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1.0 INTRODUCTION

This interim report covers the activities of this Grant NSG-4027 for the
third quarter of the grant year which ends 31 May 1983. This third quarter
covers the period from 1 December 1982 through 28 February 1983. The

following personnel are assigned to the grant research working 1/4-time under

the grant funding:

Dr. Richard K. Smyth Principal Investigator Effective 1 June 82
Mr. Phillip Chan Research Assistant Effective 1 Jan 83
Mr. Fadi J. Kurdahi Research Assistant Effective 1 June 82
Mr. David Ho Research Assistant Effective 1 Jan 83
Mr. Carposforo Sosa Research Assistant Effective 1 June 82
Mr. Jean-Francois Soulard Research Assistant Effective 1 Jan 83

The assignments of the research assistants are as follows:

(1) Design, Code, & Test Air Data System Software and Investigate

Hardware; Carposforo Sosa and Fadi Kurdahi

(2) Complete Hardware & Software for Spin Warning System Designed
by Team #1 Utilizing SC-01 for Voice Generation; Philip Chan

(3) Complete Software, and Test the On-Board Simulation; Jean-

Francios Soulard

(4) Provide Support in Software Coding, Compilation, and Object
Code Loading into 68000 Microcomputer for all the Grant Research

Teams; David Ho

In addition to the personnel assigned to the grant, other graduate
students taking the EE560L microcomputer research course, and students taking
directed research EE590L under Dr. R.K. Smyth, have performed research which
have contributed to the grant’s technical objectives. The final reports of
these student team’s research reports are attached as appendices to this

Quarterly Interim Status Report. The Graduate Students and their contribu-

tions to the grant objectives follow:




1. On-Board Simulator
Mr. Jeffrey Bluen
Mr. Jean-Francios Soulard
Mr. Mehdi Namakian
Mr. Charles Saleh

2. Spin Warning System
Mr. David Barry
Mr. David Ho
Mr. Renshan Tang
Mr. Mohammed Movahed-Ezazi

3. Spin Warning System
Mr. Steve Meier
Mr. Tieh Ku
Mr. Tom Wilkenson
Mr. Dave Adachi
Mr. David Chen

4. On-Board Simulation
Mr. Jeffrey Bluen (EE590L)
Mr. Horng-Ru Hwang (EE590L)

Team #1 (Report Appendix A)

Team #1* (Report Appendix B)
*used SC-0l1 voice generation chip

Team #2** (Report due May 83)

**used TI voice generatiou chip

Team #2 (Report due May 83)

(N3




2.0 AIR DATA SYSTEM (ADS)

The ADS equations defined in section 2.4.1 of the Semi-Annual Interim
Status Report (30 November 1982) have now been coded, and the cooding for the

cquations ave being tested.

The work on ADS covers two sub-areas: installation of software support
tools and implementation of the air data system software. With respect to the
first sub-area, during this period we have finished the installation and
testing of the software tools resident on the IBM 370/4341 (ECL-VIRGIL). This
means that written software for the three areas of research (ADS, SWS, and

OBS), can now be tested in the VERSAMODULE-0l system.

Upon completing testing of the M68000 cross-software (Jan 25) we proceeded
to continue our work in the air data system. Currently we are in the area of
developing software to test each of the 13 implemented ADS equations in order
to obtain an estimate of their execution time. These estimates are required

to design an appropriate time scheduling.

The progress in the two sub-areas is explained in detail in the following

sections.
2.1 Software Support Tools

The system software support tools are applicable to all of the tasks on
the grant, although the ADS team is checking out the tools. The following

tasks have been completed.
TASK 1: The debugging of the communication software (CMSCPM) that handles file
transfers between IBM (VIRGIL) and Computerm (EE560L) has been completed. A

short user’s guide, describing the use of CMSCPM was written.

TASK 2: Modification of the linker so that it produces a load map of the

execution module being generated. A version of this map, displaying the’

absolute addresses of all the sections comprising the module, is required to

e e~ By .
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identify the entry point, i.e. the address at which execution starts. This
task was achieved by modifying the EXEC (CMS command file) that invokes the

linker, inserting new options and the corresponding file definitions.

TASK 3: Test the execution of PASCAL programs in the VERSAMODULE-0l. 1In this

respect we encountered two problems:

(a.) Incorrect loading of the execution module from Computerm into
VERSAMODULE-0Ol. The second line of the S-format file, containing
the execution module, did not get loaded into the monoboard
memory. This file, resident in Computerm, is transferred from the
IBM using the utility CMSCPM, already mentioned in Task 1. We
compared the files in the two systems and we did not detect any
modification caused by transmission errors. We also checked the
header of the S-format file and replaced it with others, used for
S—-format files that are known to load normally. The fault
persisted. We have avoided this problem by duplicating the second

line using a text editor.

(b.) Identification of the section in the execution module that
contains the entry point. Motorola supplied us with the correct
entry point for a module running under EXORMACS but did not give
any information for running a program under VERSAMODULE-Ol. With
the aid of the road map, we surveyed each section until we found

the correct entry point.

We have now checked the test file supplied by Motorola as well as some
preliminary programs used in ADS. So far, we have not encountered any

problems regarding their execution in the VERSAMODULE-Ol.

2.2 Air Data System Software

The 13 ADS equations (table 2-1) have been coded. The ADS equation timing
tests (table 2-2) have been completed and the timing procedure software has

been written, The data acquisition routines have been completed and the




‘ testing of this software is underway. A potentiometer test fixture is being
designed to permit testing of the various ADS algorithms which will emulate
the sensor voltage levels with the pots and test for correct computation of

the various air data parameters such as Mach number, altitude, etc.
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TABLE 2-1
ATR DATA SYSTEM PARAMETER EQUATIONS
(Page 1 of 3)

PTI (TOTAL PRESSURE):
PTI = QCI + PSI

MI (INDICATED MACH NUMBER):
for PTI/PSI <= 1.893
MI = SQRT(5.0) * SQRT(((PTI/PSI) ** (2/7)) -1)
for PTI/PSI > 1.893
1.839371 * (PSI/PTI)

X
MI

Gx**9) /x)

MINF (FREESTREAM MACH NUMBER)
MINF = MI + DM

SORT((AX — Bx = CX*%*2 — DX¥*%3 ~ [Ex**%4 - Fx¥**5 - Gx**¢6 -

DM is an error correction obtained by interpolating in a

look~-up table

PSINFP (FREESTREAM STATIC PRESSURE)
for MINF <=1
PSINF = PTI / ((1 + 0.2 * MINF**2) ** (7/2))

for MINF >1
PSINF = (PTI * A * (1-A)** (5/2) / 0.1839371
where A =1 / (7 * MINF*%2)

QBAR (DYNAMIC PRESSURE)
OBAR 0.7 * MINF**2 * PSINF)

QCC (CORRECTED AIRSPEED PRESSURE)
QCC = PTI - PSINF

KEAS (KNOTS EQUALIVANT AIRSPEED)
KEAS = MINF * 661,48 * SQRT(PSINF / 2116.22)

KCAS (KNOTS CALIBRATED AIRSPEED)
KCAS = 1479.1 * SQRT ((1 + (QCC / 2116.22) ** (2/7))

|

|

|
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TABLE 2-1
AIR DATA SYSTEM PARAMETER EQUATIONS
(Page 2 of 3)

HP (GEOPOTENTIAL OR PRESSURE ALTITUDE)
let R = PSINF / 2116.22
for R > .223361
HP = 145442 * (R ** ,1092632365 =~ 1)
for .223361 => R > .0540328
HP = 164219.39 - 20805.7 * Ln(PSI)
for .0540328 => R > .00856663
HP = 710793.96 * A**%2 - 645177.17
where A = (.0540328 / R) **%* ,01463563358
for R <= ,.00856663
HP = 81660.714 * A*%2 - 162928,.85
where A = (.00856663 / R) ** ,04097977402

AINF (ANGLE OF ATTACK)
let EA = £ (MINF)

EA MINF
.0055 0.0<
.0053 0.2
.0051 0.4
.0044 0.6
.0033 0.8
.0023 0.9
.0 >1.0

AINFF = (1 + EA) * (ALPHA I)

BINF (ANGLE OF SIDESLIP)
BINF = (1 + EB) * (BETA I)
where EP = 0.0
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TABLE 2-1
AIR DATA SYSTEM PARAMETER EQUATIONS
(Page 3 of 3)

GAMMA (FLIGHT PATH ANGLE)
GAMMA = THETA - AINF

HDGAMMA (ALTITUDE RATE)
HDGAMMA = 60 * MINF * CS * Sin(GAMMA)
where CS = Speed of sound per 1962 std. atmoshpere

HDOT (ALTITUDE RATE, TIME DERIVATIVE

let HAV(t) = 1/5 HP(t-1i);
HDOT (t) = HAV(t) - HAV(t-1) [time interval = 1]

FOTY (FUEL QUANTITY)
FOTY (0) = 304.85 AND FUSED (0) = 0.0
if FFR(t) => 3.25 and FFR(t) <= 52.0 then FUSED(t) = FFR(t
if FFR(t) < 3.75 or FFR(t) > 52.0 then FUSED (t) = FUSED (i

and
FQTY (t) = FQTY (t-1) - FUSED(t)
when TOPOFF = 1 FQTY(t) is reset to 304.85
once LAUNCH = 1 never reset FQTY(t)
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. TABLE 2-2

TIMING TESTS FOR ADS COMPUTATIONS
(See Table 2-1 for ADS Parameter Equations)

Execution time in milliseconds

PARAMETER PARAMETER NAME TEST 1 TEST 2 TEST 3 AVERAGE
PSINF * Free Stream Static Pressure 85.70 81.33 87.48 84.84
QBAR Dynamic Pressure 5.115 5.115 5.115 5.115
QccC Corrected Airspeed Pressure 2.13 2.10 2.07 2.10
KEAS Knots Equivalent Airspeed
(true) 17.58 17.23 17.17 17.33
KCAS Knots Calibrated Airspeed
(indicated) 88.03 90.33 86.71 88.36
HP #% Geopotential or Pressure
Altitude 55.95 170.38 87.12 104.48
AINF Angle of Attack 14.145 14.145 14.145 14.145
‘ GAMMA Flight Path Angle 2.130 2.10 2.055 2.10
HDGAMMA Altitude Rate (Computed for
GAMMA) 39.43 40.48 40.48 40.13
FQTY Fuel Quantity 3.165 3.150 3.150 3.16
TOTAL 313.38 426.36 345.50 361.75
MAX ITERATION RATE 3.19/sec 2.35/sec 2.89/sec 2.76/sec

SAFE INTERATION RATE 2/sec

* Two equations, selected by freestream Mach No. value

%% Four equations, selected by freestream Mach No. value
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3.0 ON-BOARD SIMULATOR (OBS) OF POOR QUALITY

The student team cited in the introduction and lead by Bluer & Soulard
produced a final report on the 0BS which is included as Appendix A of this
progress report. Messrs. Bluen and Soulard are continuing work on the OBS.
Mr. Hwang is providing coding for the aircraft lateral equations of motion (3
degree-of-freedom) using the T-38 aircraft parameters for the equations. He
is using the data from a NASA research report written by Mr. Teper of Systems
Technology, Inc. (STI) for the equations and parameters. His program will be
menu-driven and will permit the selection of various flight conditions to be
used. Messrs. Bluen & Soulard will integrate Mr. Hwang’s equations and

software modules into the overall OBS software.

The modification and improvements to OBS team # 1’s project are described

below. The system concepts are covered in figures 3-1 through 3-5.
3.1 Implementation of Separate Motions

In the earlier form of this project the line-of-sight and the range
between the two planes were generated by programmed functions. This choice
implied that the host and the target were not actually moving independently.
The new implementation generates separate geometry parameters for both air-
planes. These parameters are updated during every time step of the simulation
loop. The program calculates the Cartesian coordinates of the two planes (XH
and YH for the host and XT and YT for the target) using the velocities
(VELOCITY and TVELOCITY respectively) and the turning angles (?SI and PSIT
respectively) given by the simulation loop. The variations are first
calculated (DELTA~XH, DELTA-YH, DELTA-XT, DELTA-YT) and then added to the old
values of the coordinates (XOH, YOH, XOT, YOT). At the beginning of the loop
the newly computed values are assigned to the old value variables and the
process is started again for the new time step.

;
In addition, both aircraft use separate simulation loops to generate the

turning angle commands.
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3.2 FHew Tracking Procedure

The '"prediction" algorithm presented in the former report proved to be
inappropriate for the use of the 0BS. It has been replaced by a conventional
guidance law, called the proportional guidance system, in which the parameters
are calculated using actual geometry of the scene (as opposed to "anticipated"
position of the target as used in the "prediction'" algorithm). The parameters

used by the proportional guidance are:

R The line of sight rate, SIGMA
B The guidance factor, LAMBDA
A The guidance gain, GUIDGN

These parameters are calculated with the updated geometry given by the
program, that is, passed to the guidance law that generates an optimal command

for the host. The pursuit loop can be closed automatically (as is done now)

or by an actual pilot using a display screen.
3.3 Providing Target Maneuvers

At the beginning of the simulation, the pilot or the operator is asked the
initial geometry of the scene. He must give the coordinates of the target
relative to his starting position. The host starting position is taken as the

origin of the grid. The target maneuver is detemined by its initial turning

angle command, or alternately, can be programmed as a sequence of commands.
3.4 Providing Different Types of Aircraft

Two possibilities are considered:

B Providing fixed pre-defined types, chosen in a menu, or

B Providing ad libitum types under reasonable limits

Choosing pre-defined types could ease the initialization procedure for the:

user but, on the other hand, ad libitum types allow an infinite range of

A
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aircraft but require more work from the user. An operation manual may be
suitable but a decision has not yet been made.

\

3.5 Proportional Navigtion

Proportional navigation tries to keep the proper lead angle from host to
target aircraft always forcing the host line-of-sight rate, &', to zero. It
determines the host aircraft velocity vector turning rate which is propor-
tional to the line-of-sight rate. The host aircraft velocity heading, KH R
changes until RG" becomes zero. The most important component of this

computation is the accurate measurement of the spatial line-of-sight rate.

The aircraft is assumed to have a large accurate antenna used to give
line-of-sight information and is assumed to be space stabilized using free
gyros. We will further assume that the antenna is slaved to keep its axis
perfectly aligned with the gyro axis, so we will not have to model gimbal and
torquer dynamics. Initially, no noise on the steering signal is assumed.

