  
computer recognizes  tiut now he i s  going t o  requi re  about a G g p r o f i l ~ x  t o  
keep €rom h i t t i n g  t h e  ground, and t h a t ' s  what w e  give him, 6 g ' s .  Now we 
s t a r t e d  t a l k i n g  about  a parameter management system. J u s t  observing and 
watching t h e  s c e n a r i o  u n f o l d ,  what i s  implied h e r e  might be an au:o-recovery. 
I won't go s o  f a r  a s  t o  suggest  t h a t  i n  t h i s  p a r t i c u l a r  c a s e ,  b u t  when these 
parameters a r e  broken ,  w i l l  w e  cons ider  t a k i n g  c o n t r o l  o f  t h e  a i r p l a n e ?  I 
c a n ' t  b r i n g  myself t o  t h a t  y e t ,  b u t  t h a t  might be implied.  

Indus t ry  and DOD E f f o r t :  We're working on the  au to- recovery  s y s t e m  f o r  
G - i n d c e d  l o s s  o f  consciousness .  We've heard from G D  and t h e i r  AFT1 e f f o r t s .  
CD is also working on t h e  au to- recovery  system for  CLOC. I n  f a c t ,  t h a t  system 
is now t o  the  p o i n t  t h a t  t h e r e  is a s t a t e m e n t  o f  work out, s o  w e  a re  working 
an au to- recovery  sys t em for t h e  F -16  f o r  G-induced l o s s  of  consciousness ,  
r e t r o f i t t a b l e  to  the  analog system. Northrop is concerned about the  F-20 
problem-- they ' re  working i t .  Cent r i fuge  s t u d i e s  a r e  underway. The A i r  Force 
is  leading  t h e  way i n  t h i s  p a r t i c u l a r ,  i . e . ,  i n  t h e  a r e a  o f  GLOC. The Navy i s  
coming along now and expressed an  awful l o t  of i n t e r e s t  wi th  t h e  problems 
implied i n  t h e  F-18 as w e l l .  So t h a t ' s  my p r e s e n t a t i o n ,  and are t h e r e  any 
ques t ions?  Yes s i r !  

Q :  I n  combat would you be i n c l i n e d  t o  l e v e l  o f f ,  because h e ' s  gonna g e t  
s h o t  down? 

J R D :  Well, t h e r e ' s  no denying he runs a r i s k  o f  be ing  s h o t  down, b u t  t h e  
i?k o f  any weapon i s  l e s s  than one. The Pk of t h e  ground is  one.  

Q: This  seems l i k e  a bandaid.  I f  I were t o  p u t  money i n t o  a c o c k p i t ,  
I ' d  pu t  i t  i n t o  c o c k p i t s  t h a t  kept  t h e  p i l o t  from l o s i n g  consc iousness .  

J R D :  Well ,  we kicked t h a t  around,  t a l k e d  about t h a t  a t  b reaks  with a 
couple of  f o l k s ,  and we b e l i e v e  t h a t  t h e  a i r p l a n e  is always going t o  s t a y  
ahead o f  t h e  p i l o t  i n  terms o f  the  physiology o f  i t .  The man is  never  going 
t o  be a b l e  t o  be capable  of  p u l l i n g  t h e  g- loading;  we ' re  looking  a t  1 2  g 
a i r p l a n e s  now, and man i s  never going t o  be a b l e  t o  keep up w i t h  t h a t  kind of  
g loading .  

V i s i t o r :  I d o n ' t  agree wi th  t h a t  a t  a l l  because I t h i n k  we  can  design a 
c o c k p i t  where t h e  p i l o t  can s t a y  conscious under any kind o f  g you p u t  on him. 
However, i f  you p u t  t h e  f a i r l y  heavy g ' s  on i t ,  y o u ' r e  going t o  have t o  beef 
up t h e  airf rame t o  t h e  e x t e n t  t h a t  t o  keep t h e  a i r p l a n e  from f a l l i n g  o u t  of  
t h e  sky ,  i t  would take  100,000 pounds. I t h i n k  i f  w e  des ign  it  r i g h t ,  you can 
have a cockpi t  a s  w e l l  a s  a i r p l a n e  t h a t  one can s u r v i v e .  

JRD: Now, we've d i s c u s s e d  t h i s  wi th  a l o t  o f  f i g h t e r  p i l o t s  with TAC and 
a g a i n ,  l e t  m e  back up t o  Fred Hoerner 's  comment, "What i s  t h e  a l t e r n a t i v e ? "  
You know, i n  a combat s i t u a t i o n ,  I had one p i l o t  s a y ,  "Hey, t h a t ' s  r e a l  good 
f o r  a t r a i n i n g  environment,  b u t  I wouldn't  use  i t  i n  combat." On t h e  
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And we c o n t r a r y ,  I would use i t  i n  combat because what i s  t h e  a l t e r n a t i v e ?  
a r e  t a l k i n g  about  t h e  GLOC s i t u a t i o n  here  now, a g a i n  GLOC. Rapid o n s e t  of  g 
because a missile i s  i n  t h e  a i r  knocks t h e  p i l o t  o u t ,  he  f i n d s  himself 
unconscious,  w e l l  he s t i l l  has  t h e  opportuni ty  t o  wake up,  and t h e  f a c t  of the 
mat te r  i s ,  t h a t  m i s s i l e  may n o t  t r a c k ,  and i f  you would look back a t  our 
Vietnam e x p e r i e n c e ,  i t  may f a l l  o f f  l i k e  a bomb when t h e  guy punches i t  o f f  
t h e  a i r p l a n e ,  so I d o n ' t  s e e  what t h e  a l t e r n a t i v e  i s .  

V i s i t o r :  I agree  with the  i n i t i a l  premise t a b l e d  t h a t  perhaps something 
would be good t o  t a k e  over i f  the  p i l o t  has  been s h o t  o r  h e  has  l o s t  
consciousness  due t o  g .  But,  i t ' s  what happens a f t e r  t h a t  t h a t  I d isagree  
with t h i s  p a r t i c u l a r  methodology. 

JRD: The p r o f i l e ,  you mean? 

V i s i t o r :  I would l i k e  t o  second one o b s e r v a t i o n  t h a t  A1 made about the  
f a c t  t h a t  c o c k p i t s  can be designed t o  increase  g power. Many o f  you may know 
Hiram Bombet, D r .  Bombet a t  Warminster NADC, and h e  t o l d  m e  t h a t  he f lew on 
t h e  c e n t r i f u g e  and w a s  a b l e  t o  p u l l  13 g's. 

Q:  For how long? 

A :  For about  15 seconds,  I t h i n k ,  i f  I remember c o r r e c t l y ,  b u t  i f  anyone 
can probe t h a t  s t u d y ,  D r .  Bombet says w e  may p u l l  as h i g h  as 26 g ' s  i n  a 
s t u d y  done f o r  t h e  A i r  Force a s  a mat ter  of f a c t .  

V i s i t o r : ,  If you d i s t r i b u t e  your l o a d ,  you can .  You unders tand ,  i t  was 
i n  a contoured couch and he w a s  t i l t e d  back supine .  

J o e  B i l l  Dryden: I f , y o u  t i l t  him back, he c a n ' t  s e e  anyth ing .  There 's  a 
t r a d e o f  E .  

Q :  If you a c c e p t  a s  top  importance the  p i l o t ' s  mental  c a p a b i l i t y  i n  the  
a i r p l a n e ,  t h e n  you have t o  make c'ompromises i n  o r d e r  t o  keep b e i n g  consc ious ,  
and i f  h e ' s  unconscious,  h e ' s  n o t  an  e f f e c t i v e  o p e r a t o r  w i t h i n  t h e  weapon 
system, s o  do w e  buy t h e  consciousness  o r  no t?  

MAJ A r t  Fowler: You know, t h a t  G is hard  on you. I used t o  be 6'5" and 
now I ' m  5'6". P u l l i n g  G is very f a t i g u i n g ,  i t  wears you down. I d o n ' t  want 
t o  have t o  go o u t  and p u l l  9 t o  1 2  G .  I ' d  l i k e  t o  be a b l e  t o  do i t  wi th  only 
4 o r  5 .  

Dr. Richardson: You c a n ' t  revoke t h e  laws of p h y s i c s .  

Frank Wat le r :  ' He's g o t  a very  good p o i n t ,  l i k e  looking  a t  performance 
p r o f i l e  f o r  t h e  q u i c k e s t  t u r n .  General ly  when y o u ' r e  p u l l i n g  g,  you want t o  
change your d i r e c t i o n ,  okay? Now, i f  you do i t  e f f i c i e n t l y  and p r o p e r l y ,  
t h e r e ' s  a g above which you begin  t o  l o s e  energy,  and I t h i n k  h i s  p o i n t  is 
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well- taken t h a t  we need t o  blend the  sof tware and performance c h a r a c t e r i s t i c s  
of a i r p l a n e s  i n  t h a t  p a r t i c u l a r  envelope so you f l y  them more e f f i c i e n t l y .  

J R D :  The t a s k  a t  hand here  w a s  t r y i n g  t o  so lve  the  g- induced l o s s  of 
consciousness  problem, and r i g h t  now, t h e  c a p a b i l i t i e s  of  t h e  a i r p l a n e  exceed 
t h e  c a p a b i l i t i e s  of  t h e  p i l o t .  

Q :  I wonder why t h e r e  were no F-15's i n  t h e r e .  Maybe we ought t o  l o o k  a t  
t h e  s t i c k  i n  t h e  c e n t e r  and the  p o s s i b i l i t y  of  over g - i n g  t h e  j e t ,  slowing 
tiown tile g - o n s e t  rmy,e; v s  the  F-16, whcrtk tht? p i l o t  t - . i n  whip h.lc.k . I I I I I  p,o 
Lr i ! ; r . in t  Ly t o  '1 g's , i i i t l  rit-vt'r have t o  worry .ibout ovclr g-  Lrig the  E'- l h .  

J R D :  We're t a l k i n g  about a c c i d e n t s .  There were no F-15 acc idents  
r e p o r t e d ,  but I can show you a survey with an apprec iab le  number, a very l a rge  
nilinher o f  F -  l ' j  I nc l f l ~~n t r :  wlicra giiys rcilort o d ,  " Y I S C I  I wns  kimcki~ t l  o i i t  w i t h  
c;I.OC. " 

D r .  McNaughton: Gentlemen, we're running o u t  of time r i g h t  now, b u t  w e  
have had many F-15 GLOC's repor ted ;  and t h e r e  have been a couple  of F-15 
mishaps t h a t  were e s s e n t i a l l y  unexplained, b u t ,  when looked a t  c a r e f u l l y ,  
could  have been due t o  GLOC. I would a l s o  r e i t e r a t e  Bob's p o i n t  on t h e  
pervasive va lue  of a n  auto-recovery system: p i l o t  i n c a p a c i t a t i o n  .from 
whatever cause: 

Phys io logica l :  Hypoxia - w e  l o s t  an F-15 p i l o t  s e v e r a l  years from t h i s .  

Medical: Cardiac Event - l o s t  an  A - 1 0  p i l o t  l a s t  y e a r  from a h e a r t  
a t t a c k .  Se izure  - a T-37 I P  had a Grand Mal convuls ion i n - f l i g h t ;  the  SP 
recovered t h e  a i r c r a f t ;  d iagnos is  - b r a i n  tumor. 

Visua l :  
t o  be p r o l i f e r a t i n g  b a t t l e f i e l d  l a s e r s  capable  of f l a s h  b l i n d i n g  p i l o t s .  

from f l a s h  b l indness  of l a s e r s  o r  nukes; t h e  S o v i e t s  are known 

Severe LncnpncLt.atLng Vert igo:  what ' s  wrong with l e t t i n g  go of  the 
c o n t r o l s  say,  "You g o t  i t  GD/Sunstrand/whoever," and l e t  t h e  plane au to-  
r e  cove r ? 

O r ,  wi th  t h e  s ta te  of  t h e  a r t  i n  Terrain Fol lowing/Terrain Avoidance, 
could  we n o t  have t h e  auto-recovered a i r c r a f t  i n  t h e  combat environment 
simply TF/TA i t s  way home u n t i l  t h e  p i l o t  recovers? 
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MAGIC OVER'JIEV 

John R e i s i n g ,  Ph.D. 
AF'itII.,'FICR3, W r i g h t - P a t t e r s o n  Air  Force R ~ n c ? ,  Ohio 

3::1c;it.\?3Y 

John Reis ing  is an Engineer ing Psychologis t  a t  t h e  A i r  Force 's  FLlsht 
D;inamics Laboratory l o c s t s d  a t  W r i g h t - P a t t e r s o n  Air Force Base, Ohio. A f t e r  
r e c e i v i n g  h i s  Ph.D. i n  I n d u s t r i a l  Psychology from Southern I l l i n o i s  Univers i ty  
i n  1969,  Reis ing  j o i n e d  t h e  Bunker-Ramo Corporat ion where he worked a s  a 
Hcmnn Fac tors  special is : .  H i s  p r i a a r y  work effor:s cen tered  around the  des ign  
of advanced c o c k p i t s  and t h e  e x e c u t i o n  o f  experiments t o  f n v e s t i g a t e  new 
c o n t r o l  and d i s p l a y  concepts .  

Dr. 

I n  1 3 7 2 ,  he left Sunker-Ran0 t o  j o i n  t h e  F l i g h t  Dynamics Laboratory where 
3.e i s  a: p r e s e n t .  H i s  c u r r e n t  r e s e a r c h  s t i l l  c e n t e r s  around advanced c o c k p i t  
d e s i g n ,  wi th  a s p e c i a l  emphasis on b lending  t h e  many new c o c k p i t  t echnologies  
so t h a t  t h e  p i l o t  can use them o p t i m a l l y .  Curren t ly  under examination a r e  
c o l o r  cathode ray t u b e s ,  f l a t  pane l  d i s p l a y s ,  touch s e n s i t i v e  overla:is ,  vo ice  
c o n t r o l ,  and progrnininnhle s w i t c h e s .  He is also s tudying  A r t i f i c i a l  
Xntel l igence concepts  as a means o f  reducing the p i l o t ' s  informa:ion 
process ing  l o a d .  

Good morning! I ' m  going t o  t a l k  a l i t t l e  b i t  about MAGIC, the  acronym 
f o r  Microprocessor A p p l i c a t i o n  of  Graphics  and I n t e r a c t i v e  Communications. 
' h a t  I r e a l l y  want t o  c o n c e n t r a t e  on f o r  t h i s  conference is t h e  use  o f  
g r a p h i c s  and d i s p l a y s  which I t h i n k  might be a b l e  t o  prevent  some of  t h e  
s i t u a t i o n s  which g e t  you i n t o  unusual  a t t i t u d e s .  

This  is an  example of  our  c o c k p i t  ( P i c t u r e  1) .  I t  has  f i v e  c o l o r  C R T s ;  
i t ' s  I f  you 
look a t  t h i s  middle d i s p l a y ,  w e  have programmed up a format i n  which you can 
watch y o u r s e l f  f l y  up t h e  h i l l s  and v a l l e y s ,  Now t h i s  fs n o t  a f l i g h t  
d i s p l a y ,  I want t o  s t r e s s  t h a t  - -  you d o n ' t  f l y  by t h i s  d i s p l a y .  This  is a 
s i t u a t i o n  d i s p l a y  much l i k e  a n  HSI would be i n  t h e  o l d  days .  You watch 
y o u r s e l f  f l y ;  i t ' s  a p e r s p e c t i v e  view,  a look ahead view, and you can r o t a t e  
the! vlewpolnt aroiind your nLrplnna .  I t ' s  an  o r i t s f ( i i * -  Ln d l s p l n y  - - your 
a t r p l d t i e  flies, etle world s t a y s  s t l l l ,  J u s t  l i k e  an  H S I .  

a d i s t r i b u t e d  microprocessor  based system and is very  f l e x i b l e .  

This o t h e r  d i s p l a y  I want t o  show you is a computer g r a p h i c s  genera ted  
p i c t u r e ,  i n  our  c a s e ,  o f  a t a r g e t  area ( P i c t u r e  2 ) .  Now t h e  key t h i n g  about 
i t  i s  t h a t  i t ' s  i n  a d a t a  b a s e ,  and it w i l l  be  r e a l  time. Don't f o r g e t  we're 
i n  a l a b o r a t o r y .  Because i t ' s  i n  a d a t a  b a s e ,  i t ' s  n o t  l i k e  a v ideotape .  
I t ' l l  respond and i t ' s  a computer genera ted  p i c t u r e ,  and as you f l y  and r o l l  
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and go upside-down, so w i l l  the  world. This i s  a c lose  i n  view, and when 
you ' re  € l y i n g  a pop-up ahead, you could a c t u a l l y  have t h i s  p i c tu re  come up and 
you could see the p r o f i l e ,  p r a c t i c e  the p r o f i l e  on the ground, and take a 
prel iminary look a t  the  t a r g e t  while you're c r u i s i n g  t o  i t .  You could 
p rac t i ce  de l ivery  runs,  you could see  what th ings  look l i k e ,  and you could 
annotate p a r m e t e r s  on t h i s  kind o f  d i sp l ay .  

Here i s  an example o f  the kind of cockpi t  d i sp l ay  we see  i n  the fu tu re  
where w e ' l l  eventua l ly  have co lo r  on a W D  (P ic tu re  3 ) .  Ins tead  of j u s t  
having FLIR on the  HUD, a flight 
path i n  the sky. a 
cu r ren t  map, a l l  computer generated.  I t ' s  not  j u s t  something we drew up with 
an a r t i s t ' s  conception; t h i s  is the  d isp lay  we flew a t  Boeing, where 30 A i r  
Force and Navy p i l o t s  f lew our advanced cockpi t .  

we've given you a co lo r  p i c tu re  on the  HUD, 
Pic tu re  4 shows a look-down view l i k e  you would have on 

A t  t h i s  p a r t i c u l a r  time we're using a channel i n  the sky a s  the  primary 
f l i g h t  instrument .  Here's  a case  where we used a l o w  reso lu t ion  CRT a s  you 
can s e e ,  but  we colored the channel a d i f f e r e n t  co lo r  on the outs ide  (P ic tu re  
5 ) .  Now whether i t  has t o  be orange o r  not  is i nc iden ta l ,  i t  j u s t  was another 
c o l o r ,  bu t  you can see  you always want t o  f l y  up and ge t  back i n  the channel. 
The channel never goes away. No matter  what your a t t i t u d e  is, it  w i l l  never 
disappear ,  so a t  l e a s t  you always have a recovery po in t .  I f  you ' re  looking 
down a t  the road su r face  as it  were, we co lo r  t h a t  d i f f e r e n t l y  (put  green 
s t r i p e s  on i t ) ,  so you know where you a r e  (P ic tu re  6 ) .  

This is the o t h e r  concept ion of t h a t  perspec t ive ,  the look ahead 
d isp lay  (P ic ture  7 ) .  When we ac tua l ly  flew t h i s  a t  Boeing, w e  chose a d e f a u l t  
po in t ;  you were 5,000 f t  back and a 1,000 f t  above your own a i rp l ane .  We 
d i d n ' t  have the  computer power t o  g ive  you the a b i l i t y  t o  a d j u s t  t h a t  
cons tan t ly .  This  is  your t r a c k  as is generated by a t a c t i c a l  f l i g h t  
management system. These a r e  the  p r o b a b i l i t y  of  kill zones f o r  sur face  t o  a i r  
m i s s i l e s ,  the p r o b a b i l i t y  of  k i l l  zones f o r  a tracked gun l i k e  a ZSU-23; 
these a r e  the p robab i l i t y  of k i l l  zones t h a t  were s t a t e d  by I n t e l 1  but  t h i s  
SAM is not  a c t i v e .  This SAH is a c t u a l l y  t racking  you; he ' s  o f f  the  screen  and 
t h a t  l i t t l e  orange c i r c l e  i n d i c a t e s  your ECH's e f f e c t i v e .  The key th ing  t h a t  
I wanted t o  show you though is t h a t  you ' re  watching your se l f ;  these a r e  h i l l s  
you might run i n t o ,  the green ind ica t e s  t e r r a i n  t h a t ' s  below your cu r ren t  
f l i g h t  a l t i t u d e .  So what I have done, I ' v e  got  ins ide-out  and o u t s i d e - i n  
views on two sepa ra t e  d i sp l ays .  Refer r ing  back t o  P ic ture  1, t h i s  is a 
p i c t u r e  of the HUD, t he  pe r spec t ive  view and the  map. There w a s  zero 
confusion having an i n s i d e - o u t  and an o u t s i d e - i n  d i sp lay  because they a r e  
s i t u a t i o n  d i sp lays ;  no t  a f l i g h t  d i sp l ays .  We had 30 A i r  Force and Navy 
p i l o t s  who had no problem whatsoever with any confusion. Although t h i s  was 
not an unusual a t t i t u d e  recovery s tudy ,  they d id  f e e l  t h a t  t h i s  gave them very 
good s i t u a t i o n a l  awareness, these  two d i sp lays ,  and, of course,  always knowing 
where they were on t h a t  f l i g h t  d i s p l a y  a l s o  helped. 

and 

Now, s ince  we d i d  t h i s ,  I had an opportuni ty  t o  go t o  NADC and f l y  t h e i r  
s imula tor ,  and they have a pathway i n  the  sky. I t ' s  not  c r u c i a l  whether we 





i 
. 1. i 3 - 3 - 6  , - .  ' 

. .,... . .  I .  ' 

. . . .  









- 4 .  
I 

c s e  t h e  channel  or pathway, sometimes NASA u s e s  a t u n n e l  - -  t hey  p u t  a roof on 
the  channe l .  The ke;r t h i n g  is maFntaining p rope r  a t t i t u d e  c o n t r o l .  S ince  
L -.-e f l o v n  the NX3C s i s u l a t o r ,  I t h i n k  we ' r e  go ing  t o  go t o  a pathway. ail:, 
t s a r s ' s  t h e  t h t n g  I wanted t o  p o i n t  o u t  about  i t ;  s i n c e  I'm n o t  a very good 
f l y e r  st a l l ,  I d i d n ' t  try t o  p u t  myself i z t o  unusua l  a : t i t udss .  I j u s t  g o t  
t h e r e .  Buc I found t h a t  1 could recover v e r y  e a s i l y  wi th  the  pathway i n  t h e  
sXy a t  t h e  M.BC simulazor, so i t  c e r t a i n l y  convincsd me. 

., 

The latest t h i n s  we're d o i n g  is p u t t i n g  ou: a Request for Proposa l  now t o  
look a t  3-dinensional views, genufne s t e r o g r q h i c  views o f  :he perspec:ive 
view and f l i g h t  p a t h  d i s p l a y s ,  t:, s e e  i f  t he  3 - D  g i v e s  you some mor2 help  i n  
s i t uac iona :  axareness. That completes  my p r e s e n t a t i o n .  Are there an.] 

2 s t i 0:s ? 

9 :  John,  i f  y o u ' r e  behind your  a i r ? ? a n e ,  i f  :IOU see your a i r p l a n e  g0ir.g 
i n t o  t!-.e grounqj, w i l l  you bail o u t ?  

A :  I hope tna: when y o u  s e e  tha:, we'd have t h e  a u t o - r e c o v e r y  s y s z a m  t o  
h e l p  you a l o n g .  
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PROBLEMS WITH PRESENT COCKPITS 

TOO MANY CONTROLSIDISPLAYS 

INFORMATION HIGHLY CODED 

INFORMATION NOT WHERE NEEDED 

LOW BANDWIDTH CONTROLS 

LACK OF “SITUATION AWARENESS” 
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1 WAYS TO IMPROVE COCKPITS] - -  - -___ __-__ _ _ _ _  -- 

INFORMATION ORGANIZATION AND PORTRAYAL 
- ELIMINATE HIGHLY CODED INFORMATION 
- ORGANIZE INFORMATION “SPATIALLY” 
- USE PICTORIAL REPRESENTATION 
- SCREEN/ LI M ITISELECT IN FORMATION AUTOMATICALLY 
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e “HIGH BANDWIDTH” CONTROL INTERFACES 

- USE NATURAL PSYCHOMOTOR CONTROL INPUTS 
HEADIEYEIHANDIVOICE 

AUTOMATION 

- NOT TO MAKE EASY BUT TO MAKE USEFUL 
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VIRTUAL COCKPIT 

A DEFINITION.. . 

INTERACTIVE SYSTEM WHICH ORGANIZES AND 
REPRESENTS BOTH SPATIALLY AND TEMPORALLY ALL 

VIRTUAL SPACE IN ORDER TO COMMUNICATE AN 
COCKPIT INFORMATION IN THREE- DIMENSIONAL 

OVERALL AWARENESS OF AND TO PROVIDE THE 

THE WORLD, IT’S THREATS, AND TARGETS. 
CONTROL OF WEAPON SYSTEM STATE RELATIVE TO 



VIRTUAL COCKPIT 

CONTROL PATH 
HEAD/ EYE SENSING 
VOICE ACTIVATION 

VIRTUAL HAND CONTROL 
\. ._ 

OPERATOR 
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HEMISPHERICAL VIRTUAL DISPLAY 
BINAURAL DISPLAY 
TACTILE DISPLAY 
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VOICE SYr4THESIS 

SENSOR WEAPOfl DISCRETE 
AIMING AIMIFJ(j. OUTPUTS 
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CONCEPTUAL REPRESENTATION 
OF A MEDIUM FIELD OF VIEW 
HELMET MOUNTED DISPLAY 



ADVANTAGES OF VIRTUAL COCKPIT 

e BEST PILOT INTERFACE 
- MATCHES NATURAL ABILITIES 
- PROMOTES SPATIAL AWARENESSIVISUAL 

COMMUNICATION 
- TAILORED TO PILOT 

CREW STATION DESIGN FLEXIBILITY 
- INDEPENDENT OF COCKPIT SPACEIHARDWARE 

0 DRAMATIC COST REDUCTION 
- VERY LITTLE HARDWARE NEEDED 

0 EMBE.DDED TRAINING 

e OTHER 
- CAN BE RETROFITTED! 
- CAN BE REMOTED! 



KEY TECHNOLOGIES UNDER DEVELOPMENT 
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MINIATURE CRT IMAGE SOURCES 

WIDE FIELD-OF-VIEW/ BINOCULAR OPTICS 

3 0  AUDITORY DISPLAY 

PRECISION MAGNETIC HEAD/ HAND TRACKER 

HELMET-MOUNTED 0 EYE TRACKER 

SPEECH CONTROLISYNTHESIS 

0 MINDWARE 
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The pre*Jious s p e a k e r ,  , Tom Furness,  h a s  shown you something of  *rhat  t he  
c o c k p i t  o f  the fu:ure will l o o k  l i k e .  I t  w i l l  be my j o b  t o  show you what t he  
at:itude i n d i c a t o r  of  t h e  f u t u r e  v i 1 1  look l i k e .  Th i s  p r e s e n t a t i o n  comes o u t  
o f  a p r o j e c t  t h a t  Tom and I s t a r t e d  e a r l y  i n  t h e  summer o f  1 9 8 5 .  Tom 
3?proached me i n i t i a l l y  w i t h  t h e  i d e a  o f  d e s i g n i n g  an a t t i t u d e  i n d i c a t o r  f o r  

d i s o r i e n t a t i o n .  H e  proposed t h a t  w e  d e s i g n  an i n d i c a t o r  which would s t i m u l a t e  
p e r i p h e r a l  v i s i o n ,  p a r t i c u l a r l y  t o  t a k e  advantage o f  t h e  wide f i e l d  of  view i n  
the  helmet-mounted d i s p l a y .  Now, from what we've heard from e a r l i e r  t a l k s ,  
t h i s  would seem Like a v e r y  p l a u s i b l e  i d e a ,  based O R  t h e  evidence p r e s e n t e d  by 
Dr. Le ibowi t t  on t h e  f o c a l  and ambient modes of  v i s u a l  p r o c e s s i n g  and on the  
success  of  Dr. Halcolm's Horizon i n d i c a t o r .  But.from my background i n  v i s u a l  

C' ,ne VCXSS which d i r e c t l y  addres sed  t h e  problem o f  p i l o t s '  s p a t i a l  

~;i:ii-iii*-, t h l q  s$ - t - inc . i l  1 i k p  n r n t h r r  c\iri(ui:* l i l i > . 1  F' t -om w l i . t t  1 kr7t.w of' t t i $ *  

~ I $ ' . I * , I I I  I I  1 ' 1 1 1 1 1 ~ 1 . 1 1  I l l ) ' ,  ! 1 > . 1 # *  1 1  * J I * I ~ * , ~  !. i l J l l y  LIB ~ ) i o ~ [ ~ ~ t l l + l ~ ~ 1 ~  : b t * l l ' b L L l r J I L y ,  Illy !1111)1  I ' ' - S L O I l  

d f  t t i c !  pc-?riplieral retin.1 WJS t h a t  i t  was b a s i c a l l y  " b i g  and s t u p i d , "  when you 
compare i t  wi th  the  remarkable  c a p a b i l i t i e s  o f  t he  fovea.  V i r t u a l l y  eve ry  s e t  
o f  r e s u l t s  you encoun te r  i n  v i s u a l  s e n s i t i v i t y  r e sea rch  f i n d s  the  fovea 
s u p e r i o r  t o  t h e  p e r i p h e r y  a c r o s s  a broad  range of  measures.  These measures 
inc lude  a c u i t y ,  c o n t r a s t  s e n s i t i v i t y ,  temporal  frequency s e n s i t i v i t y ,  c o l o r  
p e r c e p t i o n ,  and even movement t h r e s h o l d s .  There seems to be  t h i s  myth t h a t  
p e r i p h e r a l  v i s i o n  is  somehow s p e c i a l i z e d  f o r  motion p e r c e p t i o n ,  b u t  i n  t r u t h  
t h e  fovea h a s  proven t o  b e  more s e n s i t i v e  when t e s t e d  a t  what might be 
cons ide red  the  extreme l i m i t s  of  movement p e r c e p t i o n .  

