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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
I

the grant funding:

Dr. Richard K. Smyth Principal Investigator Effective 1 June 82
Mr. Phillip Chan Research Assistant Effective 1 Jan 83
Mr. Padi 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

(A) 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-011 voice generation chip

Team #2** (Report due May 83)

**used TI voice generation chip

Team #2 (Report due May 83)



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

equations are 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-01 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
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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-01. In this

respect we encountered two problems:

(a.) Incorrect loading of the execution module from Computerm into

VERSAMODULE-01. 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-01. 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-01.

2.2 Air Data Systen 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

AIR 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(S.O) * SQRT(((PTI/PSI) ** (2/7)) -1)

for PTI/PSI > 1.893

X = 1.839371 * (PSI/PTI)

MI = SQRT((AX - Bx - Cx**2 - Dx**3 - 12x**4 - Fx**5 - Gx**6

Gx**9) /X)

MINF (FREESTREAM MACH NUMBER)

MINF = MI + DM

DM is an error correction obtained by interpolating in a
look-up table

PSINF (FREESTREAM STATIC PRESSURE)

for MINF <=1

PSINF = PTI / ((1 + 0.2 * MINF**2) ** (7/2))

for MINF >1

PSINF = (PTI * A * (l-A)** (5/2) / 0.1839371

where A = 1 / (7 * MINF**2)

QBAR (DYNAMIC PRESSURE)

QBAR = 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)) -1)
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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 = f (MINF)

EA

,0055

,0053

,0051

,0044

,0033

,0023

,0

MINF

0.0<

0.2

0.4

0.6

0.8

0.9

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-i);

HDOT(t) = HAV(t) - HAV(t-l) [time interval = 1]

FQTY (FUEL QUANTITY)

FQTY (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 ((•

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)

PARAMETER PARAMETER NAME

Execution time in milliseconds

TEST 1 TEST 2 TEST 3 AVERAGE

PSINF *

QBAR

QCC

KEAS

KCAS

HP **

AINF

GAMMA

HDGAMMA

FQTY

Free Stream Static Pressure

Dynamic Pressure

Corrected Airspeed Pressure

Knots Equivalent Airspeed

(true)

Knots Calibrated Airspeed

(indicated)

Geopotential or Pressure

Altitude

Angle of Attack

Flight Path Angle

Altitude Rate (Computed for

GAMMA)

Fuel Quantity

85.70

5.115

2.13

17.58

88.03

55.95

14.145

2.130

39.43

3.165

81.33

5.115

2.10

17.23

90.33

170.38

14.145

2.10

40.48

3.150

87.48

5.115

2.07

17.17

86.71

87.12

14.145

2.055

40.48

3.150

84.84

5.115

2.10

17.33

88.36

104.48

14.145

2.10

40.13

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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The student team cited in the introduction and lead by Bluer & Soulard

produced a final report on the OBS 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 (PSI 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 Hew Tracking Procedure

The "prediction" algorithm presented in the former report proved to be

inappropriate for the use of the OBS. 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:

• The line of sight rate, SIGMA

• The guidance factor, LAMBDA

• 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:

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

• 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
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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, O", 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, y"H ,

changes until R<T 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 between <J^ and o^ 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.

X steering gain 7A***Tn A* _ /T
\jo closing rate along R *.*>-n*e-- __

host aircraft closeing rate
HR along R

0" line-of-sight

if) look angle

Y velocity vector direction

% turning rate
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4.0 SPIN WARNING SYSTEM

Mr, Philip Chan fixed Team #l'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 is

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-01 chip appear to

be a flexible and feasible method.



TABLE 4-1 S T A L L W A R N I N G & COMMAND TO R E C O V E R Y

Rate DC ±10 Discrete 1 Discrete 2 Discrete 3
Absence of
Discrete 1

YAW RATE

ASYMMETRIC THRUST

AB BLOWOUT AB STALL MIL STALL
SYMMETRIC THRUST

(NO BLOWOUT OR STALL)

Less than
40°/sec

"Unload"
If IAS < 150 KTS
"Left or Right '
(Lighted AB)
Engine Mil"

"Unload"
"Left or Right
(Stalled) Eng Idle"
If IAS <J75 KTS
"Left or Right
(Unstalled) Eng Mil"

"Unload"
If IAS 4 150 &
Altitude £ 15K
"Left or Right Eng
Idle" (Unstalled Eng)

No Warning

Less than
50°/sec but
greater than
40°/sec

"Unload"
"Left or Right
Engine Idle"

"Unload"
"Both Engines Idle"

"Unload"
"Both Engines Idle"

"Unload"

Greater than
50°/sec

"Left or Right
(Lighted AB)
Engine Mil"
"Stick Full Left
or Right"
"Stick Full Fwd"

"Both Engines Idle"
"Stick Full Left or
Right"
"Stick Full Fwd"

"Both Engines Idle"
"Stick Full Left or
Right"
"Stick Full Fwd"

"Stick Full Left
or Right"

Push Stick
into turn

IAS DC
±10

0-10

After any warning from table above:
If Yaw Rate<40°/sec for two second "Center Controls".
If Yaw Rate<30°/sec for two seconds & Airspeed > 120 Kts "Recovery Complete"
AOA<-10° and Ay> .1g "Stick Half-Aft and Hold": then;
If AOA> 0 for 5 sec "Recovery Complete".

Stick Pos Pitch ±101)
Roll ±IOU

AOA = Angle of Attack
AY = Lateral Acceleration

ALT = ±10V to 50K
UNLOAD = TN g's-> 1g
IAS = Indicated Airspeed

(in knots)

Either engine above 1215° (EGT turbine limit temp) for 3 sec "Left" or "Right Engine Off"
TJ O

.
8P



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-01 voice generator.



AFPEHDIX A

ON-BOARD SIMULATOR

TEAM #1 FINAL REPORT
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I N T R O D U C T I O N

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 benefit.

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 the. On,,.Board Simulator
j • i •', fffji/

began with the high level language, PASCAL','- tfhree 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 is 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 at 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.

ORIGINAL PAGE IS
OF POOR QUALITY
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A I R C R A F T D Y N A M I C S

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.

1• 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 Z=ZQf 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.



8

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 1)

,



CONTROL UNITS OP A : SIMPLE AIRPLANE

ORIGINAL PAGE IS
OF POOR QUALITY

Cc£*$loUje<L
~bvj tKe.

tKrobbfe,)

rudder
(yaw j
conJbioL]

I
I

I



10 ORIGINAL PAGE IS
OF POOR QUALITY

BASIC EQUATIONS FOR AIRCRAFT DYNAMICS - CONSTANT ALTITUDE:

Our method of/•f,objfcainl'ng
?,coordination 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)

HociU

V = tangential aircraft velocity

VT2= m ̂ — = m ̂  R = m

V
F coscj) = m g => tg <J> = — =>

tg«J>

Approximation used:

for <J> < 20° tg <J> = <(>

VT
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STUDY OF TURNING: ORIGINAL PAGE IS
OF POOR QUALITY.

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

Lift projection compensating
the weight

F = m w
mass of the aircraft

rotation speed

ray of the circle (or part
of circle described by
the plane)

BASIC EQUATIONS:

Ly
= > F sinJ) = m w:

FL

FLz

= i P s v
2c

£ Z

= mg => FL

.1 «* y —
L ~ m cos|)

, wi th :

GOSJ) = mg

z cosf

p = volumic mass of air at Z=Z(

S = lifting area of the plane

V = speed of the plane

Cz= aerodynamic coefficient of
lift
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PRIORI LIMITATIONS TOfTHE^S^MULATldN MODEL;

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
2

(1G = 9.81 m/s ). This number is represented in the turning

equations by n sometimes called the charge factor. In az

turning configuration we showed that n was equal to l/cosi^;
Z

the following table gives the values of turning angles for

different charge number, measured in units of G.

Value of n (G's)
Z

8

7

6

5

4

3

Value of the turning angle *

84 degrees

83 degrees

80.5 degrees

79.5 degrees

77 degrees

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 <$crn/ that drives the wings ailerons to an angular

displacement 6 that creates a banking moment. This moment isa

proportional to the rolling acceleration $, and the diagram

leading to <j> is the following:

PILOT ST
K2 * , 1

S
* ,

When we have <j>1 we can use the formula: <j> = ~ tg <J>,
T

to calculate iji. For this, we need first to integrate <j> then

we assume that tgt}> * <J>, which is true for the small angles, and

our formula becomes: ty = ^- <|>. The diagram between 4> and iji is:
T

1
S V I

'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:

6ST K 2

T3S + 1
PILOT

with the pilot being modelized as:

Ki (TiS + 1)

T2S + 1

ST
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.' . < -.'4. it; > ;-*.\ .

FINAL 3-DOF SIMULATION CONFIGURATION

Ki(TjS+1)
T2S+1

ST K
T3S+1

4> 1n.i V
i
s

-. K

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

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.
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Starting with the system:

In order to determine a suitable gain (K.«K9) a root locus analysis was

performed on the open loop transfer function KGH:

.5)

S2 (S + 4) (S + 2)

Where Ti

T2

T3

'VKS
KM

V

g

= .4

= .25

= .5

» .5

= 1

= 200 m/s

= 10 m/s

Two methods were used to determine the optimal gain, the first is a hand

calculation and the second corroborating analysis was performed using an

interactive computer aided design tool called TOTAL which derives from the

USAF E_glin base.

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

S2 (S + 4)(S + 2)

1. Find the root locus asymptotes.

OA =
4 + 2 - (2.5 + .5) 6 - 3 _3

2
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2. Find the root locus "real" value as it crosses the line + j ,

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

= [90° + tan- l(-.)] + I tan"1 -L-

116.6 33.7

] - 2 [135°] - [45°] -

270 - 45

[tan"1

18.4

- 183.

3. Use the magnitude condition to find K at (l±j)

1 = KGH => K =

K =
(/ 1 + 1 )2 / 3' + 1* /~2

/ 1 + (l.Sp / 1 + .5*

2/~2 /To

3.25 / 1.25

4.44

4. To find the roots that correspond to K = 4.44

Choose a value on the real axis and compute its K value.

Say S = -3.5

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

K ~" '~n l- ' ^ "~~ ' ~* * "" *""'" = 3.06
(-3.5 + 2.5) (̂ 3.5 + .5)

This is too small an S value

(1) (3)
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Say S = -3.0

K (-3.0) (-3.0 -f 4.0) (-3.0 + 2.0) 9 • 1 • 1
(-3.0 + 2.5) (-3.0 + .5) (.5)(2.5)

7.2

This is too large an S value

Say S = -3.35

= (3.35) (+3.35 - 4.0)(3.35 - 2.0)
(3.35 - 2.5) (3.35 - .5)

= H.22 (.65X1.35) _
(.85) (2.85) ~

S = -3. 3

K =
(3.3) (-3.3 + 4.0) (3.3 - 2.0)
(3.3 - 2.5) (3.3 - .5)

10.89 (.7) (1.3)
(.8) (2.8)

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

distance:

S = -1.26

= (1.26) (-1.26 +4.0) (-1.26 + 2.0) 1.59 (2.74) (.74)
(-1.26 + 2.5) (1.26 - .5) (1.24) (.76)

= 3.42

S = -1.0

K =
1 3 1
(1.5) (.5) = 4.0

.9 (3.1) (1.1)
(1.6) (.4)

= 4.3

S = -.78

.78 (-.78 - 4.0) (-.78 + 2.0)
(-.78 + 2.5) (-.78 + .5)

.608 (3.22) (1.22)
(1.72) (.28)

= 4.96
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G V T 3 T 2

and K = K5

If poles are at -3.3, -.9, (1+j) K = 4.44

What is the gain for design?