The proportional relationship betweena'ﬂ and }H is constantly readjusted by
the closing rate as determined from the changing geometry. The relative
velocity is divided by the host aircraft velocity and multiplied by the
assumed A of 4.0.

N\ steering gain TARGET
Vg closing rate along R AIRCRAFT

vV host aircraft closeing rate
HR ,

along R
¢ line-of-sight

) look angle - = = GerEeenicE

Host
AIRCRAFT

. . . e,
7‘,,, =ZT-_A_}LO'='_A_T/;Z"0"
= A [\A,Cosvz -V cos4

Y velocity vector direction

¥ turning rate

Vi cosy
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4.0 SPIN WARNING SYSTEM

Mr, Philip Chan fixed Team #1’s breadboard voice generator using the SC-01
chip. During early February he had the breadboard speaking words and phrases
using phonemes programmed into the system using a CRT keyboard. He 1is
programming the works and phrases contained in the SWS matrix shown in table
4-1. The phoneme method of generating words used by the SC-0l chip appear to
be a flexible and feasible method.




TABLE 4-1

STALL WARNING & COMMAND TO RECOVERY

Rate DC 10

Absence of
Discrete 1 Discrete 2 Discrete 3 Discrete 1{2,3
ASYMMETRIC THRUST
SYMMETRIC THRUST
YAW RATE AB BLOWOUT AB STALL MIL STALL (NO BLOWOUT OR STALL

Less than "Unload" "Unload" "Unload" No Warning
409/ sec If IAS € 150 KTS "Left or Right " If IAS £ 150 &

“Left or Right ' (Stalled) Eng Idle" Altitude € 15K

(Lighted AB) If TIAS {175 KIS “Left or Right Eng
Engine Mil" “Left or Right * Idle" (Unstalled Eng)
(Unstalled) Eng Mil"

Less than "Unload" “Unload" “Unload" "Unload"
500/sec but "Left or Right

greater than
409/sec

Engine Idle"

"Both Engines Idle"

"Both Engines Idle"

Greater than
500/sec

"Left or Right
(Lighted AB)

"Both Engines Idle"
“Stick Full Left or

"Both Engines Idle"

“Stick Full Left

“Stick Full Left or or Right"
Engine Mil" Right" Right" -
“Stick Full Left “Stick Full Fwd" “Stick Full Fwd" Push Stick
or Right" into turn
"Stick Full Fwd"
IAS ©DC 0-10 Stick Pos Pitch £IO0U
*10 Roll *I0QU
AOA = Angle of Attack
AY = Lateral Acceleration
After any warning from table above: ALT = 10V to 50K
1f Yaw Rate ¢40°/sec for two second "Center Controls". UNLOAD = TN g's~> 1g
If Yaw Rate ¢30°/sec for two seconds & Airspeed » 120 Kts 'Recovery Complete" IAS = Indicated Airspeed
AOA { -10° and Ay .1g "Stick Half-Aft and Hold": then; (in knots)
If AOAY O for 5 sec "Recovery Complete'. ' =]
)
Either engine above 1215° (EGT turbine limit temp) for 3 sec "Left" or "Right Engine Off" ig
X
=
£

o 3

o)
=
(2]
$
r
")
»

i ra e o o




5.0 ACTIVITIES PLANNED FOR NEXT (LAST) QUARTER

The Air Data System software should be completed and tested using simul-
ated sensor signals through the analog-to-digital converter card. The ADS
software should be available for NASA Dryden to use on their flight simulator
by the end of May 1983.

The on~board simulator will integrate the three degree—of-freedom (3 DOF)
equations with the intercept algorithms. Emphasis will be placed on
generalizing the OBS to tasks other that the air-to-air intercept mission

currently programmed.

The Spin Warning System effort being done by the team #2 will provide a
final research report to be incorporated in the Grant Final Report produced in
May 1983. Mr. Chan will continue working on the Team #1 and will implement
the PASCAL-based software on the 68000 microcomputer and integrate the

software with the SC-0l voice generator.
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INTRODUCTTION

The project presented here is a synthesis of two
subjects suitable for EE 560L, the graduate research course
for Advanced Microcomputer Applications at the University of
Southern California. The two original parts from which this
work derives are:

--- On Board Flight Simulator (Project #13.0)

-—— Air-to-Air Intercept Mode (Project #18.0)

The On Board Simulator part contains a three degree-
of-freedom Aircraft Behavior Simulation, providing parameters
used by the Interception procedure. These parameters could
also be used for verifying closed loop performance before
flight.

The Air-to-Air Intercept Mode is a software package
integrated in the simulation process that generates a Target
motion and performs a tracking procedure that predicts the
most likely next target position, for a defined time step.
This procedure also updates relative position parameters and
gives adequate fire commands. The simulation of the input
data, provided by an angle tracker, is done by pre-chosen
programmed functions. This allows a wide range of target
behavior as well as the full control of it when testing the

procedures.
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ON BOARD SIMULATOR

Preventing mishaps and saving tremendous amounts
of money and time are the motivators for the construction of
this 16-bit microcomputer simulation. The immediate benefits
are derived from the fact that the On Board Simulator (OBS)
is intended to use the existing hardware - aircraft flight
computer. It can be easily reprogrammed to simulate different
aircraft, and it also uses an inexpensive processor. It can
provide parameters to check out the aircraft flight computer
as an added side berfit.

The OBS in effect can use part of the host Aircraft's
electronics to close the loop for the simulator thus spreading
the computing load. A simulator of this type previously
required the computing ability of much larger units and so
large simulations were built justifying the greater computer
expense. With the advent of the small, efficient, and computa-
tionally powerful 16-bit microprocessor, a new approach to
simulation is possible. It can now execute the requisite
equations in a real time sense enabling flight simulation in
this hybrid configuration.

The On Board Simulator will be connected to the
actual aircraft via the onboard computer and pilot commands.
It will receive aircraft flight commands from the pilot, will
simulate the aircraft dynamics and return to the aircraft

flight computer updated parameters of the vehicle geometry.
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Various aerodynamic and geometry equations can be programmed
depending upon the type and model of aircraft being modeled.

The proposal to EE 560L included a 3 DOF of
aircraft dynamics which would receive information from the
pilot joystick as he appraises the engagement geometry seen
on his video display. His input was a command to the host
aircraft roll rate.

The approach to building tpe:Onygaﬁﬁd Simulator
began with the high level language, PASCAL,' three degree-of-
freedom simulation of the dynamic parameters. The working
model was designed and tested and results are included. The
remaining step is to download to object code in the Motorola
68000 microcomputer. This has not yet successfully been done
because of unavailability of the required software and hard-
ware tools.

A preliminary program designed to test the CRT
driver and A/D conversion 1is also included. It was not fully

implemented. (See section on preliminary program.)

AIR-TO—~AIR INTERCEPTION

The air-to-air interception procedure was implemented
using different modules: a tracking process using both the
parameters passed by the simulation and a target motion
generator, that could be reprogrammed gt one's will. According

to the data provided by both the generator and the simulation,




the next target position of the target is estimated and the .

optimal next position of the host aircraft is calculated.
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. AIRCRAFT DYNAMICS

The focus of this project is the simulation of both
the Host (H) and the Target (T) planes motions. The Host
plane's pilot gives orders to his machine and we had to
recreate the response of the instruments and the structure
to these commands. That is why we need some fundamental
Aircraft Dynamics results.

In this introducing short study, we only try to
show very basic data about Aircraft maneuvers and the para-
meters on which the pilot can act. The equations and their

computing are treated in the project.

I. THE PILOT'S COMMANDS:

To control the plane's motion, the pilot has three main
mechanisms:
--~ The THROTTLE, commanding the thrust, that is
the power given by the engine. For a definite
aerodynamic configuration of the plane, at a
constant altitude 2=2 the throttle commands the
speed of the plane.

--- The stick, commanding the pitch, attack and

roll angles by its action on the wing flaps.
--- The rudder bar, commanding the rudder angle

. that directly acts on the yaw angle.




These three mechanisms interact very closely, in such ‘
a way that it is hard to point out the effect of one of

them without looking over the two others. (see Figure I)
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BASIC EQUATIONS FOR AIRCRAFT DYNAMICS - CONSTANT ALTITUDE: .

Lo PR SQETIRRG

e s w

Our method ogboggggqrngacoprdination is based on
the fact that for a certain bank angle and true air speed,
there is only one value of yaw rate (@) for which coordina-
tion can be achieved (refer to objective of the project,

Aircraft Dynamics, 2.2).

. ¢ C(center of the Circle)

- -
2

\iP:__ 1))(7

CweIGHT)

Vo = tangential aircraft velocity

FL sing = m

Ve

It
=1
Q
I
\"
d-
Q
©-
i
< .
il
\

F cos¢

b= G- tge

Approximation used:
for(:><20O tg ¢ = ¢ '

wavich




STUDY OF TURNING:

11

— ek
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When a pilot wants his plane to turn, at a constant

altitude, he must roll his aircraft.

In order to cancel the

effect of gravity the centrifugal force should be as shown below:

- -u\)

F (LFT)

Lift projection compensat ing

(- g) |

- '.\FL the weight
{ N Tz
|
\ I
' !
t [}
LIFT Q7.
Freol ECTIom
coriN .r_dmm\(" /
' A N, [ d ——
! ¢ Ay e (p ot
POV S\ .~
C - e = " > BN “D R e
s - é’ (cewvreiFucne Fokee )
(cemrre o J / ,
TIE c1Re L ~
OESeRIBEY SY
THE /'JCAME)

roll angle

-
1

prd

— -
/P:_' i ’

CwetenT)

F =m w2 r with

c

BASTC EQUATIONS:
= = i = 2

FLy Fc > FL 51n? mw" r
F. = %+ p s v2C_, with:

L 2 z’ *
F , =mg => Fp cosp = mg

mass of the aircraft

m
w = rotation speed
r = ray of the circle (or part

of circle described by
the plane)

p = volumic mass of air at Z=2
S = lifting area of the plane
V = speed of the plane

Cz= aerodynamic coefficient of
lift

o

]
Iy
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G TATET 4 eeeo
A PRIORI LIMITATIONS TO f’i‘HEj ‘_SIMULAT%I:'ON MODEL:

(AR ILYN VA

Within the aerodynamic equations we can see that for
a given roll angle, the turning rate is entirely defined.
That is why our model will only consider the roll rate as a
variable and our pilot will only use the stick to control his
airplane. Note that this is true only because we assume that
the host aircraft and target aircraft are co-altitude.

We also have to be aware of the priori limitations
existing on a turning manuever. The human body cannot stand
more than a limited acceleration, measured in number of G's
(1G = 9.81 m/sz). This number is represented in the turning
equations by n, sometimes called the charge factor. 1In a
turning configuration we showed that n, was equal to l/cosy;
the following table gives the values of turning angles for

different charge number, measured in units of G.

Value of n, (G's) Value of the turning angle *
8 84 degrees
7 83 degrees
6 - 80.5 degrees
51 . 79.5 degrees
4 77 degrees
3 75.5 degrees

* Note that these angles are lowered by Aerodynamic considera-

tions not taken into account here.
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BUILDING THE CONTROL LOOP: .

The pilot acts on the stick by giving it an angular

displacement § that drives the wings ailerons to an angular

sT’
displacement 6a that creates a banking moment. This moment is

proportional to the rolling acceleration ¢, and the diagram

leading to $ is the following:

IR O I
|

O o e e &
Y

PILOT|———

When we have é, we can use the formula: i = éL tg ¢,
T
to calculate Y. For this, we need first to integrate ¢ the

we assume that tg¢ ® ¢, which is true for the small angles, and

our formula becomes: 4; = \Tg' ¢. The diagram between ¢ and 11) is: ‘
B T T S ) ] J %’i”" \
, >
i S VT l l S

to feedback loop

These diagrams do not take into account the delays
that can occur in the commands. We tried to figure it by using

the following control diagram:

T3S + 1

PILOT ST , } Ko ] ¢

with the pilot being modelized as:

e e e s

E Lk, (Tls + 1) ST

N -
TS+l ®
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FINAL 3-DOF SIMULATION CONFIGURATION:

yemd + ___*[KI(TIS+1)‘J SST‘ K, ‘]_¢_.{ 1 ’_cb*’g' v |1 l v
T ’() T,S+1 | T3S+1 s |T |v, l’ 3 l’

- U

& |

This is the final control loop description for the
three degree~of-freedom simulation in PASCAL. It has an added

rate damping path with gain K. and is shown to be stable in the

5
following root locus analysis. The first order lag acting on
the stick command models the time delay in the dynamic reaction
of the aircraft to the commanded rolling moment.

The lag was previously placed with the aerodynamics
but concern has arisen over the aircraft roll angle during its
maneuvers. For accurate modeling and evaluation of possible
limiting it was determined that the lag should delay the roll
rate and not the turning rate.

In evaluating the roll limiter it is noted that with-
out any limiter on the roll angle it grows to 4.2 radians at
time equals 1.5 seconds. This is clearly unrealizeable so a
shunt limiter was placed on roll angle limit. Attached plots

of heading, roll angle, and roll rate for both unlimited and

limited cases clearly depict this situation and solution.

Sidear
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Starting with the system:

In order to determine a suitable gain (Kloxz) a root locus analysis was ;

performed on the open loop transfer function KGH:

K(S + 2.5)(S + .5)

KGH = i
S2 (s + 4)(S + 2) f
i
Where T = .4
Tz = .25
T3 = .
Ky/Ks = .5
Ky =1

V = 200 m/s
g =10 m/s?

Two methods were used to determine the optimal gain, the first is a hand
calculation and the second corraeborating analysis was performed using an
interactive computer aided design tool called TOTAL which derives from the

USAF E.glin base.

K (S + 2.5)(s + .5)

KGH = =
s° (S + 4) (s + 2)

1. Find the root locus asymptates.

— 4+ 2-(2.54 .5 _6=-3_
OA = 2 - 2 B

W

s eie sm e o
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2. Find the root locus "real" value as it crosses the line +j,.