So when Tom s u g g e s t e d  t h i s  approach ,  I needed t o  be convinced tha t  in 
f a c t  t h e  p e r i p h e r y  was a good p l a c e  t o  p u t  any in fo rma t ion ,  l e t  a lone  such 
v i t a l  i n fo rma t ion  as a i r c r a f t  a t t i t u d e ,  g i v e n  t h a t  the fovea is indeed so much 
b e t t e r  i n  n e a r l y  e v e r y  way. Thus, I went back t o  t h e  l i t e r a t u r e  and 
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IiIIco.**ered, t o  m y  knowledge, t h e  o n l y  paradigm where tha p e r i p h e r y  actually 
5 e ~ : s  :he fovea  i n  a l a b o r a t o r y  comparison. Not s u r ? r i s i n g l y ,  t h i s  paradigm 
e x m i n e s  t5e pher,oaer.on o f  v e c t i o n ,  t h a t  is, t h e  i l l u s i o n  of s e l f - m o t i o n .  

I n  a s t u d y  by Hsld,  Dichgans,  and Bauer,  1 9 7 5 ,  s u b j e c t s  were t e s t e d  f o r  
r o ; l  * r e z t i o n .  i . e . ,  t he  s s n s a t i o n  o f  o n e ' s  bod'] a ? p a r e n t l : ~  " r o l l i n g "  he.id o'ier 
s?.ou lders  ei:her t o  the l e f t  o r  righ:. R o l l  v e c t i o n  was induced i n  t h i s  s ~ u d y  
S:r hd-r lng  subjec:s v i s v  a l a z g e  pa t t e r r . ed  d i s k  ( sub tend ing  120 d r j r 2 e s )  
rozaclng clock-dise f a r  s e - r e r a l  minu tes .  h f z e r d a r d s ,  s u b j e c t s  vould :ypica l l ; r  
r e p o r t  t he  i l l u s i o n  o f  p e r c e i v i n g  t h e i r  bod ie s  r o t a t i n g  c o u n t e r c l o c k v i s e ,  head 
over  s h o u l d e r s .  Held e t  a l .  compared t h e  magnitude of  t h i s  i l l u s i o n  a t  
s e v e r a l  r e t i n a l  e c c e n t r i c i t i e s .  With t h e  p a t t e r n e d  d i s k  covered by a mask s o  
:hat o n l y  :he cen:ral 19' o f  t h e  d i s k  was v i s i b l e ,  s u b j e c t s  experienced a 
moderate and unambiguous s e n s a t i o n  o f  r o l l .  khen t h e  d i s k  was remasked t o  
expose 0nl.J a n  o u t e r  annuLar segnen t  (narrower t h a n  t h e  r a d i u s  of  the fo-real  
d i s k j  10c3ted at 4.3' e c c e n t r i c i t y ,  t h e  magnitude o f  the v e c t i o n  i l 1 i i s ion  
near1:r doubled! O n  the  bases  on t h e s e  r e s u l t s ,  I f e l t  convinced. The v i s u a l  
daminLince over ves:ibular c u e s  demonstrated by t h e  pe r iphe ry  i n  t h i s  s tudy  
argued a s t r o n g  case  f o r  u s i n g  p e r i p h e r a l  v i s i o n  t o  d i s p l a y  a t t i t u d e  
informa:ion. 

Tha r e s u l t ,  t hen ,  o f  my c o l l a b o r a t i o n  w i t h  Tom and o t h e r  menbers o f  the 
';CXSS p r o j e c t  produced what w e  c a l l  t h e  V i r t u a l  Umbrella a t t i t u d e  i n d i c a t o r .  
As I d e s c r i b e  t h i s  d i s p l a y ,  I shou ld  a l s o  c a u t i o n  yo11 about t h i s  prc:;znt.ition. 
: i r s t ,  t h e  d i s p l a y  is s t i l l  under development and undergoing m.iny 
n o d i f i c a t i o n s .  t h i s  p r e s e n t a t i o n  can  o n l y  g i v e  a rough impression o f  
what t h e  completed d i s p l a y  w i l l  look l i k e .  Some o f  t h e  f e a t u r e s  have a l r e a d y  
changed even s i n c e  these  viewgraphs were made. I n  a d d i t i o n ,  t h e  viewgraphs,  
and even t h e  v ideo tape  I w i l l  show you l a t e r ,  do n o t  provide a complete 
s e n s a t i o n  o f  what t he  p i l o t  e x p e r i e n c e s  while wea r ing  t h e  helmet  d i s p l a y .  
h i a t  you w i l l  s e e  i n  t h i s  p r e s e n t a t i o n  is  t h e  monocular v e r s i o n  o f  t h e  
d i s p l a y .  Bear i n  mind t h a t  i n  t h e  he lme t ,  whatever is p r e s e n t e d  t o  one eye i s  
a l s o  reproduced i n  t h e  o t h e r  eye w i t h  a p p r o p r i a t e  o f f s e t ,  t o  provide a 
compell ing,  panoramic,  s t e r e o  image t o  t h e  w e a r e r ,  

- .  
Hence, 

Turning now t o  t h e  p r e s e n t a t i o n ,  F igu re  1 d e p i c t s  some of  t h e  s a l i e n t  
f e a t u r e s  o f  t h e  V i r t u a l  Umbrella a t t i t u d e  d i s p l a y .  These inc lude  a s imula t ed  
t e r r a i n  w i t h  h o r i z o n  t o  p rov ide  a g l o b a l  i n d i c a t o r  o f  a t t i t u d e ,  as w e l l  as the  
cues  f o r  n e g a t i v e  p l t c h .  I n  t h e  c e n t e r  of t h e  f i g u r e  is the a i r c r a f t  
b o r e s i g h t ,  r e p r e s e n t e d  a s  a c i r c l e  w i t h  dashed l i n e s  ex tend ing  on e i t h e r  s i d e  
o f  i t .  T h i s  serves as a more e x p l i c i t  cue t o  t h e  a i r c r a f t ' s  a t t i t u d e  r e l a t i v e  
t o  t h e  v i r t u a l  world.  Heading makers a r e  d i s p l a y e d  i n  the  sky p o r t i o n  o f  the 
d i s p l a y  i n  60' increments as a n o t h e r  cue t o  a i r c r a f t  p o s i t i o n .  Also,  a long 
t h e  sky " s p o k e s , "  t he  v e r t i c a l  l i n e s  i n  t h e  f i g u r e ,  a r e  markers i n d i c a t i n g  
degree o f  p o s i t i v e  p i t c h .  The base of  e v e r y  spoke corresponds t o  0' p i t c h ;  
t h e  n e x t  marker above equa l s  30 p i t c h .  Thus,  i n  t h i s  viewgraph, we s e e  from 
t h e  d e p i c t i n g  
s t r a i g h t  and level  f l i g h t ,  t h a t  i s  0' p i t c h  and 03 r o l l ,  w i th  a heading of  

0 

p o s i t i o n  o f  t h e  a i r c r a f t  r e t i c l e  t h a t  t h e  d i s p l a y  is c u r r e n t l y  
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appro:<laately 130' . 

3ese spokes I hxre nentioned are the pilot's cues to positive 7i:ch 
at:ituCes. rigure 2 gi-res a better viev of how these spokes are incorporated 
wichin the virtual world symbology. This figure depicts what we term the 
*IGod# Eye view" of the V C A S S ,  a sort of outside-in presentation of the 
Vrircual world. To craate an inage for the helme:-mounted dis2lay. the 
compu:*r-genera=ed irnagar:i ( C G I )  software computes where the aircrafz is 

'nzline: disp1a:i as it w o u l d  appear to the pilot within the aircraft (inside- 
O ' J C ) .  The snail box at the center of this figure is the aircraft, below it is 
:he terrain, and here we see why the name "virtual umbrella" was chosen for 
our display. These positive pitch spokes surrounding the aircraft are 
designed to float "apparently" above the aircraft at all times with in this 
virtual world and indicace flight at positive pitch regardless of heading. 
This virtual umbrella frame thus becomes a p a r t  of the pilot's virtual world, 
provLdLng a stable and familiar cue to atticude in the same way that a horizon 
;rou!d, but for a fuller range of attitudes than can be conveyed by the horizon 
(for example, during a vertical climb). 

-. 

.J: LLhin - this qrirtua? world (outside- in) and projects this infornation to the 

The way that the umbrella depicts attitude is that for any translation of 
:he aircraf: on any axis, changes in altitude, forslard motion, etc., the 
cmbrella spokes remain aircraft-referenced. They translate, changing 
altitudes and location above the terrain surface, just as the aircraft does; 
zhus, they have no net motion in the pilot's field of view from within the 
aircraft. However, with any rotation around any of the principal axes, as in 
pitch, roll, or yaw, then the upper frame becomes earth-references, so that 
now there net motion (along with the terrain) in the pilot's field of view. 
In summary then, while the spatial location of the virtual spokes changes with 
the aircraft, their spatial orientation relatlve to the earth's surface 
remains fixed. Any net motion of the umbrella frame within the pilot's view 
of the virtual world thus provides direct correspondence to changes in 
aircraft attitude (pitch, roll, and yaw). 

Although the virtual umbrella is primarily an attitude indicator, we find 
that a general Lndlcator of altitude is given as well in certain 
circumstances. In Figure 1, I should point out that the base of the umbrella 
frame is always fixed in the altitude plane of the aircraft, so that the 
distance separating the base of the frame and the horizon gives at least an 
approximate measure of the aircraft's altitude. Next, I would like to show 
you some different attitudes to demonstrate how the display operates. Figure 
3 now in a left roll of approximately 66. 
Figure 4 shows the aircraft back at wings level, now beginning a climb to 30' 
pitch. Increasing the angle of the climb, Figure 5 shows the aircraft has now 
achieved a pitch of 60'.  At this angle, the horizon is no longer visible, and 
the apex of the umbrella frame, Despite the 
lack of horizon, the pilot's perceptions of pitch and roll are unambiguous. 

depicts the aircraft at 0" pitch, 

indicating 9 0 ° ,  comes into view. 
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I n  F ig i re  6 ;  the  a i r c r a f t  has  c o n t i n u e d  i n c r e a s i n g  t h e  pi:th angle 
throuz5 v e r t i c a l  and i n t o  an i n v e r t e d  d i v e .  The p i l o t  h a s  r e t u r n e d  ag-iin t o  
!**le1 f l i g h t  though now i n v e r t e d .  I n  t h i s  i n v e r t e d  a t t i t u d e ,  o f  course.  the  
:a r ra in  and h o r i z o n  appear a t  the  top  o f  t h e  d i s ? l a y  and t h e  spokss  of the 
E r m a  radia:s upward. F i rx i l ly ,  t o  demonst ra te  what n e g a t i v e  p i t c h  looks  l i k a  
-3  :he ? i l o c ,  i n  F i S w e  7 w e  s e e  t h e  a i r c r a f t  more o r  l e s s  i n  a s t r a i g h t  di-ie 
( a w l  a l s o  a t  a ver:r low a l z i t u d e .  I thi?.k. i n  f a c e ,  t h a t  t h i s  s imulator  
cras:?ed i n  :ha coiirze o f  t a k i n g  these  p h o t o s ) .  You can s e e  tha: l i n e a r  
?.%rs?ec:l-ie ar.d motion ? ~ r + I l n  bzcome t h e  i a p o r z a n t  a t t i t u d e  cues when the 
a l r c r a f r  is  i n  a nose low a t : i x i d s  below a v i s i b l e  hor izon .  

I would l i k e  t o  wrap up t h i s  prasenta:ion by d i s c u s s i n g  some of t h e  
1isi:a:lons thd: w e  see s t i l l  e x i s t  v i t h  t h e  V i r t u a l  Lmbrzlla displa:,.  As I 
mencioned pre*Jiously,  t h i s  d i s p l a y  is s t i l l  under development,  and there  
r e m l n  se*Jeral  f e a t ~ r e s  which need t o  be incorpora:ed t o  complete the task o f  
? r o v i d i n g  good a t E i t u d e  awareness t o  t h e  p i l o t .  Many of  t h e s e  con'ments, by 
t!;e *.J.-I~, brori jht  t o  our a:tention by  a group of  p i l o t s  who p.irti(:ip.itaci 
in  a pre l imtnary  s tudy compartng the  V t r t u a l  L'mbrella d i sp l<ty  with the lll:D and 
the t r a d i t i o n a l  ADI. 

Fir.;:. t h e r e  is no p r e c i s e  Indica:ion of  a i r  speed ,  though f o r  the most 
a:ti:udes t h e r e  a r e  sane motion cues a - r a i l a b l e  i n  the r a t e  of change i n  the 
t e r r a i n .  However. when t h e  t e r r a i n  goes o u t  of  view e n t i r e l y ,  as i n  a s t e e p  
clirnb, t h e r e  is no v i s i b l e  p e r c e p t i o n  of  motion a t  a l l .  Also ,  p r e c i s e  
a l z i t u d e  informat ion  i s  l a c k i n g .  Although a g r o s s  i n d i c a t o r  may be found 
bz=reen t h e  base  of  the  frame and t h e  h o r i z o n ,  p a r t i c u l a r l y  i n  d ives  where 
a l t i t u d e  informat ion  is c r u c i a l ,  t h e r e  do n o t  seem t o  b e  enough cues i n  t h e  
changing s i z e  of  t h e  t e r r a i n  f e a t u r e s  t o  p r o v i d e  p r e c i s e  a l t i t u d e  c o n t r o l .  
F i n a l l y ,  a type of  i n d i c a t o r  such as a h o r i z o n t a l  s i t u a t i o n  d i s p l a y ,  conveying 
s p a t i a l  l o c a t i o n  w i t h  r e s p e c t  t o  t h e  e a r t h ,  i s  n o t  y e t  a v a i l a b l e  and needs t o  
be i n c o r p o r a t e d  w i t h i n  t h e  d i s p l a y  i n  some manner. 

I n  conclus ion ,  though t h e r e  a r e  s t i l l  improvements y e t  t o  be made t o  t h e  
V i r t u a l  Umbrella d i s p l a y ,  many advantages c a n  n e v e r t h e l e s s  b e  seen  i n  i t s  
unique d e s i g n .  F i r s t ,  t h e  d i s p l a y  o f f e r s  a wide f i e l d  of  view, permi t t ing  
n a t u r a l i s t i c  d e p i c t i o n  o f  a t t i t u d e  cues i n  a d d i t i o n  t o  s t i m u l a t i n g  p e r i p h e r a l  
v i s i o n .  Both of  t h e s e  f e a t u r e s  make t h e  d i s p l a y  more l i k e l y  t o  t a p . i n t o  sub- 
a t t e n t i v e  p r o c e s s i n g  of  a i r c r a f t  a t t i t u d e ,  r e q u i r i n g  less  f o c a l  a t t e n t i o n  t o  
t h e  t a s k ,  and thereby  reducing p i l o t  workload. A second advantage is t h a t  a 
helmet-mounted d i s p l a y  remains i n  vfew a t  a l l  t imes ,  r e g a r d l e s s  of head 
p o s i t i o n .  Consequently,  t h e  p i l o t  should  f i n d  i t  d i f f i c u l t ,  if n o t  impossible 
t o  i g n o r e  a t t i t u d e  checks.  Thus, t h i s  tendency " t o  f o r g e t  t o  f l y  the plane" 
whi le  caught  up i n  t h e  demands of t h e  m i s s i o n ,  o f t e n  c i t e d  as a major source 
of  s p a t i a l  d i s o r i e n t a t i o n ,  can be comple te ly  e l i m i n a t e d .  F u r t h e r ,  not only 
does t h e  helmet-mounted d i s p l a y  remain i n  view a t  a l l  t i m e s ,  b u t  i t  a l s o  
m a i n t a i n s  complete c o n t r o l  over  t h e  p i l o t  v i s u a l  f i e l d .  Consequently,  t h e r e  
should  b e  no o p p o r t u n i t y  f o r  s p a t i a l  d i s o r i e n t a t i o n  r e s u l t i n g  from 
r e f l e c t i o n s ,  g l a r e ,  unusual  c l o u d s ,  o r  o t h e r  common visual i l l u s i o n s .  
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Fina?l:r, t h e  concept  o f  v i s u a l  dominance, t h e  s a l i e n c e  o f  a v i s u a l  cue f o r  
& s c r i b i n g  t h e  sense  o f  where tSe body is i n  s p a c e ,  can be consfdered a s  a 
:bird advantage t o  the  d i s p l a y .  Hot on ly  can t h e  d i s p l a y  be used t o  over r ide  
any c o n f l i c t i n g  v e s c i b u l a r  i l l u s i o n s  p e r t a i n i n g  t o  a t t i t u d e .  b u t  with t h e  
h a l x e t ,  t h e  p i l o t  may be l o c a t e d  i n  any p a r t  o f  t h e  a i r c r a f t  and i n  any 
position, reducrng t h e  impact of v e s t i b u l a r  and o t h e r  p h y s i o l o g i c a l  s i d e  
S E f e c t s  t o  a rnininum. B y  commanding the  F i l o t ' s  v e s c i b u l a r  sensa:ions o f  
l t t i t u d e  a c c u r a t e ? y  and a t  a l l  t imes ,  we may u1:imacely e l i m i n a t e  s?.l:ia! 
d i s o r i e n t a t i o n  e n t i r e l y .  

QUESTICPiS AND A'ISWERS 

Richard Haines:  Exf ly ,  could you s h a r e  wi th  us some o f  the f l i g h t  
perforxance techniqces  y o u ' r e  going t o  use t o  e v a l u a t e  t h e  d i s p l a y ?  

5 3 :  As 3 matzer o f  € a c t ,  w e  jus:  completed a s t u d y  comparing the  
t r a d i : i o n ~ l  A D 1  and a HUD wi:h tha V i r t u a l  Umbrella.  We used two measures, 
o m  b e i n g  response t i m e  necessary  t o  recover  from an  unusual  a t t i t u d e .  The 
C i s p l a y  would be dark  and the  p i l o t  would be warned t h a t  a n  unknown a t t i t u d e  
was aSout t o  be d e p i c t e d ,  the  d i s p l a y  would come up ,  and we would simply 
XeasurS the time i t  took f o r  them t o  recover  from t h a t  a t t i t u d e  t o  s t r a i g h t  
ar:d le*re l  f l i g h t .  The second measure w a s  an es:imation o f  c o n t r o l  r e v e r s a l ,  
t h e  nunber of t imes t h a t  the  p i l o t  r e v e r s e d  t h e  d i r e c t i o n  o f  t h e  s t i c k  i n  
o r d e r  t o  r e g a i n  s t r a i g h t  and level  f l i g h t ,  a s  an  i n d i c a t i o n  o f  how 
n a z u r a l i s t i c  t h i s  d i s p l a y  was or how simple i t  was t o  encode the  c o r r e c t  
a z t i t n d e  from t h e  d i s p l a y .  Although t h e  d a t a  a l s o  have n o t  been f u l l y  
ana lyzed  y e t ,  t h e r e  emerged s e v e r a l  a r t i f a c t s  i n  t h e  study which unfor:unately 
confound many of  t h e  comparisons on t h e  f l L g h t  performance measures.  However, 
we d i d  f i n d  some i n t e r e s t i n g  r e s u l t s  from a q u e s t i o n n a i r e  t h a t  we  adminis tered 
t o  our  p i l o t s .  

I n  comparing previous  experience w i t h  d i s p l a y s  among o u r  s u b j e c t s ,  many 
had never  s e e n  anyth ing  b u t  an  A D I ,  or 99% of  t h e i r  exper ience  had been wi th  
an  A D I ,  b u t  i n  a s k i n g  p i l o t s  t o  s t a t e  t h e i r  p r e f e r e n c e ,  ranking  t h e  d i s p l a y s  
i n  o r d e r  1 ,  2 ,  and 3 where 1 - most p r e f e r r e d ,  3 - l e a s t  p r e f e r r e d ,  a c r o s s  t h e  
s i x  p i l o t s  t h e  AD1 had an  average r a t i n g  of  1.4, t h e  V i r t u a l  Umbrella had an  
average r a t i n g  of  1 . 6 ,  and t h e  HUD had a n  average r a t i n g  of 2 .5 .  So a t  l e a s t  
i n  t h e  q u e s t i o n n a i r e ,  we found r e s u l t s  more a k i n  t o  what w e  were hoping t o  
f i n d ,  t h a t  t h e  V i r t u a l  Umbrella has  many f e a t u r e s  which a r e  d e s i r a b l e  and 
p r e f e r r e d  by p f l o t s ,  w e  j u s t  h a v e n ' t  y e t  c r e a t e d  t h e  a p p r o p r i a t e  t e s t  
conditions t o  observe t h e s e  i n  p i l o t s '  performance. 

U n i d e n t i f i e d :  J u s t  looking a t  t h e  d i s p l a y  from your s l i d e s ,  i t s  very  
powerful t o  m e  in t h e  "up" mode, b u t  n o t  so powerful i n  t h e  "down" mode. I 
would s u s p e c t  t h a t  ( p i l o t s )  would do b e t t e r  r e c o v e r i e s  from a nose high than 
they  would from a nose low. Have you had any r e s u l t s  t o  t h a t  e f f e c t ?  

EH: Your o b s e r v a t i o n  a l s o  r e f l e c t s  one of  t h e  pr imary comments t h a t  we 
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reca i*Jed  from the. q 1 1 c ~ ~ t i o n n 3 L r c ! s ,  and al though we ha- ien ' t  looked a t  t h a t  y e t  
i n  our pcrf,)r;n.i:!ce inc.i.;Iires, I t ' s  one o f  the q1iea;cions we w.int  t o  . i s k  t : )  O I I K  

I t r s :  3:~31;rses  we s i m p l y  suinmed a c r o s s  a l l  the  a t ~ L t u J e s  thJ: we d 1 1 p ~ ~ : t ~ d  
3u: we d i d  sample from the  f u l l  s2ectrum o f  a t t i t u d e s  and we now h<ive the  
Q p p o r t u n i t y  t o  go back and r e c a t e g o r i z e  the  d a t a  and do t h a t .  

U n i d e n t i f i e d :  I ha*:* an adjuncz t o  t h a t  ques:ion, and I ' m  s u r e  t5.i: on 
:he t a p e  i t  w i l l  be more ob.rious. bu: i t s  n o t  obvious t o  ne how you d a t e r n i n e  
from your di-re p i c t u r e  Yha: t o  do .  I ' m  s u r e  t h e r e  vould be some s o r t  o f  
p e r s p e c t i v e  view,  b u t  1 d o n ' t  g e t  a f e e l i n g  of how you would know t o  r o l l  t o  
:he n e a r e s t  h o r i z o n  and p u l l ,  because I ' m  n o t  s u r e  i t  t e l l s  you which wall t o  
r o l l .  

EH: One o f  the  t h i n g s  t h a t  is missing Erain t h i s  d i s p l a y  is  motion 
~,~ir,iLLa:c. which is a s:rong cue added t o  l ine, i r  p e r s p e c t i v e  as t o  wha: - 4 o t i L d  

be the a 7 p r o p r i a t e  recoveqr .  

Tom Furness :  I can comment on t h a t  a l s o .  The d i s p l a y  you see  i n  the  
viewgraphs is no t  what w e  a r e  p o r t r a y i n g  f o r  t h e  LHX. I n  f a c t ,  t h i s  i s  an 
o l d e r  g e n e r a t i o n  d i s p l a y .  The g r i d  l i n e s  t h a t  were por t rayed  f o r  the t e r r a i n  
i n  the  LHX s t u d i e s  ga./e :he crew member, depending on t h e  p r o j e c t i o n  of :he 
Lines ,  And the  only  time :here 
vas any ambigui ty  vas  when you were going s t r a i g h t  down, because you would s e e  
:he g r i d  work a s  be ing  square .  But i f  you were i n  any o t h e r  a t t i t l ; d e ,  you 
vould know by a p r o j e c t i o n  of t h e  v a n i s h i n g  p o i n t ,  where t h e  n e a r e s t  t u r n  was 
to g e t  t o  t h e  hor izon .  And so t h a t ' s  t h e  **ray i t  was conveyed. t h e  crew 
nembers, however, f e l t  t h a t  t h e r e  needed t o  be a more r i c h  o r  r o b u s t  method 
f o r  p o r t r a y i n g  ( t h e  t e r r a i n )  than  what w e  had. But t h e r e  was a way t h a t  was 
s o r t  o f  i n t u i t i v e  when you s a w  t h e  d i s p l a y ,  s o r t  of l i k e  looking  a t  a 
checkerboard and o r i e n t i n g  it  i n  d i f f e r e n t  d i r e c t i o n s .  You could t e l l  by i t s  
o r i e n t a t i o n  what your a t t i t u d e  r e f e r e n c e  was t o  t h e  h o r i z o n .  

t h e  v a n i s h i n g  p o i n t  o f  where t h e  hor izon  was. 

U n i d e n t i f i e d :  What happens t o  t h e s e  helmets  when they  g e t  s c r a t c h e d  o r  I 

wet? How much c a r e  do they need t o  have t o  keep them working? Are these  very 
s u s c e p t i b l e  t o  s c r a t c h e s ?  

Tom Furness:  I f  we can s o l v e  t h e  problem f o r  t h e  Army, we can solvd i t  
f o r  t h e  A i r  Force.  You t h i n g  t h a t  you have problems?! 

U n i d e n t i f i e d :  You d o n ' t  f e e l  t h a t  t h i s  d i s p l a y  would be a problem 
o b s t r u c t i n g  n a t u r a l  f e a t u r e s  (whi le  i n  t h e  t r a n s p a r e n t  mode), c r e a t i n g  
a d d i t i o n a l  c l u t t e r  and b locking  o u t  t a r g e t s ,  do you? 

EH: The q u e s t i o n  o f  c l u t t e r  is one t h a t  we're s t i l l  c o n s i d e r i n g - - t h e  
idea  t h a t  t h i s  d i s p l a y  i s  designed f o r  p e r i p h e r a l  v i s i o n  seems t o  q u e s t i o n  why 
should w e  have anyth ing  i n  t h e  immediate f o v e a l  v i s i o n .  One t h i n g  we'd l i k e  
t o  t r y  i s  e l i m i n a t i n g  t h e  umbrel la  spokes themselves from f o v e a l  We 
weren ' t  a b l e  t o  achieve t h i s  i n  t h e  i n i t i a l  e x e c u t i o n ,  b u t  i t ' s  one 

v i s i o n .  
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p o s s i b i l  i c y .  

Richard Xalcoln:  I may have a s t r a t e g y  t h a t  w i l l  h e l p  you. I f  y o u ' r e  
zoing t o  p i c k  up where t h e  e y e b a l l  is  looking ,  you may want t o  take  the  
c e n t r a l  two degrees  o f  t h e  f i e l d  of  viev  and dim down t h e  b r i g h t n e s s  o f  the  
computer-generated inager:r, Not so t h a t  i t  v a n i s h e s ,  b u t  s o  t h a t  i t  actr ia?ly 
30"s do-m i n  i n t e n s i t y .  and SO t h a t  i t  d o e s n ' t  mask what ' s  o u t  t h e r e  srhere 
*Jour a:r-sntion i s .  but  is d i e s  s t i l l  provide a small amount o f  calibrjtlon. 
I n  o c h e r  words, i t  w i l l  s t i l l  complete t h e  p i c t u r e .  You d o n ' t  want t o  drop 
th ings  out  of t h e  p i c t u r e .  b u t  a t  t h e  same t i n e  i t s  not  i n t e r f e r i n g  with where 
you should be a t t e n d i n g  on t h e  o u t s i d e .  

I J r i i Jen t i f ieJ :  tl . i*ic? you flown i n  an  airpl*ine o r  i n  .a f l i g h t  sfinril.itor 
equ ipped  with a v i s u a l  d i s p l a y  system (s imula ted  r e a l  world background) y e t ?  

Tom Furness:  I can comment on t h a t .  Remember t h a t  the o r i g i n a l  i m p e t u s  
f u r  t h i s  work w.13 t o  provide a comple te ly  IFR prestlrit.ation. Gie're m.lkinp; t h e  
. i*;*;[ i~iptLon th.rt. you '  t -13  f Lving at n i g h t  . i d  c.in' t s ~ t i  ' i r l y t h f n g .  Atid e v e r y t h i n y ,  

, i l l o w  yo11 t.o r v c o v e r  lrom a n  unusual attlti it ic? woul(1 bo p r e s r n t e d  to yoi i  fri 

t h i s  L n s t d n t a n e o i i s  d l*;pl . iy .  And t h e r e f o r e .  a t  1e.ist a t  t h i s  j u n c t u r e ,  w e  
wanted t o  look a t  how wel l  w e  could  do t h a t  compared t o  the  conventLona1 
methods. The fo l low on work w e  i n t e n d  t o  do is now how do you impress t h i s  
iaage on a r e a l  world type s c e n e .  For example, i f  t h e r e  is a r e a l  world scene 
t h e r e ,  t h e r e ' s  a chance t h a f  you d o n ' t  even have t o  worry about doing the  
Zer ra in  part  of  i t .  O r  you might want t o  do t h e  t e r r a i n  p a r t  of i t  a s  fucc ion  
of uhat  t h e  ambient luminance is o r  t h e  v i s i b i l i t y  o f  the  ground. So 
c h e r e f o r e ,  s i n c e  t h i s  is j u s t  a n  i n i t i a l  s t a g e ,  we f e l t  t h a t  p u t t i n g  i t  on t h e  
t e r r a i n  would confound our  exper iment ,  when i n  f a c t  w e  understand t h a t  n l o t  
o f  problems occur  i n  s i t u a t i o n s  where y o u ' r e  i n  IFR c o n d i t f o n s .  You're f l y i n g  
i n  a cloud o r  a t  n i g h t ,  a n  i n v e r s i o n  O C C U K S ,  and recovery under t h t b s t >  

condi t ions  becomes t h e  i s s u e ,  so t h a t ' s  why we proposed t o  do t h a t .  