4.44 - -_ z 9 Tl

T2T3 V

.4 j! KiK2
.25 .5 20

10

= .04 • 8 KiK2= .32 KiK2

~732

13.875 = KiK2
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Checking by plugging in values: Y» J !*'••';v '' '"

K

ORIGINAL PAGE !8
OF POOR QUALITY

_ _

_ KiK2g (Ti S + 1) _ _ K Ti (S + Ti)
V S2 (T2 S + 1) (T3 S + 1) TaT2(S + 1 ) (S +

H = K5 (S + *-)

4(s) = G _ _
4c(s) 1 + GH T3T2S*(S + ="r) (S + ̂ -) + K T!(S + ̂ -) Ks (S + ̂f]2

1
K Ti (S + Ti)

T3T2 S
2 (S2 + -1- + ̂ -) S + —i—) + K K5 Ti (S

2 + (r*- + £*-) S

. 13.9 X 10> K = _____ - =

X = K • K5 Ti = .695»(2)x.4 = .556

£-D_ (S + -L)
Ti T? __ Tj

(+ K Ks Tl) s' + K Ks Tl (+ s + K

(.695) (.4) _L_
(.5) (.25) S .4

'

s . "556
(.5) (.25) (.5) (.25) (.5) (.25)

2.22 (S + 7*4") _

s" + 6 S3 + 14.4 S2 + 13.3 S + 5.56

This is similar to the computer's TOTAL answers.
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The user package called TOTAL is an easy way to analyze control loops. One

enters in G/si, then//(s) and from there performs requested options interactively.
kir-Tr < •»«•»/% »r>
• xi_ i a. / ^.\/-t«J

rc.N1 C,N K W C - * "**•?! A

02/10/20. OU.ii4.35
r. i r- A i* r-
• >_. t.. IIWL.

WI.VJ I U.IM1 ^ '

r*» A r* r* 11 r% f't f«
I llv/fe/WlHVA>'

aaESSixo

01 * /

r'LLY.rji: C:I.A.NCC YOUR cue C^TPLJCC PASSWORD.
RECOVER /tiYSTErt: BrtTCSJ
«-l\l C.

/
/

ri EXPLAIN*NEWS

Aif*rAr»i i -.'/n*rAi / i i * i—,r f t>4"n/ \" / i A
ill I IM/ I I? i t/ i i 11. / ul» —u A ' \/«.»t-. 11

iir-i <TMU«- -r«» -rr\TA
wi_«_ L-wi ii-. t 4-< i >J l 11

(C) 19130
• VERSION 3.0

STANLEY J. LARIMER

»l» ̂55̂ * COLIN USERS **###*#*
QUESTIONS OR PROBLEMS» CONTACT:
CAPT DENNIS DIPALEUSKY
AD/SHhS-A

The general options categories available are:

S AN INTERACT tVET COMPUTER-AIDED
ITAL S CONFTi^UOUS (,'ONTROI.. 1

TAINS 160 OPTIONS DIVIDED iN iO
DING TO GENERAL. APPLICATION.

DESIGN PROGRAM
ANAL<"jI«:.

GROUPS OF 10

ENDING IN O LiiJT THE
,R EXAMPLE, OPTION JO LISTS

NEXT 10 UP
UHTWN'J :iO IHRU

fHE FOLLOWING ARL Till MrtlN OPTION ')
0-9: TRANSFER FUNCTIOM INPUT OPTIONS

10-19: MATRIX If?PUT OfTIOMHJ
20-29: BLOCK DIAGRAM rtANlPULATlDN' OPTIONS
30-39: TIME RESPONSE UPTIUNt*
^»0-49: ROOT LOCUS OPTIONS
50-59: FREQUENCY RESPONSE OPTIONS
AO-69: POLYNOMIAL OPERATIONS
70-79: MATRIX Ul '2.RAT IONS
30-09: DIGITIZATION OfTIUN'5
90-79: OPTIONS Oi-" KAhTIfJlLAR1 iNTtRFSI
100-109: MURE TRANSFER riJNrfluN .INPUT OPTIONS
110-119: MORE MATKU OPTIONS
.120-129: MORE BLOCK I.UAGFCAM MANIPULATIONS
130-139: STATE TRANSITION '>1M»JI ATION OPTIONS
140-149: DOUBLE-PRECISION JU'SCPETE IRANSFOPM 0*riJf'N«-:
150-159: MULTI-RATE FREQUENCY RESPONSE OPTIONS
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i?/

The input open loop transfer function is as follows:

O i l - - I'.UNK uii- 'K/OLfiK » • I ' .OyO
DiMN- 1 ,000

OL1F(S) NUMERA/UK
l;I.NPQLYU> OLZEROU)

< 2 000 )S.tf 2 < - .MOOO ) t J< ^. )
( 6.000 "* )S.KK 1 ( -2..SOO ) -f l,' )

> 01 wiv- . . vO

OLTF(S) DENOMINATOR
I! n|..T.iPOLY<I> OLPOLE(I)
1 < I.000 )S** 4 < 0, ) h J< 0.
2 < 6,000 >S#* 3 (0. ) t J( 0.
H < i'J.OOO )S#* 2 < -2.000 ) i J< 0.
'? ( 0. >S** 1 < -4.000 ) + J( 0,

' . - - . ) Ot P!<« 1.000

and the root locus options are:

;0- 4V :•••' ' f IOC!.'.? ':;• I' TONS
; f T'.:>Ahr • v TOP S-M.V.'tr TSAMP=SAriPLE TIME FOR Z-PLANE)

10 1.1 >i OPTION1;;
•H tH.Ni-uKAL I v t J U T LOCUS
42 KUUf LUCUW W I T H A UfUN OF INTEREST
43 ROOT LOCUS WITH /?ErA (UAMPINli R A T I O ; OF INTEREST
44 LIST N PUIM7S ON A KRANCH OF TNTERl'ST
45 LIST ALL PHINTS ON rt BRANCH OF INTEREST
46 LIST LOCUS KUOTS AT A liAlN OK INTEREST
47 LIST LOTJir. ROOTS AT A "ZETA OF INTt'PEST
48 PLOT ivi'Jui un:us AT USER'S TERMINAL
49 LIST cuR;\;-v:r VALUES OF ALL RUO'I LUCUS

* TYPEJ HELP*49 FUR DEFINITION OF ROOT LOCUS VARIABLES

* A CALClii-tP PI OT FOR OPTIONS 41f42rlJ>£ 43 MAY Bl.
OBTAINED UY TYPING: PI. OT,41 OR PI. 07 »42 I.-TC .

OPTION .
:' 41
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MI-'EN-l.OUP vOLTF) ROOT LOCUO USING OPTION
T -.' • •. i i?CiC s f'-'

A rm.rs; A'i
X - 0.
x -• o.
X - ;>.0000
X = -4.0000

Y = 0.
Y « 0.
Y = 0.
Y = 0.

ORIGINAL PAGE f§
OF POOR QUALITY

2 ZI:ROS AT
X -• -.50000
X " -2.5000

Y = 0.
Y = 0.

CAIN CONSTANT (OLNK/OLDK)- 2.0000000

REGION or CALCULATION-REAL: co
.IMAJ: nn=

*
*«• ... _ _
2: — _ _

41' - —

ih ~ —

ft . - - _

. . . . — _
î-j'
$ — — —
f _. _ _

41- __ _

« . _ _ . .

$ — _

fl-.j. •{• + + •! •? + + + X < 4>>f*Jf>':>*;5f:Jf:^'}(^J('J':0++-f<fX*JK)!c)!
t -
$ _
«• _.

41

ji — w. _.

fl

41 - —
41
41 - —
41
:fl .. - . ._ ..

il -
II • -

3

\^J

41
16 i ° } t ; t ; 'i 4 t -8 f4>4 i t - { * 4 4 4 4 1 ttttl ! I M * S

uiciu <:i;Air: X - A X I S : i INCH--
Y-AXIS: 1 JNCM-

-5.00 TO AA=*
-3.00 TO BB=

* - -f
# 4
* - +
# — -f

** - 4

1 *#- 4
^— J.

1 n • *

i ** i

- ** ^
*** +

: *i
*#i

- ** •»
-" «*« +

^ ^' ^' -._..— — — 4-— . _ — .^
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The four branches plotted. in ; i , , ,e root jlocus are tabulated enabling choosing
a desired gain or damping-ratio-. '
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BRANCH STARTING AT < o , > J(0.
TYPE !. TO !. S TO GKIPf OR 't TO ABORT

r : r<ANCH G T A P r T l N O AT ( - I 1 . ) Y J ( 0 . )
T Y P E L TO I i ' o l » S TO SKIP» OR > TO ABORT

BRANCH NUMBER

TALrULATION STEP SIZE =
,» PRINTING STEP SIZE

LOCUC REAL
« -2.0000000

k 1 . 3000000
^^ 'l.ACOGCOO
<• 1.4000000

-1.2000000
• l.OOCOCOO

• -.3000OOOO
•.AOOOOOOO
-.50000000

*, DRANCH STARTING
TYPE I. in LIST

LOCUS IMAG
0.
0.
0.
0.
0.
0,
0.
0.
0.
AT (-4.) i J(0

Ti) SMP» OR

.3000 ,

.lt>00

DIST TO ORIGIN
2,0000000
1 . ttOOOOOO
1 . AOOOOOO
1 . 4000000
1 . 2000000
t .0000000
,U 0000000
, AOOOOOOO
.AOOOOOOO
\• /

I TO ABORT >

CAIN
0.
.703297
1.24121
4 er 4 4 *•» -»
* , j-1 f •• •

1,77231
2.00000
2,00941
4,50947
0.

ZL-TA
1.00000
1,00000
1.00000
1 .00000
; ,00000
1.00000
1.00000
1 ,00000
1.00000

'".If
1
0
0
A
0
•0
";
0
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POINTING CILf
;•- 3T.a.:

l.OC'JS RLAL
1.0000000

,;}OOOOCO
." . 6000000 '
.>. 4000000', ;,
,;, 2000000
,.;. oooooov
2.8000000
2.6000000
2.5000000

LOC'JS I MAG
0.

i.1.
0.
0.
0.
0.

ORIGINAL PAGE 13
OF POOR QUALITY

, 1.000

HIST TO ORIGIN
•1. 0000000
:;.uo ooooo
3.6000000
J.4000000
.{.2000000
.5. 0000000
2.3000000
2.6000000
2.5000000

GAIN
0.
.605874
t .21619
1 . JJ6023
2.60063
.<. 60000
5.45391
13.5200
0.

ZETA
1.00000
I* 000 00
1.00000
i.oooo..
1 ,000«/v
1 . 000v;(/
1.0000<;
1.00000
1 .00000

en1
o
n

,
.1

i>
'*

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

Note that this matches the hand calculation.

I
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<

CLNPOLY<J)
2.200 )S** 1
*?. *-.f\f\ j

CLOSED-LOOP TRANSFER FUNCTION

CLK= ( Cl.NK/CLDK )-• 2.200

CLTF(S.> NUMERATOR

(
.500

CLZ£RO(I>
-2.500 ) + J< 0.

.-- 2.200

CLTF(S) DfNOMINATOR
CLDPOLY(I)
I.000 >S** 4
6.000 )S** 3
12.40 )S#* 2
13.20 )S*# 1
5,500 >

-.9039
-.9089
-.3790
-3.303

C L P O L E ( I )
) + j( 1.03^
> f j-; i ,o'H
> f j< o.

Cl !«!<=•»
l( 0.
1.000

The unit step response follows as does the frequency response.
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i r t l l -R l;UII,.L T J M K , FINAL N hLi OF POOR QUALITY
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coNijr i
^irrT0t|J'n- ' ORIGINAL PAGE 19
(•ON^T? = 1 WSt OF POOR QUALITY

VtiLUCITY ™ 200.0?
CUNST4 - L.05
CONST5 =2.00?
TAU1 - 0.40?
FAU2 ~ 0.25?
TAU3 ~ O.tiiO?
TFINAL = 10,0?
N ••= 5?
rillLIM •- l.ti1/? (* EtUER IN RALUANi) *)

f - 1 : 1
1 1 1 1-

WORD = PACKED ARRAY C1..103 OF CHAR;
KANGE ~ AKRAY C1..4J OF REAL?
ABSCIGOA •= ARRAY Cl.. 10013 OF REAL.;
ORDINATE - ARRAY Cl . . 1001 y 1 . .23 OF REAL?

'.'AR
EPS y LEADX y LEADXD y DEL T , HELTD i PHI » PH ID y PHIDD y PSI i PSID y T : K'LrM, ,
0 : ARRAY C1..103 OF REAL?
I : ARRAY C1..10»1..23 OF REAL?
RANGE 1 J RANGE?
PLOFPSI J ORDINATE ?
TIME ; ABCCISSAi
IY»P»M : INTEGER?
IOPT/1TR t INTEGER?,
PRINTI I INTEGER?
XyJyK : INTEGER?
XCHylCHAR : CHAR?
PLOTIME : INTEGER?
NLETTERB: INTEGER?
TITLE »XWORDyYWORD : WORD?
DELTAT : REAL?
INC I INTEGER?