The phase angle criterion yields: for (-1+3j)

= [90° + tan "~ ‘(ﬁ)j + [ tan~1 —1-—-] - 2 [135°} - [45°] =~ [tan'1 }-)
1 1.5 3

= + 116.6 + 33.7 - 270 - 45 - 18.4

= - 183.]|°

3. Use the magnitude condition to find K at (1%j)

-
]
B
T
!
v
~
|
ﬂ
€T
(]
[}
{
[
+
.

WI+1)2/37+v12/2
v1+ (1.5°V/ 1+ .5°

2/ 2 /10
Y 3.25 / 1.25

4. To find the roots that correspond to K = 4,44

Choose a value on the real axis and compute its K value.
say § = -3.5

(—3.5)2 (-3.5 + 4)(-3.5 + 2) _ 12.25 (.5) (+1.5)

K =
(-3.5 + 2.5) (3.5 + .5) (1) (3)

This is too small an S value

= 3.06
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(-3.0)% (3.0 + 4.0)(=3.0 + 2.0) _ 911 _
(=3.0 + 2.5) (3.0 + .5) (.5)(2.5)

This is too large an S value

Say s = -3.35

(3.35)2 (+3.35 - 4.0)(3.35 - 2.0) _ 11.22 (.65)(1.35) _ 4.06
(3.35 - 2.5) (3.35 - .5) (.85) (2.85) °

K =

|

(3.3)°% (=3.3 + 4.0) (3.3 - 2.0) _10.89 (7) (1.3) _ . .,
(3.3 - 2.5) (3.3 ~ .5) - (.8) (2.8) .

Trying a similar point for the other pole zero pair which moves an equal

distance:

S = -1.26
K (1.26)2 (~1.26 + 4.0) (-1.26 + 2.0) - 1.59 (2.74) (.74) = 3.42
(=1.26 + 2.5) (1L.26 -~ .5) (1.24) (.76) )
S =-1.0
1 3 1
“Tam s T4
S =-.9
2
.9 (3.1) (1.1) = 4.3
(1.6) (.4) )
s =-.78
2
.78 (~.78 - 4.0) (-.78 + 2.0) _ .608 (3.22) (1.22) - 4.96

(-.78 + 2.5) (-.78 + .5) T T (1.72) (.28)
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-.9, (1+j) K = 4.44

What is the gain for design?

K 4.44
4.44
.32
13.875

T1 KsKiK2 g T = .4
T2T3 v
.4 2 KiK2
.25 .5 20
10

.04 * 8 Kj1K2= .32 K)K2

Ki1K2

K1Ka2
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v, y .
ke =t .
Checking by plugging in values: Yii'#:h} Pt
K
- 1
G = K1K2g (11 S + 1) __K1ni(s+ 11)
vV 82 (T2 S +1) (T3 S +1) 13108 + 1) (s + 1)
T2 T3
= Ky
H=Ks (S + )
K T1(S + —]"—) .
a(s) _ _G - - = K&
4 (s) 1 + GH T3T2S%(S + ;%o(s +.?§9 + K Ti(S + %%o Ks (S + g;)

3
K Ty (S + Ty)

R X

= 2 a2 1 1 1 2 1
T3T + = 4+ = + —) + + (= + +
3T2 S7(S ot StTit,) K\w(s Grt k) S o
’ X
4 1 1 3 T3 L2 2 1 Ky X Ky
= T3T2 S + T3Ta(z—+->-) 8" + =38 + KKsg T} S“ + X (— + ) X + ——
3t2 3025, Tz) T \-_,5,-——5 (Tl Ks) TiKs
X
13.9 X 10
=> = ==Z 2 2 =
K 300 .695
X =K*Kg T1 = .695.(2)x .4 = .556
KT (s 4+ 1
Ta T2
Ku

= 4 1 1 3 T3
S (1, Tz) (Tl s T1)

Ky
§2 + KKs Ty (4= s+ KKs 1;3(
Ty Ts

(.695) (.4) 1
.5) (.25) > * 73
) 22 4 556 556 (-~ + .5) 556 (<)
s+ (dz v s+ a4 P77 st o4 ] 4 Y s+ -4
: . (.5) (.25) (.5) (.25) (.5) (.25)

2.22 (s + Hz)

" s+ 65 +14.4 8% + 13.35 + 5.5

This is similar to the computer's TOTAL answers.

Ti1Ksg

)
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| OF POOR QUALITY

T ANALYsIs

The user package called TOTAL is an easy way to analyze control ioops. One

enters in G(ﬁ)' then H (s) and from there performs requested options interactively.
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NOTICC - TLOASC CCE CXPLAINYNEWS
AYVTAIIE VEVT AL /8 0atami™d SINTTE A

GO0 10t 007 E 20000 7 I A 7 Vbbb

YT AL

PR Y RN AT

WOLOOME T TOTAL - - VERGTION 3.0

(C3 17280 - STANLEY J. LARIMER

wEkEXRRRE  LCGLIN USERS XRKKXXKX
QUESTIONS OR PROBLLMS» CONTACTS
CAFT DENNIS DIDALEUSKY
AL/SUES-A (2-5678/2-5869)

The general options categories available are:

S AN INTERACTIVE COMPUTER-ATIDED DESIGN FROGRAM
ITAL & CONTTMUIOUS CONTROL SYUTEM ANALYSIG.
TAINS 160 OFIIONS DIVIDED 1r10 GROUFS OF L0
DING TO GENERAL AFFLICATION. ’

FIUNS ENDING IN O LLIGT THE NEX[T LG UPTLON'S,
fﬂ EXAMFLEy OPTIUN 40 LISTS OFTIONS 30 THRU 39,

fHE FOLLOWING ARE T MaLN DFTLION GROUMSGS
-2 TRANSFER FUNCTIOR INFUT OFTIONS

10-19: MATRIX IaFUT OFTIONS

20-29! EKLOCK DIAGRAM HANIFULATION OFTIONS

3039 TIME RESFUNZE UITIONS

40-49: ROOT LOCUS OFTIONS

S0-59:  FREQUENCY RESFONSE OFT . 0OMNS

$0-569: POLYHOMIAL OFERATTONS

70-79! HATRIX wl'aHATLINS

30-39: DIGITIZATLION QT 04a%

PO~7Y:  OFTIONS OF MARTIUIN.AY INTERFS]
100109 MURE TRANSFER FUNCTTON 52PUT OFT10NS
L10-119! MORE MATHIX OFTIONS
120-1292 MORE BLUCK OIAGRANMN MANLFUL ATIONS
130-139! STATE TRANSITION SIMUI ATION OFTIONS
140-149: DOURLE-FRECISION UISCRETE TRANSEFOFM O$HY 1009
150-1359¢! MULTI-RATE FREQUENCY RESFONSE OFTIONS
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The input open loop transfer function is as follows:
Glo= GYTNRC 1 IKZ700L Iy = I $ 13T}
g Galns 1,000
OLTF(9) NUMERATUK
L i GENFOLY (T NLZEROCI)
: ( 2 400 IS¥r 2 (= o5009 Y + e v, )
R ( 6.000 YMHsrk 1 ( =2.500 Y + 0 s )
. ! ( 2900 ) 01 NIk = NIRRTV e
. OLTF(S) DENOMINATLIR
@ I WLTPOLY (T OLFOLECTD)
] ( L +Q00 YSAX 4 ¢ O, ) F S 0, )
@ { 54000 ISXX 3 « 0. Y + ¢ 0. )
A 4 3 ( 3.000 S5Ex 2 ( -2.000 Y + JC 0, )
A ¢ I, SN 1 { ~-4,000 ) + JO 0. )
“y A ) 0L DK== 1,000
R
! ]
‘ ‘\u/ ‘ and the root locus options are:
UETION
6 o :}() -
-4 Ly LGS T TORS
o U TEART . IR G- AREy TSAMP=SAMPLE TIME FOR Z-FLANE)
PR Y I Lisi OPTLIuS .
\ Lol Lt kal. Wuu T LOuUS
» £ 42 RUUT LUCUS WETH A GAIN OF INTEREST
X 43 ROOT LOCWE WITH ZETA (UAMFING RATTQ) OF INVEREST
¥ A4 LIST N FUINTS ON A BRANCH OF TNTERLST
@ A% LIST ALL VDIATS OM & BRANCH OF INTEREST
kL 4é LiST LOCHS rUOTS AT A BAIN OF INTERLST
¥ A7 LIST L0 ROOTS AT A ZETA OF INTEREST
9 + 43 FLOT Kout Lacus Al USER’S TERMIAL.
* A9 LIST CURNTST UALUES OF alL ROOYT Lu s VARIARLES
b d K TYFE: HELFY 3% FUR DEFINITION OF ROOT L.DCUS VARIARLES
& O CALCUME FLOT FOR OFT10ONS 41,42:143,4 38 MAY KL
v OETAINEDL BY TrPING: PLOT»41 OR FLOT42 15TC,
N’ :

’ OFTION |
D 31

ars TR~ T
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HEEN-LOUF COLTF) ROOT LOCUS USING or;vganl,m..;,a*:
' ot AT ORIGINAL PAGE iS
O B EUR S OF POOR QUALITY .
N o= 0. Y = 0,
X ~ 0. Y = O,
X = -2.,0000 Y = 0.
X = -4 40000 Y = 0.
o ZUKR0OS AT
X = ~,50000 Y = 0.
X = -2.5000 Y = 0.
GAalN CONSTANT (DLNK/OLDK) = 24+0000000
REGION OF CALCULATION-REAL: CC= -5,00 TO fk=’ 1.00
IMAJS D= -3,00 TO EBE= 3.00
VEFFFTIFFTILSLH LS4 FHF3IFFFH4E L LI MTLFSLSLIITTATR IS 2SS 2L
7 - - - x - + t
! - - - x - + 3
4 - - - x - + $
& - - - x - + & '
¥ - - - Xk - + $
e e e e e e e e T frm————— ']
¢ - - - x - + ¥
s - - - I 2 + 3 _
W, - - - i X~ + 3 ‘
& - - - | 44 + 3
# - - - ! 37 + 1
2 e e e e e e e e e o e e o o 3 A S N—— R $
& - - - , - KX 1 1
) - - - S T T $
¥ - - - - %+ %
¥ - - - - x4 %
¢ . - - - * T
Frd 4 3 3000 R KRR KO+ 4 HXRERL D EPRRKRIAR O+ X+ 4544
t - - - ¥ ;
¢ - - - x4 ;
g - . - A% 4 !
i - - - xxs 4 8
4 - . - %Y + b
§ - e e e e o o e e e e e rm = mn oo B DK ot e e e e o o ———— §
4 - XX + #
4 - - - X + 3
4 - - X 1 3
1 - k- 1 3
i ~ % - 4 T
P e e e ——————— N #
% - - AX - 4 3
i - - ¥ - ! *
? - - + i
\/ - - - t i
1 - 4 B ‘I'

R I I R R R R s S R AR PP SN E R R R F R EE SRS L ST SRS R X

GRIL SCALFS X-aXIS 1 INCH- 1.,0000
Y--AXISS 1 Il 1.,0000
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The four branches ?329‘°§.i”gh“? root’locus are tabulated enabling choosing

a desired gain or damping-ratio- |

‘. REGION OF CALCULAT LN REAL: CC= 0.0 TO gps Lo
iMaJ: Op- 3.00 TO = 3.00

IRANCH GTARTING AT (042 + 1(04)
YEE LD LISTy € TO Shire OR % TO ABORT

ORIGINAL PAGE i3
OF POOR QuALITY
GFHCH) BUBLR L .

o 10O
1800

OGLIE

E

e S AL CULATION LT E
CRTNTING STER 812

Lemeey sl LUCUS I MAG NEST 17O ORIGIN L IN IETA Cu

et c 0. . 10003000F 02 O, 1.,00000 1

C ot LUAVE-O1 -.196645%0 L1979 13076 L 1314 L14358 o

- 11408 03733233 39370087 L 487 V3177 :

L D I L e V5S040 87T 51306 LA5377 ¢

RPRERLYE 729 - 62547910 76115130 100 ceoa1n

- L4403 $9334 L FRCOTINI T L94409433 1.57449 ,54018 o

© 10167 L 34347 1S 1,1240369 }.50077 LOPI0T

= -1,0007 77 1.3520861 2.1 aP17 L6443

- - .":'Jb\s)(}' “1e 1.1".' ':' '4? . Slh'a:? 15’/\ ... . 42431 . "43')-57 S

1S40 -1.3¢ 13700 1407073106 N7 ISES L1078 o

; 1.1127007 1,5550507 1L, PIN1A87 5.0017 V5010 ‘)

.‘ 1,1441044 1.7403210 2. 1004221 2.44004 (55402
1.2081168 1.0434155 2, 0003203 3.07015 LEPTOL

1,0455270 S 2,1290404 D, 4740020 4,31507 LE0Z08 O

- L DTRASS  2,3373010 2.,4873535 L 707 LATDL0 O

1,304490% 2L ELEAG P S B513671 S, 30470 JAS750 0

R RE AT 2, 7TALS06 7, ONTIR90 €, 5U0S0 LATLTA D

o 1.344324. -2,9332019 .00 04301 $,42387 , 41728 o

1,3554344 -3,0328305 2.3017347 5. P2020 LAORO3

HOUNDNARY
- DRANCH STARTING AT (0.) + J(O.)
.TYPE {. TO LIG3T, § 70O CGKIFy OR Tt TO ARORT =
- UNANCH STARTING AY (-2, P o0,
TYFE L TO LTy S TO SKIPy CR 3 TO ARORY -

o LRANCH NUMEER 3
CALCULATION STOR SIZE = 1000
- PRINTING STEP SIZE = 100

ZUTA Co
1.,00000
1,€0000

LOCUS IMAG BIST 10 ORIGIN GAIN

0. 240000000 0.

1.OCLT REAL
‘2.0002000

1.8000000
1.4000000
1.4000000
1.200000C

1.3000600 0.
‘1.4C0CC00 0.
1.4800000 0.
“102000000 Oo
~1.0CCHB00N 0. 1.0000000
©e300000L00 0. +J0OV00000
e HQOCOC00 0. cHO000000
~+S0CLO00O 0. 30000000
- BRANCH STARTING AT (-4,) + J(O.}
) TYFE 1. 1) L1ISTY TO 5KIPy OR © TO ABODRY >

®

L™ “evy
e 733207
~ ~
22121

4 e A
40 .4": 1.‘ *
Ny
407 4 9

2,00000

2.10741

4,50747
0.