Unident i f ied :  I t  seems t o  m e  t h a t  I remember, Tom, t h a t  i n  one s t u d y  on 
the use of FLIR imagery, they  found i t  very  important t o  have a one-on-one 
r e ~ ~ , i * ; t r , i t - [ o n  vlt-ti t t i t -  t - 0 ~ 1 1  worlcl, N O  t t i . i t  w l i ~ r r i  t h o  real world t ) c c . o i n c . r  v I - i I h l < * ,  
I I i i * r~*  l r  iio I)er(*t*i)t i i i tI  ~ * o i ~ ~ u ~ l c ~ r i .  Aii i l  1 t t r t i ik  L t i . i L ' ! j  soiiieLtiLr1g wt! inii:iL t i l  I 
keep i n  mind when w e  do d i s p l a y  imagery. 

( A t  a v i d e o t a p e  vas shown d e p i c t i n g  t h e  V i r t u a l  
Umbrella a t t i t u d e  i n d i c a t o r  i n  dynamic o p e r a t i o n . )  

the  end of  t h e  p r e s e n t a t l o n ,  

I 
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MODIFICATION POTENTIAL FOR THE HUD CONTROL PANEL 

Mr. William Augustine 
Air Force F1 ight Dynamics Laboratory (AFYAL/FIGR) 

Wright - Patterson AFB, Ohio 45433 

0 Graduated from Rutgers University in electrical 
engineering 1961 

0 Commisioned in the Air Force and served at Wright 
Patterson AFB as a Flight Test Engineer 1961-1964. 

0 Received a Master of Divinity degree from Central 
Baptist Seminary 1968.  

0 Engineer with ASD 1968 to present. Since 1972 
worked in Head Up Display development. Managed 
efforts to provide Head Up Displays for the T-38, C- 
5 and the CH-3 Mid Air Retrieval System. Prasently 
involved in Head Up Display improvements utilizing 
holographic and flat panel technologies. 

Abstract 

In modern single seat fighter aircraft such as the Air 
Force’s A-7, A-10, F-15, F-16 and the Navy’s A-7, F-14, and F-18 
the Head Up Display whether approved or not is being used by a 
majority of pilots as the primary flight reference system. The 
reason is obvious, the HUD instrument references can be seen 
along with the real world in an integrated and easily interpreted 
fashion. The HUD however suffers from two problems when used to 
recover from unusual attitudes: (1) because the HUD view must be 
transparent it is difficult to present contrast between sky and 
ground; and (2) because the HUD has limited field of view and 
the pitch ladder as currently used is one to one with the real 
world the ten degree graduations move swiftly through the HUD 
window making interpretation difficult. This briefing discusses 
a few methods of modifying the HUD control panel to present 
additional attitude information. 

Discussion of Viewgraphs 

(Viewgraph One) 

Early cockpits with few instruments were designed for V F R  
flying. Not very good at night or in weather. 
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(Viewgraph Two) 

Later thru the F-4, poor outside visibility and good 
instruments meant good at night and in weather IFR flying. The 
AD1 along with airspeed, altitude and the HSI were the primary 
fligh: reference, "T" cockpit configuration. 

(Viewgraph Three) 

Although not certified, the HUD in the high visibility 
cockpit of modern fighters has become the primary flight 
reference.  

(Viewgraph Four) 

The symbology on the HUD is inadequate to alert the pilot of 
inverted flight. The two formats are probably 95% alike. 
Coupled with body sensor information, which might appear normal, 
the pilot can very easily become unaware of his true orientation. 

( Viewgraph Five 1 

The AD1 two color or black and white ball is easy to 
in%erpret. At a glance, the pilot is aware of inverted flight. 
The two displays are 95% different. 

(Viewgraph Six) 

Some of the problems associated with AFR flying utilizing 
the HUD: 

a. The HUD as it is today with present symbology, is 
inadequate to replace the ADI. 

b. There is no standardized basic flight training in the 
use of the HUD. No crosscheck training. The Air Force needs 
basic HUD training in crosscheck and procedures. The French use 
HUD equipped trainers. Our T-38 program needs to be updated. 
AFWAL and IFC are preparing a program to fit two T-38s with HUDs. 

c. Continued dependence on the HUD, especially by pilots 
with limited experience may cause head down instruments to be 
little used even when they provide better IFR information. 

d. A quick look at todays cockpit is enough to see that the 
AD1 has been delegated a less prominent position in the cockpit. 
A pilot in an emergency situation may be forced to search for his 
ADI. 

(Viewgraph Seven) 

AFM 51-37 specifically states that the HUD is not to be used 
as the primary flight system. Pilots would do well to heed this 
advice. 



(Viewgraph Eight1 

J h o r t  'Term ~ ~ y m t m l . t > g y  - Ak'WAL/k'LGR a11d many other USAF mil 
Navy e f f o r t s  arg d i r e c t e d  tow3rd symbology improvements. 

(Viewgraph Nine) 

Explained in t h e  following viewgraphs. 

(Viewgraph Ten) 

The Peripheral Vision Horizon Display which is a pitch and 
roll stabilized horizon line painted across the instrument panel 
is beins flight-tested in an F-16 A/B aircraft at Edwards 
a n d  Eglin. The purpose of the display is to give tha pilot a 
natural way of observing attitude without taking his attention 
away from performing his other functions. 

It may be p o s s i b l e  to p r o j e c t  simple AD1 information right on the 
HUD control panel. It a l s o  may b e  possibla that when flying at 
n i g h t  or in weathar, to have a two color raster split at the 
horizon. 

(Viewgraph Eleven/Twelve) 

These two viewgraphs of a flat multifunction control 
panel illustrate how an AD1 display might be integrated into the 
control panel to give an ever present attitude display. An 
automatically timed AD1 program might also be possible on 
selected MFDs in order to present AD1 information at preselected 
intervals or to refer back to an AD1 presentation after 
intermittant multifunction use. 

(Viewgraph Thirteen) 

Another possibility might be to use a holographic 
fold/mirror that reflects green up on the HUD and passes red and 
maybe full color to a faceplate for an AD1 display. 

(Viewgraph Fourteen) 

The use of back to back fold mirrors would take advantage 
control of 

panel to be put further down. 
the space behind teh HUD foldmirror allowing the HUD 

(Viewgraph Fifteen) 

Other ideas - This GEC Avionics idea used a unique combiner 
to eliminate the fold mirror. 
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Q 

First VFR cockpit - Great===- 
eycept at night in weather 



IFR cockpit -Great at night in weather 
Keep your eyes on the AD1 



Latest VFR cockpit = Forget the AD1 
you havea HUD 



IT IS EVEN MORE DIFFICULT WITH CLUTTER 

n n 
34 Sf 37 33 b. 

I I 1  I I I % l  1 1 1  



Viewgraph 5 



HUD (AS IT IS) IS INADEQUATE TO REPLACE AD1 
LACK OF HUD / AD1 CROSSCHECK TRAINING 
PILOT LOSES.DEPENDENCY ON HEAD DOWN INSTRl 
AD1 DELEGATED TO MINOR POSITION 

MENTS 

FACT IS - YOU CANNOT TRUST SENSES/ 
FEELINGS 

YOU MUST TRUST YOUR AD1 
YOU CANNOT TRUST SENSES I FEELINGS 
YOU MUST TRUST YOUR BIBLE 

AN AD1 IS THE PILOT’S BIBLE 



PROBLEM: 
THE HEAD UP DISPLAY IS BEING USED AS THE PRIMARY 
ATTITUDE REFERENCE 

AFM 51-37 
1. HUDS DO NOT PRESENTLY HAVE ADEQUATE SYSTEMS 

TO MONITOR AND ALERT THE-PILOT OF ALL SYSTEM 
FA I LU RES 

2. THERE M A Y  NOT BE ENOUGH INFORMATION DISPLAYED 
TO SAFELY FLY IN ALL INSTRUMENT CONDITIONS 



POSSIBLE SOLUTIONS 

- 
C 

IMPROVE:. 2 HUD _,r SYMBOLOGY . - ... ;&-> i.*. AND All lTUDE INFORMATION 
It-. I_ 

TRAIN PILOTS TO CROSS CHECK MORE 
1:-  I - - r ,  ,"-: ~ 

ADD ADDITIONAL' ATTITUDE INFORMATION 

LONG TERM 
RE-EMPHASIZE THE AD1 IN COCKPIT DESIGN 



ADD ADDITIONAL ATTITUDE INFORMATION 



Viewgraph 1 0  
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Viewgraph 1 1  
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Viewgraph 1 2  
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TWO COLOR CRT WITH HOLOGRAPHIC FOLD MIRROR 

HUD - 



USE TWO FOLD MIRRORS, TWO CRTS 

W 
I 
s 

I 

i 
4 

L HUD 

CONTROL 
PANEL 





Mr. Joe Bill Dryden 
General Dynamics, Ft Worth, Texas 

Xy fl;fing background includes over 8000 hours in F-100 ,  F-104, F - 1 0 5 ,  F- 
106, F-&, F-15, F-16, YF-17, and F-16XL, in addition to civilian light 
aircraft and gliders. I have instructed both civilian and military; am a 
graduate of the F-4 Fighter Weapons School and Interceptor Weapons School, and 
was a project pilot on the Lightweight Fighter Flyoff. Though not a formal 
graduate of the USAF Test Pilot School, I flew in the flight test programs 
long enough at Edwards to have acquired that background by osmosis. 

I was h;ippy to si!e this conference c a l l c d  because in reading all the 
flying safety material, it's apparent we had this perceived spatial 
disorientation problem in the F-15, F-16 and any kind of modern fighter. My 
first impression was a little bit of disbelief--"not in my airplane"--and let 
me head off thoughts of "lying, cheating contractor." I've flown the aircraft 
since 1974, and most of my opinions and observations about the aircraft 
developed while flying it in the Air Force, and my opinion has not been 
substantially changed since moving to GD. 

My initial impression was that I didn't believe it, but it's hard to 
ignore the numbers of guys who've obviously busted their ass from spatial 
disorientation. I was hoping to get together and come up with some solutions 
for this. 

The reason I felt compelled to get up and talk was I felt we'd somehow 
lost sight of that. We've got a great knowledge base here. I've learned a 
l o t  about perceptions and what goes on when y o u ' r e  flytnp, the nirplnnc!. 
C o n  t 1.:11-y t o  wli;i t. I ) ; I V P  M i 1 .it11 snys , I ' t l  I I kt! t o t 1 1  i ilk I i - > i i i  go bot h incidt!s 
rcgarcltng consc Lousness: I can click 011 consciousness itnd discuss what I'm 
doing with someone or what I'd like to see in the airplane. 

We've got a lot of information about what's going on in research, but I'd 
like to caution everyone that it's conceptual now and you can concept the hell 
out of things but concepts are free, mechanize 
something. I'm recently at cross purposes with Artificial Intelligence 
People--Pilots Associate with how much authority I'm going to give the 
machine--harkening back to "Space Odyssey, 2001." I can just imagine crossing 
a ridgeline, "Missile," and 
the airplane comes back with "Say Again," or worse yet, "Are we sure he's 

until you sit down and try to 

spotting a MIG-23 at my left 10 o'clock and say, 
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hostila? 'I Pilots gLvt!n authority to fly airplanes are going to demand 
aut:?ori:y to employ its weapons. 

They're going to want hands on, 
flying the machine or employing its weapons. 

click-click control when they're either 

One promising area for audio warnings would be for SAM alert. I'd like 
to have RLX gear talk to me in terms of quadrants--a great area to use voice 
fc?etib;ick, 

If we don't train adequately, I feel it's criminal negligence. Too many 
Wing Commanders are so interested in making Pope below-the-zone that they're 
spring-loaded to avoid allowing anything, any situation that might involve the 
loss of an airplane. So all you accomplish is take this guy who's not 
prepared genetically to do so and put off the accident until he's in an 
extremely expensive airplane, in a combat situation where he's 
going to let his wingman, flight, squadron or country down because he cannot 
accomplish the mission. So what can we do in the meantime? We can train 
these people. I can just see the bean counters protesting, "My God, where's 
the money going to come from?" The maintainers are going to say, "How can we 
generate the sorties?" Arid the ops guys' 11 s a y ,  " W h ~ t - c !  ai-(' w v  y,o I rip, r o  !'I t i c 1  

pllots LO do the triiitling?" 

or worse yet, 

I realize it's not going to be easy, but we'd better do it soon or we'll 
be out of airplanes before we ever get these great systems we've been 
discwssinfi the past few days on thcm. 

We must renlLzc w t i i i t  the liinitations are, pressure people while they're 
being trained, and get serious about realistic training. We need to increase 
the number of sorties. I can't adequately train a guy to handle IMC unless I 
put him in actual IMC, task load him and force him to maintain some semblance 
of control. And if you don't, he's not  going to be able to accomplish it. 

Even if you took a pilot with the brain capacity of Albert Einstein and 
hand-eye coordination of Mary Lou Retton, and put him in an F-16 at Hahn, at 
night in the weather for the first time, without proper training, he'd bust 
his ass. Regardless of enthusiasm and aircraft equipment, 
if you haven't developed the basic skills, you can't do it. Dave Milam was 
absolutely right: "Top spin forehand, top spin forehand, top spin forehand; 
attitude, airspeed, attftude, airspeed." It's gat to be doiw t * ~ r o r i t * , l \  i t r  

Pure and simple. 
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cet-tnin a reas  t o  overcome our l i m i t a t i o n s .  

k h ~ t  can we (io with r-lic p r e s e n t  systCiit;i? I kiiow t1ii:i is  cot i t rovers i . i l ,  
but  I th ink  we should use  [IUDs more today.  I ' v e  flown the F - 1 6  about  900 h r s  
and have n o t  consc ious ly  looked heads down more than 30 minutes ,  and then 
aainl;? t o  che TXCAX. We should be t r a i n i n g  more t o  use HC'Ds.  The T-46 has  
only steam gauges.  I t ' s  l u d i c r o u s  t o  use t h a t  t o  t r a i n  f o r  HUD equipped 
a i r c r a E t .  

HUDs can be improved g r e a t l y  and I r e a l l y  l i k e d  t h e  v i r t u a l  imagery s c u f f  
we've seen--God, I love i t .  But i t ' s  s t i l l  concept and I'll be long dead and 
gone before  s e e i n g  i t  i n  an  a i r c r a f t  I can use .  The HUD provides  both a 
c o n t r o l  and performance instrument  r i g h t  there  i f  I u t i l i z e  i t  r i g h t .  

Discussing t h e  i n s i d e - o u t / o u t s i d e - i n  cont roversy ,  i n  us ing  t h e  A D I ,  by a 
simple change of mindset ,  I can go e i t h e r  way. 

By r o t a t i n g  t h e  a i r p l a n e  about  t h e  hor izon ,  I ' m  going o u t s i d e - i n ;  i f  I 
t h i n k  about t i l t i n g  t h e  h o r i z o n ,  I ' m  i n s i d e - o u t .  And i f  I c a r r y  t h a t  a s t e p  
F1ii-rhcr a n d  look at rhc- f l  i E h t  pnch v t c t o r  o t r t  . ; i c l t - -  1 1 1 ,  i t  w o r k s  w r y  w t . 1  1 .  

What i s  the  f l i g h t  p . t t h  v e c t o r ?  I t ' s  simply wliere t h e  CG of the  a i r p l a n e  
is  going. To d e r i v e  t h a t  i n  t h e  INS o r  d i r e c t l y ,  I can say  " p i t c h  a t t i t u d e  
p l u s  o r  minus a n g l e  of a t t a c k . "  I 've  g o t  wind and b e t a  i n  t h e r e  t o o  b u t  can 
d e s e l e c t  t h a t  i f  I want. 

There ' s  a d i f f e r e n t  technique used i n  c o n t r o l l i n g  t h e  a i r c r a f t .  I f  I t r y  
t o  c o n t r o l  t h e  a i r c r a f t  on t h e  HUD, l i k e  I do t h e  
ADI, it d o e s n ' t  work t h a t  w e l l .  You a l s o  have the problem of  what s i z e  
c o r r e c t i o n s  are necessary ;  t h e  apparent  s i z e  of  c o r r e c t i o n s  on t h e  HUD a r e  
considerably l a r g e r  than on t h e  AD1 because o f  the  number of degrees  i n  the  
f i e l d  o f  view and because of f o c a l  l e n g t h  d i f f e r e n c e s :  t h e  ADI's a t  about  40 
inches ;  the  HUD's focused a t  i n f i n i t y ,  and though a d e g r e e ' s  a degree ,  looking 
a t  a degree a t  i n f i n i t y ,  i t ' s  much l a r g e r  than a t  25-40 inches .  

u s i n g  t h e  v e l o c i t y  v e c t o r ,  

I n i t i a l l y ,  t h e  new guy h a s  no concept about what s i z e  c o r r e c t i o n s  t o  
make. Again, t h i s  can be t r a i n e d ,  as i n  l e a r n i n g  t o  t r a c k  a t a r g e t  on t h e  
HUD. P u l l i n g  t o o  quick ly  r e s u l t s  i n  a n  overshoot ,  so you l e a r n  t o  s t o p  your 
p u l l  based on r a t e  a n d . l e t  t h e  v e l o c i t y  v e c t o r  d r i f t  u p .  You develop your own 
gains. I might g u l l  i t  quick ly  t o  6' o r  7O and l e t  i t  
d r i f t  up; o r  I might p u l l  i t  s lowly  t o  9 , then l e t  i t  d r i f t  up. So  t h e r e ' s  a 
d e f i n i t e  technique involved.  That  f l i g h t  p a t h  marker is g r e a t  because i t  
organizes  s o  much information f o r  you. I ' m  going 
up,  o r  i f  below, down. I d o n ' t  have t o  make a change on t h e  ADI, t h e n  check 
t h e  v e r t i c a l  v e l o c i t y ,  a i r s p e e d  and a l t i t u d e .  I t ' s  a l l  r i g h t  t h e r e  i n  f r o n t  
of me. I r ea l i ze  t h i s  i s  h e r e s y  t o  t h i s  group, b u t  t h a t ' s  what w e  have r i g h t  
now, s o  l e t ' s  teach  'em t o  use it. 

I f  my t a r g e t  is l o o ,  

I f  i t ' s  above t h e  h o r i z o n ,  

I 
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Now, what  can we do t o  reduce the number o f  accidents?  And C r e n l i z e  
i t ' s  n o t  a s i m p l e  task j u s t  t o  increase the t r a in ing .  The coinplexity o f  the 
problem is almost insurmoiintabla and I hope we'd mike i t  less s o .  U n l e s s  h e ' s  
been prepared, a c t u a l l y  flown r e a l  a i rp l anes  i n  r e a l  weather,  with the 
d i s t r a c t i o n s  a t tending  t o  i t ,  been t o l d  what the perceptual  process is  and the 
l i n i t a t i o n s  of h i s  equipment, unless  h e ' s  been t o l d  "I have t o  msneally 
s u p p r e s s  the per iphera l  v i s ion  because i n  the weather i t  f requent ly  l i e s  t o  
me, and I have t o  be ab le  t o  look a t  things d i r e c t l y ,  e spec ia l ly  the HPD," 
h e ' l l  have problems. I f  I ' m  se r ious  about p rec i se  a i r c r a f t  c o n t r o l ,  I have to  
look a t  the ADI. After  s u f f i c i e n t  t r a i n i n g  i n  a v a r i e t y  of demanding 
condi t ions ,  he comes up with h i s  own set  of r u l e s  and a personal  technique 
t h a t  works f o r  him, regard less  of the  f l i g h t  condi t ions :  Weather, l igh ten ing ,  
low l i g h t  l e v e l ,  i n  and out of c louds;  what can I t r u s t ,  what can I not t r u s t .  
What do I l ea rn  t o  ignore,  what do I l ea rn  t o  eva lua te ,  and e i t h e r  use o r  not 
use depending upon the condi t ions I 've  been preconditioned t o  with the luxury 
of  an IP i n  the back s e a t ,  o r  r i g h t  next t o  me, t o  where I d o n ' t  make a f a t a l  
e r r o r .  

DISCUSSION 

Dr. R .  M. Taylor:  k i a t  improvements would you make t o  HUDs r i g h t  now? 

J B D :  One th ing  i s  t o  extend the  horizon l i n e  across  the  face  of the 
combiner. 

D r .  Gerald Gard; Kaiser:  You can extend the horizon l i n e ,  i n  f a c t  
overlay it on everything e l s e .  

J B D :  I d i d n ' t  l ikeothe  idea t h a t  you can ' t  ex t r apo la t e  from the HUD 
because I mentally 
extend the horizon widely when f l y i n g  i n  the weather. I t ' s  a mental process;  
how? Prac t i ce ,  p r a c t i c e ,  p rac t i ce .  I n  order  t o  see the v e l o c i t y  vector  and 
p a r t  of the p i t c h  ladder ,  I may have t o  bob and weave my head a b i t ,  bu t  I 
know i t ' s  a l l  t he re .  We could a l s o  improve the alphanumerics f o r  f a s t e r  
recogni t ion.  There are some analog d isp lays  t h a t  have a l o t  of meri t  fo r  
e i t h e r  up o r  down. There a re  many things we could improve. B u t  now we need 
t o  t r a i n  with what w e  have. We don ' t  even l e t  guys f l y  with the  A D 1  i n  ac tua l  
weather. 

i t ' s  only 10' X 1 6  versus  the AD1 which is  110" X 110'. 

But we've got  t o  do one o r  the  o the r .  

D r .  W i l l i a m  Richardson: With the majori ty  of HUDs i n  s ing le  sea t  
do we have an opportunity t o  t r a i n  unusual a t t i t u d e  recovery by the a i r c r a f t ,  

HUD? 

JBD: You should use two s e a t e r s .  Recently,  I covered a l l  instruments 
and flew the f r o n t  s e a t  v i a  only the  HUD, having the back s e a t e r  present  me 
one unusual a t t i t u d e  a f t e r  another ,  f o r  1:20. Had no problem. If the p i t ch  
l i n e s  were s o l i d ,  going up; i f  hatched, going down; numbers upr ight ,  I ' m  
upr ight :  numbers inver ted ,  so am I .  I t ' s  not  t h a t  d i f f i c u l t .  Of course,  I 
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was alerted to expect unusual attitudes. Also, pr&.iention is important. If 
he knows the environment he's in, hopefully he won't permit himself to enter 
that unusual attitude in the first place. They should never have to recover 
from 900 straight up or down without a clue as to what's going Training 
is also important in teaching pilots how to budget their time. If I'm cross- 
country, and need to change destination, I check attitude, map case, attitude, 
get map, attitude, check heading, attitude, get letdown book, attitude, find 
letdown plate, attitude, check plate and altitude, read plate, attitude--it's 
got to be done that way. The more experienced guys may spend less time on 
~ttitude, but the younger guys need denote a greater percentage of their time 
o n  attitude. By the simple expedient of the L-COS (Lead-Computing Optical 
Sight), I can teach use of the HUD. 

on. 

Lt Col William Ercoline: We don't know if we've got the equipment to 
teach this, or if the HUD's capable, but the real question is, do we have a 
system that supports what you want to do? 

JBD: No. Need to seek out weather, though I realize the T-38's not 
designed for weather. Also need IPS that know how to fly in weather and to 
teach it. I suspect only 5 percent of the present IP force is really 
qualified. That's a training problem, too. The alternative is seeing 
expensive aircraft scattered over landscape because we haven't taught guys to 
do 'em. If you don't occasionally lose a T-37 in training, probably not doing 
it right. 

Paul Pencikowsky, Northrup: Our emotional reaction to these issues shows 
we all have a different perception of the problem. The problem breaks down to 
three possibilities: (1) HUDs don't work, the symbol set is inadequate; ( 2 )  
HUDs work, the symbol set's okay, but the training is deficient; or (3) it is 
possible that there is negative transfer coming off the ADI. So step one is 
to define the nature of the problem. Take a virgin group of 24 and have them 
fly only HUD-equipped T-37 or T-38, then test them, comparing them with pilots 
growing up on the ADI. Until you do that, you haven't defined the problem-- 
only theories. 

JBD: I understand you need a statistically valid sample to do this, but 
I contend that they're not getting enough of either AD1 or HUD. 

Unidentified: When you described your HUD recovery technique, you 
stepped us through a series of conscious cognitive processes, not an automatic 
subconscious process (implying that JBD's technique is more time-consuming 
than recovery by means of an ADI). 

JBD: No argument with that. But if you think for one minute that the 
recovery from an unusual attitude is automatic using the ADI, you have no idea 
what goes on in the cockpit. For you to do any contolling on the aircraft 
with an ADI, you must "LOOK" at the AD1 just like you do with the HUD. 
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C o L  Gr.jnt McN.iughton: But w i t h  the  AD[, rc>co!T,iii t iou o f  . i t 1  u i i t l - ; i i . i l  

. ~ t : i t udc  is LnstLintLilrwous; no time is l o s t  i n  c o s n i t i v c  processing. 
Furthermore,  t he  dynamics of t h e  AD1 are s u f f i c i e n t l y  slow so as t o  permit 
e a s i e r  r e c o g n i t i o n  o f  p i t c h  and r o l l  and t o  speed up t h e  c o r r e c t  r e sponse .  To 
cope w i t h  r a p i d  p i t c h  o r  r o l l  rates on t h e  HUD, you must f i r s t  s t o p  the p i t c h  
o r  r o l l  ra te  so you can i n t e r p r e t  t h e  HUD. The HUD's a g r e a t  d i s p l a y  f o r  many 
t h i n g s  b u t  not f o r  t h e  r e c o g n i t i o n  o f  o r  cop ing  wi th  unexpected unusual 
a t t i t u d e s .  
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A I  RCRIFT ATT ITCDE A'kA!QE?;ES S L C U S H O P  
Thursday Afternoon Open Forum Session 

10 October 1385 

(Ed .  Note: Unfortunately, the quality o f  the recording of cercain segments of 
:his session was marginal or undecipherable. Cjhere the exact wclrding was not 
decipherable. the general gist is reconstructed insofar as possible. 
Hopefully, the speaker's intended meaning has been preserved. Speakers were 
identified wherever possible. Unfortunately, many sitting at a distance from 
the recorder were not well-recorded nor identified.) 

Col McNaughton: I'd like to focus on a couple of aspects; namely, what can 
we do to improve the immediate problem. To kick this session o f f ,  I'd like 
?!aj Gary Korphew. HQ AFISC/SEFF, an F-4 pilot with 4000 hours plus scrong 
interest in human factors, to provide a safety perspective. 

Yaj Yorphew: I called AFISC over the noon hour for data since 1960, Class A 
mishaps, which involved spatial disorientation ( S D O ) ,  (meaning there was some 
a:tempt to fly the aircraft out of the situation by looking at instrumencs ar.d 
trying to recover, but hit the ground an-vway), versus controlled Flight Into 
Terrain (CFIT) where the guy isn't looking forward: he's just no: monitoring 
his flight path at all and he hits the ground. Just so we know where the 
~roblem is, SDO we've had 19, CFIT 5 4 .  I'm allowing 10 percent for coding 
errors because I ha*.ven't had a chance to look at the raw data myself. Tt.ere's 
a significant difference as to where the problem lies. That means we can form 
Setzer opinions where our problems are. KO one will dissgree with a lzck of 
training and getting better displays, but if the pilot is unaware of the 
situation, he can't very well use the best information we can provide h i m  on 
the HUD, AD1 or whatever. 

Col McSaugh:on: If I could take a f e w  minutes to reiterate the problem as I 
see i:: 

o First, why do ve train in disorienting conditions? Vell, we may 
have to fight there. This vugraph from Yarconi (Fig 1) shows that 
during a typical 24-hour period in Central Europe in the wintertime, 
40 percent is IMC. 

0 From A F Z S C ,  types of aircraft experiencing loss of 
aircraft attitude awareness in our fighters: A-7 and 
A-10 both collide wich the surface because that's where 
they fly. 

o The A - 1 0  has a big problem with the inadvertent over-bank-descent, 
partly because of basic misleading aircraft features: angled canopy 
rail and stubby nose which denies the pilot a rapid cue t o  pitch and 
turn. The A - 1 0  is highly maneuverable but under-powered. It's easy 
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t o  rack  i t  up t o  high bank a n g l e s - - b u t  i f  t ! i c *  t!irust i s  insi:FEicicnt 
to mainta in  l e v e l  f l i g h t ,  i t  w i l l  f l y  a descending f l i g h t  p a t h ,  ;Ind 
w i t h  t h e  lack  o f  n o s e ,  i t  may n o t  r e g i s t e r  e a r l y  enough. 

o There a r e  l o t s  of a i r c r a f t  t h a t  d o n ' t  have a canted  canopy r a i l .  I n  
t h e  o l d  days ,  d e s i g n e r s  included a r e l a t i v e l y  long nose a s  we11 a s  a 
r e l a t i v e l y  l e v e l  canopy r a i l  (which provide a cue t o  the 
hori::on:.sl): ir)c!uding the T - 6 ,  T - 2 8 ,  T-33, T-37, F - 8 ( & ,  F - 5 .  F - ~ . I F ,  
F - 8 6 ,  F -100 ,  and F - 1 0 5 .  A - 1 0 ,  A - 7 ,  F - l r ) h  and F-!r a l l  have canted  
r a i l s  ( F i g  2 ) .  