BEGIN <* MAIN PROGRAM *>
TITLE = 'PSI OF A/C'?
XUORD = 'TIME '? ,
YWORD = 'PSI '?
T := 0 0?
LEADXD '.= 0.0?
DELTD =0.0?
PHID := 0.0?
PHIDD =0.0?
PLOTIME := 1?
PSID =0.0?
PRINTI := 0?
LEADX a 0.0?
DELT := 0.0?
PHI := 0.0?
NLETTERS *.= 10?
XCH := 'X'? .
IOPT ;a o;
DELTAT := 0.01?
IY {=101? ,
P' Jss JC ! J . • , . •,. • . ' , . ' . • , • 1



00 /'•'}
06(,' 00
06900
07000
07.100
07200

07400
07tiOu
07600
07700
07800
07900
08000

PSI j- o»0>
WHILE I -> TFINAL DO
BEGIN

(* :.>ET THE DERfVATIUE
EPS : ••• PSIC - (;uN
LEA.'iXn J-: (EPS'-ic.-QNSTl- l.rAO ' '
DCLT I- LEAOX ! LLADXD* r AU 1. ?
PH I! Ui.i J - ( DELT*UONST2-PH 1 D -' ':•
PSIO :- (ORAV/VELOCITY) *I'IIL»

OR.6.NAL PAGE «S
OF POOR QUALITY

«)

'AU2»

(* SNUNT LIMITS THE AIR
IF ( F ' l l I J c P H I D > 0 , 0 ) AND

•;,*.; i UOLL .*.;•';:.:: #>
V.^u'Hi) ;,••!.'L:.LM) fML.'l Pi!ID :~0.0

08100
08200
08L30G
08-100
08500
OSAOO
08 '.-'00
0 RU 00
08900
09000
07100
09200
09300
09-100
09500
09600
09700
09800
09900
10000
10100
10200
10300
10400
10500
10600
*)
10700
10800
10900
11000
11100
11200
11300
11400
11500
11600
11700
11800
11900
12000
12100
12200
12300
*

(# ACS I ON #>
1C 1» 13 - LEADX y
1C If 23 - LEADXD »
IC2»13 * DEI.T ;
1C 2, 23 = HELTLI »
IC3fl3 = PHID*
IC3»23 = PHIDDf
IC4»13 = PHI 5
IC4»2J - PHIDi
IC5fl3 = PSI ?
PLOTPSICPLOTIME»13 := PSI 5
IC5»23 - PSID J

<5K INTEGRATION *>
FOR J := 1 TO N DO

OCJ3:= ICJ»13 + ICJfL'J*DELTAr»

<* REASSIGNMENT *)
LEADX .*= OC13f
PHID:= oc33»
PHI := oc4:y
PSI := OC53J

(* PRINT OUT THE PARAMETERS EVERY (DELTA!*

PRINTI != PRINTI + 1J
IF PRINTI - 1 THEN
BEGIN

WRITELNJ
FOR X := 1 TO N DO

WRITELN<T> ICX»13»ICX»23j'OCXII; /
WRITELN;
PRINTI := PRINTI - 25J

END?
TIMECPLOTIME3 := Ti
PLOTIME :- PLOTIME + 1 J
T := T i DELTATi

END;
ICHAR := 'X'f
INC := ii
WRITELN< 'SUCCESS')?

END. . . . ' . . . . .

INTEGRATIONS



1. POSITION PARAMETERS:
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r.EgU AT IONS

ORIGINAL PAGE IS
OF POOR QUALITY

II HT || = R

a (t) = i|)T(t) - <JJH(t)

Let V be the speed of the projectile fired on the

pursuing host aircraft. The time taken to reach the target

plane is T = V /R. During this amount of time the target plane

moves of an angle 6 equal to 4/T.T. That means that the

projectile must be fired before i^m = ip , exactly when a = 6 .

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 fy can be computed as:
(t+At) - $ (t)

i]jT(t) = TV: for every step of time At.
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2. BASIC RELATIONS;
ORIGINAL PAGE S8
OF POOR QUALITY

In order to shoot the target as soon as possible,

that is the next step of time, the next value of ^u, mustri

be:

i|»H(t + At) - = i|»H(t) X At

+ i|»(t) x At

+ At) = i|;T(t + At) - 6 + i|»T(t) x At - 6

At) -
i|»H(t + At) = At
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^ , °F POOR QUALITY

We now need to generate a sequence of target positions,

that is create the functions R and 4>T. Two ways were discussed:

generating fy 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 ip 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. ip™ must be a continuous function from

TR KO, 211) . The end of fight is determined

by T , that in real case can be interpretedin 3.x

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.



OR1GINAL PAGE is
OF pooR QUALITY

CALCULATION ALGORITHM

BEGIN. .

INIT (jJ(t) , R(t) ,

5(t) = iiT(t) X (Vm/R(t);

GET INPUT (J;

/*Calculation of next \\>: */

Do until TMAX:

i|/H(t + At) = «|»T(t) + ^(t) x At - 6 ( t ) ; (store

(if \ l>u(t + At) ^..max then fy = ^u ; 6CT?rl rl rl riluaX JDJu

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

(t + At) = <J, (t) .
At) =

(if iI»T(t = At) 4*T then

6(t + At) = 4»(t + At) x (V /R (t + At) ;

NEXT:

i(;T(t) -H 4,T(t + At)

i|»T(t) -e- 4»T(t + At)

6(t) •»- 6(t + At)

END;



ORIGINAL PAGE ES
OF POOR QUALITY

EXAMPLES OF TARGET MOTION GENERATION

i|;T(t) = 2 TT cos 2 TT t/tmax

2 ir sin 2 u t/tmax

y

(must be continued)

R(t) = R(4>(t)) a e (ellipse)

a (1 + cosi^) (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.)



ORIGINAL PAGE 5S
OF POOR QUALITY

L I M I T A T I O N S

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

*T(t)

R

*T(t + At)

6

At

4»H(t + At)

*H(t)

\l> (t + At)

Program

OPSIT

RANGE

NPSIT

DELTA

DELTAT

HPSID

PSI

EXPPSI
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 OF pOOR QUALITY

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 timely - ty~

Different test cases and air fight scenarios have

been programmed and the results are satisfactory (fire orders

displayed within 10 seconds—see listings attached).



EXPLANATION OF THE ENCOUNTER Q^POOR QUALITY

On the graph ,the positions of the host and the target

airplanes are plotted . Each 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 drawing a curve looking

like the target trajectory . This is a verification of the

tracking angle generation procedure . The points 6,7i8,9

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 .



I '
I I

' ' i ' ' • ; ; ' , i • !'•;' ;•;•. i'.^dF.'.PDbR.'QUAUtY'i'-!*''"'',1-'''.,
. i^'^.V^^^1^^'^ j : ' ; : : ! j . - j j i i l i

„ . ; , ; j • : • ! ; ; : , • ! i'li \ \ \ ' ' : ' i - , | ' ' i ! ' . ' . \ - " ^ \ \ \ t 'M1 ' , 'K ' l i ' j1

i I ' ' '"!' •; •,'" • ' ; ' i i, ' .'. ;• : • : ) " • ' • i ' ,; • ;' ! ". i"
" : r ' ' : • ' • i I !;.' V ' . i 1 1 ' ; ! ! ' ' ! ' ; -IM,:'!"!': ! '^ : '^ i ' - ' i
i 1 ! : ! ! i i ! ' : ' ! • : ; -n i ! i i , ! !W'.W !ii!| ! " < ' ' ' \ ' . r> \ : '• ii:i
M^i'iiii^'-'iliiiiiliilffijs1 '!!1!!!!!^
M; fo,-;i: Ijini'iii i i ' j i i i ! . ! ! j i l ! i np !

IIIIIP^S Ijiiiiii! i !
l l!l i i i!i!.i !! ii! m\ !M! I ii I I

! I -21

!Hi^l!• ' . \ i Q ' \
'iili'ui

i l l !

,:X

m-u^ji! -3
felll^'-::, i-tf j • • :

i ' .P,- ' i :Sill!*:
*•.:»!!lci.;'

:<H'!Mt i ,

S1^::!

ll^fe

J u>:

•-f-,!"' V"!11:!
i'j"i! !]<?? !
' f : J.^f, !

1 w.
i - O ! ! !

!'a|?i!

i i i

V
-Sli

! ;

ii'

1 . i i •

111'<!d ! i '

nil
I OQ !

i p i j n ' i i ' i i i l ! ! ! ! !

iiftli!!!

i ! 1 ,
1 ' iiiits;

iii

i1 1 !

! , i

i1 'T-..'

!^''li
I ih .1!

' ' ! ' . , ! ' . • ' . ,

^ji^;-.:-
j i i J l l l i ! ! ! ; ; ! ! 1 ! j . j

'•:!!!:i|i:^-!^:!^

»f>!

•>rl

i!

ni

ii

i l!

i l

i!!!i:j,i!*A!
' : , ' ! i : Ja

X! ' " ':.'(/ -H ,: '!• . . i '

......^^•U-jii'l
r iL . i ^ ^it'[•';.•';l'-i
l! i ; . : 1 ;!; )•• ]"' I fo \h d ' , , , j ' ,

,.i! H];i! ' ! yi i . i i 'V ^:i

1
!i I

! ' i : I >T .
-<> ! . iiirT
K!''I".:

;v^-!o^l

i i i
III!

4M:-'
lii'ilV:,;'1.1
!, ;,->.> ^-i

i l l !

l;i

|',!' i

''^-J^iiirT ' • > i !
:i ;: i'H* srf : ,
' i Hi1 !- i !/
1i!p!i| j j'" • • is«^> iI T , • i • .i

! l ' , i ! ! I i ' I 1 , ! ! : ! ' j i , '

i H;I 1 I'riii-ri:::' 'j
i i ' ! 1 ' ! ! 1 ! , iL ; : j i ' ' i i f ; i • ; ! ' ,.i!i \ \ \ $

•1 •!•, 'u l l l l t I ' l l . I



ORIGINAL PAGE IS
OF POOR QUAinry.

t i <>' y
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• Stcr l^vOb F K T 3 S Reo D3576 fc r N E T L F T C a t e lt^Jec-82 IC26:56 Mon i to r : USC
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•Start* Job FhCT3f Req »3576 for NETLFT Cate lM-Dec-82 lfc:2/:02 Monitor: USC
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•Start* Job FHCT35 Req 03576 for NETLFT Cate lw-Qec-fc2 lt:27:02 Monitor: USC
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*,Start« ..ob FHC13E Feo W 3 5 7 6 for N E T L F T C a t e lo-Oec-62 l t :2 / :02 Moni to r : USL
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t 3 o i k'\'̂ c~^ttTrrr^v:roT9~QTr^^^

Recordnc 1r1t1atec Set ie -Cec-62 fi:Ow/PJ

CLink f r c f f BLUENt TT* 30 ]

TCFS-20 Comiranc p r o c e s s o r < « ( 5 6 0 )
S T Y S IMCL.PA?
P R O G R A M S I M 3 0 0 F < I N P U 1 t C U T P U T ) ;

C O N S T . • • •
FSIC =0.5;
C O N S T 1 =1.0;
C O N S 7 2 = 13.75 ;
G R A V = 10.0.

. V E L O C I T Y = 5 C O . O ?
C O N S T ^ i = 1,0;
C O N S 7 S = 2. CO »
TAU1 = 0 » 4 0 ?
TAL'2 = 0.25; ;
T A U 3 s O « 5 0 i
7FTNAL = lO.Oi
N = 5 ?
P H I L I P = 1.5T, (r £ N T C « IN F * D 1 / ! N S *)
FI = 3.1415S2 ;
^ I S S L V = i c c c . c ;

t t f c »
c : A R R A Y ci.. io] OF RF:AL;
i : A P R A i r ci..io,]..2] OF R E A L ;
F R I N T I : I N T E G E R ;
> » 0 » K : I N ' T t C L F j

- j X C H . I C H A R : C H A R ;
P t C E L T A T : P E A L ;
INC : I N T E G S F ;
CPSITfNPSIT, RANGE tPSITO , CELT f- .£ XFPS I ,HFS1C t£ X (-F hi , HPrI C
J-Fill^AX t FEAL ?

BEGIN <* V A I N F F C G R A I * *)
T := c,o;
LSADXC := c.o;
CCITC := o.o;
FHTO := c.o;
FHIOC := o.o;
FSIO :=o.o;
PRINT: := o;
LEAQX := o.o;
CELT := o.o;F H i : r o.o;
CTLT/T := o.io
PANGE
CPSIT
FSITC

= 2000.o;
= o.s;
= o. o i;

CTLT;PS! := o.o;
HFSICI^AX := FI/20 J
(* _ . . _ „ . _ KAIK LCOF.