1.00000
1,00000
3.00000
1.00000
1.00000
1,00000
1.00000
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FRINTING SiLT

LOCUS REAL
1.0000000
 30000CO

T, H000000 7

5000000, [ Y

e n0000C7
we QQO00CY
J.8000000
"2 eH000000
245000000

1

0.

0.
- G,

G
e
Qe
0.
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O.
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3 WE
Yiro dt

=N ST
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JHNUER 4

’ l. ") 0 ()
1500

ORIGINAL PAGE S
OF POOR QUALITY

1187 TO ORIGIN

1.0000000
33000000
T460060000
++4000000
442000000
S 0000000
;.QOOOOOO
2+.6000000
2.5000000

GAIN

Je

0035874
1.21419
L U.’)O'.C:‘
J.60063

$+50000

e A453%21
13.5200

0.

ZETA

1.00000
L+ 00000
1.00006D

1.0000,,
1,000
1000yt
1.,0000¢
1.00000
1.00000

on
3

i)

Choosing the'gain to be 2.2 yields a closed loop transfer function as follows:

Note that this matches the hand calculation.

CLOSED-LOOF TRANSFER FUNCTION

CLKN

CLNFOLY(T)

( 2,200
( $.500

ISKX
)

CLDFOLY (D)

( 1.000
( 6$.000
( 12.40
( 13.20
( 9.3500

RT3 4
YSXX
ySEX
ISkX
?

- D

CLTF(S)

1

( CLNR/CLIK )=

NUMERATOR

( -2.,500

CLNK=

CLTF(S) DEMOMINATOR

( -.9089
( =~,9089
( ~-.8790
( "\50303

2.200

CLZEROCI)

)

+ J¢ 0.
..0200

CLFOLECT)

Cl DK==

)

)
)
)

L ¢ I QR

+ Je 1,034

+ Jo 0.

+ JC 0.
1.000

The unit step response follows as does the frequency response.
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05900
06000
046100
06200
06300
046400

. 04500
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Flalod SIMS Ity INEUT y iU T 5
CONGT }

FElC =003 :

CUNSTL =L.07

CONTYD = L3, /088

GRAY = 10,00

VELULLTY = 200,075

CuNaTa4 — LaG3

CONSTS = 2.00%

TAUL = 0,405

TAUZR = Q.25

TAUZ = 0,507

TFINAL = 10.03%

CULLIM - L 579 (k ENTER IN RALIIAMS X0

ot

1m

WORD = FACKED ARRAY [1..101 OF CHARj

RANGE = ARKRAY C1l..4J UF REALY

ABSCIGOH & ARRAY [1..1001J OF REMLJ

OROINATE - ARRAY [£1..100151..21 GF REALJ
.‘x ‘}\ F.\‘ :

-
-g

EPS'LEHUX!LEADXU!UELT;HELTD!PHI}PHIHUPHIDU!PSI:PSID!T3 REAL

0 ¢ ARRAY C1..101 OF REAL;J
I ¢ ARRAY [1..10-1..21 OF REAL?
RANGE1 ! RANGEj

PLOTISL ¢ ORDINATE 5

TIME : ARBCSCISSAG

IY+PsyM ¢ INTEGERS

IOPT,ICR ¢ INTEGER?

FRINTI ¢ INTEGER}

XeJsK ¢ INTEGERG

XCHy ICHAR § CHAR?

PLOTIME :INTEGERS
NLETTERS: INTEGER;
TITLEyXWORDy YWORD ¢ WORDS
DELTAT : REAL?

INC : INTEGER?

ORIGINAL PAGE 1S
OF POOR QUALITY

BEGIN (X MAIN PROGRAM Xx)
TITLE (= ‘PSI OF A/C’j;
XWORD = ‘TIME ‘Y
YWORD := “PSI ‘3
T ¢= <03
LEADXD 3= 0,03
DELTD = 0.05
FHID = 0.07%

PHIDD (= Q.03
PLOTIME (= 13j
PSID (=0,07%
PRINTI (= 0%
LEADX (= 0.03
DELT = 0,03
PHI = 0.,07%
NLETTERS (= 10;
XCH = X’}
IOPT i= O}
DELTAT (= 0.0175
‘IY $=1013

P EIE EE
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041100 RANGELCKT t= 0.0 | ORIGINAL PAGE IS
046900 FST ¢= 0.0 ' OF POOR QUALITY
OO0 WHILE T “= TFINAL DO

07100 BEGIN ;

07200 (k SET THE BERIVATIVE EQUA: 1. k)
073500 CFG o PETC - CUNSTAKFGL -Crhiv o i bHGLE
740690 LEADNXT §« (EFSKGONSTL~ Li7Tad 2 rau2y

oO/7%00 LUILLY b LEADX tLLADXDXTAULS
07600 PRIV = (DELTXCONST2-FHIL © iy
Q7700 FSID ¢ = (ORAV/VELOCITY) &I“4tLs
07800
07900 Cf SHUNT LIMITS THE AIRCRA T ROLL A0
08000 IF (PULRPHID 2 0.0) AND wAnb i)y 2ol
4
08100
Q800w
oY JotPIN (% ASSION %)
08100 IC1713 = LEADKX j
0850y ILis21 = LEADKD i
08400 IC2,11 = DELT
OO0 IC2y23 ¢= DELTLD 5
auu\o IC3y13 = PHIDG
GOo IC3:21 = PHIDDG
choo IC4,11 3= FHI
09100 IC4,21 = FHID;
09200 ICSs13 := PSI
09300 PLOTPSILPLOTIMEs11 $= FSI;
09400 ICSy21 = SID 5
09500
09600 (X INTEGRATION %)
09700 FOR J ¢= 1 TO N DO
J9800 OCJIt= ICJs11 + ICJy2IXkDELTATS
V9900
10000 (% REASSIGNMENT X)
10100 LEADX = 0OLC11;
10200 FHID:= OC31j
10300 PHI (= 0C41;
10400 PSI := 0CLS51
10500
10600 (X PRINT OQUT THE PARAMETERS EVERY (IELTAT®2
%)
L0700 PRINTI $= PRINTI + 1j
10800 IF PRINTI = 1 THEN
L0900 BEGIN
11000 WRITELNS
11100 FOR X ¢=1 TO N DO
11200 WRITELN(TsICX»11yICX»23,00X23.
11300 URJ. ) ELNi
11400 PRINTI!= FRINTI - 25;
11500 ENDj;
11600 TIMECFLOTIME] $= Ti
11700 PLOTIME := PLOTIME + 1 5
11800 T ¢= T + DELTAT;
11900 END3
12000 ICHAR (= ‘X’
12100 INC = 1;
12200 WRITELN(’SUCCESS’);
12300 . END.
* N

K=l TO 4 DO 36
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! ORIGINAL PAGE IS
OF POOR QUALITY
-TRACKING, EQUATIONS
LT RS g,

Y

1. POSITION PARAMETERS:

| BTl = R

o (t) bp(E) = Yy (E)

N

T '~
CTnRGE L ™ N
e P ) o b
N ¢
N L{‘"‘"

~ L*/

S| H YR I
\ N a ASG L

o~ .

e PR

# (HoyT PLdde)

Let Vm be the speed of the projectile fired on the
pursuing host aircraft. The time taken to reach the target
plane is T = Vm/R. During this amount of time the target plane
moves of an angle § equal to ¢T'T' That means that the
projectile must be fired before tpT = wH’ exactly when o = §

If we assume that a tracking system capable of giving the angular
position of the target plane relatively to the host plane is
available, the angular speed lLT can be computed as:

. o1 (EHAE) = Yo (£)
wT(t) = G for every step of time At.
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- ORIGINAL PAGE i3
2. BASIC RELATIONS: OF POOR QUALITY

In order to shoot the target as soon as possible,
that is the next step of time, the next value of lPH, must

be:

by (€ + AE) = Y (t) = § () X At

My + 8 = Yo (t) = Y (£) + §o(t) x At
y I

o(t) Ay,

. \ “E5 ,
" éf;/:z/: e ...,,_*/ A/
& (L) y

\\T(é'f‘ﬁ{) \ /

D e e e

e 4 X TAST I S LB R i, W AT R 190 8 n s W AR BRI W atate e seue gl W

bp(t + At) = & = Yo (t) + Yp(t) x At - 8

wH(t + At)

. IJJH(t + At) - \PH(t)
qu(t + At) X
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OF POOR QUALITY

We now need to generate a sequence of target positions,
that is create the functions R and wT. Two ways were discussed:
-—-- generating wT using the host plane parameters:
the behavior of the target is conditioned by
the behavior of the chaser. This is an approach

very close to reality.

programming functions wT and R in an appropriate

way. We assume that the planes are similar in
performance, particularly in speed, so that the
range between them can only differ of R of a small
value AR. wT must be a continuous function from

+

TR ——0, 2II). The end of fight is determined

by T that in real case can be interpreted

max’
as a fuel shortage.
The last option was chosen for our project, because

it allows us to implement easily (change of function) a different

target behavior.
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l‘; RN S A ’ OF POOR QUALITY

CALCULATION ALGORITHM

BEGIN..
INIT yo,(t), R(t), &T(t);
§(t) = Yo (t) x (V /R(t);

GET INPUT y(t);

/*Calculation of next y: */

Do until TMAX:
b (6 + 8t) = yo(t) + §o(t) x At - §(t); (store yy;)

Yy
(if wH(t + At) Y max then Y= Vamax’ o

GET 6T(t + At), R(t + At);

Yo (b + At) = Yo (L),
At

@T(t + At) =

(if @T(t = At) &Tmax then ¢T = @Tmax;)

§(t + At) = j(t + At) x (V_/R (t + At) ;

NEXT:

wT(t) < wT(t + At)
&T(t) « @T(t + At)

§(t) « 6(t + At)

END;
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‘ EXAMPLES OF TARGET MOTION GENERATION

wT(t) = 2 T cos 21rt/tmax

2 v sin 27 t/t
m

2
27 <:t>
max

.......... (must be continued)

ax

- WT(t)

R(t) = R(y(t)) a e (ellipse)

a (1 + cosy) (cardioid)
a = constant

. (must be continued)

AR(t) = periodic or aleatory function giving small
values (max = 10% . R).

(Must not be continued as it is a small value)
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LIMITATIONS

In order to stay close to reality, we introduced
the following limitations: The host plane turning rate
cannot be greater than ( /20) radians/s, that is 9 degrees per
second; the initial value of the target turning rate is set to

0.01 radians/s, that is 0.57 degrees per second.

CORRESPONDENCE ALGORITHM PROGRAM:

Algorithm Program
b (B) OPSIT

R RANGE
@T(t + At) NPSIT

8 DELTA
At DELTAT
&H(t + At) HPSID
Yy (t) PSI

by (t + At) EXPPST
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PSR 39,

AR TIPS VI RPN SR

In the computation of the tracking equations and
anticipation parameters, converging results have been obtained
with basic versions.

The "fire" order will be displayed each time}y, - wT'<F S.

Different test cases and air fight scenarios have
been programmed and the results are satisfactory (fire orders

displayed within 10 seconds--see listings attached).
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: ORIGINAL PAGE IS
EXPLANATION OF THE ENCOUNTER OF POOR QUALITY

On the graph ,the positions of the host and the target
airplanes are plotted . Fach number on the points represents
a time step . The + marks are the series of predicted tracking
angles placed with the base of the next attaching the arrow
of the previous tracking vector . This allows us to see
that the series of optimal angles are dfawing a curve looking
like the target trajectory . This is a verification of the
tracking angle generation procedure . The points 6,7,8,9
of the host plane trajectory show the optimal angle relative
to the actual position of the plane . This is the real case.

For each position of the aircraft the procedure gives
the optimal angle the pilot has to command in order to shoot
the target as soon as possible . As we can see on the graph ,
this command makes the plane point directly to the target .

The firing condition is determined by a "window" of
+ or - delta , delta being the lead angle depending on

the range between the planes and the missile velocity .
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CONCLUSION

We have successfully demonstrated the ability

of the On Board Simulator and Tracking Procedure in high

level PASCAL code . The implementation details have yet
to be completely worked out .

The On Board Simulator was tested using a step
input and studying its response . The aircraft turning
time constant is 4.4 seconds and damping ratio is .65 ,
which provided satisfactory results . The final simulator
will fly at a velocity of 1000 feet per second and have
a maximum bank angle of 82.8 degrees for an 8g turn ( without
aerodynamic limitation ) .

The angle tracking is done relative to an inertial
reference angle stored in the host aircraft's reference
system . Quick encounters are simulated by inputting a
programmed target maneuver into the host aircraft's field
of view .

A more accurate tracking method could be developed
by following the host and target aircraft separately in an
inertal grid and computing relative information from the
inertial systems . This would allow longer time engagements .

The On Board Simulator would not be easily upgraded
from its present 3 degrees-of-freedom . This would require
additional graphics on the screen display and would require

much additional work on generating relative dynamics .
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Yy I. System Description

A. Puirpose

The objective of the project is.to design a micro-
processor baged Aircralt Spin Warning System which periodically
samples the assymetric thrust and yaw rate of an airplane and
then issues voice synthesized warnings and/or suggestions to

the pilot of how to response to the situation.

The system is to meet the requirements set forth in
the June-August 1982 status report of the system study for the
Application of Microcomputers to Research Flight Test Techniques,
as summarized in table 1 of the p:per (included in this

report in Tigure 1 Yo

Such a system is expected to aid the pilot in recovery
from spins and high speed departures which occur during flight
tests of aircraft at flight boundary limits.

B. Type of Microcomputer to be Used

Qur SwS design is based around the Motorola MC68000
16-bit microprocessor, implemented on a MOBKVMO1AZ monoboard
microcomputer. Since the SYS is a real time application where
computing speed is critical, a very fast microprocessor must

be selected. The advanced contemporary design, 8-MHZ clock
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Figure 1, System Block Diagram
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rate, and 16-bit word width all contribute to fast processing

times and make the MCAB000 a good choice for this application.

Convenient I/0 and bus structures provide additional
advantages that simplify and smcoth system design and integration

since we have access to peripheral devices with compatable I/0

buses.