The impact of  SDO on t h e  A F  f i g h t e r s  a s  a percentage o f  ops f a c t o r  
mishaps is  a s  fo l lows:  A - 7 ,  A - 1 0  and F-5 clump around 10 p e r c e n t  whereas the  
F - 4  and F-15 a r e  a t  20 p e r c e n t  and t h e  F-16 i s  a t  30 p e r c e n t .  Common 
denominators i n  t h e  l a t t e r  a i r c r a f t  inc lude  l a r g e  HUD c o n t r o l  p a n e l s  t h a t  
d r i v e  t h e  AD1 down deep i n  t h e  ins t rument  p a n e l .  Kote the F-5 w i t h  the  b i g  
A D 1  happens 
when they p u t  a HUD i n  i t - - i t ' s  s m a l l e r  and deeper ( F i g  4 ) .  We need a HUD 
equipped T-38 b u t  r e a l i z e  what happens t o  t h e  primary a t t i t u d e  r e f e r e n c e .  
Kote <he A - 7 - - b i g  A D 1  h igh  i n  c e n t e r  immediately below a small HUD c o n t r o l  
panel  (F ig  5 ) - - t h a t ' s  a good des ign  and t h e i r  low S30 r a t e  r e f l e c t s  t h a t .  
Same wi th  t h e  A-10 ( F i g  6 ) .  One o t h e r  t h i n g  about  t h e  A-7 i s  t h a t  t h e  high 
peaked ins t rument  panel  makes i t  easy  t o  come back i n s i d e  without  even see ing  
ahead--one reason  why they can e a s i l y  f l y  i n t o  the  ground. Same t o  some 
e x t e n t  with t h e  A - I O .  A r e c e n t  A-7 mishap occurred  day VFR coming o f f  the 
r a n s e ;  che p i l o t  checkcd over  h i s  shoulder  f o r  BDA, snap glanced i n s i d e  t o  
check f x l  ( lower r i g h t  of insErument p a n e l ) ,  and only moments l a c e r  r e a l i z e d  
he vas f l y i n g  i n t o  the  t r e e s .  An A-10 p i l o t  f l y i n g  a l o w  l e v e l  1860 t u r n  to 
t r a i l  h i s  l e a d e r  padlocked h i s  s i g h t  on t h e  l e a d e r  who *.cis above and t o  h i s  
r i g h t  and f a i l e d  t o  r e a l i z e  he was descending.  F o r t u n a t e l y ,  the  range c o n t r o l  
o f f i c e r  c a l l e d  an  a l t i m e t e r  s e t t i n g .  This  p i l o t  snapped h i s  eyes  to the  
a l t i m e t e r ,  t h e n  looked up and saw, very  c l e a r l y ,  the p o i n t  on t h e  ground 
beyond two t r e e s  t h a t  he was going t o  impact.  He p u l l e d  t o  t h e  peak 
performance t o n e s ,  h i t  t h e  t r e e s ,  b u t  was a b l e  to nurse t h e  p lane  home. 
T h e r e ' s  a t r a d e o f f  i n  des ign  between tugging eyes o u t s i d e  l i k e  t h e  F-16,  o r  
i n s i d e  l i k e  many o t h e r  a i r c r a f t .  

h igh i n  t h e  c e n t e r  of t h e  ins t rument  panel  ( F i g  3) and note  what 

P i l o t s  need t o  be aware of t h e  d i f f e r e n c e .  

I n  t h e  F-15 ( F i g  7 ) ,  t h e  AD1 is over  3 9  below the  des ign  eye l i n e - - d u e  
t o  the ins t rument  s t a c k  which i n c l u d e s  t h e  r a d i o ,  t ransponder  and HUD c o n t r o l  
pane l .  To keep the  AD1 i n  view while  f l y i n g  formation r e q u i r e s  t h a t  the 
wingman s t a c k  f u r t h e r  back such t h a t  h i s  wing over laps  l e a d ' s  h o r i z o n t a l  s t a b  
and a f f e c t s  l e a d ' s  " f e e l . "  

I n  t h e  F-16 ( F i g  a ) ,  t h e  AD1 i s  over  30' below the d e s i g n  eye l i n e .  
Because of t h e  roomy canopy, p i l o t s  commonly s i t  wi th  t h e i r  eyes  as much a s  2 "  
above t h e  d e s i g n  eye l i n e ,  e f f e c t i v e l y  making the  A D 1  even deeper .  And t h e  F- 
16 AD1 i s  s m a l l - - t h e  hor izon  is  l e s s  than  2" i n  d iameter ,  and it i s  f a r  away - 
24-32" from t h e  eye depending on s e a t  adjustment  so it does n o t  subtend as 
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1 LAKDINC GEAR POSlTlOFi INDICATOR 

2 DRAG CHUTE 1-HANDLE 
3 ENGINE .FIRE WARNING LIGHT 
4 F L A P  POSITION INDICATOR 
5 ATTITUDE INDICATOR FAST ERECT. 

6 GYRO POWER SWITCH 

LIGHTS 

SWITCH 

5 ACCELEROMETER 
8 AIRSPEED-MACH INDICATOR 
0 ATTITUDE INDICATOR , . . _ _ .  ~~ 

10 ALTIMETER 
11 MASTER CAUTION LIGHT 
1 2  ENGINE TACHOMETER INDICATORS 
13 EXHAUST GAS TEMPERATURE 

14 HYDRAULIC PRESSURE INDICATORS 
15  CANOPY UNLOCKED WARNING LIGHT 
16 OIL PRESSURE INDICATORS 

INDICATORS 

I I '  I \ I 

17 
18 
19 
20 
2 1  
22 
23 

F U E L  QUANTITY INDICATORS 
NOZZLE POSlTlOK INDICATORS 
F U E L  FLOW INDICATORS 
CABIN ALT IMETER 
VERTICAL VELOCITY INDICATOR 
TURN AND S L I P  INDICATOR 

INDICA TOR 
BEARING-DISTANCE-HEADING 

24 CLOCK 
25 COURSE INDICATOR 
26 HORIZONTAL TRIM INDICATOR 
27 SIGHT RETICLE BRlGHTkESS - .  

CONTROL KNOB 
28 SIGHT F ILAMENT SELECTOR SWITCH 
29 MISSILE VOLUME CONTROL KNOB 
30 DOWNLOCK OVERRIDE BUTTON 
31 LANDING GEAR LEVER 
32 LANDING GEAR WARNING SILENCE BUTTON 

Figure 3 
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1 
2 

* 4  
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
1 7  

1 3  

LANDING GEAR POSITION INDICATOR LIGHTS 

F L A P  INDICATOR 

ATTITUDE IN  DIC ATOR 
PITCH TRIM INDICATOR 

DRAG CHUTE HANDLE 

AIRSPEED-MACH INDICATOR 

ATTITUDE INDICATOR FAST-ERECT SWITCH 
ANGLE-OF-ATTACK INDEXER , 

COMPUTING OPTICAL SIGHT 
SIGHT CAMERA 
CLOCK 
HYDRAULIC PRESSURE INDICATORS 
ENGINE TACHOMETERS 
EXHAUST GAS TEMPERATURE INDICATORS 
AUXILIARY INTAKE DOORS INDICATOR 
OIL  PRESSURE INDICATOR (DUAL) 
CABIN PRESSURE A L T I M E T E R  

18 
19 
20 
21 
2 2  
2 3  
2 4  
2 5  
26 
2 7  

29 
30 
31 
3 2  
33 
34 

2 a  

NOZZLE POSITION INDICATORS 
FUEL QUANTITY INDICATOR (DUAL) 
FUEL FLOW INDICATOR (DUAL) 
MASTER CAUTION LIGHT 
ACCELEROMETER 
FIRE WARNING LIGHT 
RADAR CONTROL INDICATOR LIGHT 
RADAR INDICATOR 
HORlZOkTAL SITUATION INDICATOR 
VERTICAL VELOCITY INDICATOR 
STANDBY ATTITUDE INDICATOR 
ALTIMETER 

ARRESTING HOOK BUTTON 
LANDING GEAR OOWNLOCK OVERRIDE BUTTON 
LANDING GEAR LEVER 
LANDING GEAR AND F L A P  WARNING 
SILENCE BUTTON 

ANGLE -OF -ATTAC K INDICATOR 
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w 
I 
m 
I 
4 

11. Mach r i r s p . 4  indicator 21. A c c d r o m e t r  31. Fir. warning swi tch 
32. Oil prrrrure i n d ~ o t o r  12. A ~ a o l - a 1 t m c k  indicator 72. HOG MODE swi tch 

13. Cloch 23. T F  and  LOG m8sr.c funcf ion switch.l 33. 011 q u m t i p I  Indicata 

15. A t t i t udo  director indicator 25. Turb ine out lo t  prsrwrro indicator 35. FUEL T A N K  OTY r k t o r  
16. Hor izonta l  si tuation indicatnr 26. M A S T E R  C A U T I O N  l ight 36. L l O U l D  O X Y G E N  indtcator 

3 1 .  Cockpi t  p i a s u r e  oIrimeIor 

18. Radar altimeter 18. Turhlne outlet tempsraturo indicator 38. T R U E  AIRSPEED mdKa10. 

19. Brromatr ic  alttmater 29.  Tachonioter 39. M K R  BCN. LOW A L T  lights 
20. Venica l  relocity indicator DO. FIRE wrrrr ing liet 40. T A K E  O F F  c h r h l l r l  

1. L A N D  chrklht  
2. A R M T  Nut p a d  
3. Armernont d r i ro ry  light pond 
4. F1.p posi t ion indicator 14. Attech mmter  funct ion rwitchos (41 24. F u d  quan t i t y  ind icr tor  
5. LE FLAPS indicator 
6. L G  POS lqhtr (31 
7. Forward l ook ing  rsdsr 17. A R M A M E N T  RELEASE pond 
8. Standby mttitudo indicator 
9. S p M  b a k e  indicator 

10. APR.36 throat anelyzer 

34. Wvdrrul ic p t m u r o  ~ n d ~ C a t W  

27. Fuel flow indicator 
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INSTRUMENT PANEL mm 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Television Sensor 
AR Status 'NWS Indicator 
HUD Control Panel 
Stsndbv Anitude lndlcator 
Fuel Flow Indicator 
DUAL FC FAIL Warning Llght (Red) 
HYD 'OIL PRESS Warning Light (Red) 
CANOPY Warning Llght ( R e d )  
RDR ALT LOW Warning Light (Red) 
ENGINE Warning Light (Red) 
Radio Chmnnel 'Frsqusncv Indicator 
Vertlral V e l ~  i i y  lrtdoratoi 
011 Pressure Indtcatoi 
RPM Indocator 
Nozzle Position Indicator 
RIT Indicator 
fuel Ouanlity Indicator_ . 
AOA Indicator 
Instrument Mode Selecr Panel 
Airspeed Mach Indicator 
Aniiuda Director Indicator 
Horizontal Situation Indicator 
Altimeter 

25 
26 
27 
28 
29 
30 
31 
37 
33 
34 
35 
36 
37 
38 
39 
40 
41. 
42 
4 3  

42w 
Radar /EO DiSptey 
Autopilot PlTCH Switch 
Autwilot ROLL Smtch 
AUTOPILOT Switch 
MASTER ARM Switch 
ALT REL 8mon 
LASER ARM Switch 
I f T  IOENT Ructon 
Stores Control Panel 
Threat Warning Azimuth Indicator 
THREAT %ARNING Controls and Indicators 
ENG FIRE Warning Light (Red) 
T 0 /LAND CONFIG Warning Light (Red) 
MASTER CAUTION Light (Amber) 
Spotlight 
AOA Indexer 
M R K  BCN Lght 
Rudder PEDAL ADJ Knob 

OVRD Lght 
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much a commanding ang le  at t h e  eye .  under c e r t a i n  c o n d i t i o n s  o f  g l a r e  
and r e f l e c t i o n s  a t  n i g h t .  t h e  upper h a l f  o f  t he  AD1 can appea r  t o  be a uniform 
g ray  c o l o r - - l e a d i n g  t h e  p i l o t  t o  b e l i e v i n g  himself  S6L when h e ' s  i n  a d e s c e n t .  

The small AD1 problem i s  worse i n  more " s t a t e - o f - t h e - a r t  c o c k p i t s : "  In  
:he F - 1 5 E  ( F i g  9 )  and F-18 ( F i g  IO), i t  i s  even deeFer - a l o n g  t h e  bottom o f  
t h e  ins:rument p a n e l :  and i n  t h e  F-l6C/D ( F i g  ll), i t  i s  even dee?er t han  i n  
t h e  A / B .  I n  t h e  F-4 ( F i g  12), t h e  A D 1  i s  down r e l a t i v e l y  deep because o f  t he  
r a d a r  s cope .  

Then, 

HUD d i s p l a y s  l a c k  any u n i f o r m i t y  from one a i r c r a f t  t o  t h e  n e x t .  

Again,  a p l e a  f o r  t h e  importance of  t he  ADZ: F u l l - t i m e  d e d i c a t i o n ,  
l o c a t e d  h igh  i n  t h e  c e n t e r  of  t h e  in s t rumen t  p a n e l ,  to p r o v i d e  a c o n s t a n t  
a::itude r e f e r e n c e  i n  a c o n s t a n t  l o c a t i o n  t o  preclude having to c a l l  i t  up and 
hun t  f o r  i t ,  t o  h e l p  ma in ta in  o r i e n t a t i o n  and t o  f a c i l i t a t e  coping w i t h  
unexpected unusual  a t t i t u d e s  and recognized SDO. Another r e a s o n  t o  d e d i c a t e  
t h e  A D 1  f u l l - t i m e  i s  t h a t  t h e  p i l o t  may n o t  always know ahead o f  time when 
h e ' s  going t o  need i t  - as i n  Col. Kehoe's c a s e ,  o r  i n  t h e  case of a pop-up,  
pul l -down o rd inance  p a s s :  d u r i n g  a s e r i e s  of  t h e s e  on t h e  LASTIR!'!' s i m u l a t o r ,  
a f t e r  p u l l i n g  down and r o l l i n g  u p r i g h t  a g a i n ,  I became s o  engrossed  i n  g e t t i n g  
t h e  t a r g e t  t h a t  I f o r g o t  I ' d  r o l l e d  u p r i g h t ;  no th ing  on t h e  HUD t o l d  me 
6iEferen: ly;  r e s u l t  is t h a t  on two of  about  25  p a s s e s ,  I r o l l e d  i n v e r t i c a l  and 
c r a s h e d .  The monitor  s a i d  t h a t  " r e a l  f i g h t e r  p i l o t s "  made t h e  same m i s t s k e .  
Thaz's  why we need a b i g  Primary Dedicated A t t i t u d e  Display r i g h t  below t h e  
t i 3 .  

Bart Brooks, H i l l  a: Former T - 3 7  I P .  We c a n ' t  change t h e  F-l6A/a.  Don't 
have t h e  money. 

Col McNauEh:on: B i l l  'Augustine and s e v e r a l  of us  f e e l  t h e r e  are some t h i n g s  
we might do.  One i s  t o  p r o j e c t  an a t t i t u d e  d i s p l a y  i n t o  t h e  HUD c o n t r o l  
p a n e l ,  t he reby  g e t t i n g  double use o f  i t ,  One approach would be t h a t  o f  
G a r r e t t  of Canada, r e p r e s e n t e d  h e r e  by Mr. A r t  Kennedy and Ray Taylor  p r o j e c t  
a modified Malcolm Horizon on to  the  HUD c o n t r o l  p a n e l .  I t  would e i t h e r  need a 
sky p o i n t e r  o r  would need a m u l t i p l e  r a s t e r  p a t t e r n  t o  s i m u l a t e  t h e  s u r f a c e - -  
t o  c r e a t e ,  i n  e f f e c t ,  a c o n t r a s t  p a t t e r n  between sky and s u r f a c e .  

Dick Malcolm h imse l f  came up w i t h  ano the r  i d e a :  t o  cove r  t h e  HUD c o n t r o l  
pane l  w i th  ho lograph ic  d e c a l s ,  t hen  p r o j e c t  an a t t i t u d e  d i s p l a y  on to  i t .  Toin 
Furness  is  fund ing  Dick t o  perform a f e a s i b i l i t y  s tudy  o f  t h a t  concept  r i g h t  
now. The i d e a  is t o  be a b l e  t o  use t h e  HUD c o n t r o l  panel  as  a HUD c o n t r o l  
pane l  and as an a t t i t u d e  r e f e r e n c e  s imul t aneous ly ,  w i thou t  any s i g n i f i c a n t  
hardware change, o t h e r  t han  adding a n  a t t i t u d e  p r o j e c t o r  t o  t h e  r i g h t  canopy 
r a i l .  
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INSTRUMENT PANEL mm 

1 
2 
3 
4 
5 
6 
7 
B 

9 
1 0  

1 1  
12 
13 
14 
15 
1 6  
17 
18 
19 

dUD Commne* Glass 
4 0 A  Indeae' 2 1  Airspeed Mach IOdlCdtOr 

AR Status NWS Imdtcator 22 Attiiude Director lndlcator 
integrate0 Contro: Pa-el 23 Horizontal Situation Indicator 
Standbb Artitude Indicator 24 Altimeter 
Fuel Flow Indicator 2 5  Left  MFD 
Data En:.) 3isplav 26 Aut~p i l o t  PlTCH Switch 
ENG FIRE and ENGINE Wh'a'nlqg 27 Autopilot ROLL S m l c h  
Light (Red) 28 TF Switch 

2 9  MASTER ARM Swnch HYD OIL PRESS \h'arning Light IRC? 
30 ALT REL Button DUAL FC a- CANOPY Warning 
31 LASER ARM Swnch 
3 2  IFF DENT Button Llghi (Redl 

34 Threat Warning Anmulh Indicator RIgnt MFD 

35 OVRD Light 011 Pressure Indicator 
Nozjlr Po%itton Ind8cstor 36 
RPM Indlcalof 37 ALT LOW Wern ingL lgh t (Rd)  

20 Instrument Mode Select Panel 

0 CONFIG \IVarnlnG Light 'Fed' 33 THREAT WARNING Controls and Indicato*s 

T t  FAIL bnd OBS WRN Warning Light(Rcd) 

CTIT IndBcrior 38 MASTER CAUTION Lighl (Amber) 
Vertical VeloCity Indicator 39 M R K  8CN Light 
FUEL C I T Y  SEL Panel to R&r PEDAL ADJ Knob 
AOA Inoimor 
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Brip, Cen Dellart :  I agree with you. The next  i s s u e :  You have a n  extremely 
p r ~ s t i g i o u s  group . .ere .  I f  t h e r e ' s  any issue t h a t  r e a l l y  needs a c t i o n  by the 
TAF o r  A F ,  i t  ought t o  come o u t  i n  your execut ive  summary i n  the. form of  
recommendations t h a t  t h e r e  was consensus t h a t  t h i s  is  what t h e  AF should do. 
That r e p o r t  should be s e n t  t o  HQ TAC f o r  c o n s i d e r a t i o n .  I t h i n k  everyone 
would f e e l  a l o t  b e t t e r  knowing we'd addressed some o f  t h e  hard i s s u e s  and had 
reached some consensus o f  what d i r e c t i o n  we should t a k e .  We s h o u l d n ' t  l o s e  
t h a t .  S h o u l d n ' t  be some piece o f  paper t h a t  goes i n t o  t h e  bottom of  the  box. 

?!ai A r t  Fowler: You threw a s t a t i s t i c  up a t  t h e  s t a r t  t h a t  s t a t e d  i n  59% of 
t h e  a c c i d z n t s ,  Now i f  moving t h e  AD1 up t o  
t h a t  p o s i t i o n  i s  going t o  h e l p  s i g n i f i c a n t l y ,  t h e n  i t ' s  worth d i s c u s s i n g .  I f  
i t ' s  going to h e l p  margina l ly ,  then the  c o s t  i s  going t o  o v e r r i d e  i t .  I d o n ' t  
l i k e  the  AD1 where i t  i s .  I ' d  love t o  see  i t  up t h e r e ,  b u t ,  on ly  g e t  the 
f e e l i n g  t h a t  from t h e  s t a t i s t i c s ,  most of the  problem r e s u l t s  from n o t  looking 
a t  t h e  A D 1  i n  t h e  f i r s t  p l a c e .  I ' m  n o t  s u r e  w e ' l l  g e t  t h a t  b i g  a r e t u r n  on 
the  investment o f  moving i t  up t h e r e .  

guys d i d n ' t  know they were SDO'd. 

U n i d e n t i f i e d :  I s e e  your p o i n t  b u t  I ' m  n o t  s u r e  I agree  with i t .  .If w e  had 
b i g g e r  A D I s ,  I could  t r a i n  p i l o t s  t o  include i t  i n  t h e i r  c r o s s - c h e c k  where 
i;'s a v a i l a b l e .  I t h i n k  we'd improve t h e  problem. 

L 'nident i f ied:  L e t ' s  g e t  a d e f i n i t i o n  o f  SDO: Some t h i n k  i t ' s  IMC o r  a: 
n i g h t .  Others  a r e  t h i n k i n g  SDO i s  f l y i n g  IXC p e r i o d .  From t h e  pi1o:'s po in t  
o f  view, i f  t h a t  a i r c c r a f t  i s  on a v e c t o r  o t h e r  than  what he t h i n k s ,  h e ' s  
d i s o r i e n t e d .  He may know i t ,  he may n o t  know i t ,  b u t  h e ' s  SDO'd. 

Dr W i l l i a n  Richardson: L e t ' s  s o r t  o u t  t h e  f a c t s  on SDO:  We probab1:i c a n ' t  
s o r t  ou: what happened very e a s i l y  t o  those  who d i e d  u n l e s s  wi tnessed  by a 
wingman o r  he made a c a l l .  But i f  they h i t  t h e  ground under f u l l  power, I 
t h i n k  we c a n  assume they were unaware. M i l t  M i l l e r ' s  t r a i n i n g  manual t a l k s  
about  maneuvering over  r i s i n g  t e r r a i n ,  unaware i t ' s  r i s i n g ;  you may 
misperceive t h a t  your a t t i t u d e  i s  okay--you may f a i l  t o  r e a l i z e  t h e  t e r r a i n  is  
g r a d u a l l y  r i s i n g .  T h a t ' s  one c l a s s  of s p a t i a l  m i s o r i e n t a t i o n .  Probably 
combining t h a t  wi th  t h e  i l l u s i o n s  case  where an  i n d i v i d u a l  is doing a n ight  
a e r i a l  r e f u e l i n g  and breaks  o f f  the  tanker  i n t o  a dead man's s p i r a l ,  t h a t ' s  a 
d i f f e r e n t  k i n d  of a s i t u a t i o n .  I f  we t a l k  about them a s  the  same t h i n g ,  we 
probably a r e  not going t o  g e t  anywhere. They r e q u i r e  d i f f e r e n t  s o l u t i o n s .  

U n i d e n t i f i e d :  Will t h e  A D 1  i n f l u e n c e  one s o l u t i o n  more than t h e  o t h e r ?  How 
do you f e e l  about  t h e  two s e p a r a t e  c l a s s e s ,  moving t h e  A D 1  up? 

U n i d e n t i f i e d :  I f e e l  t h e  r i s i n g  t e r r a i n  is p u r e l y  an  a l t i t u d e  problem and an 
AD1 won't  h e l p  t h a t .  You can s tare  a t  an  A D 1  a l l  day and i t  won't  keep you 
from f l y i n g  i n t o  t h e  t e r r a i n .  
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Col YcSaughton: We're addresslng the rising terrain - CFIT problem with GPWS 
S c z  I think the Big AD1 is important to help keep a pilot oriented in an 
unobstrusive manner so that he doesn't have to stare at it. You don't want 
the pilot to stare at anything, for any display, procedure or control thac 
:raps hLs attention can kill him. The idea of the Big, H i ~ h  ADZ is to provide 
him that all-important aircraft attitude awareness subliminally, to his 
peripheral vision, so he can free up his central focal vision for the crucial 
tnsks of clearing his flight path and maintainirig a1:i:iide awnre~ic.ss I lle 

Si&, High AD1 ( o r  Primary Dedicated Attitude Display, ?DAD, if you will) is 
inportant to help him regain orientation and to keep him aware. In these 
aircraft with the bubble canopies, the glare and reflections bombard the 
ambient mode with conflicting, confusing, distracting and disorienting 
stimuli. The pilot needs a Big, High ADI/PDAD to successfully cope despite 
all that confusion. What we don't know and what would seem to be an important 
study is what minimum size of AD1 is needed to successfully compete with all 
that conflict, including false horizons or situations of wrap-around star 
fields (star and ground lights blending) and no horizon. o r  with frank 
vertigo, or with frank oculovestibular disorganization (type I11 SDO from 
rapid rolls). All I know is it's gotta be big--bigger than it is now. 

Lt Col  Gary Macthes: I like to think simplistically. The AD1 may handle 99 
percent of the 19 SDO mishaps, but it's not going to help any of the other ( 5 ;  
CFIT) mishaps. The SWIM system or Ground Prox syszems rhat AFT1 is vorking 
on, those will have a good chance to help the 54 .  

? h j  Garv Goebel: That's true because they've got the biggest of a l l  ADis ~ O L T  

low (aatural) and that's the one that's outsidt- and ~hc-y're not lool:iny, ,i: i t .  

Ed Harzman: There are two forums for presenting ideas to inprove the problem. 

(1) F-16 System Safety Group which includes the EPGs 
( 2 )  .F-16 Cockpit Review Team 

(Unfortunately, the bulk of his commencs were not recorded adequately for 
transcription.) 

M a j  Harold Gonzales, Hill AFB: I'm Chief of Flying Safety at Hill. The VSN 
and Canadian Forces have gone to HUDs as the primary attitude instrument. I 
would like to see a statistical comparison between their SDO incidents and 
ours, the training issues, and also how they certify their HUDs for 
instruments--to see how we might improve ours for instruments. I'm not sure 
we can put a b i g  round ball AD1 in the F-16A/B where we think we need one, nor 
from what I've heard in the past few days am I convinced that that's the thing 
we need. maybe we could modify our 
own HUDs, through software changes, to provide a lot better attitude 
references using the same visual equipment that we've got right now. 

Now if the USN/CF-l8 experience is good, 

3-.3 - 1 8 



?fa; .Laurie H a m ,  CFB, Cold Lake, Canada: The only HUD I've flown is the CF- 
13. I came from 5000 hours of flying round dial ADIs and now have 500 hours 

Yaj Gonzales: The only one that comes to mind in high altitude is the kid 

2 minute period). It required a software change to put a break-X in the radar 
I scope and we haven't lost anyone else from attention-trapping on the radar 

scope. 

Col William Runkle, AFISC/SEL, Norton A F B ,  CA: There were nine F-16's 
classified as SDO-type accidents. The remainder were all pretty close to the 
ground and involved low level situations: Two occurred on radar-trail 
departures, one of which was totally unrecognized by the individual--a sort of 
type I SDO. And one of which was recognized but corrective maneuvers at the 
last second were too late. The only real type I1 that I know of where the 
pilot was disoriented and survived was an k ! G  accident--day departure into 

I that did the intercept on the train (in which he lost 11000 feet over a 1-l/?- 

I IMC . 

on the HUD aiqlane. HUD, 
so I'm going back and forch from one to the other, and there's no question in 
my mind which airplane is more accurate--the F-18 ;  and there's no question 
xhich I'd rather be in in all weather situations--it's the F-18 .  The big 
advan:age is the velocity vector (flight path marker). I'm so comfortable if 
in any situation where I'm unsure, I put the velocity vector above the horizon 
and make sure it stays there, and I can sort out anything else. It's just not 
a big deal. We have not had the accidents, the HUD disorientations. If the 
mishap was from overloading, it was probably from not looking at the HUD. 
Like the one we almost had, he was not looking at the HL'D; it was not a factor 
of interpretation. I can't think of any of the Navy accidents that could be 
attributed to HUD disorientation either. The instantaneous FOVs on both F-18 
and CF-18's is 140. 

I fly the T - 3 3  ;it5 round dials and the F-18 wL:h 

(Ed. Note: The fact that he can see the horizon indicates he's V X C ,  in which 
situation the HUD is great. The problem is in IMC, or in unexpected unusual 
aEtitudes.) 

Maj  Gonzales: With 400 hours in the F-16. I'm wondering why we haven't had 
more accidents, what with the smallest Attitude Indicator, and the smallest 
HUD (The sinallest FOV). From an operator's point of view, we've got the worst 
of both worlds, separated by almost 30 . Small wonder why the kid hit the ILS 
a: Hahn. 

0 

Dr Richardson: I'd like to ask the gentleman from Hill vhat percentage of 
accideccs have occurred from impact with the ground when the pilo: was flying 
low level, versus disorientation coming off refueling or going lost wingman. 
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Col HcNauEhton: There was the  case  where l e a d  was r e f e r e n c i n g  an  erroneous 
S h i ,  not t h e  same c a s e  of  the erroneous f l i g h t  p lan .  There were the  two rad.1~- 
t r a i l  d e p a r t u r e s .  There was the s t u d e n t  a t  RTU vho w a s  coping  w i t h  a l i g h t i n g  
problem p l u s  a warning l i g h t ,  while  r o l l i n g  over onto h i s  back:  The A D 1  was 
jlist too  small  and f a r  o u t  of plane t o  b e  s u f f i c i e n t l y  commanding f o r  him. 
hnozher problem brought  up by Xaj Gonzales is t h a t  a t  n i g h t  under c e r t a i n  
condi r ions  of  c o c k p i t  l i g h t i n g ,  g l a r e  and r e f l e c t i o n s ,  t h e  e n t i r e  top h a l f  of 
:he AD1 can appear  t o  be gray ,  mis leading  the  p i l o t  i n t o  t h i n k i n g  h e ' s  l e v e l  
o r  c l imbing .  when he could be o therwise .  

Dr Richardson: O f  t h e  a c c i d e n t s  we ' re  d i s c u s s i n g ,  could  w e  a l s o  d iv ide  them 
n o t  on ly  between t h o s e  t h a t  occurred a t  h igher  a l t i t u d e  t o  r e p r e s e n t  p i l o t  
workload . t y p e  of  a c c i d e n t s  causing d i s o r i e n t a t i o n  t h a t  w a s  recognized by t h e  
p i l o t ,  b u t  c o u l d  w e  a l s o  c o n s i d e r  t h e  c a s e  where h e  'experiences 
d i s o r i e n t a t i o n  b u t  d o e s n ' t  know it  and f l i e s  i n t o  t h e  ground? This i s  a 
s t r o n g  case  where we could have t h e  v e h i c l e  inform t h e  p i l o t  h e ' s  l o s c  
o r i e n t a t i o n ,  o r  a l t e r n a t i v e l y ,  have t h e  v e h i c l e  recover  a u t o m a t i c a l l y .  Think 
about  whether t h e r e ' s  t h a t  d i f f e r e n c e  i n  types of a c c i d e n t s .  