BEGIN
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W P I T E L N ; . ,
WUfi ITELN J , . % . v— ̂

W R I T E L N ? ' • ' • . , - . - • • •
: WR ITELN | ' i

W R I T E L N ;
R:= R A N G E * ( l + CCS ( O P S I T > >/2 J
W R I T E L N < » R A N G c = » t R > 5
W R I T E L N ;
£FS := FSIC - C O N S T 4 * FSI - C C N S T 5 - F S I C !
L C A D X D := (EPS-»CC, \ST1- L E A C X ) / T A L 2 ;
D E L T := L E A C X «LE A D X O * T A l 1 5
PHIOO := ( D L L T * C C N : s T 2 - F H I C ) / T / L 3 J
PSIC := < G R ; V / vELCcn Y) *PHI;
U R I T E L N < 1 T Y t ' A C T U A L H O S T TLRMNG ANGLE : • t
WR ITELN ;
< • SHLNT L IMTS THE A I R C R A F T R O L L A N G L E * l
IF (PHI*FHIC > 0.0) AND ( A B S ( F H ) >FHILIf) THtN P h I C : = 0 . 0 5

(* C A L C U L 4 T I C N OF ThE E X P E C T E D PSI OF THE t -CsT P L A N t ' * )
EXPPSI := O P S I T * F S - ! T D * D £ : L T A T ;
Uf t lTELN ( T T Y , ' E X P E C T E D TURNING A N G L E I « ) i !
< * S E T S C X F F S I ^ C C U L C 2»FI * )

W H I L E C X F F S I ) 2 » F! DO E X F F S I := E X F F 2 I - 2*FI ;
W H I L E £ X F F S I < - < 2 « F I ) CC E X F P S I := E X F F S I * 2*FI ;

U R I T E I N ; • •; IF ; e s ( C F s i T - FSI ) <= C ? : L T A T H C N
_£± ' h P I T E L N ( •«..*** FIRE *** F iRE*«* FIRt * * * . . 5 > ' ) {

^ H P S I C C s (E !>FFSI - PSI ) / C E L T J T ; .
U R I T E L N ;
UhlLE A B S ( H F S I C ) 5 ^ F S I O ^ A X CC

hP«IC := ( h F S I C I ^ A X * H F S I C / ; 8 S ( ^ F S 1 C > ) •
W P . I T E L N ^ C « • t S T I I - A T E D HOST T U R N I N G R A T E : • » HFSIt ) i

NP i IT := 2«FI - ( 2 » P I » C C S ( 2 * F I * ( T + C t . L T n ) M F A N A L ) ) ;
URITELN < • A M I C I F A T t O T A K G E T LINE OF SIlihT • » NFS1T ) J
U R I T E L N ;

EXFPHI := H p s i D * y E i c c i T Y / G R A u ; (* L X F E C I E D v/*4Lut OF FH o
F 3 I T C [ = ( N F S I T - O P < I T ) / C E L T A f ; ( * TL8MNG K A T E UF lh£ T A K & t l

U R I T E L N ( " ' A N T I C I P A T E D T O L E R A f - r t C E L T A ANGLL - » t C E L T A ) j
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{ *• I *
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•

* >
* )

* )

IC1»13 = L E A D > i
IC1,2I = L C A D > D J
I C 2 t l D = C t L T J
I C 2 , 2 D = CELT: ;
IC2,1D = FUD 5

:?• ' i C 3 f 2 ] = FUDC;
-1— ' IC4 t l 3 = FHI 5

I C « t 2 3 = FUC !
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T C5,n := FSI ;
c s , 2 3 := F S I D ;

(« INTEGRATION *)
FCF Jecu: = i 10 cc

IL

= ecu;
(» KEi
LEAOX
PHC: = CC33J?hi :
PSI :

* >

< * P R I N T C U T T f c E F A R A ^ E T E R S C V c F Y U E L T * T * 2 5 ) I N T E G F A T I C N S » >
P f l J N T I := F F I M I * 1?
IF F R I N T I = 1 T H t f o
B E G I N

KRITELN;- FOR x ;= i' 10 f, 30 •• • •

URITELM" '
t

H C S 1 A l K C H A F T M

WHITELN;WRITELNC .
WRITELN ;

W F I T £ L i \ ( » P S I T D
W F - I T E L N C » N F S I T

h f t I T e L ^ ;
U K I T t L N . ;
W R I T E L N ;
r R I N T i : = P R 1 N T I - 2 5 ?

C N C ;
T := T * C E L T A T ;

E M C ;
u a i T E L N C S L C C E S S * ) !

E N C *
a
a
2

SEX S IMCL .PAS
L I N K : L o a c i n g
C L N K X C T S I M 3 D C e x e c u t i o n ]
I N P U T T
OUTPUT !
C l N F U T t end w i t h *Z: 3
"2

T A « t i L T « >

= » | F S I T D ) J

TIM£ STEP : O.OOCOOOE* CC-

ACTUAL HCST TIFMJSG ANGLE

EXFtCTEC TURNING

O.CU (COOL-»OC
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ESTIMATED HOST TURMNo RATE :

ANTICIPATED T/JRGtT LINE OF SIGHT

ANTICIPATED T J L E R A N C c CELTA ANGLE =

C , " ^ r O O O E * C O
0 . H u U J 0 0 L »l1 •"
O . O C C C O O E + C G
0 . 0 0 C 0 0 0 C «• 0 0
0 . 0 G C 0 0 G £ •» C 0

EXFFHI =

PSITD =
NFSIT =

C . 0 0 0 0 0 0 ^ * 0 0
( • • C O O O O O E - 0 1
C . C C •" • ' • " * 0 0
0 » C O J O O U f > 0 0
C . C O O O O O C * O C

H O S T A I R C R A F T

5 . 0 1 C O O O E - 0 1 HFSIO

HFHIC

5 . 0 1 C C C O E

T A R G E T

- 4 . B 76 Cl 5 E * C 0
1.23SS48E-02

2 . 0 C O C O O E * 0 0
O . O O O O O O E + O U

.
C . G O C C O C E * O U

2.U £ 0 C C O F - O l
« . O C O C C O E - 0 1
2 .2 t U U O r - r U O
o . o c o c c o r * o o
C . O C C C C C F * 0 0

1.570/S6E-01

TIH£ STEr :

RANGE = l.S59

ACTlfiL HOST TUFMNG

EXFEC7FO 1UKMNG *N

1 ,0 0 CC O0f.-Cl-

«..**» FIRE *** FIRc*** FIRE «*«

ESTIMATED HOST 1URMNG RATE :

ANIICIF^TED TARGET IINE OF SIGhT

ANTICIPATED TCLcf^NCt CELTA ANGLt

O.OUOOOOt.*U C

-1 .57C7S6E-U 1

l»£S73»et-01

TIME 5TEF : 2.0 0 ( C COE-C 1-

RANGE = 1.55871^E*03

ACTLfiL hCST TUPNUG /NGLZ :

EXFECTEC

C. OU CCOOt.-»OC
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..... . ....—> a-eecinE 21 ' v^/
«..*V* FI*£ *** F I R E » » * F I R E • **..»

E S T I M A T E D H O S T lUftMNG R A T E : 1.57C7«=6E-U 1

A N T I C I P A T E D T A R G E T LINE OF SIGHT 1.112S24E-Cl

A N T I C I P A T E D T G L E R A N C L C u L T A ANGLE = .!. Of <=2 f 2E-0 1

T I M E S T E P : 3 . 0 0 C C O O E - C 1 ' *

R A N G E = l . S « 3 8 J 3 E * 0 3

A G T I A L h O S T TLPNUG ANGLE : • , l . l u O C O O £ - 0 2

E X P E C T E D TURNING A N G L E : . .
...................... > r«73C3?eE«u l

«..*** FIRE *** F I R £ * » « FIRE *«*.«»

E S T I M A T 5 0 H O S T 1UPMNG R A T E : - U5 7C7 "=6E-U i

A ^ T I C I F A T E D T A P G E T IINE OF S IGHT 1.973S77t-Cl

ANTICIPUEO T G L E R A N C c C E L T A ANGLE = 4. 3186k:6t> 01

TIft STEF : 4.00CCOOE-C1 "

RANGE = 1 .9£05 fOE*03

A C T U A L HOST TUFMNG ANGLE I 4*01 i )OOOE-0 3.

E X P E C T E D TU^MNG A N j G L E :
.—.—...—..... ..........> 2..335021E-U1

«..*.* FIRE *** FIRt"** FIR^ ***..»

E S T I M A T t O H O S T 1URMNG R A T E : . 1.5707S6E-01

A U T I C I F A T C D T A P G t T LINE OF SIGHT 3 . 0 7 5 2 0 7 c - C 1

A N T I C I P A T E D T C L E H A N C t C E L T A AiNGLL = £ .S601«fOE-01 '
'

TIKE S T E F : J . j o C C C O r - n «

RANGE = 1 .953067E*03

A C T L A L H O S T TLPMNG /SNGLE : S * 2 l 8 C C O L - 0 :



1̂°

ORIGINAL'PAGE 18
OF POOR-QUALITY

E X F E ED T U R N I N G A N G L E :
. > 4.

«..*** FIRE *** FIRE*** FIRE ***.,»

E S T I M A T E D H O S T T U R N I N G R A T E : 1 .57C7SEE-U1

A N T I C I P A T E D T A R G E T LINE OF SIGHT 4. <H2270£ -C l

A N T I C I P A T E D T C L L ' F ^ N C t C t L ' A A N G L E = , 6 .£ 4 5 £ y 4 t - 0 1

TIME S T E P : 6 . 0 0 C C O U E - C 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - -

R A N G E , = 1 . S C 4 2 S 8 E + 0 3 . . .

A C T U A L H C S T TLFNING ANGLE : " 1.6y7718£-02

E*FECTEC 1U(%MNG A N G L E :

«..»*• FIRE •** F IRt*»* FIP?: ***«.» •

E S T I M A T E D H O S T 1UBMNG R A T E : 1 .5 707 S6E-U 1

A N T I C I P A T E D T A R G E T -LINE OF SIGHT 5. •nSSSOE- 01

A N T I C I P A T E D T C L E R A N C t C E L T A A N G L E = 6 . 2325U St-01

TIME STEf ; 7 . 0 0 C C O O E - C 1 ---------------- '• ------------ «

R A N G E = 1 . 8 Z 6 ^ 6 9 E - » 0 3

ACTLAL HCST TUFMNG ANGLE : 2. 70 527'JE-U 2

EXPECTED TURNING ANGLE :

«..*.. F i R £ *** F I R £ « * * F I R E **« . .5>

E S T I M A T E D H C J T T U f r M N G R A T F : 1 .57C 7 S6E-U 1

A N T I C I P A T E D T A n G t , L IN r ^ F « IG»-T 7 . 771£75£ -01

A N T I C I P A T E D T O L E R A N C E C E L T A A N G L E = S. 6 11

s

TIME S T E P : S . O O C C C O c - C l - - - - - - - - - - - - - - - - - - - - - - - - - - - -

R A N G E = 1.712369E+03

A C T L A L h C S T TL'FNUG ANtLE : . 2. 7* C8 <I1E-U2
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1 -*J QF^POORIOUALIT

E X F . /ED l U ^ M N G A N G L E : , _
....V...... .... .....,..> S.563861E-U1

'«.„*** F I R c *** F I R E * * * F I R E **»••»

E S T I M A T E D H O S T T U R M N G =UTF! : 1 .5707S6L-i l 1

A N T I C I P A T E D T A R G E T L I N E O F S I G H T S.761160fc> 0 1

A N T I C I P A T E D T O L E R A N C E C t L T A A N C L E = ' , ' ; ; 1.1730J5E*00

T I M E STr f : 9 . 0 0 C C C O E - ( 1

R A N G E = 1.5E8566E*03 • - ' . . -

A C T U A L h O S T T U f l M N G " * N G L £ : . - 4. bo 8 C 2 5 t - 0 '<

E X P E C T E D T U R N I N G * N G L E :
....... ...... .............-..> 1 , 1 7 < : ( H < £ « - U O

«..*** FIRE *** F I R E * * * F I R E **•*«•»

ESTIMATED HOST. TUftMNG RATF : 1.5707S6E-U1

ANTICIPATED TARGET LINE OF SIGHT 1.1S5SfilE*00

ANTICIPATED TCLEftANCt CELTA ANGLE = 1.423SUlb+00.
,

T I M E S T E P : . l . O O C C O O E + C O *

R A N G E = 1.362376t*03

ACTUAL HC5T TtPNING *NCL£ ; ,

EXPECTED IUKMKC- ANGLE :
. ........ . ...> 1.