C. Selection of Speed Synthesizer Device

The S%S project is a developmental project and so
requires versdtile design features to allow for the many design
changes that always occur during the development of a system.
This is the main reason behind the selection of the SCOl from
the various voice synthesis products on the market. The
phoneme hased SCOl allows us to speak any word desired, and
easily accomodates any changes in the future. LPC based speech
methods provide better voice quality, but have restricted and
unversiltile vocabularies and are much more expensive. The SCO1,
on the other hand, has been on the market for a couple of years
and has well documented dictionaries and application articles

making it a clear choice for a short term, low budget project.

D. Voice Synthesis Design Description
The block diagram of the voice synthesis design is

shown in Figure 1 . The one byte of discrete data, seven
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channels of ADC data, and PTM timer are controled by the input
interface. The two byte output data (phoneme and pitch) is
transferred to SCOL voice synthesizer via the output interface

as well as to the hexadecimal LED Display for test of the data.

The software moniter aircraft parameters from the ADC
and discrete input register, analyzes these parameters and
then, if necessary, sends voice synthesizer to speak out the

required message.

The functional details of the modules and their design

are described in the next two chapter.
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IT. Software Development

A. General Description

As indicated in Table 1, there are a total of 1k
sentences to be spoken in various cases. These sentences
are 'UNLOAD', 'LEFT-ENG-MIL', 'RIGHT-ENG-MIL', 'LEFT-ENG-
IDLE', 'RIGHT-ENG-IDLE', 'BOTH-ENG-IDLE', 'STICK-FULL-LEF]',
*STICK~-FULL-RIGHT', 'STICK-FULL-FWD', 'CENTER-CONTROLS',
'RECOVERY-COMPLETE' , 'STICK-HALF-AFT-AND-HOLD', 'LEFT-ENG-
OFF', 'RIGHT-ENG-OFF'. 'In some conditions, depending on
input values received from ADC channels, up to 3 sentences
need to be spoken. Each sentence may contains 8 to 26
phonemes. For each phonemes, the SCOlL takes an average of
100 ms to complete its speech synthesis process. Therefore,
in some cases, the time consumed to speak three sentences
may take more than 2 seconds. Two seconds is a large
amount time for computer busy waiting for phoneme output.
Note that another requirement in Table 1 is to keep sensing
each ADC channel to determine if the situation has changed
or not. The sensing rate should be much less than 2 seconds.
It is obvious that there are two requirements to be per-
formed: (1) the software has to keep sensing ADC channels
while the SCOl1 is speaking some sentences. (2) a real time
clock is necessary to count the actual time that the
temperature exceeded the temperature tolerance limit or for
how longer the YAW RATE has recovered to its normal

condition, etc.

Therefore, a program 'VOICE' and a subprogram '
SMALLMOUTH' are implemented 10 solve the above requirements.
The program 'VOICE' is used to dump sentences in an output

buffer, the subprogram SMALLMOUTH will send all phoneme and
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pitchfodes from the output buffer to the SCOl via 2 8-bit

ports for voice synthesis. These two programs interleave the

CPU by timer and parallel port interrupt. The data structure

for the sentence table and buffers are shown in Figure .

Each buffer is a record which contains a bufferfull flag,

along with 50 phoneme codes and 50 pitch codes. The program

VOICE contains a procedure SET-SENTEWNCE-TABLIS which stores

the phoneme and pitch symbols of all sentences. Then VOICE

sets up the timer clock, senses ADC channels when timer

interrupts arrive, and then according to the ADC channel

value, decides which sentences are to be spoken and dumps

them into output-buffer. The subprogram will send phoneme and §
pitch codes from the outputbuffer to the SCOl and wait for

the phoneme to finish its sound generation. After & phoneme y
code has completed its sound generation process in the SCO1,
the SCOl will send back a parallel port interrupt request to -
execute the subprogram SMALLMOUTH again and get next phoneme

and pitch code.

The program VOICK is clusslicd under the following
headings: (1) Initialization procedures. These include the
procedures to set up the sentence table, to set up the real-
time interrupt clock, to set initial conditions and allow
interrupts. (2) a MAIN body. This includes a procedure
NEW-CASE which resets software message flags, two external
procedures GET-DISCRETE and GET VALUE to get the discrete
values from parallel port: #2 and get YAW RATE, ALTITUDE, IAS,
AOA,AY , AIRSPEED and TLMPERATURE from ADC channels. After
obltuining Lhosce ADC vualuds, procedure MAIN which contuins
many CASE blocks, will select the sentences to be spoken,

a procedure BIGMOUTH-SPEAK will copy those sentences from the

sentence tuble into bullers in translation-queue.
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A procedure SPEAK is responsible for dumping the sentence
buffers in the translation-queue into the output buffer. An
external function OUTPUT-BUFFER-EMPTY will check the buffer-full
flag of both output buffers. If any of the output buffers are
empty, the procedure LOAD-OUTPUT-BUFFER will load a sentence
bulffer {rom translation-queue into the output buffer. The way
to load a sentence buffer to the output buffer is as following:
First find which of the sentence buffers in the translation-
queue needs to be dumped, then convert the phoneme and pitch
in the sentence buffer to ASCII code, then an external proce-
dure DUMP will dump the phoneme and pitch codes into the
output buffer. After the whole sentence is loaded into the
output buffer, an external procedure MARK-OUTPUT-BUFFER-FULL
will set the buffer-full flag of the output buffer and also
wakes up the subprogram SMALLMOUTH. The subprogram SMALLMOUTH
will send the phoneme and pitch codes from the output buffer

one by one to the SCO0l for voice synthesis.

After the procedure SPEAK dumps all the sentences into
the output buffer, the program VOICE completes its job in this
time frame and then the program goes into an external procedure
HALT. The procedure HALT has a loop body. The CPU will keep

looping in this loop body until the next timer interrupt comes.
B. Abstract Data Structure
An abstract data type is given as follows:

Abstract Data Type

Sentence-buffer = Record

Buffer-full flag
Phoneme symbol array [ 1 .. 50 ]
Pitch symbol array [ 1 .. 50 ]

End

Translation queue = Array [ 0 ..2 ] of sentence buffer.
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OQutput-Buffer = Record

Buffer-full flag
ASCII phoneme code [ 1 .. 50 ]
Pitch code [ 1 .. 50 ]

End

Abstract Program Structure
Declare

VOICE ( ¢ ) —> OUTPUTBUFFER
SMALLMOUTH ( OUTPUTBUFFER ) —> Voice generation

Begin

When timer-interrupt comes
do VOICE
When parallel port interrupt comes

do SMALLMOUTH

knd

Program VOICE

Begin
INITIALIZATION,
Repeat
MAIN (* Get ADC value, decide sentences ¥)
SPEAK (¥* Dump sentence to output buffer ¥)
HALT (¥ Wait for next timer interrupt ¥)
Until FOREVER (¥ or turned off ¥)
knd
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Subprogram SMALLMOUTH

Begin

Declare Waked up
if output buffer is empty
then return interrupt

else
send out pitch code
send out phoneme code

increase polnter
endif

lind

C. Implementation

The first level of the abstract data structure imple-
mentation contains four procedures: INITIALIZATION, MAIN, SPEAK,
and HALT. The process SMALLMOUTH is also implemented. The
SMALLMOUTH contains a set of instruction to send out phoneme and
pitch codes to the parallel port for the SCOL to speak. This
subprogram is called up by a parallel port interrupt or a trap
from VOICE. SMALLMOUTH send out the next phoneme along with
pitch data, then returns control to VOICE. Under normal
conditions, no warning signal need be generated. VOICE finds

nothing to speak, then resets the runningflag and halts.

SMALLMOUTH recognizes the situation from the runningflag and halts

also. The whole system is in an inactive situation, only the
procedure VOICE will be called by the timer every half second.
If the situation does not require a voice message, the system

becomes inactive again.

A more detailed description of the different levels of
implementation is shown in Figure 2 and the attached program

listing.
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D. Detail Explanation of Each Procedure

1. Program VOICE.

The program VOICE will dump the sentence need to be
spoken into outputbuffer as follow:
Step 1. a) initialize the timer clock as 0.5 second by calling
external procedure SET-REALTIME-INTERRUPT.

b) set a look up sentence table by calling internal
procedure SET-SENTENCE-TABLE.

¢) set initial condition for variables by calling
internal procedure SET-INITIAL-CONDITION.

d) allow interrupts by calling external procedure
ALLOW-INTERRUPTS.

Step 2. a) initialize a new case condition when a new timer
interrupt comes by calling internal procedure
NEW-CASE.

b) get the value of discrete by calling external
procedure GET-DISCRETE.

c¢) get value of YAW RATI, ALTITUDE, IAS, AIRSPEED,
AOA, TEMP.
find the sentence and pass this sentence as a
parameter to internal procedure BIGMOUTH-SPEAK
and load the sentence into a sentence buffer in
the translation-queue by calling this procedure.
Step 3. dump all the sentence buffers into output buffer.
Step 4. wait for next timer interrupt.
Step 5. go to step 2.

Step 6. end.

2. Procedure INITIALIZATION

This procedure sets the initial conditions such as

sentence table, PTM clock rate, etc. This procedure will be

executed only when the system is turned on.
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Step 1. set realtime interrupt.
Step 2. set sentence table.
Step 3. set initial condition
Step 4. allow interrupts.

3. Procedure SET-REALTIME-INTERRUPT

This routine sets the cascading timeout interrupt of
the MC68LO PTM, connect 03 to C2 and get realtime interrupt
from timer #2. It also sets the realtime interrupt clock
from clock #1 of PTM. The timer will wake the procedure MAIN
every half second, get ADC value, and decide what sentences are

required to speak.

4. Procedure SET-SENTENCE-TABLE
This procedure sets up a sentence table where all phoneme

and pitch symbol are stored in 14 SOUND-BUFFER as a look up

table. .

5. Procedure SET-INITIAL-CONDITION

This routine sets the initial condition for variables
TEMP-COUNT, COUNT-30, COUNT-40, and flags such as WARNINGFLAG,
FOUND, etc.

Step 1. reset all software synchronization flags

Step 2. call external procedure MEMORYINITIALIZATION to
initialize the variables and flags in assembly
part of the programs.

6. Procedure ALLOW-INTERRUPTS

When power is turned on, all interrupts are disabled.
This assembly routine store a $0480 in the control register

of M68KOOO versa system which will enable the timer and

parrallel port interrupt. Also, this routine store autovector

addresses for timer interrupt, parrallel port interrupt, and

trap #6. .
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T. Procedure MEMORYINITIALIZATION

This routine is called by the procedure of SET-INITIAL-

CONDITION to reserve block space in memory for output buffers.

It also clear buffer-full flags of output buffers, set ARBIT
point to the buffer #0, declare that the subprogram SMALLMOUTH

in not running.

Step 1.

Step 2.

Step 3.

Step U.

Step 5.

Step 6.

Step T.

Step 8.

a) ARBIT:

b) SLEEP:

reserve one byte for ARBIT, ARBIT
point to the output buffer is dumping.

reserve one byte for SLEEP, SLEEP
flag to indicate the SMALLMOUTH is not
active.

c¢) BFOFUL: reserve one byte for BFOFUL, BFOFUL

flag to indicate that buffer 0 is full.

d) BFlFUL: reserve one byte for BF1FUL, BF1FUL

e) BUFO:

f) BUFl:

flag to indicate that buffer 1 is full.

reserve 50 word to store phoneme and
pitch codes.

reserve 50 word to store phoneme and
pitch codes.

g) QUEPTR: reserve one byte for QUEPTR, QUEPTR

ARBIT

SPK #0 :

QUEPTR

SLEEP

BrOFUL

BF1FUL

End.

point to the offset in output-
buffer is speaking.

#0 : set ARBIT to point to output-
buffer #0.

set speak point to output buffer #0.

#0: point to the first word in output
buffer,

#1: declare that the SMALLMOUTH is not
active.

#0: reset buffer-full flag of output
buffer #0

#0: reset buffer-full flag of output
buffer #1.
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8. Procedure MAIN

The procedure MAIN will get input conditions such as
YAWRATE, AOA, TEMPERATURE, IAS, AIRSPEED, AY, ALTITUDE, from
ADC channels and decide which sentences need to be spoken.

Then copy the sentences from the sentence table into buffers in
translation-queue. Another procedure SPEAK will move the
sentences in these buffers into an outbuffer which is located
at some relocatable address in memory. Then the subprogram

SMALLMOUTH will move each phoneme and pitch codes to the SCOl.

Step 1. declare new case.
Step 2. get DISCRETE.
Step 3. get value of
a. IAS.
AIRSPEED.
AOA.
- 1. AY. .
TEMPERATURE.
f. YAWRATE.
g. ALTITUDE.

£ 0 o

o

Step"Lk. determine YAWRATE is positive or negative.

Step 5. if TEMPERATURE > 121500 for 3 second , BIGMOUTH
speak 'LEFT OR RIGHT ENG OFF'.

Step 6. if AOA < -10° and AY > .lg, BIGMOUTH speak '
STICK HALF AFT AND HOLD'.
then if ACA> 0 for 5 second, BIGMOUTH speak !
RECOVERY COMPLETE'.

Step 7. if warning flag = true
then begin if YAWRATE < L40%/sec for 2 seconds,
BIGMOUTH speak 'CENTER CONTROLS'.
if YAWRATE < 309/sec for 2 seconds,
and AIRSPEED > 120 KTS, BIGMOUTH
speak 'RECOVERY COMPLETE'.
end
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Step 8. if any condition in Table 1  occured, then
BIGMOUTH speak sentences according Table
and set warning flag.

9. Procedure NIW CASlL

This procedure initialize a new case condition when
a new timer interrupt comes.
Step 1. reset all buffer-full flag in three sentence
table of translation queue.

Step 2. call procedure MEMORY-RESET to initialize: a
new case condition in assembly part, also clear
interrupt flags.

10. Procedure MEMORY-RESET

This procedure will be merged in the procedure of
NEW-CASE to reset the initial condition and forget the old
sentence in the buffer when a new case happens. It first
clears the interrupt request flag and then allows all timer
to operation mode by writting #0 in control register 1 (

CR20 = 0 ). Next, it clears PTM status register by clearing
interrupt request flag. It continue by reading timer #2 counter,
then by testing ARBIT which is pointer to one of the output
buffers, then it clears the output buffer which ARBIT is

pointing to. It returns after reseting port interrupt flag.

11. Function GET-DISCRETE: integer

This function get the value of discrete from parzltlel.

port and return the value as an integer.