LE Col Dick Krobusek: Regarding CFIT vs  S30, the one key f a c t o r  was, which 
wav was s? The cues  a r e  hard  t o  r e a d  or hard t o  f i n d - - e s p e c i a l l y  i f  
momentarily d i s t r a c t e d  o r  d i s o r i e n t e d .  To d i s c e r n  h i s  rea l  a t t i t u d e  is  a r e a ?  
problem. You c a n  p u t  anyth icg  
you want up t h e r e .  The WD is s t i l l  a primary ins t rument .  

- 
The symbology can probably be changed q u i c k l y .  

!?ai A r t  Fowler: Maj Goczales s a i d  we had the  worst  o f  b o t h  w o r l d s - - a  small 
FLD and a small A D I .  Are we t r y i n g  t o  advance the  HUD t o  make i t  the  primary 
i n s t r u m e n t ,  o r  a r e  w e  j u s t  t r y i n g  t o  advance i t  t o  h e l p ?  If  we advance i t  
j u s t  t o  h e l p ,  t h e n  we ' re  going t o  have t h i s  p i l o t ' s  school  t r a i n i n g  problem. 

Maj Dick Revnolds: I ' m  a bomber p i l o t  b u t  I f l y  g l i d e r s .  A very u s e f u l  
device  i n  g l i d e r s  i s  t h e  audio-var iometer - -a  tone t h a t  t e l l s  you whether 
y o u ' r e  climbing o r  descending.  I t ' s  v e r y  h e l p f u l  f o r  s i t u a t i o n  awareness i n  
t h e  v e r t i c a l .  This might 
h e l p  t h e s e  s i n g l e - s e a t  f i g h t e r s .  

I t  f r e e s  t h e  eyes up f o r  t h e  o t h e r  a s p e c t s  of  SA. 

B a r t  Brooks: I propose t h i s  body recommend improvements t o  t h e  F- l6A, 'B  HUD. 
Contrary t o  popular  o p i n i o n ,  t h e  Cockpit  Review Team (CRT) d o e s n ' t  have a l o t  
of p u l l  wi th  anybody. The CRT i s  subord ina ted .  

Ed Hartman, G D :  Both t h e  F-16 System Safe ty  Group and CRT need t o  be 
involved ,  whichever h a s  the  most i n f l u e n c e .  

B a r t  Brooks: I recommend we endorse improving the  F-16A/B HUD as an a t t i t u d e  
ins t rument  and change 51-37  t o  r e f l e c t  t h a t .  

Col Gary Matthes ,  Edwards AFS:  I ' l l  make. s u r e  the o p e r a t o r s  and combined t e s t  
f o r c e  is  made aware of t h a t .  I f  they s a y  t o  change i t ,  we c a n .  
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!fa1 Art Fowler: If we improve the HUD and make it a primary instrument, it's 
going to give IFC a-job Ce:ermining how to train it. 

Lt Col Bill Ercoline, USAF IFC: AFM 51-37 is a users' manual. If the user 
wants to use the HUD as a primary instrument, it'll be written that way; in 
fact, we're writing a chapter to use in instrument conditions right now, but 
we can't get a consensus to say that's how we should do business, strictly on 
the HUD. And I caution you to say that. Khat I've gathered here today, what 
I've learned over the past two years since IFC's been back in business, I'm 
not sure you can say that right now with all the HUDs we've got going in the 
Air Force at present. We have another system now that works--we know it 
works. If you want to include the HUD in there, we will, but to call it the 
primary flight instrument with all the variations we have, there's no way 
you'll be able to write any procedures that are standard. Until we can get a 
better handle on that, you can't write it. 

Training: For two years we've been trying to get some type of advanced 
instrument training program going where we can educate the IPS, to get 'em 
back i n t o  the system to teach pilots on how to develop a better cross-check 
than this "T cross-check." The old 'IT cross-check" is gone anymore, so 
they'll have to do something. In the T-38 maybe we should start teaching use 
of the SAI--it's ideas like these we ought to plough back into the system. A 
lot of our IPS have no idea what the cockpits of modern fighters look like. 
It's a weakness of our system, so training is a weakness. But 5 1 - 3 7  is y o ~ r  
manual and we'll put in whatever you want. Khat's coming is an annex on how 
to fly HUDs. 

Mal Dick Revnolds: I'm not ready to say teach HUDs in ATC. I'd rather see 
them well versed in basic instruments. If he's well trained in basic 
instruments, I can teach him the HUD, but if a l l  he knows is the HUD, it'll be 
very difficult to get him back to basic instruments--and he may go to an 
aircraft lacking a HUD like a C-141.  

Unidentified: I beg to differ. I think,we should teach HUDs in UPT. That 
flight path marker is so valuable. At least some sorties should use the HUD. 

Col McNaughton: Let me run by you a couple ideas on improving the HUD as an 
alert to unusual attitudes. Note I said alert--not to function as an attitude 
instrument by itself. I hope we've made the point that by the HUD you can't 
tell, at a snap glance, upright from inverted, or climb vs dive, or to about 
what degree. A l s o ,  the dynamics of the HUD are such that you can't read the 
numbers on the flight path scale during rapid rolls or picching maneuvers. To 
tell where you are, Allow me 
to take a moment to introduce a couple ideas to improve the HUD as an attitude 
alert. 

you must first slow or stop the roll or pitch. 
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FFgur? 1 3 :  J e a i c t i o n  o f  H i r D ' s  
S h o w i n g  V s r t e x  P Q i n t e r  o n  F?A w i t h  
v a ? i o u s  a t t i t u d e s .  
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First, the HUD provides lousy roll cues since roll angle requires 
interpolation between the tail of the FPY and an imaginary line estending from 
the center of the FPB toward the vertex running between the Flight Path Scales 
(FPS). A l s o ,  the quickest route to upright is not always apparent. Though 
tlhe horizon pointing tails on the FPS's may help you find the horizon. they 
don't necessarily help get you upright. Despite the fact the FPY does not 
roll relative to your aircraft (being an inside-out display), it is the most 
commanding symbol on the HUD. So to improve it for attitude alert in roll, 
why not add a vertex pointer to it? (Fig 13). A line coming out of the FPY 
with a star (for sky) might serve well--would provide a distinct pattern for 
various roll angles, especially upright vs inverted, and would tell the pilot 
which way to roll to get upright quickest (simply roll the t o l l  of your F W  
tow#ird:; ttrta v e r t r x  poiiit .tar).  The s t a r  1:. D i c k  M : i l ~ ~ ~ l i n ' ! .  s i i ~ , ~ ~ , t ~ s t  I o i r  : I I I I I  I I I . I ~  IIV 
b e t t e r  t h a n  ustrig 811 arrowhead, because it's more intultive. Dick Newmon is 
going to test this. 

Sr*c.orltl,  to provldt. ;I t w t t e r  rile-rt t o  p i t c h  r a t  t i t i r d i - ,  r a d i c a l l y  c * I i , i i i ~ ; t ~  t l J 1 '  

p i i t t c r n  oL the FPS froin cl tmbs to t l i vcs ,  oiid since the dive is t l ie  inore 
critical, again radically change the pattern within degrees of dive, say every 
30 degrees (Figs 14 and 15). Again, the idea is not to make the HUD a primary 
aztitude instrument, but to make it an attitude alerting display which tells 
the pilot to go to the ADI--which really is the primary attitude display. 
(Note the pitch scales become increasingly commanding the steeper the dive, 
resembling "Jaws". ) 

P a i l l  Metz, tiorthrop: The idea's good, jusc be careful o f  cluttering. 

?fdJ & Fowler: At rapid pizch/roll rates, small pattern differences WOE:':  

regisEer--keep 'em bigger and also consider angling the FPS (especially those 
negative) like chevrons, increasing the angle with increasing dive angle. 

Unidentified: I've noticed that during loops, going through the vertes o r  
nadir produces a controlled precession of the FPS that I find very 
disorienting. 

Col McXaughton: Don't forget the inverted dive situation. Col Kehoe's 
incident occurred on a C A W  day, and as he said, when you're 6OU-7O0 nose low, 
inverted, you can't find the horizon; it just doesn't register. I've been 
there doing inverted spins over dry lake bed. You can't find the horizon and 
you just don't know where you are. 

Unidentified: To prevent that, need train cross-checking the A D I .  
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Col McSau3h:on: In the heat of battle, guys are going to do just esnctly what 
Col Kehoe did. They're not going to s:op and check the horizon. They're 
going to think they're really upright when they aren't. There are a l l  kinds 
of things out there that make guys think they're upright when tl-.ey're not; 
like canted cloud decks, false horizons that cue your subconscious so you 
don't even think about it. You automatically assue you're wings level when 
you're aligned to something else, like your wingman or bogey. You can train, 
train, train--but it's almos: impossible to train out ingrained innate 
responses. 

Unidentified: Glat do you have to get him out? 

Unidentified: Xaybe a big AD1 will help the 19 accidents, (due to SDO) but 
Kehoe fell in the other larger ( 5 4 )  group. He got to concentrating on a task. 
It's distraction' from the task of flying. 

Unidentified: hihat happens to Col Kehoe if he's flying an F-18, he's got no 
ADI, he got dark blue sea and dark blue sky and he can't see the horizon? 
He's going to have to pull according to the SA1 or HL'D, and if it starts 
precessing when he gets near the bottom, he'll be in trouble. No:e the first 
thing Kehoe does when he realizes he's in trouble is 60 to the AD1 - whi:e 
over black. 

Cnfdentifieg: Could we color code the HljD and would that help? 

Pnidentifced: Possibly in the future, but no way can we provide the degree of 
contrast difference of an A 3 1  onto the HUD wiEhout cluttering excesslvelv. 

Unidentified: 
what the AD1 does. 

For fighter pilots, keep it as simple as possible--and 'that's 

Unidentified: Amen! 

Don Gwnne, GD: Reviewing F-16 CFIT mishaps, I count 12, amounting to 2 3  
percent of USAF F-16 mishaps. Of those 1 2 ,  I personally investigated 5 .  If 
we accept type I SDO as misoriented, i.e., he's not well oriented but he's not 
afraid, is that the proper definition? Of these 12 CFIT mishaps, only 2 
didn't fit this pattern of misorientation without being cognizant of it. One 
of them I believe was consciously disoriented and afraid. The other knew full 
well how he got where he was, and how to get out, but just didn't have the 
room. Of these, I asked how many were looking at the HUD. In 8 of 1 2 ,  the 
pilot almost certainly was not looking through the HUD, or at the ADI. Of 
those remaining, you've got at least one where probably he was looking through 
the HUD, two where maybe he was looking through the HUD. Bumping into the 
ground when you're not afraid is really the leader here. All of these point 
to some sort of Ground Proximity Warning as  the place to invest your money, 
rather than updating displays. 
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C o l  McNaughton: The argument with this position is that the GPWS doesn't help 
keep you oriented whereas a well-designed visual display would help keep you 
oriented, ease the job of operational flying, and thus tend to free up time to 
maintain terrain clearance; i.e., a good attitude display might reduce the 
need for a CTVS while improving effectiveness. 

Don Gw-fcne: I f  people have trouble imagining how you can fly controlled into 
terrain, let me remind them of: 

o Descending slowly into ground while focused on radar scope (a: 
night). 

o Running into the side of a mountain while typing the FCNP. 

o Slowly descending into the Great Salt Lake while you think your 
auto-pilot's keeping you level, while iooking for your budd:es on 
the TACAK Radar. 

o Looking at a train at night mistaking it for your target. 

The great majority of these would not be affected by either the i1UD or t he  
i?DI  . 

- Col Yc!:nuqhton: Khat do you think of Dick Reynold's idea of a 1-ariometer, 
like on a glider? h'hat do these cost? 

Id: Col Don Ross: Ue'rc not flying gliders. 

LE Col Dick Revnolds: We need an audio warning of some sort, not continuous, 
but perhaps a ground proximity beep in the ear sort of thing, till he 
responds. 

Col Bill Runkle: I'd like to clarify something: Spatial disorientation and 
controlled flight into terrain. I feel that 7 of the 9 F-16 mishaps were CFIT 
because they didn't know they were disoriented and there's no evidence any of 
those seven were looking at any sort of instruments. In many instances, 
something else was going on in the cockpit--a warning light, looking at a 
checklist, radar to the proper range, or other distractions. Had they been 
looking at their instruments, a lot of those guys might be here right now. 

What we're talking about here is that the F-16 aircraft has some 
characteristics that make it particularly tricky when you're distracted, low 
level, or in the weather. It's smooth and you can get into a sub-threshold 
roll or pitch change without being aware of it. The instrument flying 
equipment provided in the F-16 is rather small, and it does not command a lot 
of visual response, especially from the ambient part of your vision, if you 
are distracted. What we're lobbying for is something more prominent, 
something a guy could catch out the corner of his eye if he were distracted, 
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and something to help him like a ground proximity warning system. Now the 
G ? W S ,  I think, is great. It may be the only thing you can do. You cannot 
move hardware around in the limited space and provide the guy a two-foot.ADI. 
Since you can't fix the ADI, why not improve the HUD to make it better suited 
an easier for instrment flying? 

Cnidentified: AD1 by itself won't fix the problem. 

Cnidentified: We do not have a GPWS now nor do we have a fly up. 

Ed Hartman, GD: We have a number of things being considered for the F-16: A 
line-in-:he-sky barometric altimeter, probably ready to go close to a year 
ago. We recognized a visual only system was insufficient, and we'd want an 
aural warning system as well, either via a tone or via the voice message unit. 
We recognized that was insufficient and stated they needed an aural warning 
system to say, "Warning, Warning." The multinational cockpit review team said 
we don't want "warning, warning"; we want a tone. Well, what kind of tone? 
We went back and forth. k%at were the words used for: Everything. We also 
had a capability for a Voice Message Unit that would say, "Altitude Altitude," 
or "Pull up." Political issues--1 don't like this or that and that's it. So 
we've got a line-in-the-sky barometrically based warning system that's visual 
and aural. The CliRA (Combined Altimeter-Radar Altimeter) system coming ox. 
A l s o  have the ground clobber system (a visual system only that provides 
flashing X in a HUD using an algorithm based on gross weight, TAS, AOA, V b ' I  
and radar range to compute a ground impacr point; the flashing X commands a 4 
G pull within 2 seconds to miss the ground) in all air-to-ground modes, no; 
air-to-air. We have a study proposal to get air-ground range information and 
put in air-to-air modes to give you a pull up command so it's a no delay, 
imneCiate response system. We'll bring in radar altimeter with the o:her 
sensors to provide a predictive GPWS. We're going to get a widespread GPWS 
for the F-l6A/B. For the C/D we'll integrate these into the ground clobber 
mode. We've a lot oE proposals in and it's a matter of getting the budget 
approved. We'll get the VMU. With the coming of ECT 1085, the three 
a1titude;ground collision warning systems (line-in-the-sky, CARA, and ground 
clobber) will be integrated and operable in all modes (air-air, air-~,rnund. 
and navigation) in the Block 15 F-lGA/B aircraft. There's a p l a n  to 
eventually integrate this into all Block 10 F-16's too. 

Maj Art Fowler: We already said we don't see anything if we're not looking 
there for it. I need something better and I need it now. 

Ed Hartman: 
light, yellow light or flashing light. 

We need inputs from the USAF to know what you want--training---red 

Unidentified: Block 15s will have much of this. We can't do it all at once. 

Bo Gehring: Voice can be very effective if used properly. tihat would you 
want it to say? 
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Ed Hartman: Warning, warning; Altitude, Altitude; Pull Llp, Pull Up . . .  

Unidentified: "Too late, too late"--laughter 

1.t Col Mike Lichtv, TAC,,'SE: I'd like to go back to what Don Gwynne said: 
We're not looking at the AD1 or HL'D when we fly inco the ground--so one is a 
training issue--we must train to do the right thing at the right time: the 
o:her thing is we've got an airplane design with a pilot-aircraft interface in 
which we're gonna be subjected t o  SDO in the F - 1 6 .  So now we have two tasks 
at hand. 

(1) To provide him a cue to return him to actitude awareness or to an 
attitude instrument. 

( 2 )  The other task is to evaluate the cockpit he's flying to determine 
whether his attitude information is readilv available and easilv 
interpreted so that he can recover. 

We have a law that says he's got:a pull 4 G's in 2 seconds; i f  it takes 6 
seconds to locate, read and decode the attitude display, I'm dead anyway. 

LE Col Dick Reymolds: Get the guy's attention to the attitude indicator's 
information. Put it up so he can find it easily and train him so he knows 
he's got to use it. To reiterate: 

(1) Do something to tell him he's in troubie and he's got to use 
whatever's available to reestablish what his attitude is-- to regain 
attitude awareness. 

( 2 )  Clean up the HUD or the vertical situation display (VSD), or do 
whatever you can to relocate the AD1 within capability so that he 
has got useable information. And I think some of your suggestions 
regarding improving the HUD as an attitude alert are great. Might 
as well standardize 'em while you're cleaning the HUD up. 

( 3 )  To reiterate Bill Ercoline's plea: Standardize USAF training by 
whatever documentation is available; and through MAJCOM training 
shops, you educate the pilot population to the problems and how they 
can fight it. 

Lt Col  Lorenzo Pugh, HQ USAFE/SE:  We need to make some recommendations that 
we can implement right now, The other point is that we're getting a lot of 
anecdotal -reports, -near misses, close calls and talk at the bar, that's 
getting to form some of those things we're studying. I've had SDO several 
times and scared the shit out of myself and I'm sure the other guys have a l s o ,  
and I think we're hearing some of that in the bad-mouthing of the instruments. 
But that doesn't show up in the statistics. There are only nine mishaps, but 
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t h e r e  a r e  probably 900 afmosts .  A l l  t h a t  means is  t h a t  t h e  problem i s  t h e r e  
and i t ' s  r e a l ,  s o  we'd l i k e  t o  do something about i z .  

David Pannkuk, Perceptua l  Dynamics Research,  Mi l ford ,  OH: I ' m  Oavld 
Pannkuk and I have zero  hours  o f  f l y i n g  ( l a u g h t e r ) .  I d o n ' t  t h i n k  you car. 
:each a monkey t o  f l y ;  All I know about f l y i n g  
is  I d o n ' t  l i k e  i t .  I t  b o t h e r s  t h e  h e l l  o u t  of me. k'e've t a l k e d  about 
t r a i n i n g  and we've t a l k e d  about  v i s i o n .  We h a v e n ' t  t a l k e d  about t r a i n i n g  
-,.ision. You've been t o l d  t h e r e  a r e  l i m i t a t i o n s  t o  what w e  can d o .  Yoir'vtc 
I ) , a t * n  t o l t l  WI' h r ~ v c >  R f t ) c * : t l  systt*m t h a t ' s  t r u l y  S : ~ - c + r i ,  t l i : i t  ~ I I V  f o c * . i l  \ ~ i * w l o t i  I * ;  
consc ious ,  arid t h e  ambient system is subconscious.  The problem i s  t h a t  we ' re  
n o t  working w i t h  t r a i n e d  l e v e l s  of v i s i o n .  If you were t o  measure p e r c e p t u a l  
a c t i v i t y  a s  a s k i l l  i n  any performance you want t o  p r e s c r i b e ,  i t  would come 
o u t  a s  s p a s t i c ,  d f s j o t n t e d  arid d i s j u n c t i v e .  F ly ing  is A p c r c e p r u a l ,  workin&: 
a c t i v i t y .  I t ' s  hard work. p r l m a r i l y  because you're overloaded with stuff y o u  
cJnnot  s e e .  I n  W'd X I ,  e a r l y  on ,  i t  was a f a c t  t h a t  o f  every 3 planes  shot 
down by American servicemen,  one was a f r i e n d .  Now t h e i r  s k i l l  i n  gunnery was 
uncanny--but t h e i r  problem was d i s t i n g u i s h i n g  f r i e n d  from f o e .  As an  18 year  
o l d  k i d  on board s h i p ,  I can t e l l  you we d i d n ' t  g i v e  a damn who he was--he was 
f l y i n g  and I w a s  shoot ing .  How long  d i d  i t  t a k e  t h e  USX and t h e  A.4C t o  
r e a l i z e  t h a t  t h e  r e d  b a l l  i n  t h e  c e n t e r  of t h e  American s t a r  was i d e n t i c a l  t o  
t h e  red  Japanese b a l l ?  How long d i d  i t  take  f o r  them t o  g e t  t h a t  o u t  of  t h e r e  
and put  a b a r  a c r o s s  s o  you c o u l d  i d e n t i f y ?  I n  t h e  B r i t i s h  r a i d  on Dieppe, 9 i  
p lanes  v e r e  l o s t ;  62 were s h o t  down by B r i t i s h  guns.  USN pi1o:s were s c a r e d  
t o  f l y  p a s t  a d e s t r o y e r  a f t e r  an a c t i o n ,  f o r  damn Sood reason ,  On Kodiak 
I s l a n d ,  they were u s i n g  55mm s h e l l s  t o  shoot  any p lane  down t h a t  came o v e r .  
There was a warning o u t  f o r  Kodiak- -don ' t  f l y  over Kodiak. 

perhaps a g o r i l l a  ( l a u g h t e r ) .  

The United S c a t e s  Kavy (USN) was confronted wi th  a t r a i n i n g  program t1lt.y 
c a l l e d  WEFT (wings,  engine ,  f u s e l a g e ,  t a i l )  f o r  a i r c r a f t  i d e n t i f i c a t i o n .  

The CSN went t o  Dr Samuel Renshaw a t  Ohio State who'd been doing s m c  
b a s i c  r r s e a r c h  on how to t r a i n  people  t o  s e e .  T h i s  t ias n l w n y s  been R proL!t.in 
I t  goes  way back t o  the e a r l y  days o f  World War I T ,  t o  t r a i n  p i l o t s  t o  know 
how t o  s e e .  The t r a i n i n g  was i n s t i t u t e d ;  t h e r e  w a s  a complete r e v e r s e .  The 
k i l l  r a r i o  was 99 enemies t o  only  one f r i e n d l y .  h'hat you've g o t  t o  know is my 
p e r s p e c t i v e  on t h i n g s .  What you've g o t  now is  a s i t u a t i o n  where you've made 
an  a i r c r a f t  h i g h l y  capable  of  c l i m b i n g  r a p i d l y  t o  i n t e r c e p t  l i k e  a p e r g r i n e  
f a l c o n ,  and you've insured  t h a t  t h e  major component i n  t h a t  system is a p i l o t  
wi th  t h e  v i s u a l  a t t r i b u t e s  of a myopic penquin.  

Rot t h a t  they  d o n ' t  have t h e  c a p a c i t y .  Let  me a s k  you a v e r y  simple 
q u e s t i o n .  You're looking a t  t h a t  d i s p l a y .  Fhich would you p r e f e r  t o  do when 
y o u ' r e  recogniz ing  words? Have a v i s u a l  s k i l l  t h a t  would t a k e  you 
approximately 1 second t o  cover  o r  v i s u a l  s k i l l s  t h a t  would take  you l / l O t h  of  
a second? Which i s  going t o  make you more comfortable  with t h e  information 
coming i n t o  your eye? You've g o t  a h e l l  of a l o t  of confus ion .  You've got a 
tacky v i s u a l  d i s p l a y .  What do you do when you h i t  b reak  d i s t a n c e  a t  3000 f e e t  
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and you've g o t  1 . 2  seconds t o  make up your mind? L'hat  a r e  you going t o  do 
wi th  the v i s u a l  s k i l l ,  a l e v e l  of  v i s i o n ,  t h a t  works a t  .25 seconds t o  Lc o r  5 
c h a r a c t e r s  per  l o o k .  You can  put  
i n  t r a i n i n g  t a s k s  till y o u ' r e  b l u e  i n  the  f a c e .  You've done t r a i n i n g  
backwards, forwards ,  upwards and down, but  you h a v e n ' t  done enough. I f  you 
put  i n  t r a i n i n g  f o r  t a s k  performance,  you w i l l  have overloaded the  b a s i c  
under ly ing  s k i l l  t o  make t h a t  happen.  Y o u ' l l  be no b e t t e r  o f f  tomorrow than 
you a r e  today.  Is  t h a t  where you want t o  be? You h a v e n ' t  go t  any parameter  
descr ibed  except  a t t i t u d e .  I ' m  n o t  even sure  you have a good v i s i o n  check a s  
f a r  as q u a l i t y ,  b u t  nowhere do I s e e  anything i n  t h e  A i r  Force o r  i n  t h e  Armed 
S e r v i c e s  t h a t  t e l l s  me t h a t  you know how people work wi th  t h e i r  v i s i o n .  Do 
s t u d i e s .  Find o u t  what the  d i f f e r e n c e  is  between somebody t h a t  can handle  t h e  
s i t u a t i o n  and somebody t h a t  seems t o  g r i n d  h imsel f  i n t o  t h e  ground. And I 
apologize f o r  b e i n g  so long .  

You can speed yourse l f  up a g a i n s t  t h e  w a l l .  

Col McNau.chton: I ' d  l i k e  t o  s a y  one t h i n g  i n  defense  of t h e  way w e  do s e l e c t .  
We a r e  doing some work looking a t  t h e  c o n t r a s t  s e n s i t i v i t y  f u n c t i o n .  I might 
add t h a t  one of  t h e  s e r v i c e s  t h a t ' s  known w e l l  f o r  t h e i r  s k i l l s  i n  p i l o t  
s e l e c t i o n  is  t h e  I s r a e l i s .  They d o n ' t  do a n y t h i n g  s p e c i a l  about v i s i o n  
s e l e c t i o n .  They have t h e  same t h i n g  we do; they j u s t  use Snel len  c h a r t s  and 
r e q u i r e ,  I t h i n k ,  20/20 o r  perhaps  20/17. What t h e y  do is s e l e c t  c a n d i d a t e s  
on t h e i r  a b i l i t y  t o  switch t h e i r  a t t e n t i o n  q u i c k l y ,  and they do a v e r y  s imple 
t e s t  which we have n o t  y e t  i n s t i t u t e d  i n  our A i r  Force .  But we're e v a l u a t i n g  
i t  a t  USAFSAY now. I t ' s  c a l l e d  t h e  Dichot ic  L i s t e n i n g  T e s t ,  which is the  
a b i l i t y  t o  swi tch  your  a t t e n t i o n  q u i c k l y  without  l o s i n g  t r a c k .  Some of  chese 
t h i n g s  probably need t o  be looked a t .  U n f o r t u n a t e l y ,  we haven ' t  broken t h e  
code on a l o t  of  t h i s  y e t .  

Mr Pannkuk: We can give you a n  assessment  of how i t  would work. Ve can  give 
you a technology t h a t  w i l l  a l l o w  t h a t  t o  be taken i n .  But w e  s a y ,  w e l l  t h i n g s  
a r e  l i k e  t h i s .  Then we e s t a b l i s h  norms, g r e a t  norms. The person who performs 
v i s u a l l y  v e r s u s  t h e  nonperformer i s  t h e  d i f f e r e n c e  between n ight  and day; 
t h e r e ' s  no comparison. We're t a l k i n g  about a v i r t u o s o  versus  a beginner .  

U n i d e n t i f i e d :  I have a q u e s t i o n .  I don ' t  unders tand  what you ' re  t a l k i n g  
about .  Are you saying  we ought t o  be screening  p i l o t s ?  

Mr Pannkuk: No! Tra in ing  p i l o t s .  

U n i d e n t i f i e d :  All r i g h t ,  c o u l d  you expand a l i t t l e  more f o r  my b e n e f i t ?  I 
d o n ' t  q u i t e  unders tand .  We're obvious ly  going t o  t r a i n  through a r e a s  where 
prev ious  groups o f  s t u d e n t s  have been .  Now I need t o  know what t h a t  i s .  

Mr Pannkuk: A l l  r i g h t ,  t h e r e ' s  a s t a n d a r d  r e q u i r e d  f o r  f l i g h t .  Find i t  o u t ;  
make an assessment  of what c a p a b i l i t i e s  you want a v a i l a b l e  and determine them. 
If you f i n d  o u t ,  w e ' l l  h e l p  you on t h a t .  You f i n d  o u t  what i t  is y o u ' r e  going 
t o  provide t o  a l l o w  t h a t  t o  happen. We d e s c r i b e  t o  you where the  v a r i a b l e s  
can be p u t .  But you s e t  t h e  parameters .  Khat i s  i t  t h a t  you want? You t e l l  
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me whac you want in terms of response time from a person looking ai a KLD, 
ADI, Head down, Head up, I don't care which. 

Unidentified: Are you talking about the kind of training they did in 11 
where the guys used silhouetces? 

Xr Pannkuk: That was the basis. The key here was the flashing of silhouetces 
followed with training. 

1;nir!+xnti .. - !!?>!: Espans inn  of vtston was one i\lt.a, anothcar vns s y c t ~ d  r t - . i ( t i I i g ,  

teaching the pilot what to look for on the H U D ,  when to look at it and how 
often. 

M r  - Pnnnkrik: We can train vision and we can train attention. 

General discussion followed that was inadequately recorded for transcription 

Dr McNauzhton: Can we build the displays better so he can get the 
information he needs at a snap glance out the corner of his eye? 

M a l  Harold Gonzales: If we could publish today a syllabus on training thac 
would increase my perceirtion several times, I think we ought to recommend thac 
somebody look at it because I haven't gotten training one in the Air Force i? 
1L years that has increased my perception of anything. If this exists, I 
think ve ought to take a look at it. For example, going over intelligence 
photos of afrplanes fairly often should improve your ability to detect things, 
but only once every six mon:hs is probably not enough. 

M a l  Steve Detro, Ohio A W :  Maj Milt Miller's low altitude awareness program 
does that. It teaches you what to look for on the horizon at 100 feet, what 
to look for out the side window, how to get that speed rush and what to do 
about it, mentally and visually, and you're gonna see more of it and hear more 
ahout it. It's in physiological training now and also shown on VTR. 

Question: Does it improve your ability to take in more at a snap glance, in a 
very short period of time? 

MaJ, Steve Detro: Yes, because it trains you to look selectively to see the 
velocity vector in relation to the pitch line. And you can tell just by that 
much whether you're going to hit the ground in the next 3 seconds. It trains 
you to get what's important in minimal time. It's a very good program. 