«..*** FIRZ *** FlriE*** FIRE ***..»

E S T I M A T E D H O S T T U R N I N G R A T E : 1.5707562-1) 1

A N T I C I P A T E D T A R G E T L I N E O F S I G H T 1.4*lS07t>00

A N T I C I P A T E D T O L E R A N C E C E L T f i A f J G L t = 1.71£7fa6E

T I M E S T E P I 1 . 1 0 C C O O E + O C

R A N G E * 1.1235:3E+03
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ACUa H C S T TUf-'MNG / N C L L :
W'EXPECTED T U R N I N G / INGLE :

. .—> 1 . 6 6 3 8 5 3 E + U G

«..*** FIRE *** F IRE** * FIRE **•,.:>

E S T I M A T E D HC'ST 1URMNG R A T C : 1.5707S6E-U1

A N T I C I P A T E D T A F O E T LINE OF S I G H T 1 . 7 0 2 S 2 9 E * C O

A N T I C I P / S T E D T C L Z R A N C c C £ L T A A N G L E = 2 .

T I M E S T E P : 1 , 2 0 C O O O : * C C ------------------ - --------- *

RANGE = S.6624K5E + 02 , :

A C T L A L H O S T TL'FMNG ANGLE : : 7. 3« S617E-02 .

E X P E C T E D TUK

«..**« F I R E *** F I R E * * * F I R E ***..»

'ESTIMATED HOST T U R N I N G RATE : i,5707=e£-ua
ANTICIPATED TARGET LINE OF SIGHT 1 . 9e2 (M6E> 00

ANTICIPATED TGLERANCc CELTA ANGLC = 3.2

T I N E S T E F : 1 . 3 0 f C C O e > C G - - - - - - - - - - - - - - - - - - - - - - - - - - - - •

R A N G E = 6 . 0 £ 2 < » ^ 3 E * 0 2
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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 st,ep

input and studying its response . The aircraft turning

time constant is ̂ .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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v ' '' '' I. System Description

A. Purpose

The objective of the project is.to design a micro-

processor based Aircraft 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 tnble 1 of the p.-:per (included in this

report in Figure 1 ).

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

Our S'nS design is based around' the Motorola MC68000

16-bit microprocessor, implemented on a M68KVM01AZ monoboard

microcomputer. Since the SVJS is a real time application v/here

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 MC68000 a good choice for this application.

Convenient I/O and bus structures provide additional

advantages that simplify and smooth system design and integration

since we have access to peripheral devices vith compatable I/O

buses.

C. Selection of Speed Synthesizer Device

The SVvS project is a developmental project and so

requires versatile 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 SC01 from

the various voice synthesis products on the market. The

phoneme based SC01 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

unversdltile vocabularies and are much more expensive. The SC01,

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 SC01 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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II. Software Development

A. General Description

As indicated in Table 1, there are a total of lh

sentences to be spoken in various cases. These sentences

are 'UNLOAD', 'LEFT-ENG-MIL', 'RIGHT-ENG-MIL', 'LEFT-ENG-

IDLE' , ' RIGHT-MG-IDLE' , ' BOTH-ENG-IDLE' , ' STICK-FULL-LÊ r' ,

"' STICK-FULL-RIGHT' , ' STICK-FULL-FWD' , ' CMTER-CONTROLS' ,

'RECOVERY-COMPLETE1, 'STICK-HALF-AFT-AND-HOLD', 'LEFT-ENG-

OFF', 'RIGHT-ENG-OFF1. '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 SC01 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: (l) the software has to keep sensing ADC channels

while the SC01 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 to solve the above requirements.

The program 'VOICE1 is used to dump sentences in an output

buffer, the subprogram SMALLMOUTH will send all phoneme and
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pitchcodes from the output buffer to the SC01 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-SENTENCE-TABLE 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 SC01 and wait for

the phoneme to finish its sound generation. After a phoneme

code has completed its sound generation process in the SC01,

the SC01 will send back a parallel port interrupt request to

execute the subprogram SMALLMOUTH again and get next phoneme

and pitch code.

The pxxjcrum VOICE ia classified under the following

headings: (l) 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 TEMPERATURE from ADC channels. After

obtaining thoau AUC valudu, procedure MAIAI which contains

many CASE blocks, will select the sentences to be spoken,

a procedure BIGMOUTH-SPEAK will copy those sentences from the

sentence tuble into buffers 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

buffer from 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 arid 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 SC01 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 (Jueue = Array [ 0 ..2 ] of sentence buffer.
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Output-Buffer = Record

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

End

Abstract Program Structure

Declare

VOICE (• 0 ) > OUTPUTBUFFER

SMALLMOUTH ( OUTPUTBUFFER ) —> Voice generation

Begin

When timer-interrupt comes

do VOICE

When parallel port interrupt comes

do SMALLMOUTH

End

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 *)

End
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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

endif

End

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 SC01 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.



?H 0

o o'

EH

PH
CQ

I-H

<£.

O
M
EH

IS!
M

_ g

EH
M

B

! . > ORIGINAL PAGE IB
" • ' • ' • . . .i. OF POOR QUALITY

g'i
g fe| <0

EH |P3 «tH 0)

. 1 S PQ CJ ,Q
W (3 -P

r~> p><4 , , , . PI o r! -P
ty fc rs h <u o 3

JO b *iH C/} -p O ' — '
PQ Q — ̂
r i ' . .—IEH — Q
3 O

>H EH 1
EH P W
P j O , W O
§ Q EHm. & o M

<: 0 PH
g o I I

W| Q ^
EH P< 0 0)

P-i EH M <D

O 3l l___ > /3 <»H C
PL, s nj 3 o
CO O -P ,£> -H

U 0) 0) -p
W o o ni
EH G C H
£) <U Q) DJ

S >H O C C 0)
O P n M f U O C U C J H

^ PP O * -̂*g K
|. a

o w
o
M W
« CQ

W EH K.
CO fel |

O K

S B §
fl, M M

p3 O î
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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.

c) 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 RATU, 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 k. 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 k. allow interrupts.

3- Procedure SET-REALTIME-INTERRUPT

This routine sets the cascading timeout interrupt of

the MC68kO 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.

k. Procedure SET-SENTENCE-TABLE

This procedure sets up a sentence table where all phoneme

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

table.

5. Procedure SET-INITIAL-CONDITIOH

This routine sets the initial condition for variables

TEMP-COUNT, COUNT-30, COUNT-1*0, 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 $0̂ 80 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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7. Procedure MEMORYINITIALIZATION

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

CONDITIOW 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. a) ARBIT: reserve one byte for ARBIT, ARBIT
point to the output buffer is dumping.

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

c)

d)

e)

f)

BFOFUL: reserve one byte for BFOFUL, BFOFUL
flag to indicate that buffer 0 is full.

BF1FUL: reserve one byte for BF1FUL, BF1FUL
flag to indicate that buffer 1 is full.

BUFO:

BUF1;

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
point to the offset in output-
buffer is speaking.

Step 2. ARBIT //O : set ARBIT to point to output-
, , „ buffer #0.

Step 3. SPK #0 : set speak point to output buffer #0.

Step 1*. QUEPTR #0: point .to the first word in output
buffer.

Step 5- SLEEP #1: declare that the SMALLMOUTH is not
active.

Step 6. BFOFUL //O: reset buffer-full flag of output
buffer //O

Step 7- BF1FUL #0: reset buffer-full flag of output
buffer //I.

Step 8. End.
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8. Procedure MAIN

The procedure MAIN will get input conditions such as

YAWRATE,, ADA, 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 SC01.

Step 1. declare new case.

Step 2. get DISCRETE.

Step 3. get value of

a. IAS.

b. AIRSPEED.

c. AOA.

d. AY.

e. TEMPERATURE.

f. YAWRATE.

g. ALTITUDE.

Step''U. determine YAWRATE is positive or negative.

Step 5- if TEMPERATURE > 1215°C for 3 second , BIGMOUTH
speak 'LEFT OR RIGHT ENG OFF1.

Step 6. if AOA < -10° and AY > .lg, BIGMOUTH speak '
STICK HALF AFT AND HOLD'.
then if AOA>0 for 5 second, BIGMOUTH speak '
RECOVERY COMPLETE1.

Step 7. if warning flag = true
then begin if YAWRATE < kQ°/sec for 2 seconds,

BIGMOUTH speak 'CENTER CONTROLS',
if YAWRATE < 30°/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 NEW CASE

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 jjort interrupt flag.

11. Function GET-DISCRETE: integer

This function get the value of discrete from parallel

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.
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Step 1. convert variable name to channel number.

Step 2. get ADC value from the according channel.

13. Function ADC

The function ADC will return the ADC value from the

specified channel.

Step 1. set address of base, control register, MSB
and LSB.

Step 2. load control register to sleet channel number.

Step 3- initial conversion.

Step k. wait until ready.

Step 5. move MSB to data register #0.

Step 6. shift data register #0 left 8 bit.

Step 7- move LSB to data register #0 .

Step 8. arithmetic shift data register #0 right k bit to
get 2's implement value.

Step 9. store data register #0 to functional value
return address.

Step 10. return.

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

Step 2. 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- Function 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 BUF1 or BUFO. The next

stepis to find out if the buffer-full flag of either UUFO or

BUF1 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-to'uf fer ready to speak.

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

Step 3- dump to output buffer.

Step ^. mark output buffer full.

Step 5. reset the buffer-full flag of the sentence buffer.

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 SC01 for pitch control.

The next two digits will be used as frequency control for the

SC01 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 BUF1 then load buffer #1 and if it is pointing to buffer #0

then load buffer #0.

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 BUFO to register A2, goto
step 6.

Step i>- load base address of BUF1 to register A2.

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

Step T. 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.

2k. 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 k. 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 SC01,

the SC01 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,
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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 SC01, 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 TOP20 system. Next, all

the assembly and pascal routines were transferred to IBM U3U1

system by operator of the USC Engineering Computer Lab. The

purpose of transferring our software from TOP20 to IBM U3U1

system was to sue the MC68000 support software package on IBM

system to get 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 &C68000 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 bs selectively included. The package provides libraries

for floating point operations as well as for runtime routines

for three popular MC68000 based configurations including versa-

raodule, 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 li3Ul 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

internediate pcode file. The second stage, phase 2L, processes

this intermediate code and produces a relocatable and position

independent object code module.

c. M68000 Cross Macro Assembler

It processes 68000 assembly language 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 't>3?ed CP/M microcomputer)

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

A. MC68000 System:

The MC68000 nonoboard system with the PTM has the

following capability: (1) Vector Interrupt Handler. (2)

Programmable Timer module which enables the real time

interrupt and adjustable pitch control for SC01 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 M68MML5A 16 channel high-level A/D module.

The 68000 processor also gets the discrete signals fromthe #2

parallel port without handshaking.

C. Output Interface

Phoneme and pitch codes (two bytes) are transfered from

the 68000 system to the SC01 Voice Synthesizer utilizing the

l6bit 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 l£2kh receives the
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phoneme code from lower byte of parallel port #1. These phoneme

lines will be pulled up by a U.7K resistor array, then sent to

the CMOS SC01 device and to the displays. A strobe signal from

pin P1CA2 of the parallel port interface v/ill initiate the voice

conversion. After the phoneme has completed, the SC01 will

request the next phoneme code via PlCAl vector interrupt request.

MC68000 system also provide a 2Mhz clock from PTM #3 output line

to the 7k97 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 LS37ii D-type transparent

latches. Two tSB bits are sent to the SC01 i'or direct pitch

control. The LSB 6 bits sent to the Binary Rate Multiplier will

be able to adjust the SC01 input clock rate from 30K hz up to 2M

hz which will provide a minor adjustment of pitch control. An

amplifier LM386 will provide audio amplification 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, sv/itches 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

68COO and'the external hardware board. This routine sent the

word "unload" continuously to the SC01 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

object code.