12. Function GET-VALUE

The function GET-VALUE converts the variable name to
channel number, gets the ADC value from the forward function

ADC, then returns the channel value to the specified variable.




Step 1.

Step 2.
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convert variable name to channel number.

get ADC value from the according channel.

13. TFunction ADC

The function ADC will return the ADC value from the

specified channel.

Step 1.
Step 2.
Step 3.
Step L.
Step 5.
Step 6.
Step T.
Step 8.
Step 9.
Step 10.

set address of base, control register, MSB
and LSB.

load control register to slect channel number.
initial conversion.

wait until ready.

move MSB to data register #0.

shift data register #0 left 8 bit.

move LSB to data register #0 .

arithmetic shift data register #0 right 4 bit to
get 2's implement value.

store data register #0 to functional value
return address.

return.

14. Procedure BIGMOUTH-SPEAK

This procedure gets a sentence name from the procedure

MAIN, then copies the sentence from sentence table into a

sentence buffer in translation queue.

Step 1.

Step 2.

copy sentence from sentence table to sentence
buffer which is pointed by NEXTEMPTYBUFFER.

set NEXTEMPTYBUFFER point to the next sentence
buffer.

15. Procedure COPY

This procedure copies each phoneme and pitch symbol from

one sentence is sentence table to a sentence buffer in

translation-queue. After all phoneme and pitch symbol are

copied, the buffer-full flag of the sentence buffer is set.
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16. Procedure SPEAK

This procedure sends out sentences from translation
queue to output -buffer whenever the output buffer is empty.

After all sentences have been sent out, the queue is empty.

Step 1. find if any one output buffer is empty.
Step 2. then load output buffer
Step 3. if translation queue is not empty, go Step 1.

17. TFunction OUTPUT-BUFFER-EMPTY: boolean

This function responds with a boolean value to indicate

if there is an empty output buffer. If it finds an empty

output buffer, it returns a function value of true. This function

starts by finding if ARBIT points to BUF1l or BUFO. The next
steg}s to find out if the buffer-full flag of either BUIO or
BUFl is set. If it is not set then it returns the value of

true.

18. Procedure LOAD-OUTPUT-BUFFER

This procedure dumps the sentence from the translation-
queue into output buffer, each phoneme and pitch symbol will
be converted into ASCII code and then dumped into the output
buffer.

Step 1. find next sentence-buffer ready to speak.

Step 2. a) convert phoneme code.
b) convert pitch code.

Step 3. dump to output buffer.
Step 4. mark output buffer full.

Step 5. reset the bulffer-full flag of the sentence buifer.

19. Function CONVERT-PHONEME-CODE

This function convert phoneme symbols into ASCII code

before dumping them into the output buffer.
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20. Function CONVERT-PITCH-CODE

This function converts pitch codes from decimal to
octal before the pitch is dumped into output buffer. The
first digit in decimal form will send to SCOl for pitch control.
The next two digits will be used as frequency control for the

SCO1l clock input.

21. Procedure DUMP

This procedure dumps pitch and phoneme codes into the

empty output buffer at the offset location INT. The pitch
code is dumped in the lower byte, the phoneme is dumped in
the higher byte of the word. The procedure starts by getting
the offset INT, pitch code and phoneme code. Then it test
ARBIT to see which buffer it is pointing to. If it is pointing
to BUF1l then load buffer #1 and if it is pointing to buffer #0
then load buffer #O.

Step 1. a) get offset INT.

b) get pitch code
c) get phoneme code.

Step 2. test ARBIT.
Step 3. if ARBIT = 1, goto step 5.

Step 4. load base address of BUF0 to register A2, goto
step 6.

Step 5. load base address of BUF1l to register A2.

Step 6. a) move pitch code to buffer.
b) move phoneme code to buffer.

Step 7. end.

22. Procedure MARK-OUTPUT-BUFFER~FULL

This procedure is called at end of the procedure of LOAD~
OUTPUT-BUFFER when the whole sentence in translation buffer have
been dumped into output buffer. The buffer-full flag of the
output buffer which is pointed by the ARBIT will be set. Then,
this procedure will check the flag SLEEP to determine that if
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the subprogram SMALLMOUTH is in active or not. If the SLEEP
flag is set, go trap #6 to wake the subprogram which will send
phoneme and pitch codes to parallel port #1.

23. Function QUEUE-EMPTY: boolean

This function checks the three sentence buffers in the
translation-queue. If all buffers in the queue are empty, it

returns a true variable.

2h. Procedure HALT

After execution is completed, this procedure is called
in the main program that cause the main program to become
idle. It first resets the interrupt request flag to wait for
next timer interrupt. Then, it keep checking to see if there
is an interrupt from the timer and then it exits after timer
interrupt and it also sets the flag after the timer interrupt

arrives.

Step 1. reset flag to wait for timer interrupt.
Step 2. test'timer has interrupted ?'
Step 3. if timer has not interrupted go to step 2.

Step 4. a) exit after timer interrupt.
b) set flag.

Step 5. return from interrupt.

Step 6. end.

25. Subprogram SMALLMOUTH

This subprogram is initialized by parallel port interrupt

or trap #6. The parallel port #1 is used to output phoneme and
pitch codes. When a phoneme is completely spoken by the SCO01,
the SCOl returns an interrupt request via the lower byte of #1
parallel port. It will initialize this subprogram to send out
the next phoneme and pitch. Another chance to execute this

subprogram is after a sentence is dumped into an output buffer,

i
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the procedure MARK-OUTPUT-BUFFER-FULL will check the flag
SLEEP and generate a #6 trap which autovector address is the
starting address of SMALLMOUTH. After a sentence is completely
sent out from output buffer to SC0l, the flag SPK is changed to

indicate that another output buffer is the next to be send out.
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F. Code Generation

The software including all assembly and pascal routine,
was developed and debugged on the TQP20 system. Next, all
the assembly and pascal routines were transferred to IBM L34l
system by operator of the USC &ngineering Computer Lab. The
'purpose of transferring our software from TQP20 to IBM L3441
system was to sue the MC68000 support software package on IBM
system to pget the object codes for all assembly and pascal

routine and link them together.

a. MC68000 Support Software Package.

This package can be used as a powerful software develop-
ment tool for ¥MCO6B8000 based system. The package utilities enable
the production of relocatable machine code for the Motorola
MC68000 microprocessor. The source code can be written in pascal
or the assembly language of the microprocessor. A linkage
editor can create execution modules in which library functions
can be selectively included. The packape provides libraries
for floating point operations as well as for runtime routines
for three popular MC68000 based configurations including versa-

module, the one used for this project.

The support software is designed to operate in a host

system. In this case, the host is an IBM L3L1 called VIRGIL,
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VIRGIL is part of the USC Engineering Computer Lab. It has
8 mega bytes of main memory and it runs under CMS (conver-

sational machine system).

b, Pascal Cross Compiler

Processes pascal programs and produces relocatable code
that can be subsequently linked with other modules. The
compiler works in two stages. The first one, phase 1, checks
the syntax and semantics of the source code and produces and *
intemediate pcode file. The second stage, phase 2, processes
this intermediate code and produces a relocatable and position

independent object code module.

c. M6B0O00 Cross Macro Assembler

Y - R Ly LI

It processes 68100 assembly lanpuage files and produces
object code files that can be subsequently linked with other

files.

After using the linker to produce the complete and

final object code package, the code was down loaded to the

lab's computerm computer (an Intel 8085 bazed CP/M microcomputer)

Finally, the code is dumped into the 68000 for execution.
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III. Hardware Development

A. MC68B000 System: )
The MC68000 monoboard system with the PTH has the
following capability: (1) Vector Interrupt Handler. (2}
Programmable Timer module which enables the real time
interrupt and adjustable pitch control for SCOl Voice
Synthesizer. (3) The processor instruction set provides
software interlocks for processes to interleave the CPU.
Trap instruction and TAS (test and set) are useful for mul-

tiprocess communication that support modern structured

programming techniques.

B. Input Interface

Yawrate, Altitude, IAS, AY, Airspeed, AOA and Temperature
are transfered via the M68MM1SA 16 channel high-level A/D mcdule.
The 68000 processor also getsthe discrete signals fromthe #2

parallel port without handshaking.

C. OQutput Interface

Phoneme and pitch codes (two bytes) are transfered from
the 68000 system to the SCOl Voice Synthesizer utilizing the
16bit capability of the parallel port. Design and layout of
both the discrete fetch and Voice Synthesizer was completed as

the attached schematic figure. The driver LS2LL receives the
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phoneme code from lower byte of parallel port #l. These phoneme
lines will be pulled up by a L.7K resistor array, then sent to
the C¥0S SCOl device and to the displays. A strobe signal from
pin P1CA2 of the parallel port interface will initiate t he voice
conversion. After the phoneme has completed, the SCOL will
request the next phoneme code via P1CAl vector interrupt request.
MC68C0O0 system also provide a 2Mhz clock from PTM #3 output line
to the 7497 Binary Rate Multiplier for pitch control. A 8-bit
pitch control code will be provided by the upper byte of parallel
port #1, which will be latched by LS37L D-type transparent
latches. Two KSB bits are sent to the SCOl ior direct pitch
control. The LSB 6 bits sent to the Binary Rate iultiplier will
be able to adjust the SCOl input clock rate from 30K hz up to 2M
hz which will provide a minor adjustment of pitch contrel. An

amplifier LM386 will urovide audio amplifrication to drive a

speaker. A 10K ohm potentiometer provides volume control.
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IV. Results / Conclusions

A. Test Setup

For test purposes, a modification of the routine to
obtain data from the ADC board was made. Instead, switches on
the external hardware board were used to simulate certain
combinations of aircraft parameters. The switch pattern was
input through the discrete data input port, and the system

responds to this input.

To initiate the system testing, a small assembly language
test routine was used to test out the interface between the
68000 and the external hardware board. This routine sent the
word "unload" continuocusly to the SCOl display devices, and

provide valuable in trouble shooting the interface.

B. Results / Problems Encountered
Successful operation of the system was never achieved.
The last of a series of problems encountered was the inability

of the linkage editor to provide the start address of the loaded

ohject code.

We vwere able to get the small test routine to get the system
to speak "unload" for a short time, but then the SC{1 failed for

no apparent reason.

Work yet to be completed includes determining the start
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address of the run-time package, system software checkout,
voice pitch control adjustments, and system integration testing

with sensors providing the ADC inputs,

R AN NS TIt TS
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%%wx { SC-01 SPEECH SYNTHESIZER

A Division of Federal Screw Works .
500 Stephenson Highway e DATA SHEET
Troy, Michigan 48084 ' R .

Votrax® CMOS Phoneme Speech Synthesizer

GENERAL DESCRIPTION

The SC.01 Speech Synthesizer is a completely seif-contained
sohd state dewvice. This single chip phonetically synthesizes
continuous speech, of uniimited vocabulary, from low data
rate inputs. Figure 1.

Speech is synthesized by combining phonemes (the building
bfocks of speech) in the appropriate sequence. The SC-01
Speech Synthesizer contains 64 different phonemes which are
accessed by a 6-tut code. it is the proper sequential
combination of these phoneme codes that creates continuous
speech.

The SC-0t Speech Synthesizer 1s cost-effective, consumes
minimal power and enables in-house product development
without vendor dependency. Signals from the SC-01 are

applied to an audio output device to amplify and distribute
the synthesized speech. See Figure 2. Figure 1. Votrax® SC-01 Speech Synthesizer .

FEATURES ORIGINAL PAGE IS v
OF POOR QUALITY T
-

Vo
® Single CMOS chip MCAC -—?—i
70 bits per second — o Po—rs MCX }--nn J Ic ’
® 22 pin package =
® 9 ma. current drain

® Wide voltage suppiy range Pich 28078 n4z
® Latched 5V. compatible inputs
® Digital pitch level inputs Latch (1) aad
® Automatic inflection Phonems >
® On-chip master clock circuit Cote ™
® (Qptional external master clock AF
® Variety of voice effects Acknewteige/ a0 | m
® Sound effects n-mé———— v cs
Pheneme ) 7

® Customer product security Dete

The design of the equipment specitied herein is proprietary.
Rights for the reproduction and distribution of the data contained
herein are granted except for the manufacture and reproduction

ot the subject equipment. Figure 2. SC-01 Flow Diagram

Votrax® reserves the right to alter its product line at any tme, or change specifications or design without notice and without
obhligation.

Copyright Votrax® 1980
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PHYSICAL DESCRIPTION =

The SC-0! Speech Synthesizer 158 22 pin Large Scale Integrated
Circutt which contains all the circuitry necessaty (O generate
phonetically synthesized speech. The SC-01 s fabricated using
CMOS technology, wnich otfers high input impedance and low
power dran

ELECTRICAL DESCRIPTION

The SC-01 Speech Synthesizer 15 a program-compatible with
exisuing Votrax® phoneme synthesizers. 1t requires 70 bits of
data per second for continuous speech production. The 6-bit
phoneme codes are 5 volt logic compatible and are latched for
data bus apphlications A phoneme-construction dlgorithm and
filters, within the chip, create the synthesized audio output.
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PHONEME DESCRIPTION

Table 1 hsts the 64 phonemes produced by the SC-01. Each
phonerne code is accompanied by its symbol, average duration
time, and an example. The underlined segments of the
example word demonstrate the phoneme use, 1 e., sound to be
pronounced.

Table 2 subdwvides the 64 phoneme symbols into seven
categories. Each category represents a difterent production
feature. The first six categories are characterized by voiced,
fricative {expwed voice), and nasal sounds. The seventh
category is characterized by phonemes with no sound output

PHONEME PROGRAMMING

Manual Operations: Votrax® maintains a hbrary of
phonetically programmed words. Reference to this hbrary and
programming manuals will aid 1n word synthesis.