Lt Col Gary Matthes: I know this sort of stops this discussion, but I'm 
afraid there are some things we're not going to get in the executive summary. 
What we said before is good, and that takes care of getting things done in a 
hurry, but something has bothered me for the last 13 years of flight testing. 
I've seen many airplanes come into the inventory and with different airplanes, 
we go about things differently. In cargo aircraft, one of the biggest 
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requirements in its Request for Proposal (RFP), and because of the way they 
flight test, is instrument qualification of the system. 'I talked to Major 
Rounds to see if he runs his tests the same way and he wasn't sure, but I he: 
they have some way to check the instrumentation. I bet if you look at the F- 
1 6  R F P ,  you won't find a damn thing. I'll bet you won't find a thing in the 
i\dvanced Tactical Fighter RFP that was just let. We don't even concern 
oiirselves with it, and one recommendation ought to be that when ASD lets out 
an RFP for a new fighter, they ought to force people to at least think about 
it. These considerations should be part of an RFP. In addition to be able to 
turn 9 G ' s  at 50,000 feet and go 1.2 on the deck, by the way, he has to have a 
Ground Proximity Warning System, and it has to have some type of attitude 
warning system. You have to have attitude systems that allow it to be flown 
easily in IMC. Fighter pilots just don't worry about that and they forget. 
Although you may go out and shoot a bogey once a month and you may go air-to- 
ground once a week, you come back and land everyday. And if you're in Europe, 
you come back 'and bust the ceiling everyday, and we don't address those. I'd 
like to see this group put forward that we need to address the way we ask for 
things in fighter work, in our RFPs or in whatever form it takes to request 
the things we need in fighters to optimize them for the night-weather role. 
The bomber and Navy guys should make sure it's part of their RFPs too. 

I 

Dr Robert Tavlor: Design-wise, you don't want to make it (the HVD) cause a 
problem: you want to have something down below (like a big A D I ) .  Regarding 
training, I- can train ambient/peripheral vision. 
cause my subjects to make use of their peripheral vision. 

By masking out the center, I 

Lt Col Dick Revnolds: In order to provide a realistic rerspectlve to justify 
our recommendations in terms of cost, not just in lives, but also in taspayer 
dollars, we should be able to assign a dollar cost to these categories of 
mishaps. 

Dr Emilv Howard: 
and designing be 
are true, but what 

The impression I'm getting from the discussion on training 
tter displays is that all of you are suggesting issues that 
we need is a model that lays out exactly what is true about 

a pilot's perception in the cockpit. I mean ;here are certain immutable hard- 
wired facts about the visual system that cannot be changed by physiological or 
any type of training. Areas we might improve with training include 
attention--to switch attention, to train attention to peripheral stimulation, 
and also the interpretation of information; by just exposing hours and hours 
to the ADI, we can improve the facility for interpretation till it becomes 
second nature to 'em. Talking about training, we should look at both of those 
issues. One the issue of attention, switching attention, being able to select 
information appropriately and a l s o  to interpret information as it's offered, 
so interpretation of it becomes second nature. But on the other side, we have 
these hard-wired features of visual perception that should be considered in 
the design process. 
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Dr William RLchardson. Korthrov: I ’ m  going to engage i n  a Socrac ic  Dialogue 
wi th  t h e  audience and ask a few q u e s t i o n s .  

Do you t h i n k  t h a t  any person  can be t r a i n e d  t o  be a figh:er p i l o t ?  I 
t h i n k  t h a t  you w i l l  agree  t h e r e  a r e  unusual c h a r a c t e r i s t i c s  t h a t  w e  a r e  
lookicg  f o r  t h a t  w i l l  make an  i n d i v i d u a l  more s u i c a b l e  a s  a f i g h t e r  p i l o t :  we 
can hypothes ize  t h a t  t h e r e  a r e  a whole range of  behavior  c h a r a c t e r i s t i c s  t ha t  
we a r e  looking  f o r .  Le  want somebody who h a s  good v i s i o n ,  maybe d i f f e r e n t  
k inds  o f  v i s i o n ,  maybe j u s t  one k i n d  of v i s i o n .  A b i l i t y  t o  d i v i d e  your 
a t t e n t i o n .  C e r t a i n l y  good h e a l t h  and reasonable  i n t e l l i g e n c e ;  stubbornriess;  
maybe ii l i t t l e  macho w i l l i n g n e s s  t o  extend y o u r s c l f  a l i t t l e  b i t  beyond your 
own c a p a b i l i t i e s .  A l l  o f  t h e s e  t h i n g s  we f i t  i n t o  what w e  c a l l  our  s e l e c t i o n  
c r i t e r i a  f o r  p i l o t s ,  and I submit t h a t  t h e  s e l e c t i o n  c r i t e r i a  we’re us ing  
r i g h t  now overlooks some s i g n i f i c a n t  p h y s i o l o g i c a l  and probably psychologica l  
v a r i a b l e s  t h a t  we should be looking  f o r .  That  maybe i n  t h e  popula t ion  of 
people t h a t  we a r e  s e l e c t i n g  a r e  some i n d i v i d u a l s  who a r e  predisposed to t h i s  
G-induced loss o f  consc iousness ,  and p o s s i b l y  a l s o  t o  t h i s  problem of 
d i s o r i e n t a t i o n .  Now t h e  evidence t h a t  I submit i s  t h e  s tudy  t h a t  was done by 
Sem Jacobsen of Norway, and h i s  c o l l e a g u e s  i n  t h e  1950’s, I f  you remember, 
those  of  you who may r e c a l l  t h e  s t u d y ,  he looked a t  a group of NATO p i l o t s .  
I f  I r e c a l l ,  t h e r e  were 55 p i l o t s .  H e  took t h o s e  i n d i v i d u a l s  and p u t  them one 
by one i n  t h e  back s e a t  of a T-33. He took them up and put  6 C ’ s  on the  
a i r p l a n e .  H e  found they a l l  l o s t  consc iousness .  Khat was i n t e r e s t i n g  W A S  

when they recovered,  about 15% of t h e  i n d i v i d u a l s  showed evidence of 
something l i k e  ar. e p i l e p t i c  s e i z u r e .  They became q u i t e  unable t o  c o n t r o l  the  
v e h i c l e :  they were d i s o r i e n t e d  f o r  seconds up to minutes  a f t e r  they  recovered.  
He didn’: know what caused t h i s .  H e  hypothesized t h a t  when the  b lood  d r a i n s  
from :he b r a i n ,  and then  upon r e l e a s e  of t h e  G ,  t h e  blood comes back up and 
h i t s  t h e  v a s c u l a r  bed i n  t h e  b r a i n ,  i t  causes  a shock e f f e c t  s i m i l a r  t o  whac 
inches  an  e p i l e p t i c  s e i z u r e  i n  i n d i v i d u a l s  who a r e  pred isposed .  Normal people 
d o n ’ t  behave t h a t  way. But i n  t h a t  popula t ion  of people  t h a t  we a r e  s e l e c t i n g  
f o r  p i l o t  t r a i n i n g ,  t h e r e  may be i n d i v i d u a l s  who have t h i s  c h a r a c t e r i s t i c  who 
d o n ’ t  know i t ,  who a r e  not  t e s t e d  f o r  i t ,  who may never  encounter  i t  u n t i l  
they go up by themselves i n  a s i n g l e  s e a t  f i g h t e r  and put  a l o t  o f  G on the  
a i r p l a n e ,  and suddenly f i n d  themselves dead. End of  d i s c u s s i o n .  

U n i d e n t i f i e d :  Lhat was t h e  q u e s t i o n ?  The q u e s t i o n  was, “Can you t r a i n  
everybody t o  be a f i g h t e r  p i l o t ? ”  

Brig Gen DeHart: We a r e  now aiming f o r  an  October 1986 d a t e  t o  b e g i n  f i g h t e r -  
s p e c i f i c  phys io logic  t r a i n i n g  a t  Holloman AFB f o r  Lead-in F i g h t e r  Tra in ing  
(LIFT). T h e y ‘ l l  have 2 to 2 1/? days of ground school  with s p e c i a l  emphasis 
on SDO and GLC,  followed by p r a c t i c a l  exper ience  i n  t h e  c e n t r i f u g e  and a 
s p a t i a l  t r a i n i n g  device l i k e  t h e  v e r t i f u g e .  T h e y ’ l l  be monitored t o  ensure 
t h e y  l e a r n  what is  necessary .  
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My next point is pre-screening. If their G-tolerance is low. we'll traln 
'em. 'ie'11 not ground them medical I under any circumstances. Bur once we 
get this program going at tiolloman, if we find someone on the low side of the 
bell shaped curve regarding G-tolerance, we'll shuttle him to the Tanker- 
Trainer-Bomber track. 

Mr Dick Neman: You know, one thing that drew my attention here is that a lot 
of with 
:he average college sophomores, not pilots. One thing we've already done is 
screen for all kinds of psychological tests; one I remember is a large segment 
of tests dealing with the ability to orient. Pilots, however, are not the 
standard population a lot of these psychological tests perform research on. 
You have to be careful in applying these conclusions to the pilot population. 

the psychological studies of orientation and disorientation are done 

Brig Gen DeHart: It's very unusual to find a pilot that can't be trained to 
pull G's. 

Mal Laurie Hahn, CFB, Cold Lake: That selection process here of taking a guy 
off the street and pueting him in a centriifuge and whizzing him up to 9 G and 
see if he can take it, obviously it's not that simple, but C!UL scares the 
ne11 out of me. Khen you get some gsy who really wnnts to jG3in the Air Force. 
really wants to fly fighrers, comes in, yoii're going to stick him in t.he 
centrifuge and whiz him around at some specified G I  2nd if he can't hack it. 
forget it. l-ou're going to lose an awful lot of guys you shuldn't be losing. 

Srig Gen DeHart: I ' n  zaiking about UPT &raduates--t!-tey'rc already pilots 
R O W .  

Mal Laurie Hahn: Our medical people wanted to do somezhing similar to that. 
Fe said, "Just a minute". Well, I say the guy comes in o f f  the street and he 
wants real bad to join the Air Force and fly fighters and he's scared of 
failing, and you put him into a centrifuge, whiz him around at 9 G and he goes 
unconscious and you say, sorry p a l ,  you're out of here. 

Dr William Richardson: Wait. I'd like to make myself clear on this. L'hat 
percent of the accidents that we've discussed here have been due to the fact 
that there may be physiological limitations in the individual who died that we 
didn't know anything about? If you try to treat a situation as though it were 
simply you're missing the message. 
The problem is it's very complex, and it could be partly the individual who 
was behind in performance. 

a hardware problem or a software problem, 

Lt Col Mike Livingston: G-tolerance varies from day to day and moment to 
moment--could vary from 5 - 9  G--that's why training is important. 

- Col (;ary Matthes: Inability to train a candidate to pull the G ' s  may also 
reflect undermotivation. 
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--_- Dr Richardson:  Those pt>ople who a r e  p h y s i o l o g i c a l l y  inadequate  i n  terms of 
be ing  a b l e  t o  t o l e r a t e  G may o f t e n  s e l f - s e l e c t  themselves  o u t  o f  t he  p r o g r m .  
o r  i t  may show up i n  the  a c c i d e n t  s t a t i s t i c s ,  and what w e  a r e  t a l k i n g  abou: 
h e r e  i s  some percentage o f  t h e s e  a c c i d e n t s  p o s s i b l y  cou ld  be  t r a c e d  t o  t h a t  
p o s i t i o n .  t h e r e  w a s  no 
evidence t h a t  h i s  s tudy  vas wrong. 

Though t h e r e  may be  d e f e c t s  i n  Sem J a c o b s e n ' s  s t u d y ,  

C r  Kent C i l l i nqham:  I ' v e  s e e n  more c a s e s  of  G-induced loss of  consciousness  
than  p robab ly  anybody h e r e .  I ' v e  been working w i t h  t h e  c e n t r i f u g e  f o r  
approximately 8 y e a r s  now. There i s  a b e l l  shaped c u r v e .  There are some 
people who've had the  exposure who cannot do i t .  They have G - t o l e r a n c e s  t h a t  
a r e  a t  t h e  bottom 5 p e r c e n t ,  t h e  bottom 1 p e r c e n t .  I t h i n k  i t ' s  i d i o t i c  t o  
t r y  t o  s e l e c t  t h a t  type o f  p e r s o n  t o  f l y  your  20 m i l l i o n  d o l l a r  a i r c r a f t .  
Where do you want t o  draw t h a t  c u t o f f  l i n e ?  Do you want t o  draw i t  a t  50 
p e r c e n t  o f  G - t o l e r a n c e  o r  9 5  p e r c e n t ?  T h a t ' s  up t o  t h e  A i r  Force.  There a r e  
people  who a r e  p h y s i o l o g i c a l l y  d e f i c i e n t ;  they j u s t  c a n ' t  t o l e r a t e  G's a s  well 
as o t h e r  peop le  and i t  seems t h e r e  are o t h e r  o p c i o n s  f o r  people l i k e  t h i s .  
We're t a l k i n g  abou t  people who c a n  t o l e r a t e  9 G ' s  f o r  45 seconds c o n s i s t e n t l y ;  
I ' m  n o t  t a l k i n g  about day t o  day v a r i a t i o n .  On t h e  o t h e r  hand, t h e r e  a r e  
people  There a r e  a 
number o f  f a c t o r s  t h a t  r e l a t e  t o  G - t o l e r a n c e  and a l l  add up. But t h e r e  a r e  
c e r t a i n  b i o l o g i c a l  c a p a b i l i t i e s  t h a t  you s ta r t  o u t  w i t h .  Take a n  i n d i v i d u a l  
azd g i v e  him weight  t r a i n i n g  and f r e q u e n t  exposure  t o  G ' s .  Give him a good 
s c r a i p i n g  maneuver and the p rope r  equipment. H e ' l l  have a s u p e r - G - t o l e r a n c e .  
Take a n o t h e r  guy and g ive  him t h e  same t h i n g s ,  and h e ' s  n o t  going t o  be a 
super-G p u l l e r .  I th ink  t h a t  w e  have t o  make s u r e  w e  s t a r t  o u t  w i t h  t h e  b e s t  
protoplasm t h a t  you can g e t  and go from t h e r e .  T h e r e ' s  no sense  t a k i n g  a 
d e f i c i e n t  c o n d i t i o n  r i g h t  a t  t h e  v e r y  beg inn ing .  and I ' m  not t a l k i n g  a h o u t  
any th ing  e s t r eme  h e r e .  I t h i n k  t h a c  almost  everybody t h a t  has  completed 
unde rg radua te  p i l o t  t r a i n i n g  is okay. I t a k e  t h a t  back .  Most o f  t h e  people 
you know p robab ly  would have made t h e  8 G's i n  15 seconds '  t o l e r a n c e  s t a n d a r d :  
a r easonab le  s t a n d a r d  t h a t  a lmost  everybody p a s s e s .  I t h i n k  i t  would be 
i n a p p r o p r i a t e  t o  take someone who you know is go ing  t o  g ive  you problems, 
e s p e c i a l l y  when we're  o p e r a t i n g  on the ragged edge o f  human c a p a b i l i t y  under 
some c i r cums tances  i n  h igh  performance type o f  a i r c r a f t .  For them, the 
s i t u a t i o n  i s  going t o  g e t  worse,  no t  b e t t e r .  T h e i r  s e l e c t i o n  i s  going t o  
h a r b o r  some r ea l  p o t e n t i a l  mishaps i n  t h e  f u t u r e  A i r  Force.  

who canno t  t o l e r a t e  4 G ' s  f o r  any l e n g t h  o f  t i m e  a t  a l l .  

D r  Sheldon Ebenho l t z ,  Univ o f  Wisconsin: T h e r e ' s  a n  a s p e c t  of o c u l a r  motion 
t h a t  may r e l a t e  t o  a c c e l e r a t i o n .  There are a number o f  responses  l i k e  smooth 
p u r s u i t ,  vergence systems, e t c .  I t  seems t o  m e  t h e s e  should be cons ide red  i n  
p i l o t  s e l e c t i o n .  Seve ra l  of  t h e s e  systems are a d a p t i v e :  For example,  the 
vestibulo-ocular-response, which compensates f o r  r a p i d  head movements, 
e n a b l i n g  your  eye t o  s t a y  on t a r g e t .  These are h i g h l y  a d a p t i v e  sys t ems .  I t  
may be t h a t  p i l o t s  who e x h i b i t  compensation a r e  b e t t e r  a d a p t e r s .  We know t h a t  
one segment o f  o u r  c o l l e g e  p o p u l a t i o n  w i l l  n o t  a d a p t  and ano the r  p e r c e n t  w i l l .  
There a r e  peop le  whose systems w i l l  n o t  a d a p t .  The re  are o t h e r s  whose systems 
a r e  h i g h l y  a d a p t i v e ,  t hen  t h e r e ' s  a group i n  between.  I t  s t r i k e s  me t h a t  
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i n t e l l i g e n t  sc reening  mLSht be a b l e  t o  s o r t  these  o u t .  

U n i d e n t i f i e d :  Do we know whether we want those who a r e  h i g h l y  adapcive or 
nonadapt ive? 

Dr Richard Yalcolm: We d o n ' t  know. There a r e  g r e a t  v a r i a b i l i t i e s  i n  human 
performance. One s t u d e n t  i n  UPT was having t r o u b l e  j u d g i n g  h i s  t u r n s .  One 
day d r i v i n g  h i s  s p o r t s  c a r ,  he at tempted a l e f t  t u r n ,  misjudged i t  by 2 5  f e e t  
and went through a c h a i n  l i n k  fence .  He was s tone  c o l d  s o b e r .  I n  order  t o  
e s t i m a t e  t h e  curve o f  t h a t  road t o  p l a n  t h e  t r a j e c t o r y  of t h a t  curve i s  an 
i n t e g r a t i v e  f u n c t i o n .  He admit ted he was never  a b l e  t o  l e a r n  t o  do t h a t .  
L-hen you t h i n k  about how high  a l e v e l  of  computat ional  a c t i v i t y  t h a t  t a k e s ,  o r  
do'ing a c t i o n s  l i k e  throwing a b a l l  and making s u r e  i t ' s  going  t o  g e t  t h e r e ,  
those  r e q u i r e  a h igh  o r d e r  of i n t e g r a t i o n .  I t ' s  d u r i n g  UPT t h a t  i n s t r u c t o r s  
need t o  recognize and f i l t e r  o u t  t h e  guys t h a t  c a n ' t  hack i t .  I t ' s  very  
s u b t l e ,  h i g h l y  dynamic, r e q u i r e s  good judgment and a l o t  o f  savvy. We need t o  
be prepared  t o  do t h a t - - t o  understand i t  so we can p r o p e r l y  t r a i n  t h e  
i n s t r u c t o r s  and f i n e  t u n e  t h e i r  sk i l l s  a t  recogniz ing  i n n a t e  d e f i c i e n c i e s  i n  
t h e i r  s t u d e n t s  . 

Brig  Gen DeHart: S e l e c t i n g  the  r i g h t  people  becomes even more c r i t i c a l  i n  
combat, where a weak i n d i v i d u a l  can l e t  h i s  e n t i r e  element down. 

Yartv Martinez:  f lew t h e  F-84 and my exper ience  was working wi th  the  A D I .  
Seems t o  me w e  could use something a d d i t i o n a l  t o  g e t  t h e  guy ' s  a t t e n t i o n  and 
a l e r t  t o  unusual a t t i t u d e s .  I ' d  l i k e  t h e  AD1 moved up r i g h t  below t h e  HUD. 

I 

U n i d e n t i f i e d :  One of t h e  problems we have i s  t h a t  the  HUD is a figh:ing 
i n s t r u m e n t ,  and looking  through i t ,  p i l o t s  h a t e  t o  see  a n y t h i n g  f l a s h i n g  o r  
moving. We d o n ' t  want t h e  c l u t t e r ,  e i t h e r , .  The H U D ' s  a d i s t r a c t i o n  while 
f i g h t i n g  though it  h e l p s  while  f l y i n g ,  and we spend much of o u r  time f i g h t i n g .  
We commonly punch d e - c l u t t e r .  

Col McNauRhton: I ' d  l i k e  t o  ask  J e r r y  Card i f  you could p u t  a t e x t u r e  change 
on t h e  HUD t o  r e p r e s e n t  t h e  s u r f a c e ,  t o  i n c r e a s e  s k y - s u r f a c e  c o n t r a s t ?  

Dr J e r r y  Card: 
t h e  c l u t t e r .  

You can  do anything you want,  b u t  p i l o t s  won' t  s t a n d  f o r  a l l  

Yaj A r t  Fowler: They d e c l u t t e r  a l l  t h a t  s t u f f  now, i n c l u d i n g  t h e  FPM and 
p i t c h  s c a l e s .  

Mr Paul  Metz: 
t h e  ground due t o  l a c k  o f  cues versus  f l y i n g  i n t o  the  ground due t o  
o r  due t o  s p a t i a l  d i s o r i e n t a t i o n  o r  GLC.  

Somebody t e l l  me what percentage  of  t h e  7 3  a c c i d e n t s  f lew i n t o  
f i x a t i o n ,  

B r i g  Gen DeHart: SDO is number one i n  t h e  TAF; i t  l e a d s  GLC. 
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Col NcSaughton: The F-16 i s  running over 2:l; SDO/SYO mishaps are at 9 - 1 2  
depending on how you look at it. GLC is at 4 ,  so ratio-wise, it's 2 or 3 to 
one. SDO vs G L C .  

Yr Paul ?letz: We've got so many reasons for hitting the ground, how do we 
know what's the most important - SDO vs the high speed low level (HSLL) 
collision with ground mishap? 

Col McNaughCn: Percentage-wise, in the F-16, SDO's the bigger problem 
compared to GLC. GLC's a big problem but not as big as the SDO problem. SDO 
constitutes a segment of the overall distraction, misorientation- 
disorientation problem producing collisions with the ground. We've had 12 SDO 
mishaps and 19 CWG. To my way of thinking, both are part of the overall loss 
of aircraft attitude awareness problem. The attentional problem is basically 
a ground-proximity warning problem: My idea is that if we provide displays 
and cues that can free the focal mode up to attend to the flight path and cue 
him when to look ahead, perhaps we could solve most of the CWG and 
misorientation problems. 

!-!ai Art Fowler: I'd like to see something come out of this meeting that deals 
with current design deficiencies. We ought to specify that all future 
aircraft will have certain things: they will have a radar altimeter; they 
will have panelescent Lighcs; we will have a3 internal lighting system that's 
coxmensurate with the night air-to-ground role; There 
are 4 - 5  things we know damn well we need and we keep missing them, then the 
retrofit mod costs a lot of money. We should incorporate those things up 
front and save rime, li-res and money. That's =he only way we'll get them 
because otherwise they'll design around them. Put the equipment in a 
simulator and test it, then into a combat aircraft and fly it, and put it in 
production aircraft. 

all will have a GPWS. 

Unidentified: There's the danger of extending the basic acquisition process 
by ten years. Basic research is very important, here, but it takes funding. 

Col  McNaughton: May I just throw out some ideas for improving the displays? 
How about moving airspeed and altimeter tapes that look like these (Figs 16 
and 17), incorporating a distinct change in pattern from one range of 
airspeed/altitude t o  the next? 

Dr William Richardson: I think they're excellent ideas and would like to see 
them tried in the simulator. 

C o l  McNauPhton: Major Fowler mentioned the night-role needs. Does that 
vugraph include most of them? 

o To improve attitude references, to include a large Primary Dedicated 
Attitude Display (PDAD). 
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FIG, 9 - SUGGESTED MOVING TAPE FORMAT 
FOR AIRSPEU) I NDI CATOR 

Figure 1 6  
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FIG, 10 - SUGGESTED MOVING TAPE FORIIAT FOR ALTIMETER 

Figure 17  
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To f ( J i i i i . i t .  c r l t  i ( . # i l  control por.u"tvr.; s i i t . 1 1  nl; a i r s p c t * d  .lrit l  n l  t iint.ter 
f o r  i n s t a n t  uncqufvocal r e c o g n i t i o n ;  design t h e  d i s p l a y s ,  a lphn-  
numer ics ,  symbols and numbers t o  take  advantage o f  our a b i l i t y  t o  
s e e  c a n t r a s t  
s e n s i t i v i t y  c u r v e ,  I A U  A r t  Guisburg's recommendazions; i . e .  des ign  

o b j e c t s  i n  degraded l i g h t i n g  a t  t h e  peak of  t h e  human 

them 
widch o f  your thumbnail h e l d  a t  arm's l e n g t h .  

To  improve c o c k p i t  and instrument  l i g h t i n g .  

To i n i t i a t e  e f f o r t s  t o  minimize/el iminate  canopy g l a r e  
r e f l e c t i o n s ,  

To e l i m i n a t e  f a l s e  h o r i z o n s .  

To c o n s i d e r  e s t a b l i s h i n g  a "n ight -weather  r o l e "  committee 
e v a l u a t e  proposed a i r c r a f t  designs and w r i t e  a d e s i g n  guide .  

t o  subtend 3 t o  5 c y c l e s  per degree ,  o r  about  1/3 t o  1/5 the  

and 

t o  

Y , i u r t  - Fowler: Designers  need t o  consider  a l l  t h e  n i g h t - a d v e r s e  weather 
s i t u a t i o n s ;  e . g . ,  n ight-wx formation p e n e t r a t i o n s ,  e t c .  Need t o  l ook  a t  the 
kXD too .  'Night  b r i g h t n e s s  p r e v e n t s  see ing  through i t .  Haloes and double 
images prevent  r e a d i n g  t h e  symbols. 

Yai Gonzales:  P u t t i n g  :ap.es down t h e  s i d e s  of t h e  HLD may worsen t h a t .  The 
f i r s t  p r i o r i t y  i s  t o  be a b l e  t o  s e e  t h e  t a r g e t  through t h e  HUD. Thaz ' s  why 
p i l o t s  d e c l u t t e r  t h e  HUD. 

Dr William Richardson:  Suppose we placed the s c a l e s  Grant  proposed a long  the 
s i d e s  o f  t h e  HUD,  on ,  s a y ,  the  s u p p o r t  b races?  Kot enough room? 

Col McNaughton: How about on e i t h e r  s i d e  of a b i g  Primary Dedicated A t t i t u d e  
Display immediately below the  HUD? 

Audience: Okay, b u t  what about t h e  up f r o n t  c o n t r o l s ?  

Col Mcxaughcon: Could be moved around t o  the l e f t  s i d e  of  t h e  HUD c o n t r o l  
panel - f o r  t h e  l e f t  hand. Could be molded on a shape t o  f i t  t h e  l e f t  hand, 
t o  provide a s t a b l e  g r i p  p o i n t  from which he could type t h e  c o n t r o l  keys ( F i g  
1 8 ) .  

Audience: Discuss ion  - genera l  approval..  

Maj Gonzales:  The F-16 Simula tor  is a night  v i s u a l  s i m u l a t o r .  You r u n  the  
s imula tor  a l o t  b r i g h t e r  than you want t o  f l y  a t  n i g h t .  T h a t ' s  why ve have a 
negat ive  feedback  w i t h  them. A l s o ,  t h e r e ' s  no canopy t o  c r e a t e  r e a l i s t i c  
g l a r e  and r e f l e c t i o n s .  
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Dr Richardson:  ' Some o f  your problems could be improved i f  you r e q u i r e d  
1 i i ;h t ing  mockups t o  include a canopy. 

Col .Yc?;au.qhton: I t ' s  g e t t i n g  l a t e  l a d i e s  and gentlemen s o  why d o n ' t  we begin 
t o  w r r l p  t h i n g s  up? I ' d  l i k e  t o  p u t  up some s l i d e s  f o r  suggested 
rcconuncndstions. 

1. How about  improving t h e  HUD f o r  instrument  f l y i n g .  

2 .  A Primary Dedicated A t t i t u d e  Display (PDAD) h i g h  i n  t h e  c e n t e r  of 
t h e  instrument  panel  or console  p r o j e c t i n g  an a t t i t u d e  d i s p l a y  or  
modi f ied  PVHD.onto t h e  HUD c o n t r o l  pane l?  ( F i g s  18  and 1 9 ) .  

Audience: I t  was cons idered  a good idea  with t h e  F-18 and F-15E a l s o ,  except  
s e v e r a l  d i d  n o t  want i t  d e d i c a t e d .  They wanted t o  have t h e  o p t i o n  of a moving 
map d i s p l a y .  With e l e c t r o n i c s ,  one could s u b s t i t u t e  an e l e c t r o n i c  AD1 (UDI). 

L t  Col B i l l  E r c o l i n e :  The d i s p l a y  i s  good, b u t  l e t ' s  n o t  s p e c i f y  what i t ' l l  
b e .  

Col YcSaughton: Well ,  I ' d  l i k e  t o  s e e  what t h e  consensus h e r e  Ls r e g a r d i n g  a 
d e d i c a t e d  a t t i t u d e  d i s p l a y  t h e r e ,  l i k e  the  F -105 ,  F-106 and o t h e r  a i r c r a f t  
designed t o  f l y  i n  t h e  weather .  I n  f a c t  the  SR-71's g o t  two of them. 

? k i j  Fo.;?cr: Some o f  those opposed t o  dedica ted  ADIs have a l r e a d y  l e f t ,  bu: 
the  res: .of u s  agree  wi th  you. 

3. How about  n o n - v i s u a l  cue such a s  a n o i s e  g e n e r a t o r  on the s i d e  o f  
t h e  F-16 t o  provide a n  a u r a l  cue t o  a i r s p e e d ,  l i k e  a l i t t l e  screw 
out i n t o  t h e  w i n d s c r e e n - - t h a t  was t h e  s u g g e s t i o n  of  Col Paul  R o s t ,  
AFISC/SEFF. 

U n i d e n t i f i e d :  That n o i s e  is what saved Col Kehoe i n  h i s  F - 1 5 .  

Maj Gonzales:  The ECS i s  so n o i s y  it blanks o u t  a l l  ambient n o i s e .  