We were able to get the small test routine to get the system

to speak "unload" for a short tine, but then the SC01 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

v;ith sensors providing the ADC inputs.

t. *.' -'..'•'.» '<<.»! v;



A Division of Federal Screw Works
500 Stephenson Highway

Troy, Michigan 48084

SC-01 SPEECH SYNTHESIZER

DATA SHEET

Votrax* CMOS Phoneme Speech Synthesizer

GENERAL DESCRIPTION

The SC-01 Speech Synthesizer is a completely self-contained
solid state device. This single chip phonetically synthesizes
continuous speech, of unlimited vocabulary, from low data
rate inputs. Figure 1.

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

The SC-01 Speech Synthesizer is 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
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Single CMOS chip
70 bits per second
22 pin package
9 ma. current drain
Wide voltage supply range
Latched 5V. compatible inputs
Digital pitch level inputs
Automatic inflection
On-chip master clock circuit
Optional external master clock
Variety of voice effects
Sound effects
Customer product security

The design of the equipment specified 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 time, or change specifications or design without notice and without
obligation.

Copyright Votrax® 1980

Jf-,52-
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PHYSICAL! DESCRIPTION PHONEME DESCRIPTION

The SC-OI Speech Synthesi/ei is a 22 pin Large Scale Integrated
Circuit which contains all the circuitry necessity to generate
phonetically synthesized speech. The SC-01 is fabricated usmy
CMOS technology, wmch oilers high input impedance and low
power drain

ELECTRICAL DESCRIPTION

Tin: SC-01 Speech Synthesizer is a program-compatible with
existing Votrax® phoneme synthesizers. It 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
ddia bus applications A phoneme-construction algorithm and
filters, within the chip, create the synthesized audio output.

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

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

PHONEME PROGRAMMING

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

Automatic Operations: Votrax® can supply a micro-computer
system for automatic conversion of English text into phoneme
sequences. This system is particularly useful lot m-house
vocabulary development and pioduct secuuty Contact
Votrax© for further information.
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Figure 3 SC-01 Footprint and Outline Dimensions
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Table 1 Phoneme Chart

ORIGINAL PAGE IS
OF POOR QUALITY

Phoneme
Code

00
01
02
03
04
05
06
07
08
09
0A
08
0C
0O
0E
0F

10
11
12
13
14

1

15 '
16
17
18
19
1A
IB
1C
ID
1E
IF

Phoneme
Symbol

EH3
EH2
EH1

PA0,
DT
A2
Al
ZH
AH2
13
12
11
M
N
B
V
CM*
SH
Z
AW1
NG
AH1

001
00,
L ,
K
J*
H
G
F
D
S

Duration
(rm)

59
71

121
47
47
71

103
90
71
55
80

121
103
80
71
71
71

121
71

146
121
146
103
185
103
80
47
71
71

103
55
90

Example
Word

jacket
enlist
heavy
no sound
butter
made
made
azure
honest
inhibit
inhibit
inhibit
mat
sun
bag
van
chip
shop
200

lawful
thing
father
looking
book
land
trick
judge
hello
get
fast
paid
pass

/T/ must precede /CH/ to produce CH sound.

/D/ must precede /Jl to produce J sound.

Phoneme
Code,

20 i

21 {

22 !
23 4
24 5

2 5 )
26 }
27 |

28 '
29 ;
2A
2B
2C
2D
2E
2F
30
31
32

33
34
35
36
37
38
39
3A
3B
3C
3D
3E
3F

Phoneme Duration
Symbol (mil

A
AY
Y1

UH3
AH
P

• 0
1

U
Y
T
R

E
.W
AE '
AET* '• -
AW2
UH2
UH1
UH
02
01
IU
U1
THV
TH
ER
EH
El
AW
PA1
STOP

185
65
80
47

250
103

185
185
185
103
71
90

185

80 r..~,
185, '."^'

"iOs" ''*'
90
71

103
185
80

121
59
90
80
71

146
185
121
250
185
47

Example
Word

day
day

yard
mission

mop
past
cold
pin
move
any
tap
red
meet
win
dad
after
salty
about
uncle
cup
for
aboard
you
you
the
thin
bird
get
be
call
no sound
no sound

Table 2. Phoneme Categories According to Production Features

Voiced

E
El
Y
Y1
1
11
12
13

EH
EH1
EH2
EH3
A
Al
A2
AY

AE '
AE1
AH
AH1
AH2
AW
AW1
AW2

UH
UH1
UH2
UH3
O
01
02
00

OO1
R
ER
L
IU
U
U1
W

•Voiced* 'Voiced*
Fricat. Stop

Z B
ZH D
J G
V
THV

Fricative ^^

Stop

T S
DT SH
K CH
P TH

F
H

No
Nasal Sound

M PA0
N PA1
NG STOP

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)
ORIGINAL PAGE IS
OF ffOQR QUALITY NOTE

Phoneme 6-Bit Selection Code (PC-PS): Data input is to six
pins. Latching is controlled by the strobe (STB) signal.

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

Inflection Level Setting (11.12) Instdntaneously sets pitch level

of voiced phonemes

Acknowledge/Request (A/R): Acknowledges receipt of

phoneme data (signal goes from high to low one master clock

cycle following active edge of STB signal). Also indicates

timing out of old phoneme concurrent with request for new
I >h one me data (signal goes trom low to high)

NOTE

If external phoneme timing is desired, phoneme

requests can be ignored. However, best speech is
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.

Varying clock frequency varies voice and sound

effects. As dock frequency decreases, audio
frequency decreases and phoneme timing
lengthens. Figures 6 and 7 illustrate manual and
OAC (Digital to Analog Converter) voice variation

schematics, respectively.

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

dock signal.

NOTE

Ground MCRC during MCX operation.

Audio Output (AO): Supplies analog signal to audio output
> ,"•%>"'' 1 -IH*', ' « - « K U

"' TP ! W S-01 1C
Audio Feedback (AF): Used with Class A or Class B transistor

audio amplifiers for added stability.

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

amplifier.

Table 3. Timing Specifications

CHARACTERISTIC

Input Setup Time (P, to STB)

Input Hold Time (P, to STB)

Rise Time of STB Edge (.8V to 4V)

A/R Width (A/R Connected to STB) *

STB Width

STB Low*

Propagation Delay (STB toA/R alter TARW'

A/R Rise Time (Capacitive load = 30pf)

A/R Fall Time (Capacitive load = 3Cpf)

Time from A/R Request to STB Service)

Time of Phoneme Duration *

SYMBOL

Ts

TH

TRS

TARW

TSW

TSL

TDAR

TRAR

TFAR

TARS

TPH

MIN TYP MAX

450

0

100

1 1.3 2

299

•

500

199

100

0 , 500

47 107 250

UNIT

NS

NS

NS

MS

NS

NS

NS

NS

NS

H*

MS

* Dependent on Master Clock frequency 720kHz

' Strobe must remain low (72x Master Clock Period) before rising edge

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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VALID

srnoaE

VALID

INVALID

ARW

FAS
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Figure 4. Timing Diagram

n 12

A/R CONNECTED TO STPOSE

TP1 TP2 TP3 XC

Figure 5. SC-01 Block Diagram

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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MCAC

MCX

SC-01

T

Figure 6. Variable Voice by Potentiometer Control

VP
OAC SC-01

DO-On
Ve

"DAC T
MCRC
MCX

NOTE

(I Data at address 0 must be a pause phoneme code.

Multiple Message, Fixed Block Size: See Figure 9. Message
address block is loaded into the counter. The message is then
clocked out of the ROM by the A/R signal.

NOTE

Message Block = 2" maximum.

Multiple Message, Variable Block Size: See Figure 10. The
microprocessor loads phonemes into a data bus. The A/R
signal generates an interrupt request for each new phoneme.

CONNECTING THE AUDIO OUTPUT DEVICE

Audio Output: The AO signal has a maximum peak to peak volt
age swing of .26 times Vp. depending upon the phoneme se-
lected, and the AO signal is D.C biased

Figure 7. Variable Voice by DAC Current Injection

TYPICAL APPLICATIONS

General: The SC-01 Speech Synthesizer is easily designed into
systems ranging in complexity from hOM/counters to
microprocessor controllers.

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

Class A Amplifier: See Figure 11 For a single tr<jrisistor
amplifier, the selection of R. C, or R$ values depends upon the
value of Vp and the desired audio level.

COUNTER ROM

START RSI

OO-On

CLK

DONE <-
OR

- 01 ul

AUDIO
ANALOG
OUTPXTT

Figure 8. Single Message System

reserves the right to alter its product lint at any time, or change specifications or design without notice and without
obligation
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Vp.

MESSAGE x
COMPLETE "v

r^

^

START! NO f.
BLOCK . >
ADDRESS "̂

,.

M-Jm - 1

Lt

OO-Qn-l

, . e
Load
CC**

'
a

MS

QB-QM
E

Laid rm

^ „
f

^

^

P^

^v

MOM

QO-Qm s

C-

i 01 T
i . — i1 ul - '

) • wv
1

-r-.
-vx

N.x'

-*
N

soot

MCRC

12

. .„ ca

?

i_
<>

ic

-vv.s AUDIO

'-yx^ OUTPUT

Figure 9. Multiple Message, Fixed Block

Class B Amplifier: See Figure 12. A current source (CB) is
required for this push-pull amplifier.

NOTE

Minimum power is consumed when speech is
inactive. When Vp = H2.0 volts and R$ = 48
ohms, the bias current dram is approximately 3.5
milhamps.

Controlling Audio Output Power: See Figure 13. A resistor or
potentiometer from the speaker to ground can be used to
control the audio output power.

MICROMOCEUOfl
»r«TEM CLOCK

DATA
BUS

(SELECT • WRITE)

INTERRUPT
REQUEST

SC-01

I"! LATCH
; ^̂

MCX

MCAC

II

II

Af
3T8 AO
A/R CB

AUOIO
OUTWJT

F i jure 10. Multiple Message, Vuridble Block Sue

SC-01 SC-01 3C-01

Figure 11. Class A Amplifier

1 ̂

Figure 12. Class B Amplifier*

—I COMMOM
AUDIO
AMPLIFICATION
SYSTEM

Figure 13. Controlling Audio Output Power

"For Class B Amplifier: (B) x (Rs min.) = 81.6 x (Vp) where p is beta or current gain of transistor. The AO line is protected by an
internal series current limiting resistor of 90 ohms maximum. If more current is required of the SC-01, then the above formula
indicates distortion will occur.

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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OF P6'OR-r0CJAl!|tY Table 4. Analog Output Specifications

CHARACTERISTIC

Output Voltage (AH Phoneme)

Output Bias Current " " (.6V< CB< Vp)

MIN

.18 x Vp

3.5

MAX

.26 x Vp

7.3

UNIT

Vp-p

mA

ELECTRICAL CHARACTERISTICS: TO = 0 to 70°C. Vp = 7 to 14 VDC

CHARACTERISTIC

Digital Input Impedance

Input Capacitance (P(,STB)

Input Capacitance (11. 12. MCX)

Digital Input Logic "0" (except 11, 12. MCX)

Digital Input Logic "0" (MCX)

Digital Input Logic "9" (11. 12)

Digital Input Logic "1" (except 11. 12, MCX)

Digital Input Logic "1" (11. 12)

Digital Input Logic "1" (MCX)

Digital Output Logic "0" (I sink - 0.8mA)

Digital Output Logic "1" (1 source = 0.5mA)

Power Supply Current Vp - 9V

Vp = 9V"

Vp= 14V"

'Master Clock Frequency

MCX Input Duty Cycle

Master Clock Resistor Value (MCRC)'"

Master Clock Capacitor Value (MCRC)'"

MIN TYP MAX UNIT

1 meg Ohm

3 pf

8 pf

VG - 0.5 VG - 0 B VDC

vG ' i 0 voc

2 x vp VDC

VG + 4 0 Vp • 0 5 VDC

.8 x Vp VDC

4.6 VDC

VG+0.5 VDC

Vp-0.5 VDC

9.1 mA

11 18 mA

18 27 mA

720K Hz

60.40 40:60 %

6.5k Ohm

300 P'

'Vjrijbte

' 'With CB. AF, AO connected for Class B audio amplifier (see APPLICATION NOTES)

'Frequency of Master Clock ~-1.7f»/ RC

Note 7P1, TP2 muM be lefl open foi normal operation.

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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Table B. Absolute Maximum Ratings
ORIGINAL PAGE: JB
OF POOR QUALITY

ABSOLUTE MAXIMUM RATINGS

RATING

Power Supply Voltage

Power Dissipation at 25° C

Derating Above 25°C

Operating Ambient Temperature

Storage Temperature

Input Voltage

DC Current Max. Above VpHj.BV

Lead Temperature (soldering 10 sec.)