Automatic Operations: Votrax® can supply a micro-computer
system for automatic conversion of English text into phoneme
sequences. This system 15 particularly useful tor in-house
vocabulary development and product secunity
Votrax® for further information.
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Figure 3 SC-01 Footprint and Outiine Dimensions

votrax® reserves the right to alter 1ts product hine at any ume, or change specifications or desigr without notice and wrthyut
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Table 1 Phoneme Qhart
i
J

Phoneme Phoneme Duration Example Phoneme Phoneme Duration E xample
Code Symbol {ms) Word Code% Symbot {ms) Word
oo EH3 59 Jacket 20 A 185 day
o1 EH2 7 enhist 21} AY 65 day
02 EH1 121 heavy 2} Y1 80 yard
@3 PAG 47 no sound 23 ¢ UH3 47 mission
84 oT 47 butter 24 % AH 250 mop
05 A2 n made 25 | p 103 past
06 Al 103 made 26 } 0 185 cald
a7 ZH 90 azure 27 § | 185 pin
@8 AH2 7 honest 28 ° U 189 move
99 13 55 inhibit 29 Y 103 any
QA 2 80 inmbit 2A T PAl tap
08 n 121 inhibit 28 R 80 red
ec M 103 mat 2C E 185 meet
@D N 80 sun 20 W 80, ... win
0E B - 71 bag 2€ AE” " 188" dad
oF v A van 2F AET" "o 103" % after
10 CH" 7 chip 30 AW2 90 salty
1 SH 121 shop 31 UH2 7 about
12 z 7 200 32 UH1 103 uncle
13 AW1 146 Tawful 33 UH 185 cup
14 , NG 121 thing 34 02 80 for
15 O AH 146 father 35 o1 121 aboard
16 001 103 looking 36 1y 59 you
17 00. 185 baok 37 U1 90 vou
18 L 103 land 38 THV 80 the
19 K 80 trick 39 TH 71 thin
1A 3 47 judge 3A ER 146 bird
18 H 71 heilo 38 EH 185 get
1C G 71 get 3c El 121 be
1D F 103 fast 30 AW 250 call
1€ D 55 paid 3E PA1 185 no sound
1F S 90 pass 3F STOP 47 no sound

/T/ st precede /CH/ to produce CH sound.
/D/ must precede /J/ to praduce J sound.

Table 2. Phoneme Categories According to Production Features

‘Voiced’ ‘Voiced’ Fricative Fricative No

Voiced Fricat., Stop Stop Nasal Sound
E EH AE * UH 001 z 8 T S M PAQ
E1l EH1 AE1 UH1 R ZH D DT SH N PA1
Y EH2 AH UH2 ER J G K CH NG STOP
Y1 EH3 AHI UH3 L \ P TH
{ A AH2 O w THV F
" Al AW 01 U H
12 A2 AWl 02 U1t
13 AY AW2 Q0 w

Votrax® reserves the right to alter its product line at any time, or change specifications or design without notice and without
obligation.
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SIGNAL DESCRIPTION (See Figures 4 and 5)

Phoneme 6-Bit Selection Code (P8-PS): Data input 1s to six
pins. Latching 1s controlied by the strobe (STB) signal.

Strobe (STB): Latching occurs on nising edge of strobe signal.

Inflecuion Level Setting{11,12) Instantaneously sets pitch level
of voiced phonemes

Acknowledge/Request  (A/R): Acknowledges receipt of
phoneme data (signal goes from high to tow one master clock
cycie tollowing active edge of ST8 signall. Also indicates
tuming out of old phoneme concurrent with request for new
phoneme data (signal goes from low to high)

NOTE

It external phoneme timing is desired, phoneme
requests can be ignored. However, best speech 1s
realized with internal timing.

Master Clock Resistor-Capacitor (MCRC): This input
determines the internal master clock frequency. Select R-C
values for 720 kHz to achieve standard phoneme timing.
Connect this input to MCX when using internal clock, ground
when using external clock.

ORIGINAL PAGE g «
OF POOR QUALITY

NOTE

Varying ciock frequency varies voice and sound
effects. As clock frequency decreases, audio
frequency decieases and phoneme uMing
lengthens. Figures 6 and 7 illustrate manual and
DAC {Dugita!l 1o Analog Converter) voice vanation
schematics, respectively.

Master Clock External (MCX): Allows control by an external
clock signal.

NOTE
Ground MCRC duning MCX operation.

:udoo Qutput {AO): Suppheg a’}?!jﬁ‘,‘:{g"f;'\ ,to f.‘,‘gl_'{’, output
e T ALG BR09 3

Audio Feedback (AF): Used with Ciass A or Class B tranststor
audio ampiifiers for added stability.

Class B (CB): Current source for Class B transistor audio
amphfier.

Table 3. Timing Specifications

CHARACTERISTIC SymBoL MiN TYP MAX UNIT

Input Setup Time (P, to STB) Ts 450 NS
input Hold Time (P, 1o STB) Ty ) NS
Rise Time of STB Edge (.8V 10 4V) Tas 100 NS
A/R Width (A/R Connected to STB) * Tarw 1 1.3 2 ps

STB Width Tsw 20 NS
STB Low* T, . NS

Propagation Delay (STB 10A/R atter TaApw) Toar 500 NS
A/R Rise Time (Capacitive load = 3@pf) Tranr 199 NS
A/R Fall Time (Capa;vllve load = 3@pf) TeaR 199 NS
Time trom A/R Request to STB Service} TaRs ) i 500 us
Time of Phoneme Duration * Ten 47 107 259 MS

+ Dependent on Master Clock frequency 720kHz

* Strobe must remain low (72x Master Clock Period) hefore rising edge
Votrax® reserves the night 1o alter i1ts product line at any time, or change specifications or design without notice and without

obligation
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Figure 5. SC-01 Block Diagram

Votrax® reserves the right to alter its product line at any ume, or change specifications or design without notice and without
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OF POOR 3
QUALITY ’] (( Data at address @ must be a pause phoneme code. n
MCAC 2 . . .
‘ Multiple Message, Fixed Block Size: See Figure 9. Message
Mex address block is loaded into the counter. The message 1s then
JI*C clocked out of the ROM by the A/R signal.
sco ) NOTE

Message Block = 2" maximum.

Figure 6. Varnable V by Pot .
‘v otce by entiometer Control Multiple Message, Variable Block Size: See Figure 10. The

microprocessor 1oads phonemes into a data bus. The A/R

v
g signal generates an interrupt request for each new phoneme.
DAC sco1
R
=—>| ooon | Poac - CONNECTING THE AUDIO OUTPUT DEVICE
Wy T
—L ¢ mex . .
I Audio OQutput: The AQ signal has a maximum peak to pedk volt

age swing of .26 umes Vp, depending upon the phoneme se-
lected, and the AO signal is D.C biased

Figure 7. Variable Voice by DAC Current Injection

Class A Amplifier: See Figure 11 For 4 single transistor

amplifier, the selection of R, C, or R values depends upon the
TYPICAL APPLICATIONS value of Vp and the desired audio ievel.
General: The SC-01 Speech Synthesizer s eastly designed into -
systems ranging in complexity from HOM/counters to
mucroprocessor controllers.

Single Message System: See Figure 8 When the counter is re-
leased (START 1s TRUE), the message 1s clocked out of the ROM
by the A/R signal. The system must be stopped when DONE s
TRUE Note When using A/R tied to STB, connect a .01 uf
capacitor to TP3 to insure power up reset of SC-01.

vp
o
COUNTER ROM $C.01 %“
MCRC |
SYART >——— Sl sy Do-Ds > pops ;] ’
QVP MCX =c
QO0-Qn ‘) AO-An | S -.._‘, " ™ws _—h
. - T o uf
Qnet | Ceee—n 12 ) <
_[ . AF AUOI0
e STE  AD ANALOG
CLK = =
h AR CB ouTPuT
j > AR '
DOME <
on
~N

Figure 8. Single Message System

Votrax® reserves the right to alter its product hine at any ume, or change specifications or design without notice and without

obligation
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STARTING e
BLOCK  —— amum [~>~—> 2 -
ADDRESS us = [P ar X auvowo
Qn-gm [ ¢ T o sT8 Ao > ANALOG
 F A/p CB OUTPUT
€ éj f v
Load oy o "N

-

MESSAGE
COMPLETE <

Figure 9. Muluple Message, Fixed Block Size

o MICROPROCESSOA
Class B Amplifier: See Figure 1.2. A current source (CB) 15 n‘wmcn.ocx >—
required for this pushpull amplifier,
sco
NOTE 0ATA MCX
> | rope
[ IVE . MCRC '—]_
Minimum power s consumed when speech 15 :"uucwf;‘\?' 1" -
inacuve. When Vp = +12.0 volts and R, = 48 ] 2
ohms, the bias current drain is approximately 3.5 ) AF
milhamps. (SELECT « WRITE) ——————34 379 A0 T
A/R CB
Controiling Audio Qutput Powers: See Figure 13. A resistor or :‘Er:uagrn
potentiometer from the speaker to ground can be used to
cantrol the audio cutput power, Figure 10. Multiple Message, Vanable Block Size .
SC 01 Vo sc-a co
R. AF e
AF
AF
4 A0 Ple A0 b AMP
A0 A Rg 1 _l_
= X L
cs =
J COMMON
ca — = ca — AUDIO
AMPLIFICATION
- SYSTEM
Figure 11. Class A Amplifier Figure 12. Class B Amplifier® Figure 13. Controlling Audio Output Power

‘For Class 8 Ampitfier: (B) x (Rg min.) = 81.6 x (Vp) where B is beta or current gain of transistor. The AO line is protected by an
internal series current fimiting resistor of 90 chms maximum. |f more current 1s required of the SC-01, then the above formula
imdicates distortion will occur.

Votrax® reserves the night to alter its product line at any time, or change specifications or design without notice and without
obhigation,

Copyright Votraxt' 1980 .7-
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. ORIGINAL PAGE IS

OF POOR’ QUAUTY Table 4. Analog Output Specifications
A STy
CHARACTERISTIC . MIN MAX UNIT
. Output Voltage (AH Phoneme) 18 x Vp .26 x Vp Vp-p
Output Bias Current ** .6V < CB< Vp) 35 7.3 mA
ELECTRICAL CHARACTERISTICS: T, =@to 76°C, Vp = 7 to 14 Vpc
CHARACTERISTIC MIN TYP MAX UNIT
Dugital Input Impedance 1 meg Ohm
Input Capacitance (P;, STB) 3 pf
Input Capacitance (11, 12, MCX) 8 pf
Digital input Logic “@8” (except 11, 12, MCX) Vg - 0.5 Vg + 08 Voc
Digital tnput Logic Q" (MCX) Vg + 10 Voc
Digital Input Logic @ {11,12) 2 x Vp Voc
Digital input Logic "1* (except i1, 12, MCX) Vg +40 Vp - 05 Vpoe
Digital Input Logic 17 (11, 12) 8 x Vp Voc
Digital Input Logic “*1'' (MCX) 4.6 Vboc
‘ Digital Qutput Logic @ (I sink = 8.8mA) Vi +0.5 Voc
Digital Output Logic 1" (I source = P.5mA) Vp-8.5 Vpe
Power Supply Current Vp = 9V a.1 mA
Vp=9Vv*’ 11 18 mA
Vp=14v** 18 27 mA
‘Master Ciock Frequency 720K H2
MCX tnput Duty Cycle 60.40 40:60 %
Master Clock Resistor Value {MCRC)*""* 6.5k Ohm
Master Clock Capaciior Value (MCRC)""’ 300 ot
*Variable

*‘with CB, AF, AO connected for Class B audio amplitier (see APPLICATION NOTES)

Frequency of Master Clock ~.1.25 / RC

Note TP1, TP2 must be left open tor normal operation.

Votrax® reserves the night to alter its product line at any time, or change specifications or design without notice and without
obligation

Copyright Votrax® 1880 -8
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Table §. Absolu(e'Mammum Raur;gs \gfk'lgquA; gﬁgf{ﬁ
ABSOLUTE MAXIMUM RATINGS *

RATING SYMBOE_ f VALUE UNIT

Power Supply Voltage Vp % 20 Voc
3

Power Dnss:pam?n at25°C Pom ; 650 mW
Derating Above 25°C % 5 mW "
Operating Ambient Temperature T, ; @t 70 C
Storage Temperature Tste I ~-5510 125 ’c
Input Voltage Vinm -3.51t0 Vp+d 5 Voe
DC Current Max. Above Vp+@.5V hinm 10 ma
Lead Temperature (soldering 1@ sec.) T 300 ’c

* Operation above these hmits could damage the device.

NORMAL OPERATING CONDITIONS: 7v S Vp £ 14, 0°C £ T, £70°C;

T T w B

Votrax® reserves the right to alter its product fine at any ume, or change specifications or design without notice and without
obligation.
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FILE: TESTVS ASHM A i VM/SP CONVERSATTONAL MONTITOR SYSTEM

e ok e o e e o o o o ol sk e ot o ot ook ok ook ok ok ok e ok ok e ol ok o o ok o kol e ook o o ook ot ol ookl o ok o e ek ok ok ok
*
*

xe PROGRAM TRST1
*
P e o ok e e o e v e o ok afe e e ol 2 o e v sk ok ok Ao e e e o e o b e o ik ok e e ok e ok o ik kT ol e o e o o ok e o ol o ok ok ¥ ok ok S ok ke ok ke ok ok
* THE PROGRAM TEST1 OUTPUT A SENTENCE "UNLOAD" TO SCO1
% WITHOUT USING INTERRUPT AND TIMMER.
SECTION 9
PHNPOT FOU $F70021 PORT #1 LOUER BYTE
PITPOT EOQU $F70020 PORT #1 UPPER BYTE -
PHNCTR FOU tF70025 PORT #1 LOWER BYTFE CONTROL REGTSTER
PITCTR EQU TF70024 PORT #1 (PPEP BYTE CONTROL REGTSTER *
LATCH  EOU tFF e
START MOVE.B  TABLE2,PITPOT SEND NDOUT PITCH CODE
MOVE.B  40,PITETR
MOVF.B  #LATCH,PITCTR SEND OUT LATCH SIGNAL
MOVE. B #0,PITETR
CLR. L DO
CLR. L D1
CLR.L D2
MOVEA.T. #TABLE1,A2 SET BASE ADDRESS OF TABLE1
MOVEA.L #TABLE3 AU SET BASE ADDRESS OF TABLE2
BRA.S SPEAK
LOOP MOVE #570,D2 SET INSIDE LOOP COUNT
COUNT  SURQ #1,n5 TNERT LOOP RODY
PNE. S colinT KEEP LOOPING
SURQ #1,D1
RNELS Lobp
SPRAK  MOVE.B OAAZ,DOk PHNPOT
MOVE.RBR  #0,PANCTR
MOVE.B  #LATCH,PHNCTR
MOVE.B  #0,PHNETR
MOVF.B  O(A4,D0),D1
CHPI.B 172070 (a2,0) £18
ADDO #1,D0 ORIGINAL PAG Y
BRA LOGP OF POOR QUALI
EXTIT BRA START el
TABLE1 DC FIAGYL
nc *1E
ne KX
TABLE2 DC $58
TABLE3 DC 103
DC. L 71
PILE: TESTVS  ASM A VM/SP CONVERSATIONAL MONITOR SYSTRM
<3
DC.L 103
DC 121
DC.B 90
né 55
nC.B 127

END
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FILE: EQU2 PASCAL A1 ? VM/SP CONVERSATIONAL MONITOR SYSTEM‘
|

PROGRAM MCH |
FUNCTION MI éPTI PSI : REAL) :REAL; |
CONST A;Bccv IEIFI 33
VAR X: REAL ;
BEGTIN

X:= PTI/PSI ;

IF X <= 1.893 THE

ELg% = QRT(S O)*SQRT(((PTI/PSI)**(2/7)) -1
F%g ¢ = ((AXX=-B*X-CH*X*¥X-D¥ (X*%3) —E% (X¥x*kY) ~Fx (Xk%5) -G* (X*%6) -G* (X**9)) /X) ;
BEGIN
END.
FILE: EQU3 PASCAL Al VM/5P CONVERSATIONAL MONITOR SYSTEMN
subPROGRAM STATPR ;

FUNCTION FPSINF (PTI,MI:rEAL):REAL;

VAR A:REAL;
begin

B :=1.0/(7.0%MI* MI)

IF MI <= 1.0 THEN

ELS%PSINF 1= PTI/exp(3.5%1n (1+0.2%MI*NT))

ENgPSINF := PTI*A*exp (2.5%1In(1-4)) /0.1839371 ;
FILE: EQUS PASCAL A1l VM/SP CONVERSATIONAL MONITOR SYSTEM
subPROGRAM QuUCC
g%g%gION FQ8C (PTI,PSINF:REAL):REAL;
FQCC:= PTI-PSINF;
END.