Col McSaughton: AA!!L i s  developing technology t o  c o u n t e r  s t e a d y - s t a t e  no ise  
l i k e  engine  o r  ECS--the n o i s e  c a n c e l l i n g  headse t  which c o n t a i n s  microphones 
t h a t  p i c k  up n o i s e  and a system f o r  phase- revers ing  t h e  s i g n a l  and p l a y i n g  it  
back,  c a n c e l l i n g  about 20 db.  Could be a c c e l e r a t e d  if pushed. P o i n t s  of 
Conzact: D r  Chuck Nixon and Rich McKinley, (513)  255-3607, a t  Wright- 
P a t t e r s o n  A F B .  

4 .  Improved c o c k p i t  l i g h t i n g  - a s  recommended by the c o c k p i t  review 
team inc luding  Col Paul Rost, Maj Rooster  Rouse, and Maj Dick Frank, 
a t  Edwards. Consider  u s i n g  s t u r d y  goose-neck lamps mounted t o  each 
canopy r a i l ,  a s  does t h e  SR-71. 
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5 .  Reducing canopy glare and reflections: Consider glare shield 
(frangible in the F-16) or "Bat Kings" folding down from extensions 

the canopy rails, as in the SR-71. 

M a j  Gonzales: 
instruments. 

You'd have to have big bat-wings in the F-16; 
How about using micro-louvre directional filters? 

might block the 

Ma1 Gonzales: C A R A  is coming and SSG's position is that we're no: doing 
anything till we get CARA. The Air National Guard's position is that they're 
going to retrofit their F-16 Block 10's with off-the-shelf RAs. We at Hill 

(CARA I have been asking f o r  the Rx since the first guy hit the ground in 1981. 
I = Combined Altimeter-Radar Altimeter). 

6. Radar Altimeter 

7 .  For the future aircraft, does anyone disagree with this list, or are 
there any additions? 

?la7 Gonzales: I think if we have the technology, the HUD should be built as 
the primary control instrument. If the technology exists, why not build the 
HL'D to be the primary attitude indicator for the airplane? 

Col McSaughton: Well, because you've got the basic problem that: 

o Limited FOV: L%ereas tte AD1 provides a 90-11@ FOV, 
the HUD provides p l y  16-20 which is one-to-one with the world. 
It's like taking 16 from the AD1 and spreading it over the face of 
the combiner--this not only magnifies the flight path s c a l e  ( F F S ) ,  
it magnifies the dynamics such that the FPS does not hold still for 
interpretation. To recover from a rapid roll or pitch rate on the 
HUD, you must first stop the roll and pitch rate so you can 
read/decode the FPS. 

o Lack of clear distinction between sky and surface precludes instant 
appreciation of upright vs inversion, climb vs dive, or about what 
degree of climb or dive. By its very nature. it can not provide the 
instant Big Picture. Hence, it's not adequate for the recognition 
of and coping with unexpected unusual attitudes. The suggestions 
we've made regarding the HUD (vertex pointer on the FPM and 
radically changing flight path pattern between climb and dive) might 
be useful to alert the pilot to go to his primary attitude display 
and should be tested, but trying to do it all on the HUD while 
retaining the same earth-referenced scaling of the HUD is not 
possible. 
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!la! Gonzales: Ye're talking about the future now. 'Gihat we saw this mornizg 
where they're going to project the world on this virtual cockpit which you're 
going to be wearing. It's stupid to build a projection system if I can't fly 
everything. We're talking third generation now; we're 
talking 15 years from now, probably. 

I need to go head-up. 

Col McNaughton: 
talking ATF and 
virtual cockpits. 

Well, I don't know if VCASS will be ready for ATF, so we're 
getting 

But technologies like ?IAGIC with its 5 CRTs or PCCADS - the 
possibly some other interim aircraft before we start 

big flat instrument panel, may be. What I'm saying is, we need a vertical 
situation display or attitude display close to the eye, right below the HUD. 
The HUD calibrates the outside world--it's a vernier scale which is referenced 
to the earth: it provides the precision for ordnance delivery, close terrain 
clearance or spot landings--the micropicture if you will. The attitude 
display is aircraft referenced--gives the instant Big Picture of attitude; by 
i t s  very nature, it's not a precision instrument but it's not supposed to be; 
it's supposed to provide the macropicture, to tell him whether he's upright, 
inverted, climbing or diving and bow much at a glance without him having to 
think about i:, It's becoming apparent that you really need them both and 
need them both in the same general field of regard. 

Dr William Richardson: Correct. It's important you get your research going 
in the Aeromed Lab or wherever, to support the ATF for these specific kinds of 
conclusions and presentations. You know, we're going to multipurpose displays 
and to WDs so you could identify those specific new technologies that look 
most promising for improving crew station design and the Aeromed Lab people 
are going on it right now to demonstrate their practicality for this type of 
an operation. We have a flight simulator here at the base and could bring in 
pilots, both experienced and nuggets, to get an evaluation based on reality. 
I think it would be a most useful outcome of this meeting to get that. 

Discussion on experir>iice lrvcl of SDO mish:ip victims f o l l o w e d ,  M n j  
Cori=alcs coininen: lng tlrnt a1 1 l c v c l s  of experience  wc-rtf represented. 

Dr Richardson: I don't think it's a problem unique to our Air Force. I 
think it's world-wide because we've lost many F-5's. We lost 4 in one monzh 
when we sent them over to Iran--those 4 were probably all lost due to loss of 
situational awareness. It was during Ramadan, that month when people are not 
allowed to drink water from sunrise 'til sunset, the pilots were dehydrated. 
It was August, it was hot, and they were flying successive missions, and 
couldn't drink any beverages. I'd still like to know the experience level of 
our losses. 

Col Mcsaushton: That's everybody, it's a spectrum of guys, and of course, 
they're flying at night, they're flying tired, they're flying strung-out, you 
know; they fly like TAC pilots fly. Anything else to add onto this? Bottom 
lines? 
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Dr Richnrdson: Something to warn the pilot he's out of control or in an 
unusual attiEude. And an autorecovery sys tem.  

Col McNaughton: How do we know what constitutes an unusual attitude, unless 
he's getting ready to hit the ground, which requires a more sophisticaced 
GPWS? 

Discussion Garbled How will a Big AD1 prevent C X ?  

Col McNauqhton: 0ne.advantage of the Big AD1 is that it reduces the workload 
of flying in conditions of reduced visibility or in IMC so much that it will 
free up your attention for other tasks--like maintaining aircraft control and 
avoiding hitting the surface in the first place, or another aircraft. 

Discussion Garbled: Why not invest more time and money .on basic instrument 
training? Training is the bottom line. 

Col McNaughton: My answer to that is that you can train guys to cope with 
terrible design, so why not give them a good design so they can learn to fly 
instruments more rapidly and easily, thus freeing up more time for learning to 
use the aircraft as a weapons system? Training is definitely a bottom line, 
and until we get better designs, it's all we have. The bottom line is that we 
need to cocsider how the pilot functions and what he needs in designing the 
pilot vehicle interface, and what he needs to maintain orientation, and what 
he needs to recognize and cope with unexpected unusual attitudes. Is there 
anything more on the design of a basic global viev attitude indicator? 

Ed Hartman: Well, my name's Joe Bill Dryden and I think with proper 
training, we can do it all on the HUD. (Laughter) 

Col McNauShton: Yes, but you've got 8000 hours in fighters, and you've got 
eyes like a Chuck Yeager, and you can switch your attention faster than a 
VHSIC. You'd put a Cray to shame. Unfortunately, there aren't that marly  J o e  
Bill Drydens out there. You know we need those guys but they're not always 
the best guys to be the sole aircraft evaluators of aircraft that will be 
flown by the ordinary fighter jock. We're all on a Bell-shaped curve and Joe 
Bill may be out here 3 or 4 standard deviations above the norm. You know, 
we're all different with different capabilities. 

Mal Gonzales: If man is a pattern recognizer, why don't we use the same 
pattern, especially for the MFDs, for showing attitude references on all of 
them? You know, when a pilot looks at a cockpit, he looks at the round dial 
in the center and looks for black or white--that's the pattern. When you look 
at the HUD, you're going straight line vs dashed line. When you look at the 
radar in the F-16, you're going Westinghouse W ;  on straight lines, it's got 
toe on the ends that point down. You know, I think you need to standardize 
whatever you say--whether it's going to be chevrons down and straight lines 
up; we could put another attitudinal reference on all these other MFDs, make 
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it the sane throughout, so no matter where I look, the same thing is up as 
down. Probably the best thing you can do is design the attitude display to be 
instantly interpreted, so you don't have to figure out what it's telling you. 

Vnidentified: Lily not make a goal to make the HPD an ADI? 

Col McSaughton: I don't think you want to make 
:he HUD an AD1 because you want the HUD for killing bad guys and you don't 
k i l l  bad guys with an ADI. but 
the HUD's basically a gunsight. 

I don't think that's a goal. 

You keep your attitude awareness via the AD1 

Unidentified: A future HL'D may be able to do it all 

Yaj Gonzales: Let's not forget, the F-15 can kill other aircraft at night, in 
the weather, where your tactical symbology in the t" gives you guidance, 
while because-of the dynamics of the situation, 
doesn't give you the time to move your eyes. That's why I'd like to see the 
HUD give me the same feeling of security I get off of the big round ADI. I'm 
sure the F-15 driver wants the HUD where he has it. We all have got to be 
flying the damn HUD at night. 

your instruments in the HUD, 

Unidentified: hlat are you trying to say, Grant? 

Col Mc?:auEhton: h3at I'm trying to say is that I think we need 'em both. I 
think we need the HUD that's a gunsight, that provides the micropicture, and I 
chink we need a dedicated attitude display right below it, right at eyeball 
level, practically within the same field of \*iew. 

Dr Richardson: Li%at's wrong with that? Why don't we do that? Why isn't 
that a good idea? 

Unidentified: We haven't been able to do that because of size of the CRT. 

R. J. Stroup' HQ PACAF/SEF: If you put up a flat-panel display and put a touch 
panel on the front of it, you can have both worlds: a control panel and a 
display depending on what you want. The technology to do it exists today. 

Unidentified: That's a great idea! 

Unidentified: Is it dedicated? 

Capt William Burgin, USAARL: It's time-sharing, time-limited. He can use it 
for whatever he wants for a limited amount of time. If he wants his map, he 
punches his map. After 30 seconds or so ,  it goes back to ADI. 

Unidentified: The French do that on their Mirage follow-on (Rafale); have an 
MFD immediately below the HUD.  
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Col  McNaughton: Gentlemen, our  t i m e ' s  up. I c a n ' t  t e l l  you how I a p p r e c i a t e  
t h e  response t h i s  a f t e r n o o n .  I ' d  l i k e  t o  o f f e r  a b i g  v o t e  of  thanks t o  D r  Tom 
Furness  f o r  funding t h i s  conference and paying t h e  f e e s  o f  speakers  Dick 
Yalcolm and Bo Gehring and t o  Frank Scarp ino  who p a i d  most of  the  r e s t .  A l s o  
thanks  t o  Col Krawetz and B i l l  August ine.  A very  s p e c i a l  thanks t o  Kathy 
Sinkwitz  and Evelyn B a i l e y ,  my s e c r e t a r y ,  who performed such monumental 
p r e p a r a t i o n  and t y p i n g  t a s k s ;  and t o  T e r r y  Emerson, L t  Col  Bob Hendricks,  Pete  
I m v p r i n g  arid h i s  g1 r ! s ;  Mnc.4lr f o r  s end ing  P n u l  St i~ninc~rs;  C:ilsp.in for  T v r r v  
Lut::; EOKD f o r  t u n d l n g  Bob Taylor ;  Nor throy  f o r  Frank Watler atid B i l l  
Richardson;  L e a r - S i e g l e r  for Bob DeGiorgio; NASA f o r  Dick Haines;  CD f o r  Don 
Gwynne, Joe  B i l l  Dryden and Ed Hartman; t h e  Army, Navy, Marines,  Canadians; 
Dick Newnnn, B i l l  E r c o l i n e ,  Kent Gil l inghnm, Dick Malcolm, Bo Gehring, Dick 
C e i s e l h a r t ,  Fred Hoerner,  Hersh Leibowitz ,  Dick Haines ,  A r t  Fowler, Merrill 
Beyer ,  Zack Zayachkowski, Dave Milam, A r t  Ginsburg, S t a n  Roscoe, J e f f  C r a i g ,  
Lee Task,  J o e  Byerly,  Don Ross, John R e i s i n g ,  Laur ie  H a m ,  Joyce Iavecchia ,  
J a y  Baker, Emily Howard, General DeHart, General  Pruden and General Meader, 
and General  McMullen, D r .  Bruce Urbane, L t .  Dan D e s j a r d a r d i n s ,  L t .  Ron Opp, 
L t .  K i m  Mazur, and o f  course ,  o u r  banquet speaker  l a s t  n i g h t ,  Jack  
Eggspuehler .  I won' t  run  through t h e  e n t i r e  l i s t  of  35 speakers  and all t h e  
people  who made t h i s  happen, b u t  I t  s u r e  c o u l d n ' t  have been done without  you. 
Thank you a l l  v e r y  much. 
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COYY2;TS REGARDING THE F- 16 FIGHTER 
REUTIVE TO THE AIRCRAm ATTITUDE 

AWARENESS CONFEXESCE 

K4.J Dick Frank 
ASD/YPDT 

WPAFB. Ohio 

Flying at night/in weather, sitting in bubble canopy produces more SDO 
than in the F-4 or T - 3 8 .  k%at causes SDO is the peripheral-vision (PV) motion 
to the sides in the bubble canopy. Even in daytime-weather, bubble makes it 
tougher. 

Three problems in the F-16: 

1. Bubble Canopy - increases your susceptibility to external goings-on. 
Can't run seat down far enough to block PV inputs. 

2 .  Night-interior cockpit lighting in this aircraft still better than 
in other aircraft I've flown (F-4 and T - 3 8 ) .  I know very few pilors 
who like to fly at night. Lighting problems identified: would they 
really use rheostars for every irstrunent? I could see value to 
lighting basic ins:rument group. There is a tendancy for canopy 
glare from inside lights and from outside lights, vhich produce 
false mozions. Yoving lights can produce SDO. 

A local phenomenon peculiar to Hill Is 1 - 8 0  east of Wendover: 
approaching it produces the sensation of flying a loop. 

Exterior lights - not optimized for night formation. Designed as 
DAY-VFR Fighter. F-16 wing tip 
missles tend to obscure tip lights. All lights are point sources: 
there is presently insufficient area lighting to provide the depth 
perception necessary for flying formation. 

The F-4 strip lighting is better. 

3 .  Relying on the HUD - several problems. 

a. HUD is a good instrument for S & L if you continue to watch it. 
Too small a view of the world to return to HUD from head-down: 
takes a while to interpret it. 

b. HUD-IMC - cloud motion the rough HUD produces SDO. 
c. Instrument down X-check: no particular problem escept they're 

deep and require head motion if X-checking with HUD - but if 
stay head down, OK. 
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e .  Future move i s  t o  c u t  s i z e  of  instrument  t o  i n c r e a s e  tnc::ical 
capabi l i ty , / t ime share  - we've shrunk the  AD1 t o  b a r e  minirnum 
now. 

F - i j  makes you more s u c e p t i b l e  t o  SDO t h a n  o t h e r s  I ' v e  flown. 

0 L.cck o f  f e e l  cues  v a s  not  SDO problem f o r  me. F i s c . i i  s t i c k  t i o c s  i i o t  I I I O V C  

- any inadver tan t  p r e s s u r e  can provoke r o l l  o r  p i t c h  change.  Fred r e l y  
s o l e l y  on v i s u a l  cues  t o  a i r s p e e d  r a t h e r  than on audio/wind noise  o r  
s luggishness  of response .  

o No F-16 cuphorin o r  in.igLc c a r p e t  e f f e c t  f o r  me froiii t h e  bubblc c.iriol':J. 

o V i e w  t o  r e a r  s t i l l  b e t t e r  than any o t h e r  a i r c r a f t .  

o Gould l i k e  r h e o s t a t s  f o r  b a s i c  ins t rument  group: A D I ,  H S I ,  Al tLneter ,  
AS:, ar.d VVI . 

0 Car.opy glow - y e s ,  i t ' s  a problem: going from o u t s i d e  t o  ins t ruments ,  
e z c .  Unaware o f  a s o l u t i o n .  I f  I b e g i n  to g e t  SDO'd, I t u r n  up a l l  :he 
l i g h t s  and go IFR; s t o p  looking o u t s i d e ;  o f  c o u r s e ,  t a c t i c s  must permnlt 
t h a t ;  impossible i f  f l y i n g  formation a: nigh:. (Bes t  n i g h t  formation i s  
a 3 m i l e  r adar  t r a i l . )  See no p o i n t  t o  f l y  c l o s e  i n  n i g h t  formation,  i f  
r a d a r  is  working (which i t  almost a l v a y s  i s ) .  That way, lead car. 
mnneuver b e t t e r ,  and you both can r invigate .  Flying by rnd,ir i n  t t i c  F - l o  
a i r c r a f t  is much e a s i e r  than F-4 .  

o Map l i g h t  made w i t h  a c l i p  - b u t  t h e r e ' s  nothing t o  c l i p  i t  t o  except  
towcl rack .  Then c a n ' t  move it around much. Kith p r a c t i c e ,  you c a n  a i m  
i t  a t  t t ic  basic i n s t  rumcnt group.  

0 DME on HSI - Government Furnished Equipment ( G F E )  - Warner-Robiris 
Problem: I t ' s  t o o  dim and a l s o  too  hard  t o  f i x .  

o Use p e n c i l  l i g h t s  to i l l u m i n a t e  knee board .  

o Ve ' re  looking a t  Radar E l e c t r o - O p t i c a l  (REO) f i l t e r / h o o d .  Are working 
A/B F i l t e r .  

C/D h a s  no REO - u s e s  MFD's. L i g h t i n g  should be b e t t e r .  Edwards n i g h t  
l i g h t i n g  e v a l u a t i o n  on C/D s a i d  i t  w a s  acceptab le  though t h e r e  a r e  s t i l l  
canopy r e f l e c t i o n s .  Would inc lude  n i g h t  AAR, bombing, and formation.  

o AD1 is a s  small  and as  low as we'd e v e r  want i t  to g c t .  
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o HUD c o n t r o l  pane l  u ses  excess  prime r e a l  e s t a t e .  

o I f  p u t  t h e  b a s i c  instrument  group uhere t h e  HUD c o n t r o l  panel  now i s ,  i t  
would he b e t t e r .  

o Trend now is  to d e l e t e  b a s i c  i n s t rumen t s  i n  f a v o r  of  MFD's. I s e e  a r e a l  
problem. I f e e l  you should always have a d e d i c a t e d  a t t i t u d e  instrument  
i n  prime l o c a t i o n .  A s  l ong  as t h e  p i l o t  f l i e s  t h e  a i r c r a f t  manual ly ,  he 
needs b a s i c  in s t rumen t s  t h e r e  a l l  t he  time. C a n ' t  s e e  time s h a r i n g  the 
a t t i t u d e  i n d i c a t o r .  

1. I f  g e t  SDO'd would t a k e  you longe r  t o  r e a l i z e  i t .  

2 .  Once you r e a l i z e  you need the  A D I ,  you 've  go t  t o  c a l l  i t  u p ;  
t h e r e f o r e ,  I t h i n k  i t  would be  an unusable  system. 

Yany p i l o t s  f a i l  t o  r e a l i z e  how d i f f i c u l t  i t  i s  t o  u s e  the  HUD as the  b a s i c  
i n s t r u m e n t ,  though they may b e l i e v e  they  can .  

A h i g h  A 3 1  would pe rmi t  t h e  wingman t o  sneak  a peek,  thereS;r 
m a i n t a i n i n g / r e g a i n i n g  h i s  o m  a i r c r a f t  a t t i t u d e  awareness .  
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DEPARTMENT O F  THE AIR F O R C E  

, \ ! ' I !  < , \ Y  l : ! ( . \ \ ( ' : > c ; ( l  i,,,-.;'l -,,'llll 

USAF HOSPITAL M I S A W A  ,PACAF) 

Dear G r a n t ;  2 Oc,tcber 1985 

1 .  Thanks very much fe r  i n v i t i n g  me tc the ccnference cn Aircraf t  Att i tude 
Awsreness. Neodliss t c  say, I w c u l d  lcve tc at tend,  hcwever, being t h i s  fa r  
away, and having j u s t  returned frcm the s t a t e s  three weeks age, and'with a 
S t a f f  Assistant v i s i t  corning up i n  three weeks, I can ' t  j u s t i f y  coming. Hence 
the reason fcr  t h i s  l e t t e r  and enclosed package. 

2.  T h i s  packago is the ''bare bcnes" out l ine  of a t hes i s  and l ec tu re  tha t  I ' v e  
been pcndering f c r  scme time. Your inv i ta t ion  prompted me t o  p u t  i t  down in to  
p r in t .  I a lso gave an abbreviated form of t h i s  to  the p i l o t s  a t  M c D i l l  a f t e r  
the l a s t  F-16 ve r t igc  accident. I t  represents an analysis  of past  ver t igo  
accidents i n  the F-16, w i t h  my cwn inferences as t o  t he i r  r e a l  cause, and a 
prcpcsed t ra in ing  program t o  avoid such accidents i n  t h i s  a i r c r a f t  i n  t he  
future .  I h a v e  access to  data on a l l  the vertigo accidents of both types. I 
have segregated them in to  Type I and Type I1 a r b i t r a r i l y .  The two NATO 
accidents mentioned are  ones tha t  I learnerd about a t  the Multi-National Safety 
Group meetings; there  may be more. 

3. Let me dispose of the Type I ver t igo accidents f i r s t .  There i s  nothing 
shcr t  of a well-ingrained pat tern of frequent a t ten t ion  to the a t t i t u d e  and 
instruments t ha t  w i l l  keep you a l i v e  i n  t h i s  a i rplane close to  the ground. 
That is t rue  i n  any a i r c r a f t ,  b u t  more necessary i n  t h i s  a i r c r a f t  because of the 
lack of other cues tha t  you and I have discussed before. Maybe we should h i r e  
p i l o t s  w i t h  b u i l t - i n  metronomes. 

4 .  Which br ings u s  t o  the c l a s s i ca1 , ac t ive  ver t igc,or  Type I1 accident.  
seem t r a g i c a l l y  more common i n  t h i s  a i r c r a f t  than i n  other a i r c r a f t .  On the  
f i r s t  summary page ( a l l  these a re  printed for you t o  turn in to  s l i d e s ,  i f  you 
e lec t  to  present t h i s ) ,  there  a re  f ive  tha t  I would c l a s s i f y  as ac t ive  ver t igo  
accidents. (The cne I exclude, which is arguable, is the guy who ran in to  the 
ILS antenna a t  Hahn. T h i s  seems t o  me t o  be more' of a night v i sua l  i l l u s ion . )  
A l l  these accidents seem t o  s t a r t  w i t h  a s ign i f icant  d i s t r ac t ion  a t  a c r i t i c a l  
and vulnerable phase of f l i g h t .  These d i s t r ac t ions  a l l  have a h i g h l y  probable 
e f f ec t  of inducing a head movement while the a i r c r a f t  i s  simultaneously 
wandering.off t h e  intended f l i g h t  path, probably a t  a sub-threshold r a t e  of 
prcgression. I t  is  these two f ac to r s ,  coupled w i t h  the  change i n  f l i g h t  condi- 
t i cns  which seems t o  c rea te  t h e  vulnerable climate for  one of these eventual- 
i t i e s .  The two European accidents were the same, one an abort  o f f  a low leve l  
in to  the clouds, t h e  second a pull-off frcm a bomb del ivery in to  t h e  clouds. 
The F-16 f ac to r s  I t h i n k  you agree w i t h  already. 

These 

5. The two enclosed graphs are  data  s e t s  which I believe strengthen my 
argument. The f i r s t  i s  a complicated plot  of what the F-16 ac tua l ly  does i f  you 
turn it loose. I have several  s e t s  of data for t h i s ;  t h e  one I have included 
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here is  a modera t e ly  bad c a s e ;  s t a r t i n g  i n  a t h i r t y  degree bank l e v e l  t u r n ,  and 
l e t t i n g  go for  t h i r t y  seconds .  I t ' s  a b i t  hard tc? r e a d ,  b u t  s h o r t  of a fou r  
demsns lcna l  prl?sc?ntrttl.cn l t  was t h e  be3t 1 ccu1,i dc. The v e r t l c o l  sc.ale is 
a l t i t u d e  loss s t a r t i n g  a t  250 f ee t  down t o  2,250 feet. The h o r i z o n t a l  s c a l e  is 
a change  i n  bank scale,  t h e  l e f t  s i d e  being f a v o r a b l e  a s  it represents a ten- 
dency of t h e  a i r c r a f t  t o  r o l l  o u t  o f  a bank, The r i g h t  s i d e  i s  u n f a v o r a b l e ,  t h e  
bank s t e e p e n i n g .  

6. The c o n c l u s i o n s  I draw from these a r e  s e v e r a l :  

a. The F-16 seems to  have  a d i h e d r a l  effect ,  r o l l i n g  o u t  more t h a n  
s t e e p e n i n g  . 

b. The a l t i t u d e  loss  f o r  t h i r t y  seconds i s  nowhere nea r  t h a t  which o c c u r s  
i n  t h i s  t y p e  o f  a c c i d e n t .  

c. The d e g r e e  of d i v e  is  a l s o  nowhere r emote ly  nea r  t h e  s e v e r i t y  o f  impact  
a n g l e  u s u a l l y  obse rved  i n  these t y p e  o f  accidents. 

d .  A p h y s i o l o g i c  inference: These a r e  a l l  sub- threshold  changes  i n  r o l l  
and p i t c h .  

7 .  The second se t  of d a t a  is i n c i d e n t a l  t o  my main argument;  it represents t h e  
a c t u a l  per formance  of t h e  F-16 stand-by a t t i t u d e  i n d i c a t o r .  I wro te  t h i s  up as 
an a r t i c l e  i n  F l y i n g  S a f e t y  i n  l a t e  1984, August I b e l i e v e .  This data  p lo t  was 
n o t  p r i n t e d  i n  t h e  a r t i c l e  b u t  shows t h e  e s sence .  I n  35 o f  50 b a s i c  f i g h t e r  
maneuver m i s s i o n s  w i t h  more than  three enga3ement.s each, t h e  S A D 1  d i d  n o t  p r e c e s s  
o u t  of i t s '  own six d e g r e e s  o f  s e l f - e r e c t i o n  c a p a b i l i t y .  The few times it d i d  
p r e c e s s ,  it was of a m i l d  10-15 d e g r e e s  o f ' p i t c h  and bank p r e c e s s i o n .  The worst 
d a t a  p o i n t  is t he  t h i r t y  d e g r e e s  of bank and t h i r t y  d e g r e e s  of n e g a t i v e  p i t c h  
ach ieved .  It a l s o  f r e q u e n t l y  p r e c e s s e s  o u t  o f  its' s e l f - e r e c t i o n  c a p a b i l i t y  
d u r i n g  t h e  a i r - to-ground r ange  p a t t e r n ,  p robab ly  because  of t h e  c o n s t a n t  one  way 
t u r n s .  The p o i n t  is  t h a t  i t  i s  e x t r e m e l y  r e l i a b l e  under  t h e  most s e v e r e  
c o n d i t i o n s .  Taking t h e  worst d a t a  p o i n t  of -30 and a bank of 30, i t  would be 
e a s y  t o  u s e  t h i s  a s  a r e c o v e r y  by p u t t i n g  t h e  a i r c r a f t  t h i r t y  d e g r e e s  nose  h i g h  
and advancing  t h e  power. The F-16, even i n  a h e a v i l y  loaded  c o n d i t i o n  w i l l  n o t  
run  o u t  of a i r  speed  or i d e a s  w h i l e  y o u ' r e  i n t e r p r e t i n g  t h e  p i c t u r e  f u r t h e r .  

8. I have a t t empted  t o  d iagram a t y p i c a l  f l i g h t  c o n d i t i o n  i n  t h e  f i r s t  sche- 
ma t i c .  A l l  f l y i n g  i n v o l v e s  minor c o r r e c t a b l e  d i s t r a c t i o n s .  I n  f a c t ,  you 
cou ld  a rgue  t h a t  t h e  essence of a cross check is r e t u r n i n g  p e r i o d i c a l l y  t o  each  
i n s t r u m e n t  t o  see what unobserved  d i s p l a c e m e n t  had t aken  p l a c e  s i n c e  your l a s t  
g l ance .  Anyway, l o o k i n g  a t  l e a d ,  c h e c k i n g  your map, g e t t i n g  t h e  n e x t  f i g u r e  
o f f  t h e  approach p l a t e ,  even t u r n i n g  around t o  check t h e  bomb s p l a s h  r e s u l t s  i n  
an a i r c r a f t  p o s i t i o n  which is d i f f e r e n t  from t h e  l a s t .  A t r u e  emergency 
d i s t r a c t i o n , o f  course,makes t h i s  worse. 
r e t u r n s  t o  t h e  a t t i t u d e  i n s t r u m e n t s  you ca lmly  and p r e c i s e l y  r e t u r n  t h e  a i r c r a f t  
t o  t h e  in t ended  f l i g h t  p a t h ,  u s u a l l y  u s i n g  a sub - th re sho ld  c o r r e c t i o n .  