SYMBOL j VALUE

Vp \ 20

POM \ 650
I

\
T0 j 0 to 70

TSTG I --55 to 125

V,NM -0.5 to Vp+0 5

'iNM } a

TL 300

UNIT

mW

mW-c

"c

'c

VDC

ma

'C

* Operation above these limits could damage the device. }
i

NORMAL OPERATING CONDITIONS: 7v ^ Vp -$ 14v, 0"C $ T0 $ 70°C;
l

I

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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FILE: TESTV5 ASM VM/SP CONVERSATIONAL MONITOR SYSTEM

***•*********#******#***************************************#********
*
*
** PROGRAM TEST1
*
*
********************************************************************
* THE PROGRAM TEST1 OUTPUT A SENTENCE "UNLOAD" TO SC01
* WITHOUT USING INTERRUPT AND TIMMER.

PHNPOT
PITPOT
PHNCTR
PITCTR
LATCH

SECTION

EQU
EOU
EQU
EQTI
E0U

JF70021 PORT f! LOWER BYTE

SP70025
SF70024
flPF

PORT
PORT #1
PORT #1

UPPER BYTE
LOWER BYTE CONTROL REGISTER
UPPER BYTE CONTROL REGISTER

START MOVE.D
MOVE.B
MOVE.B
MOVE.B

TABLE2,PITPOT
30,PITCTR
flLATCH.PITCTR
fO,PITCTR

SEND OUT PITCH CODE

SEND OUT LATCH SIGNAL

LOOP
COUNT

S P E A K

EXIT
T A B L E 1

T A B L E 2
T A B L E 3

CLR.L
C L R . L
C L R . L
M O V E A . T ,
M O V E i V . L
BR A . S
M O V E
S U B Q
P N E . S
SUBQ
BN13.S
M O V E o B
M O V E . B
M O V E . B
M O V E . B
M O V E . B
CMPI . B
BEO. S
A D D Q
B R A
B R A
DC
DC
DC
DC
DC
DC.L

DO
D1
D?
K T A B L E 1 , A 2
STABLE!, A 4
S P E A K
#570. D2
f 1 . D 2
COUNT
ttl.DI
LOOP
O f A 2 , D O ) . P H N P O T
#0. P H N C T R
# L A T C H , P H N C T R
#0, P H N C T R
0 ( A U , D O ) , D 1
# '? ' ,0 ( A 2 , D O )
EXIT
# 1 , D O
LOOP
START
« ? M X 5 7 «
1 1 E
' ? *
^5B
103
71

SET BASE ADDRESS 0^ TABI.E1
SET BASE ADDRESS OF TABLE2

SET INSIDE LOOP COUNT
INERT LOOP BODY
KEEP LOOPING

ORIGINAL PAGE IS
OF POOR QUALITY

FILE: TESTV5 ASM VM/SP CONVERSATIONAL MONITOR SYSTEM

DC.L
DC
DC.B
DC
DC.B
END

103
121
90
55
127
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FILE: EQU2 PASCAL A1 VM/St? CONVERSATIONAL MONITOR SYSTEM

PROGRAM MCH ;
FUNCTION MI fPTI,PSI : RfcAL):REAL;
CONST A,B,C,D,E,F,G;
VAR X: REAL ;
BEGIN

X:= PTI/PSI :
IF X <= 1.893 THEN

MI := SQRT(5.0)*SQRT(((PTI/PSI)** (2/7)) -1)
ELSE

MI := ((A*X-B*X-C*X*X-D*(X**3) -E* (X**4) -F* (X**5) -G*(X**6) -G* (X**9) )/X) ;
END:
BEGIN
END.

FILE: EQU3 PASCAL A1 VM/SP CONVERSATIONAL MONITOR SYSTEM

subPROGRAM STATPR ;
FUNCTION FPSINF (PTI,HI:rEAL):REAL;
VAH A:REAL;

begin
A : = 1.0/(7.0*MI*MI) ;
IF MI <= 1.0 THEN

FPSINF := PTI/exp(3.5*ln(1+0.2*MI*MI))
ELSE!
FPSINF := PTI*A*exp (2.5* ln(1-A))/0.1839371

END.

FILE: EQU5 PASCAL A1 VM/SP CONVERSATIONAL MONITOR SYSTEM

subPROGRAM QUCC :
F U N C T I O N FQCC ( P T I , P S I N F : R E A L ) : R E A L ;
BEGIN
FQCC:= PTI-PSINF;
END.
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FILE: EQU6 PASCAL A1 VM/SP CONVERSATIONAL MONITOB SYSTEM

subPROGRAH KNOTS:
FUNCTION FKEAS (&INF, PSI NF: REAL) : REAL;
BEGIN
FKEAS := HINF*661 .U8*SQRT (PSINF/2 116. 22)
END.

FILE: EQU7 PASCAL A1 CONVERSATIONAL MONITOR SYSTEM

subPROGRAM CALSPEED;
FUNCTION FKCAS (QCC:HEAL):REAL;
BEGIN
FKCAS := 1479. 1 *SQRT (exp (0.28571 *ln (UQCC/2116. 22) )-
END.

FILE: EQU8 PASCAL A1 VM/SP CONVERSATIONAL MONITOR SYSTEM

subPROGRAM GEO:
FUNCTION FHP (PSINF, PSI: REAL) :REAL;
ViVR A,R:REAL;
BEGIN

B*=PSINF/2116 22"
IF R > 0.223361 THEN FHP : = 1 U54 42* (exp (0. 1902 632365*ln (r) )- 1)
ELSE IF R > 0.0540328 THEN FHP: = 16U219-20805*LN (PSI)

ELSE BEGIN
A : = exp (0.01 463563358*ln (0.0540328/R)) :
IF R > 0.00856663 THEN FHP:=710794*A*A-645177

FLSE DEGTN
A: = exp (0.04097977*ln(0.00856663/B) ) ;
FHP : = 81660. 7*A*A- 16 2928. 8;

END
END;

END.



FILE: ADSTIM ASH VM/SP CONVERSATIONAL MONITOR SYS

*
*
#
*
*
*
*
*

ADSTIM ASM
WRITTEN BY
PURPOSE

*
FADI KUBDAHI AND CARPO SOSA *
THESE ROUITNES ARE USED TO HEASURE THE EXECUTION TIME*
OF EQUATIONS IMPLEMENTED IN ADS. THE TIMMING IS DONE*
IN THE FOLLOWING MANNER: *
SETIHE : J* INITIALIZE. LOAD AND START TIBER *) *
EQU#; (* INVORE OPERATION TO flE TIMED *) *
COUNT := READTIH : (* STOP TIBER. READ COUNTER *) *

'

* ROUTINE SETIHE *
* PURPOSE ; INITIALIZE AND START TIMER *3 OF THE MONOBOARD'S PTH *
* FORMAT : USED AS A PASCAL PROCEDURE DECALRED AS: *
* PROCEDURE SETIME ; *
* METHOD S TIMER MODE IS CONTINOUS WITH AN INPUT OF 2 MHZ. *
* TIMER COUNTER IS LOADED WITH ITS MAXIMUM VALUE {FFFF) *

'

MSBBUF
LSBBUF
T3LTCH
T2LTCH
T3CONT
CNTBL3
CNTHL2
CNTRL1
T3MODE
T2MODE

SETIME

XDEF
SECTION
EQD
HOVE.L
HOVE.B
MOVEoB
MOVE.B
MOVE.B
MOVE.B
JMP

F70009
F7000F
F7000F
F7000B
F7000D
F70001
SF70003
SF70001
80

$AO

MSB BUFFER REGISTER (WRITE ADDRESS)
LSB BUFFER REGISTER (READ ADDRESS)
WHITE TIMER « 3 LATCHES
WRITE TIMER f 2 LATCHES
BEAD TIMER f 3 COUNTER
WHITE CONTROL BEGISTER # 3(CR20=0)
WRITE CONTROL REGISTER # 2
WRITE CONTROL REGISTER # 1(CR20=1)
CONTINUOUS MODE CODE
SINGLE SHOT HODE CODE

SETIHE
9
*
<A7),A4
*T3MODE.CHTBL3
*1,CNTRL2
#0,CNTRL1
t$FF,MSBBUF
#$FF,T3LTCH
(A4)

ROUTINE READTIH
PURPOSE : READ THE CONTENTS OF THE COUNTER OF TIMER
FORMAT : USED AS A PASCAL FUNCTION DECLARED AS:

FUNCTION READTIME : INTEGER :
OUTPUT : READTIfl : CONTENTS OF THE COUNTER.

#3
*
*
*
*

L1

BEADTIM

EQU

XDEF
SECTION
EQU
MOVE. L
LINK
MOVE.L

READTIM
9

A6,12(A5) ORIGINAL PAGE SS
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FILE: ADSTIM ASM VH/SP CONVERSATIONAL MONITOR SYS'

CLB.L
MOVE.B
LSL
MOVE.B
MOVE.L
UNLK
HOVE.L
BTS
END

D1
T3CONT,D1
#8,D1
LSBBUF.D1

AD
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Communication between COMPUTER.". (€E-560L) and USC-ECL Ctngr. Computer Lab)

I.- Network Description:

rhy C O M P U T C R M system con bo connected to tnr^o different systems of the

iJbffCL network. This connection rillou a COMPuTERM user to work interactively

j; i Ih t; t L, o nil 1 r «in s f or f 11 w s to C 0M ?U TL: RM .

Tne COrtPuTcR,M nai on.- of its IMfif''; connected to a 300 ops modem that

links this micro computer tc -the U^C-ECL Micora port selector. This selector

routes connection to one? of th£ nine syst&mis available at this natwork.

Currentiyx t!i« icib has accss1* to the following systems:

•* CCL>* : POP/ID computer runniny under TOPS/20 operating system.

It ha* tao account-s available for lab use:

account: sosc, pfissuorcl: sisk instructor

accouni: kurdcihj. pass.'Jord: ask instructor

* GUMBY : POP/10 computer running under TOPS/20 operating system,

account: iiiiyth password: pES60L

VIRGIL : I3K 370 series 4341 running under CMS operating system,

ciccount: sroyth password: EE560

Th,» rolloajing diaiiraii) describes tho interconnection between tha iab and

UiC-cCL:
**********
* ECLA *
* POP/10 *
**********

A *********** ********* ************
* A * telephone * Micom *-•*• ************

t uOMPJTzK/-! * <.-> * mocls.n * < = // iane //=> * Port * * VIRGIL *
* * * * * selector *-+ * IBM/43^1 *
************* ********* ************ ************

** *** *****
i * GUMBY *

* POP/10 *
**********

D-i
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. il,- CPM communication utilities:

* TALK : Program tJlk.codi. Al io^ interact ivo communication with any

of the tCL-sy s xerr.s mentioned above.

* TCPCPM : Program topcpro.com. Allots text fila transfer from 5CLA or

•JUM3Y (TOPS/20) to COMPUTERM.

* CMSCPM : Program c.usopnucom. Alloa-s filo transfer from

V I R G I L (CMS) to COMP'JTcRM. rile tranifcr is limited to S-recorcl

raltfi only. S-record it a filo fcrmst created by Motorola and

used to allow -aeisy in ter-co;nputer transportation of object code

for th-3ir mic.roproca>sors.

III.- HO'JJ to establish connection:

1.- !ioyt COMPUTERM systc.i) and turn on modem on eiuto-an souer mods.

1.- Oisl to 5CL: 7^3-5030 or 743-7646. If you are on campus omit dialing

tho prafix 743.

o.- Invoke ths program TALK.COM/1 as soon «,s tho carrier is detected by

th-3 modem:

--' A > T A L K

4.- Wait for fivo secondi and then hit <CR>« The follotuing message will

!j c p r o MI p t c d : p»«*&

JSC-cCL Micom pert selector.
Which - y a t i n: ?

5«- At thij point/ you should select your system typing ISMr GUM8Y
bM

or ECLA. 3

6.- System identificiritzon luill be promptsd indicating that you can nou/

logon to inc account. The ECL-TJPS/20 and £CL-I5M/CMS manuals provide

o description of the main commands available in those operating

system:..

7.- ftt any point you can o^ back to CPM by typing control-tilde (ctrl-~).

Thli ujj.ll not disconnect you fro-n £CL« Communication can be

re«stublished by invoking TALK.COM.