3
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SYSTEM

VM/SP CONVERSATIONAL MONITOR

EQU6 PASCAL Al

FILE
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VH/SP CONVERSATIONAL MONITOR SYSTEM

EQU7Y PASCAL At

-
-

FILE

-
’

Al) : REAL;
1479, 1*SQRT (exp(0.28571%1n (1+QCC/2116.22))-1)

jral

VM/SP CONVERSATIONAL MONITOR SYSTEHM

EQUS PASCAL Al

.
.

FILE

2 .1502632365*1n(r)) -1
= é 20805%*LN (PSI) (=)=
054 R)) ;
=7 * %A

.00856663/R)) ;

28.8;

REAL
5
H
g
éO

REAL) :
P:=1
H
58%1n
T

7977%1n

A%A- 162

8
6
6

Z0N D o

N W O O
N OZ2COUOC\W

INF,PSI
t
I
4
8
M
0
0

nO st o oI

ool CMOLOCK A
oy ™ [~ I
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FILE: ADSTIHN ASH A ‘. VM/SP CONVERSATIONAL MONITOR SYS

BERRXEF R AR R R R KRR REE Rk ok w gk gokd ok ok ok ok e ek ok e kR ok ok Kk koo

* ADSTINM ASH %
* WRITTEN BY : FADI KUBRDAHI AND CARPO SOSA %
% PURPOSE s+ THESE ROUITNES ARE USED TO MEASURE THE EXECUTION TIME*
% OF EQUATIONS IMPLEMENTED IN ADS. THE TIMMING IS DONE®
# IN THE FOLLOWING MANNER: *
* SETIME ; (% INITIALIZE, LOAD AND START TIMER *) *
* EQU#; (% INVOKE OPERATION TO BE TIMED #) *
* COUNT := READTIM ; (* STOP TIMER, READ COUNTER *) *

##******##***##*#*****#*#**####*#************#***#&******###***#*****#
e 2 30 2 o0 3 o e e e ok ol o e ok ol ek e o ke a3k e 3 ke 3 2 e e 3 2 ok e ek ko e o ke e X ok ook ke ek e e ok ok ek e ek ko

% ROUTINE SETIME *
* PURPOSE :c INITIALIZE AND START TIMER #3 OF THE MONOBOARD'S PTHM *
% FORMAT : USED AS A PASCAL PROCEDURE DECALRED AS: %
* PROCEDURE SETIMNE ; *
%* METHOD : TIMER MODE IS CONTINOUS WITH AN INPUT OF 2 MHZ. *
% TIMER COUNTER IS LOADED WITH ITS MAXIMUM VALUE (FPFF)*
B 3k o 2 e 3 3 3 3 e e ok Ge o s e o ok gk oo 3k ok ok g 3k 3 2k 3 328 ok ok ok 3k ik X e ok 3k o e ofe e ok i o ok o ol ok ok ok ok ke ok ok ek ok oKX ok
MSBBUF  EQU $P70009 ; MSB BUFFER REGISTER (WRITE ADDRESS)
LSBBUF  EQU $F7000F ; LSB BUFFER REGISTER (READ ADDRESS)
T3LTCH E8U $F7000F : WRITE TIMER ¢ 3 LATCHES
T2LTCH  EQU §F7000B ! WRITE TIMER # 2 LATCHES
T3CONT  EQU F7000D > READ TIMEBR # 3 COUNTER
CNTRL3 EQU $F70001 : WRITE CONTROL REGISTER # 3 (CR20=0)
CNTRL2 EQU $P70003 3 WRITE CONTROL REGISTER # 2
CNTRLY  EQU $F70001 : WRITE CONTROL REGISTER # 1(CR20=1)
T3MODE  EQU $80 : CONTINUOUS MODE CODE
T2MODE  EQU $A0 { SINGLE SHOT MODE CODE
XDEF SETIME
SECTION 9
SETIME  EQU *
MOVE.L éA7h Al
MOVE.B T3MODE,CNTRL3
MOVE. B ¢1,cnTRE2
MOVE. B $07CNTRLY
MOVE.B ¢$FF ,MSBBUF
MOVE.B $3PP,T3LTCH
JMP (A 4)
I I I I T T T I LI T I S I T N I T T T T T ITITIT.
* ROUTINE READTIN *
* PURPOSE : READ THE CONTENTS OF THE COUNTER OF TIMER #3 *
% FORMAT : USED AS A PASCAL PUNCTION DECLARED AS: x
* PUNCTION READTIME : INTEGER : %
* OUTPUT : READTIN : CONTENTS OF THE COONTER. *
AR RRRFRRA R RER R KRR AR R KRR KRR E AR KRR R SRR R DR R TR I TR kR TR Gk X
L1 EQU 0
DEP READTIM
SECTION 9
BEADTIM EQU *
HOYE-L 42D _—
(-9 AL PAG
- A6.12(AS ORIGIN
HOTE-E P12 OF POOR QUALITY
FILE: ADSTIM  ASH A VM/SP CONVERSATIONAL MONITOR SYS'
CLR.L D1
MOVE.B T3CONT,D?
LSL $8,D1
MOVE.B LSBBUF,D1
MOVE.L D1, 12(16)
LI A
- +’
RTS
END
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Lommunxcatlon Letwcen COMPUTERN (£E-SH0L) and USC-ELL (Engr. Computer Lab)

T T WS Ch G NP ey ww A R e P VR W W S S T G WP W apap VP W W D S Wy R WD G AP I W T D G S W D W R W W WY e D W e e WS WD D ww D N e e =

-

Ie~ Natwork Doscriptiens

The COMPUTLRM system can b2 connected to tnr2e different systeams of the
USL—20L netwuorke This connection 3llow a COMPUTERM user Lo work intaractively

siith BVl und transfor firles to COMPUTCERM.

The COMPUTERM has one of 1ts UART s connected to a 300 bps modem that
links this wicro computer tc the USC-ECL Micom port celector. This selector
routes connection to one of the nine systems availlable at this n2twork.

currently, the lab has access tc the following systems:
« UCLA : POP/ID computar runniny wunder TOPS/20 operating systen.
it nas two accounts available for labd use:
account: sosd password: ask instructor
account: kurdahs passwords: ask instructor
¥ GUMBY : POP/10 computer running under TOPS/20 operatinyg system.
‘ cccount: smyth passuord: FEIS0L
) « VIRGIL : IBM 270 s2ries 4341 running under {MS operating system.

account: smyth password: TES6U

The tollowanyg diagram duscraibes the interconnection between the lab and
UsC—-cCL:
**********
t====x  ECLA

1 * PDP/1O *

dk kkk Kk kokkk

RAXKRK KK Kk kK X Khkxkwkhk k AR kxhkhkkhkkhkx
LI * b * telephone » Micom k- khhkdrhkhkhkhnk ki
x COMPUT=zRMN % <=2 # modoaw % <=// liane s> = Port kem===-—x VYIRGIL x
x * * % * seglector «-+ * IBM/ 4341 %
AKKAKKKR Kk XKk & Akkk kk Xxk KhkRkxhkhkrkkkkk & K %k Kk K kok ok kR

Kk ko kK KKk Kk
te-==x GUMBY &

* POP/10 «
*k hhkkkkkkx
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CPHM co.mnunz\,atlun utirlitie ‘

* TALK : Proygram tolk.com. Aliouw interactivoe communication with any

of the SClL-3ysteqws mentioned above.

* TYCPCPM :z Program topcpimacolle Allowstext fila transfer from ECLA or
UMY (TOPS/20) tu COMPUTERM,

* CMSCP4 : Program cascomecoims Allows file transfer from
VIRGIL (CMS) 1o COMPUTERM. File transfer 1s lamited to S-record
files only. S-record iz a file fcrmazt crcated by Motorola and

usacd to allow =2asy inter~computer transportation of object code

for th21f MiLPrOProC2a sSOrse

How toc estia b;xsh connection:

T P HD S O N W WS Ar W G P W R AT T e G P W e W WS WP

Zoot COMPUTERM systeam and turn on modeim on auto-answer mcde.
Dial to =CL: 7435030 or 743-7646. ITf you are con campus omit dialing

tha prefix 743,

invoke thze program TALK.COM, as soon &s the carrier 13 detected by
th2 modem:

A>TALK

Wwait for five seconds and then hit <CR>. The followinyg message will

5
We pPrompted: pve

JSC=:zCL Mizom porl sclectore.
Which zystam?

At thi. points you should select your system typinyg I8Ms, GUMBY

or EClA. ®3

System 1dentification will be promptad indicating that you can now
logon to tho accounte The ECL-TUPS/20 and ECL~IBM/CMS manuals provide

a dascription of the main commands available in these operating

\

2ySluemia
8t any point you car g2 back to CPM by typing control-tilde (ctri-").,
This waell not disconnect you from ECL. Communicaticn can be

reuvstablished oy invoking TALK.COM,

D-2




3~ wWhin yau dre danrs logatf, r2turn to CPM (ctrl=") and turn mcdom off.

IVe= F2l2 transter to COMPUTERM:

Y TR TR oy DT - - PSP WS W e s -

Reter to the documents:
*» Communication betwz2zn COMPUTERM and I8M 37074341 (ECL-VIRGIL).

# Communication nelwean COMPUTERM and PDP/10 (ECLA or GUMBY)D.

ORIGINAL PAGE IS
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Communzcation petweon SCMPUTERM ancd:13M 37074741 (ECL-VYIRGIL):

- W e e v G G - TR e R D R e WS ey S My W Me WD e e e G ww SO WP WD e WY W AR s W U W W E TP e e B W WE G W @ WS o B AP e e e

# This process requires twd nrogramss: TALK.COM and CHSCPM.COM .
= 7¢ 32t the connection bdDctw=en the twe systems follow the
followinyg steps:
1e= Pluc and turn medem on oand dial 5030 or 7646.
2.~ Ln CPM: executz TALK.COM
A>TALK
thi1s will cause a virtual attachment of your tarminal
to the MICCM port selector. When you select I8M and
you arz askasd about your terminel type, you should
answer DM15e0s IFf you want to return'tc CPM, type
ctrl=". Thiswild;not log; you off nor detach you from

the system. Comaunicaticnican bs set again hy

ny

repeating stap
2.~ Wnen you ar2 donzsr log off trcem VIRGIL and return to

CPM using ctrl-", Unpluz the modem.
‘* 21lc transfer is limitad only to one directions, VIRGIL => COMPUTERM
and can only be used with S=format rzcord files with less than
YEK hyless. Th2 Li2ps that must be followed ara: ‘
Te= 3et communication bDetwean the two systom using the
nrocadure descriibed aboves
Ze~ when you are ra2ady to transfer the file, return to CPHM
and zxecute TCPCPM.COM:
A>TOPCPM XX destinaticen_file_in_CPM
A>TOPCPM XX 3:TEST.O3J
Thiz will reconnzct ths tws systams in the same way as
TALK.COM does. If by some ra2ason you have to return to
CPH before step 3, do 1t in the usual manner {ctrl-").
3¢~ On CHMS: tyne the CLEAR koy and execute the EXEC file

CMSCPM EXGC:

ORIGINAL PACE IS
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i
LMSTPM source_fﬁlename_in_CMS
CMSCPM T=ST i
fi1le extension 03J(T is5 assumed, ie, TEST ztands for

-
~
m

-1

EST QRJLT. The frle will b2 typed to the scr2en as it

2ts copled. Ths proczss 1s slow beceouse evary time
that the screen s fillecds, YIRGIL waits 30 saconds before

continuing the transfer. At th2 end a message will

be dicnlayad and coantrol will be passed to CPM. IF

you notice that th2 program shows abnornal behsvior

or you want to abort 1t, you sheould

pra2ss thz RESLT button in the COMPUTERM box. Than reboot
CPM ancd usc TALK.COM tc retry or logoff.

Jee TALK,CIM te continue or tc laogoff from VIRGIL.

If your CM3 file exceeds 43K bytes. You should split

ur Tile 1n a number of files with a permissible size

<

for tran.icer. To reconstruct the file on C2M use the
PIPLCOM utaility:

ADPIP Jis_File=Small_Fil2_1rsee.rsSmallfile_n

ADPTIP ASTEST.ORJ=3:TCST1.08J,TEST2.03U,AZTEST3.08Y
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