Most of t h e  time, when your a t t e n t i o n  

9. Those s i t u a t i o n s  which p r o g r e s s  t o  d e a t h  do so by a d i f f e r e n t  mechanism, I 
t h i n k .  I have  attempted t o  d iag ram t h i s  i n  t h e  second schematic. When t h e  
u n c e r t a i n t y  becomes p e r c e i v e d ,  t h e  u n s u r e  or u n p r a c t i c e d  p i l o t  makes a r a p i d  
c o r r e c t i o n ,  a t  a s u p r a - t h r e s h o l d  r a t e ,  which induces  some a c t u a l ,  p e r c e i v e d  
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sen:jdt,Lr'n:, of vertlgo. Ncw he has no t  only a conf l i c t  between h i s  expectation 
and the instrunents ,  b u t  a c c n f l i c t  between h i s  expectaticn,  t h e  instruments, 
and  h i 3  veSt ibu?x  sensa t icns .  T h i s  serves to  increase fear ,  so the next 
cc r r ec t i cn ,  prcbnbly ccmpcunded by the giant  hand phencmencn, is even mere 
rap id ,  inducing mere v e r t i s c ,  and so on. The centra? medi3tor of t h i s  process 
is prcbably simple panic.. Slsul tanecusly,  t h i s  cverwhelming fear is causing the 
mental processin3 to break, t o  slow down,  and to  obscure normal pa t t e rns  of 
response, i n  shcr t  to  cancel t h e  p i l o t ' s  a b i l i t y  to autcmatically recover from 
t h i s  s i t ua t ion .  I t  t h u s  is a pos i t ive  feedback cycle ,  leading t o  la rger  and 
larger  erroneous i n p u t s .  

10. The questicn then becomes "how t o  break t h i s  pcs i t ive  feedback cycle." The 
control  theory would have u s  p u t  an act ive dampening mechanism i n t o  the system 
as an autopi lot  can do. However, I know of no ac t ive  way of dampening o u t  the 
vestibular sensat lcns ,  and only two ways o f  deadening them; f i r s t ,  experience, and 
secondly,drugs. During a l l  t h i s  maneuvering, i t  is vPry reascnable t o  exgect 
the a i r c r a f t  w i t h  pos i t i ve  back s t i c k  force t o  assume a nose-down a t t i t u d e .  

1 1 .  My recovery system is patterned a f t e r  Red Flag. We do exercises  l i k e  Red 
F l a g  to desensi t ize  the p l l o t s  to  the in s t inc t ive  and expectant fear  they would 
encounter i n  the f i r s t  s tages  of combat. Few of u s  ever experience a t r u l y  
panicky vertigo s i tua t ion  and l i v e  tc t e l l  about i t .  But  we a l l  have minor 
degrees of vertigo a l l  t h e  time i n  t h i s  a i r c r a f t .  A vertigo avoidance and 
recovery program needs t o  demonstrate t o  the p i l o t :  

a. Vertigo sensations do subside rapidly,  especial ly  w i t h  the  head fixed 
and the eyes focused s t r a i g h t  ahead. 

b. The a i r c r a f t  does not assume a dangerous downwsrd vector while the p i l o t  
allows h i s  sensations t o  s u b s i d e .  

c .  I t  is possible t o  mentally t a l k  yourself out of a dangerous a t t i t u d e  by 
simple sequential  logic.  

d .  The recovery m u s t  be a t  a slow r a t e  t o  avoid further ver t igo  generation. 

e. The stand-by tnd lca tc r  does not l i e .  

f .  I t  is important not t o  look i n  the heads-up d i s p l a y ,  as  t h e  data is 
confusing, and the head movements can only exacerbate ver t igc.  

12. Thus the exercise I have designed and practiced goes l i k e  t h i s :  Turn head 
t o  look a t  e i ther  the oxygen regulator  ( r i g h t  and rear),or t h e  new brake t e s t  
switch ( l e f t  and r e a r h w h i l e  doing an eyes closed aileron r o l l .  As t h e  r o l l  
f in i shes ,  snap the head center  and open the eyes. Despite the average f igh te r  

Remove the hand from t h e  s t i c k ,  grasp the  "towel rack" and count ou t  loud t o  
f ive ;  1,001, e tc .  Focus on t h e  main a t t i t u d e  ind ica tor ,  confirming tha t  the 
stand-by is i n  agreement. Consciously in te rpe t  the stand-by ind ica tor  out loud: 
"The face is gray, the number Is t h i r t y ,  I must  be i n  a t h i r t y  degree dive. The  
word dive is upside-down, I must  be upside-down, etc." Apply smooth, slow 

' p i l o t ' s  desens i t iza t ion ,  some minor ver t igo should occur through Cor io l i s .  
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c c n t r o l  i n p u t s  a s  i n  t h e  t i m e - h o n o r e d  u n u s u a l  a t t i t u d e  r e c o v e r y  s e q u e n c e .  T h i s  
e x e r z i s z  s h c u l d  be r e p e a t e d  s e v e r a l  t i n e s  t o  t h e  p o i n t  where t h e  p i l c t  is 
C c m f c r t d b i S  d c i n g  t h i s  p r c c e d u r e .  For s a f e t y  r z a s c n s ,  it s h o u l d  c n l y  be  d c n e  cn 
a c l e a r  d a y ,  o v e r  l a n d ,  and  w i t h  a ''a" s h i p ,  or w i t h  an  escort i f  s i n g l e  s h i p .  
If t h e  p i l o t  becomes p e r m a n e n t l y  c c n f u s e d ,  I recommend a "gyro -ou t "  s teer  S a c k  
t o  l e v e l  f l i g h t .  Fcr i n s t a n c e ,  "re11 r i g h t  s l c w l y ,  p u l l  u p  s l o w l y ,  s t e p  r c l l ,  
e::." i l h i l e  I ' v e  d c n e  t h i s  many times n y s e l f ,  I ' v e  y e t  t o  p r e s e n t  i t  tc  a s  a 
f m n a i  r q u e s t  h e r e  i n  t h e  'ding. 

13. L a s t l y ,  I n e e d  n o t  r e i t e r a t e  t c  ycu  t h e  u n i q u e  a s p e c t s  of t h e  F-16 w h i z h  
m a x i n i z e  p o t e n L i a 1  for  a n  a c t i v e  v e r t i g o  s i t u a t i o n ,  I am a lso  s t r u c k  by  t h e  
r e l a t i v e  r a r i t y  of t h i s  t y p e  of a c c i d e n t  i n  t h e  F-15. I c a n  c n l y  t h i n k  cf o n e .  
I am a l s o  n o t  aware of  a n y  i n  t h e  A-10, and t h e  r a t a  i n  t h e  F-106 was s e v e r a l  
crders  of m a g n i t u d e  less  t h a n  t h e  F-16. Why is a n o t h e r  q u e s t i o n .  I b e l i e v e  t h e  
c h a n g e s  i n  p i l o t  t r a i n i n g  d o c u m e n t e d  b y  G e n e r a l  D. Hart i n  h i s  l e t t e r  of l a t e  
1393 t o  G e n e r a l  D o p p e l t ,  t h e  t h e n  TAC S u r g e o n ,  h i t s  t h a t  v e r y  well. Alsc, 
ycu  u i l l  remember we do  n o t  do u n u s u a l  a t t i t u d e s  i n  t h e  F-16 b e c a u s e  of t h e  lack  
cf a B mcdel and a hood. Once  a g a i n ,  there  i s  no t r a i n i n g  s p e c i f i c a l l y  d i r ec t ed  
a t  t h e  v e s t i b u l a r  f u n c t i o n  or  t h e  p s y c h o d y n a m i c s  of t h i s  problem i n  Air T r a i n i n g  
Ccmmand or i n  a n y  a i r c r a f t .  

14 .  I a p c l c g i z e  for  t h e  i m p r e c i s i o n  of these r e m a r k s .  I ' v e  b e e n  t h i n k i n g  ' a b o u t  
t h i s  fcr scme time, b u t  h a v e  y e t  t o  set  i t  down o n  p a p e r  p e r f e c t l y .  I h o p e  t h i s  
makes some s e n s e  to  y c u  and  i t  w i l l  be  i n t e r e s t i n g  t o  see i f  a n y o n e  a t  t h i s  
c o n f e r e n c e  a g r e e s  w i t h  t h i s  thes i s ,  or has  r e a d  or p u b l i s h e d  a n y t h i n g  of t h i s  
n a t u r e  before. I w c u l d  a l so  l i k e  t o  knew what you  and  t h e  members of t h i s  
c o n f e r e n c e  t h i n k  of t h e  idea  of a d e s e n s i t i z a t i o n  p r o g r a m .  

15. I s u r e  w i s h  I c c u l d  ccme and  p l e a s e  k e e p  me on y o u r  i n v i t a t i o n  l i s t .  

Mag, USAF, MC 
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VERTIGO ACCIDENTS 

5 ACTIVE VERTIGO - TYPE 1 
- OBVIOUS A/C  DISPLACE/lEMT 

- S I Gi: I F I CANT D I STRACT I ONS 
1) STAN EVAL O l i  W I N G  (2 )  
2 )  02 LIGHT 
3 )  "PROBLEM" - ON RADIO 
4 )  BOTH BATTERY LIGHTS 

1) CHECK WINGElAfJ (2 )  
2 )  
3 )  
4 )  

- POSSIBLE INDtiCED HEAD I*lOVEMENTS 

02 REGULATOR TO RIGHT & NEAR 
? BATT LIGHTS DO!JN & LEFT 
TO LEFT 8 DOHN, THEN UP TO FIND ft'l 

- CHAtiGE I f 4  FLIGHT CONDITIONS 
1) I l iTO CLOUDS ( 3 )  
2 )  IMMEDIATELY AFTER T/O (3) 
3 )  CHANGE FROPI LEAD TO W G  (1) -. / 



PLUS 1 BELGIAN, 1 DUTCH 
SAME - INTO CLOliDS 

WORSE 114 F-16 BECAUSE OF: 
1) SPARSE AMBIENT CUES 

. 2 )  D I F F I C U L T  FOCAL V I S U A L  RECOVERY 
3 )  LACK OF AUDITORY & T A C T I L E  CUES 
4)  ITISTRUST OF SAD1 ( ? I  
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m 



3 INATTENTION TO VECTOR - TYPE 1 
ATTENT I Or1 k'AS : 

- FOCUSED ON GROUliD L IGHT (1) 
- FOCUSED ON STORES F;AtliAGEI.lEMT SYSTEFi (1) 

- FOCUSED ON RADAR (1) 

1 NIGHT V I S U A L  ILLUSION - H I T  ILS 

' 

WORSE I K  F-16 BECAUSE OF: 
1) SPARSE AMBIENT CUES 

2 )  LACK OF AUDITORY 8 T A C T I L E  CUES 



MIKORJ CORRECTABLE DIST t iACTI0 I . l  

SUBTtlRcSHOLD 
/D I SPLACEMt t iT \  RETURN 

INTENDED 
F L I G H T  
PATH 

f 
"D I STRACTI  ON" 
"CHANNEL1 ZED 

ATTENTION" 

T 
ATTEMTI  ON 
RETURNED; 
UNEXPECTED 
A T T I T U D E  

8 

RETURN 

SUIjTHRES HOLD 
CORRECTION 

8 



P 

VERTIGO 

- POSITIVE FEEDBACK CYCLE @ Q 

- HOW TO BREAK?? 



@ "UNEXPECTED" RETURNS @ "BEN I GN"  

S P I R A L S  TO @ "CRASH" 

OR 

@ "UNEXPECTED" 

THE C L A S S I C  FACTORS 

- LOW EXPERIENCE 

- LACK OF RECENT EXPOSURE 

- NO 
- NO 
- NO 

1) LOSS OF PROFICIENCY 
2 )  INCREASED VESTIBULAR GAINS 

PLUS 

BACK SEAT HOOD YET 

FO RFiAL DES E f4 S IT I Z A T  I OM PROG RAT11 

UNUStiAL A T T I T b D E S  IN F-1& 

TO I I K R E A S E  F A M I L I A R I T Y  
AND DECREASE PAN I C  
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THE VERTIGO RECOVERY E X E R C I S E  

1. INDUCE TRUE V E R T I G O  BY C O R I O L I S  

2 .  WAIT 5 SECONDS 

3 .  ANALYZE SEQUENTIALLY 

4 .  DON'T  DISCOUNT THE S A D 1  

5.  RECOVER SMOOTHLY 
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FORMAL PROGRAF; 

E LEKEN TS 

1, DEPlO A/C D R I F T  - 
AI HANDS OFF 30 SEC 
B I  NOTE ATTITUDE CKANGE 

2 ,  THE VERTIGO RECOVERY EXERCISE 

- HARD TO INDUCE REAL SENSATIONS 
I N  F IGHTER P I L O T S  

- E L I M I N A T I N G  VESTIBULAR INPUT 
CAN ONLY BE DONE PASSIVELY, 
BY N A I T I N G ,  

- HAt4D OFF S T I C K  ( G I A N T  HAND PHEf401iE!iO!.I) 
- P A N I C  "JAMS" THE MIND, 

SO REASON CONSCIOUSLY, SLOWLY, 
SEQUENTIALLY , 



- SAD1 Is RELIACLE 
A ,  ARTICLE I f 4  FLYIr4G SAFETY ALiG 84 
B ,  DATA FLOT 

- SMOOTH, SLOW It4PUTS TO AVOID 
FURTHER SENSORY CONFLICT 

- REPEAT FREQUENTLY, USE VTR DEBRIEF, 
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UNIVERSITY O F  WISCONSIN 

MADISON 53706 

DEPARTMENT OF PSYCHOLOGY 
W. J. BROGDEN PSYCHOLOGY BUILDING 
1202 WEST JOHNSON STREET 

October 23, 1985 

Grant B. McNaughton 
Col., USAF (MC) CFS 
Aeromed ica 1 Adv i sor  
Life Support SPO 
Wright-Patterson A i r  Force Base 
Ohio 45433-6523 

Dear Grant:  

Thanks f o r  t h e  crash cour se  (pun in t ended)  on d i s o r i e n t a t i o n  i n  t h e  real  
world.  
h e l p  by way o f  o p t i m i z i n g  t h e  match between human c a p a c i t y  and t a s k  demands, are 
enc losed .  
d i s o r i e n t a t i o n ,  e s p e c i a l l y  in ve r t igo - induc ing  maneuvers. I would s t r o n g l y  urge 
t h a t  c o n s i d e r a t i o n  be given t o  a program of a n t i - v e r t i g o  t r a i n i n g .  The known 
a d a p t a b i l i t y  o f  t h e  v e s t i b u l a r - o c u l a r - r e f l e x  is a major p o i n t  in suppor t  of t h e  
belief that such a program would work t o  i n s u l a t e  p i l o t s  from v e r t i g o  and t h e  
d i s o r i e n t i n g  s e q u e l a  o f  large and r a p i d  changes I n  g r a v i t o i n e r t i a l  f o r c e  
v e c t o r s .  

The program was e x c e l l e n t l y  o rgan ized .  A few sugges t ions  t h a t  might  

The v e s t i b u l a r  system p l a y s  a c e n t r a l  r o l e  i n  a l l  a s p e c t s  of 

My f i r s t  o b s e r v a t i o n  and recommendation relates mainly t o  p i l o t  s e l e c t i o n  
c r i te r ia .  
human beings have,  t h a t  c h a r a c t e r i z e  c e r t a i n  c r i t i c a l  parameters  o f  v a r i o u s  
oculomotor systems. For example it is a c o n s i d e r a b l e  advantage t o  be able t o  
suppres s  v e s t i b u l a r  nystagmus, f o r  o the rwise  target a c q u i s i t i o n  and maintained 
f i x a t i o n  would be  sacrificed. S i n c e  t h i s  is accomplished by the  slow p u r s u i t  
system, i t  fol lows t h a t  i n d i v i d u a l 3  c a p a b l e  o f  maintaining p u r s u i t  a t  h igh  
target ampli tudes and f r e q u e n c i e s  w i l l  a lso e x h i b i t  t he  greatest range of 
nystagmus suppres s ion .  Why n o t  select for t h e  frequency response w i t h  t h e  
h ighes t  c u t  o f f  frequency? 

It seem reasonab le  t o  take advantage of the  d i f f e r i n g  specs t h a t  

My second s u g g e s t i o n  relates t o  t r a i n i n g  and p i l o t  a d a p t a b i l i t y .  
a p p r o p r i a t e  i n  l i g h t  of t h e  large losses a t t r i b u t a b l e  t o  d i s o r i e n t a t i o n ,  t o  
i n s t i t u t e  a program o f  r i g o r o u s  v e s t i b u l a r  r e t r a i n i n g  t h a t  exposes p i l o t s  to 
vert igo-inducing f o r c e  c o n f i g u r a t i o n s  of t h e  t y p e  met i n  actual f l y i n g  
maneuvers. 
a p p r o p r i a t e  f o r c e  H v e c t o r s  and app ly ing  Coriolis maneuvers O& g r a d u a l l y  
i n c r e a s i n g  ampl i tude ,  a g a i n  b u i l d i n g  s lowly.  
t h e  v e s t i b u l a r  system is a n  e x c e l l e n t  example of a p h y s i o l o g i c a l  a d a p t i v e  
Con t ro l  system. 
phase and o r i e n t a t i o n ,  hence t r a i n i n g  must range o v e r  t h e  e n t i r e  SpeCtmII Of  
f o r c e  l e v e l s  and , d i r e c t i o n s  a c t u a l l y  encountered i n  f l i g h t .  

It seems 

This should be accomplished on a g r a d u a l  basis ,  s lowly  b u i l d i n g  up 

It is now well e s t a b l i s h e d  t h a t  

However, t h e  system a d a p t s  w i t h  great s p e c i f i c i t y  of frequency,  

4-3-1 
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A similar t r a i n i n g  p r o g n a  s i g h t  be es tab l i shed  t c  Lncrease  t h e  pursul‘, 
s u p p r o s ~ i o n  of n y s t a g a u s  wh ich ,  as  d e s c r i b e d  above ,  p l a y s  a c r u c i a l  role  i n  
c o n t r o l l i n g  target f l x a t i o n  duping  and a f t e r  v e s $ i S u l a r  st i s u l a t  i on .  

F i n a l l y ,  a t h i r d  t r a i n i n g  appmach  should  be e s t a b l i 3 h e d  to  deal w i t h  
ve r t igo - induc ing  v i 3 u a l - v e s t i b u l a r  i n t e r a c t i o n s .  This should t a k e  t h e  forn of  
a d a p t a t i o n  to  v e c t i o n .  
r o t a t i n g  and t r a n s l a t i n g  around each of t h e  three axes  of s p a c e .  
v e l o c i t y ,  t h e  p r i n c i p a l  parameter, s h o u l d  a g a i n  be v a r i e d  in stages from l o w  t o  
h i g h  “cl f i n a l l y  v e s t i b u l a r  s t i m u l a t i o n  shou ld  be added t o  t h e  s t i m u l u s  
c o n f i g u r a t i o n .  

Here p i l o t s  s h o u l d  be exgosed t o  o p t o k i n e t i c  p a t t e r n s  
P a t t e r n  

I b e l i e v e  one  c a n n o t  o v e r s t a t e  t h e  major fact  t h a t  t h e  v e s t i b u l a r  and 
o c u l o m t o r  sys tems tha t  seem to be most c e n t r a l  t o  t h e  d i s o r i e n t a t i o n  problem 
are thelnselvss  remarkably a d a p t i v e  and p l a s t i c .  As s u c h ,  there is rather 
compel l ing  s u p p o r t  for my view t h a t  a great deal o f  t h e  d i s o r i e n t a t i o n  c h a l l e n g e  
can  be met r i g h t  on the  ground. 

S i n c e r e l y ,  

She ldon  M. Ebenho l t z  
P r o f e s s o r  
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VI s 

David Pannkuk, Designer 
Percepzual Dynamics Research 

5 3 0 3  du?ont Circle, Milford, Ohio 

The purpose of this paper is to propose a set of exercises that will 
The training will result in an ability condition and train visual behaviors. 

to see quickly with accurate recognition and responses. 

Flying is a special human activity. The quality of flying is based on 
the ability of the eyes and mind to qualify and respond to flight information. 
The basic visual habits used in flying are formed away from flying and flying 
skills are adapted to those habits. 

A few pilots will have learned superior visual styles. 
marked by precision, 
information. 

Those styles are 
and smooth responses to flight wide visual fields, 

Other pilots will bring a style marked by disjointed and erratic visual 
behaviors. The result is uncertainty, doubt, and a lack of confidence in 
whac is seen and responding to what is seen. 

Changing flying performance is a must - given current situations. 
Aifcraft are flying faster; flight information is increasing both in speed and 
complexity. Avionics designers have not developed a consensus on where and 
how to place information displays. There is even confusion as to what 
information should be displayed. 

That vision-training is lacking can be found in the descriptions of see- 
and-avoid situations. The FAA Advisory ( A C - 9 0 - 4 8 C )  uses standards of vision 
that are far too ordinary for current flying requirements. 

In addition, an assumption is being make - poor ly  taken and very 
misleading - that flight experience is enough to develop vision skills 
suitable for flying. 

If flight experience were enough, why during World War I1 were pilots 
required to take vision training? The average speed of aircraft ranged 
from 200mph to 450mph. The reasoning was obvious: Early in 19G2 and 
1 9 4 3 ,  the U.S. Navy pilots were downing aircraft at a ratio of 1:3 
(friend : foe) making for a very unhealthy situation. After vision- 
training was introduced, the ratio became 1 : 99 (friend : foe) - a 
situation far more becoming. 

4 - 4 - 1  



Flying has its basis in eye-hand Coordination. There are programs 
currently in use that stress physical conditioning as a way to improve eye- 
hand coordination. There is as much validity in proposing a program that 
stresses visual conditioning for the same purposes. In facc, in a given 
situation which would be preferred: A thin pilot who lacks superior vision or 
a fat pilot with superb visual skills? PDR has designed a computer-based 
model of superior vision that introduces and develops skills measured in: 

o Split-seconds of accurate seeing, recognition, and responses. 

o A reduction of inefficient visual habits 

o A wider visual field. 

In combination, the skills will be felt in the reduction of: 

o errors of judgement. 

o poor perception of data and events. 

0 an inability to comprehend flight information quickly and 
accurately. 

The checklist is offered as a basis and a way to compare. The graphs and 
Tied together, a start can be made to change and charts support the proposal. 

improve the quality of vision and flying skills. 

Case Study: An Application of Visual Training Technology 

.. 11iiil.s iniiy cliriitt;c- I,ur c ~ ! I ~ ~ I I I . I ; ~ ~ I I I ~ ~ ~  do i i ' t  st ' ta in  L O .  C ~ I  l y  in L'L'lI, ~ 1 1 c . r ~ :  
was a serious problem involving identifying/ recognizing friend from foe. The 
records will show that for every three planes downed by American 
pilotsfgunners, one was friendly. In the great British raid on Dieppe, 93 
British aircraft were lost; 66 were shot down by British gunners. The 
Japanese pilots made a terrible mistake during the Battle of Midway by failing 
to turret 
and the Wildcat which did not. The ability to perceive "somethinE's wrong" 
wasn't present or available. 

recognize the difference between the Grumman Avenger having a rear 

The table demonstrates the effect of training visual perception. k'hile 
these figures are taken from U.S. Navy personnel, the training of visual 
perception was extended across every service where flying was involved. It is 
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i n t c r c s t i n g  t o  note  th . i t  t h e  a b i l i t y  o f  the p i l o t s  and gunners i n  t lo~*;n in l ;  
a i r c r a f t  was a 30 : Cihile many reasons  a r e  o f f e r e d  
as  t o  why t h e  r a t i o  l a t e r  changed, i t  is a l s o  i n t e r e s t i n g  t o  no te  t h a t  v i s u a l  
t r a i n i n g  was d i s c o n t i n u e d  as e a r l y  a s  1 9 5 1  and has  never  been r e s t o r e d .  

1 r a t i o  of  f o e  t o  f r i e n d .  

?b of Planes correctly identified 

100% 
90% 
80% 
70% 
62% 
6006 
50% 
2.2 06 

Croup One C,rouD T w o  
% of P i l m  0.; of Pilots 

2.5% 
30.3% 
66.6% 
88.9% 

96.6% 
98.8% 

100.0% 

- -  

12.5% 
74.7% 
94.6% 
99.3% 
100.0% 

IS Sessions 50 Sessions 
(Each session = 30-minutes) 
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Ordinary Levels  o f  Visual F i e l d  

. 

T h i s  descr ibes  the "norms" or "averages" of  v i s u a l  f i e l d .  Descr ip t ions  
o f  2 - d e ~ r c e  f o c a l  v i s i o n  and ambient or peripheral v i s i o n  descr ibe  learned 
l e v e l s  of perception - not  t ra ined  l e v e l s .  

r 1 I n I 
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Trained Levels of Visual Field 

\a ,. 

F i v e  4 Post-Training 

This describes visual field after training. As a result of training, 
accurate seeing or focal vision was increased .by substantial amounts ranging 
from 200% to 400% over "norms". Object recoKnition was increased dramatically 
- from an average of 12' either side of a line of sight to 65? either s i d e  of 
a line of sight. 

IBJEC 



T r a i n i n g  V i s l l a l  E f f i c i e n c y  
Port R e  

- 100% 100% 

90% 90% 

70% . 

60% 

50% 

I A 
I 

Z b  

Y " - -  - - - - 
X ?  

0 300' 

Training Time: 600 Minutes 

Croq Average Beginning Ending 

z 69.0% 83.5% 

X 62.6% 81.306 

Y 64.9% 66.0% 

Individual Range 

z 
X 

Y 

60.5-79.9% 74.7-8 8.6% 

5 8.6-6 6.3 % 7 5.3-8 5.2% 

52.6-75.7% 5 1.0-78.8% 

Notes: 

Group Y did not take the training. 

Group 2 was described as "above-average" in their work. 

Group X was described as "average" in their work. 

600 

% change 

+ 13.5% 

+ 18.9% * 

+ 1.1% 

I 
x 80% 

70% 

Y 

60% 

50% 

Visual Efficiency is  a ratio of acaracy over time. 
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Naval Aerospace Hedical  
Research Laboratory 
Nodi ca1 Sciences Dexirtnient 
Fldval A i r  S t a t i o n  
Pwsacola,  FL 12508-5700 

7 lovember 1985 

Col Grant YciJaughton, USAF, MC 
Aeroinedi c d l  Acivi so r ,  L i  f e  Support SPO 
A i r  Force W i g h t  Aeronaut ica l  Labora to r ies  (AFSC)  
Wright-Patterson AF8, Ohio 45433-6523 

Dear Col McNaughton, 

I want t o  extend my compliments t o  you f o r  t he  e x c e l l e n t  o r g a n i z a t i o n  and 
conduct o f  the A i r c r a f t  A t t i t u d e  Awareness Workshop. 
d i s o r i e n t a t i o n )  i s  a problem o f  major p o r t i o n s  ( 3  and l i v e s )  f o r  each o f  our 
se rv i ce  communities and I applaud your  c o n t i n u i n g  commitment and i n t e r e s t .  
The workshop was p a r t i c u l a r l y  u s e f u l  i n  focus ing t h e  a t t e n t i o n  o f  t h e  air f rame 
and av ion i cs  i n d u s t r y  on th i r ,  problem. 

A t t i  tude awareness (and 

The workshop was q u i t e  busy and I d i d n ' t  y e t  a chance t o  mention I 
minor research e f f o r t  i n  our lab.  We have been eva lua t i ng  a l a s e r  p r o j e c t e d  
ho r i zon  i n d i c a t o r  (PVHD) w i t h  rega rd  t o  s imple compensatory &racbing.o In one 
experiment, we covpared ho r i zon  leggths ( v i s u a l  angle),of SO , 8 , 90 minus 
middle P , and 90 minus middle 60 . Thg 90 aad 98-8 hor izons were 
s i g n i f i c a n t l y  e a s i e r  t o  t r a c k  than the  8 o r  90 -60 
were rough ly  t h e  same). 
and s t a t i s t i c e l l y  s i g n i f i c a n t .  
leggths o f  30 and 4 (a b e t t e r  est imate o f  a PVHD and aostandard P D I ) .  The 
30 hor izon was s i g n i f i c a n t l y  e a s i e r  t o  t r a c k  than the  4 hor izon. Both of 
these experiments were complex and t h e  subjects  were u s u a l l y  requ i red  t o  
perform another task simultaneous w i t h  the t r a c k i n g  task.  
t o  wrap up these basel ine s t u d i e s  w i t h  one f i n a l  experiment. 
compare severa l  hor izon lengths which are t y p i c a l  l y  encountered i n  pr imary AD1 ' s , 
standby ADI's, smal l  HUD's, and l a r g e  HUD's. 
be l i eve  t h a t  you might  a l s o  l i k e  t o  see such a comparison. 
some basic  dimension i n f o r m a t i o n ?  Here's what I would l i k e  t o  know: 

hor izons ( these two 
The d i f f e r e n c e s  a r e n ' t  g r e a t  b u t  they are c o n s i s t e n t  

I n  a second experiment we compared ho r i zon  

I am row p repar ing  
I would l i k e  t o  

Several  o f  your comnents l e d  me t o  
Can you help me f i n d  

( I )  Absolute h o r i z o n t a l  and v e r t i c a l  s i z e  o f  -- F-16 HUD p lus  s i z e  of 
a t t i t u d e / p i t c h  l adder  which i s  d i sp layed  thereon ( e i t h e r  v i s u a l  angle or 
d i s p l a y  s i z e  p l u s  d is tance o f  p i l o t ' s  eye t o  d i s p l a y )  

( 2 )  " D i t t o "  F-18 HUD 

( 3 )  " D i t t o "  F-16 standby AD1 

( 4 )  " D i t t o "  F-18 standby AD1 
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( 5 )  Any o the r  e x t r a  l a r g e  or e x t r a  m a l l  ADI's 

S o  f a r ,  I hav. o n l y  %he f o l l o w i n g  rouqh, unconfir:ned dimensions: 

F-16 Ai6  HUD approx 9°o(C/r) b i g g e r ? )  
F-18 HUD approx 16 x 16 
F-15- 
F-16 

AD1 approx 3 i n  diameter (d i s tance?)  
A D 1  approx 2 i n  @ approx 30" f rom eye 

I would be d e l i g h t e d  t o  keep you posted on the proc;ress of t h i s  l i t t l e  
exe rc i se  if you a r e  i n t e r e s t e d .  

S ince re l y  , 

J .  MICHAEL LENTZ 

2 
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