3. - ivh j n y o -j j r o c/ o n .«/ l o g o f f / r o t u r n to C ?M ( ctr I -") and turn moclom o f f .

IV.- f-i l-j x r ! \n5 fs r to C O M P U T c R M :

R e f e r to the documents :

* Communicat ion uetuiean C O M P U T E R M and IBM 370/4341 (tCL-VIRGIL).

* Communica t ion o e L a i o e n C O t f P U T E R M c.nd P O P / 1 0 ( E C L A or G U M 6 Y ) .
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Communication DOttu^cn CCMP'JTrRM and:I3M 370/4741 ( f-ICL-VIRGIL) :

* This process rjquirec two or oc.raiirj : TALK. COM and CKSCPM. COM

* Tc iat the connection between the tu<o systems follow the

5 t e p a :

1." Pluc cincl turn modem on and dial 5030 or 7646.

2 . - On CPM: e x e c u t e T A L K . COM

this mill cause a virtual attachment of your terminal

to Ihii MICCM port selector. When you select ISK and

you are ssUsc! about your terminal type/ you should

answer OM13ZO. If you uiant to return'tc CPMx type

ctrl-". This jwi-i-lr -not Ip.gjyau off nor detach you from

the sy stem. C.ommunica ti'cn""!can bs set again by

repeating 5 1 a p 2.

i'.- When you ar3 clon^x log off Trcni VIRGIL and rsturn to

CPr'l using c t r 1 - ~ . Unplug t. ha modem.

Flic transfer is liniilacl only to on a dirsction/ VIRGIL - > COMPUTERM

?,nc! can only b'3 used with S-formdt record files with less than

-V 8 K ;j y 1. * i . T h ? * x 'j p 'i t h a t must be followed •?. r 3 :

1 , - >e t co/iimun ic a t ion betiu-.san th*? tu;o systom using the

f> r o c a d u r -3 describe;! above.

2.- ',,'hen >ou are raacly to transfer the filar return to CPM

and sxecute TOPCPM.COM:

A>TOPC?M XX cl3stinc!ticn_file_in_CPM

*>TOPCPM XX 3:TEST.03J

This will reconnc-c t th'3 tiuo systems in the same may as

TALK. COM does. If by some r?ason you have to return to

CPM before step 3x do it in the usual manner (ctrl-">.

3.- On CMS: type the C L E A R key and execute the EXEC file

CMSCPM EXEC:

ORIGINAL PAGE IS
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CMSCPM iOurC'?_filen3r,ia_in_CMS

CMSCPM T-^ST i

the rile sxtan^ion C3JCT is assuniecl/ ie^ TEST stands for

T c 3 T 0 ft J C T. The file mill b 2 typed to the scraen as it

g a t s copied. The process is slow b e c ? u s e e v o r y time

that ths screan Is filled/ VIRGIL waits 40 saconds before

continuing the transfer. At ths end a message mill

to a d i £ o 1 -i y s cl and control ui i 1 i bo passed to C P M. If

you notice that lha program shows abnormal behavior

or you ujr.nt to abort it/ you should

prosi the- RES£T button in the COMPUTERS box. Than reboot

CPK cine! uss TALK.COM to retry or logoff.

4.- Us-3 TALK.COM to continue or to logoff from VIRGIL.

5.- If your CMS file exceeds 43K bytes. You should split

your fil£ in a number of files with a permissible size

for tr^n^fiir. To reconstruct the file on C.3M usa the

PIP.COM utility:

A>PIP 3is_File = Small_Fil<?_1,...,SmsllFile-.n

A>PJP A:TciT.03J=3:TGSTl.03J/TEST2.03J/A:TEST3.05J

ORIGINAL PAGE IS
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001
00?
OD3
C0*
005
OOS
007
C3R
003
013
011
012
013o i <
015
01S
017

3
Of
33
33
00
33
33
03
33
33
33
33
03

33
OO
03

3 I M 3 D J r ( I OUTPUT) .

01?03
0?03D
02133
02233
02333
02*33
02530
0?i3D
02703
0?333
02533
03303
05133
03203
03333
03*33

03533
03703
03303
C3333
0*003
0*103
0*233
0*303
0 * * 0 3
0*533
0*S03
0*703
0*533
0*900
05333
05103
05203
05533

05500
05533
05709
05300
05903
06000
0&13D
OS203

C 3 M 3 F

: )M>n =1.:;
: ) IST? = 1 5 . 7 5 ;
GM\/ = 10. i;
/ : _ 3 : i 7 Y = 2 ) 3 . 3 ;
T(/- : .5: iTY = > 3 0 . 0
: 3 v j > T * = i.o;
: 3 M s T 5 = ? ,D;
MUI = o . *3 ;T V U 2 = 0 . 2 5 5
rVJ5 = 0 . 5 3 ;
T - I \ | A . = ?3.3 i
PHI LI* = 13.3 J
\l = 5?:»*3 = 57.3 ;
G J I 3 3 M = 1.0 J
: \PLAMBD; = *.D ;

XT i YT « Xri , fH
D i L T A K H , 3!! .T;fH

X O T Y3T . X3H , YDH , O I L T A X T f
, 3 . 3 3 I 9 M 4 ! R E A L ;

.•: \UM:S sr TO THi TARGET *)
« TPHI * TPHID : OIIL ;r ; 3 3 i TL i i3 * » i . ^ 4 - j x j » JJ - . L « ij;.r >5i t .T^sp , r»3 iJD tTFsi: : ? I \L ;

i»*S»L: t3K7I i i 3 x 5 j j r I f t D E . T D t 3 H t »=HID. PS If PSIO» PSIDO»T: REAL;
II, .133 0- R-fiU
:i. ,l3fl., 21 Gr R E A L ?

or : iP.^Y ci ,.i 01 )F REAL ;
rr . . s s ^ f : i . , lO»l, .23 )r ^ £ A . ' ;

•p Q

o
c
>

M I V J T I
<» J»K :
o:. r A r
?si:PSIT

HT-I3:
I N T E - , : ^ ;

R i a.; m

« « f A l !

D

"

T := 3.3;
.: it 3 K 3 : = 3 , 3 ;

:= 3 .3
3-1 LTD

T ' S I D
P ^ I M T I
L: ox
T. : A D <
O-:LT

= D . 3 |

: " 0 . 3 ;
= 0.3
= 0,0
:= 3.
=o , : ;= 0.0
:= 3?
= 0.0
:= o.
= 3,3

3



06303
CS>3)
ODDOO
cssm

07333
C7133
07U5omo
C7115
0733)
0 7 4 0 0
0 3 3 ) 3
O B 1 3 3
o??o:
U C 3 3 3
C M O O
0 3 5 0 0
0 9 7 0 3
03*0?
0 3 9 0 3
09333
09133
0 9 2 3 )
0 9 5 3 3
0 3 < » C O
09533

09700
09*33
0990D
10000
13133
10303
10300
10*03
10500
1 3 S 3 3
10700
10300
13333
11000
11133
ll>3)
11303
11*33
11503
11500
11703
11303
11?03
12000
1?103
12>3)
12300
12*33
12*05
12*13,
125331

r ^r T •— n f\ *J ^ - 1 • - U »U i
»•»! : r 0 . 3 :

I:"11, • = . °»" ! •..
3 § i r H : = * 2 7 3 l } ':U3;3s: : = 9C.V: *i 3;
S I 3 * t 3 := 3.3 ; ( ' -IM 0- 5 1 3 - i r
xr := 2 D 0 3 . 3 5
Y r : = 5 C Q O . O ?4: J5
31 »H

jt j • • n p •

Y H : = o l o ; ( » [ M I T I H L P O S I F I D ^ 3 r T ^ E H O S T I S O t O

C' i : 3 < p j r A : i ) \ i ) r HE: t w i r i v . . r \ i : 3 r S I G H T o

tr : • •__ s i H j L / J T i c ' j ;\i3 S J I D A J C E : LOOP j
Wll . i : (T <= r F I \ l f i . ) DC

X O T
Y O T

Y O H

= vr 3 0
5s

:= 53U ( S O ^ O f j T - O ^ - 3 Q ^ : ' Y 3 T - Y 3 H ) ) ;

W \ \ • V l *
= ( 1 . 3 • I C T V E L : : i r Y - 2 3 ? ( ( . ) ) M V L L O C I T Y * C O S C : : T A ) ) » ;

s : r rn: 3 i R i v \
:= 3 s r : - : :Hsr

. r ^ D K O : = C ' s « c )
niLT^:: r- : i : ) < ••
3 H i i D ":= 5 : C r > c : > y §
r » H i o := r 31.T * ci

»)

J1S

<*

r r
13 > 0, 0 )

.
P H I L I H ) := 0 .0?

' . > H J \ I T LI i rr rn: T;*GIT Ai F ( T 3 H i 3 ^ r 3n: > 3. o) \v> i
3SIDD := ( <3*t///-:L3CITY) »rpsi33 := «;p;.v/rv-:L3cirY

> PHX- .ZN) TH^M TPHI3 :=0 .3 ;



ĉ

12 7 3 j
12^33
1P933

13D05
13?33
13303

13*35
13S03
13733

13903

1*133

1*503

1*533
14S33
1*703
1*333
1*903
150B3
15133
15203
15333
15*33
155-OD

15703
15303
15933
1SOOO
15133
15203
1S303
15*33
1S533
16503
15733
16333
16903
17D33
17133
17203
17333
17*00
17503
17531
17700
17333
17933
18003
13133
13203
13303
13*33
19503
13513
13523
1353)

D

<
r

r . '&XT =

f
T

T Ay f r
-
-

TI/ :_f
X
r

y
3
3

D I . T A X H = V:
D

f

r iTAYr t =

H
Gft5

Ŝ

t
I
ri

I
r
r
ri
r
I

r
r
r
r
rr
r
r
rr
r
r

1

r̂°

I

»
C
I
L
r
c
i
c
r
ici
c
r
c
r
*
i"

i
c
r

5

*1j

i
r
1
r
2

?
"
3
r

3
r

£

C

c
5

5
-

^

MM
'•147
£1 5
pa 3

A S S
,13
1,1

1,2

2,1
t23
2,2
,13
3,1
,23
3,2
,13
4, 1
,23
4,2
,13
5,1
,23
5,2
iy
CCJ
OTC

r
r
r
~

M* :
:

I 3M
• —

3 *
••

3^

3]

^
;

]
*

1
•

T

J

3
j•̂
*

T

:

v
X
r
f.
i,

-
™

0

r
"f
* r
~T

3E
r)~

~
3
)

^
V̂
t

\

V
_

3
'w

~
t"
T
L3
L3
H
H
:r
cr
P:
M:

o<~ ^
DX
* A

f
J"

?5
= T 3 E .

-

:

-

-

-

-

:= i
3: =
J3 :

T
=H

T
3S

T
»5
r

33
r

3S
r

ri
j ̂
:

r
5

r
3

r>
T

5
r*
i3

3

j
r

5
HI
D
HI
D
SI
D3
sr
;

SI
D
SI

>J

v i
II

r:
o:
4-

4-

ri
CI

*A^
Cx'j
Tl
MS

;
0<
h
D<

^i
T3

t

J

0
j
0>

1
03

,
D

3
]
Ji

T

T
r,

D
T
T
0
L
<
<
N
r

;
D

5

5

?

t

f»
4-

1

TY * 3i .T,!T » :3S
Tr » D:LT,;r * s r \ *
r L T A X T ?
E L T A Y - ;
Y * JT. FAT v C } 5 (
Y <• C ' . T A " * S I4(
L ' L T A K H ',
C L T A Y ^ J
(YH*Y"H ) / i X- i - X D H )
f Y T * Y D r ^ ' t K T ' X S ^ )
( C Y T - Y H ) 'C v r - X H ) )
G1A.OL3Sri^. )<D-:L

?
•
,

»

?

t

I C J , 2 3 ' D " ' - T \ T J
3 * T i iJ»?3o:Lr / \

)?

02
S?

.:IDK := 5:13;
3Hr := DC 33;rp-n := DF 153 ;

:= 3:53;
rp;i

=>* TNT i := =u'4r: *
IF PRIMT: = i :H:N
3i3IM

i;



1390?

1=513319203
19333

x : = i ro vj oo
3 i : 3 I M

^ ' , IT :L*HT, i c x , iw ^ r T : U ( » r c ^ s : r:\n;
J R I T I L V i ;

P R I K F I: = > R I \ r I - 25;- :VD;
r := T «- D - L F A r ;

1953)
19S03

rr\




