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picture of the design and development engineering functions, and
the implementation of these functions to achieve the character-
istics and performance for the visual portion of the AWAVS/VTFS
svstem as required by AWAVS NAVTRAEQUIPCEN Specification 212-102.

The primary purpose of the Visual Design Report is to provide,

12 clearly and concisely as possible, all required design informa-

tion relative to AWAVS visual hardware systems, elements, and
components. Each of the major areas shown in the Master Block
Diagram, are treated separately in the various detail block dia-

grams. Each of the interfaces, e.qg., electrical, mechanical,

and optical, is defined in terms of its function, design features,

and implementation. In this respect, the contents of DID S-0003,
Jdated 6 October 1971, has been used as a guideline in generation
of the material presented herein. An analysis of the design and
development of each AWAVS subsystem has also been included in
this report, however, only to the extent that such analysis dif-
fers from (or has evolved from) the one given in the Design
Analysis Report NAVTRAEQUIPCEN 75-C-0009—A001.\

This report covers the visual portion of the AWAVS,VTFS trainer
only. A separate report (FO02) has been generated to provide
details of the OFT portion.

19. (CONT)

Scene Keying Generator
BIG/WIG
Horizon Generation

zoom Perspective
FLOLS Tracker
FILOLS Image Generator

e
NTIS

200
UNANNV T
JUSTIFICA ! .

i By -
DISTRIGUTICH YA ‘\ZQ‘:‘[SN

t] Dist Avail o7
| UiSt

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

<

g 2 = SinAC

il



PARAGRAPH

SO

— e
o o W e e e oae e T
NN NN NN -0
e e e o .

(V) IOV EN R

oo NN NN

o e . e .
.

w N

.
w N

DWW NN N RO

B v L A

RN S
. o .

Ut W N ke

-

.
. . . . .
N OV D W N

WWWWNNNRNNONNNNDERR SR 2O

WWwwwwwwwwwwwwuwwwwww
. s ¢ e s o e e e e e

w N =

P R e b e o e T B L L e e T e, T = Lo s S S S S

NAVTRAEQUIPCEN 75~C-0009-13

TABLE OF CONTENTS

PAGE
GENERAL ..ttt ecetececsnnscns 0000000000000 00GCOC ees 15
Design Considerations and ASsSumptions e.e.... eees 15
Applicable Specification Paragraph Numbers ...... 16
Design and Test Criteria .......cccece.. 000000000C 16
System Description seieeeeeeeeeecieconccaccansens 16
Target Image SYStem .eeeeeeeeeoanen DO0O000000000GO 17
Background Image System ..... 500000000000 0000D00E 18
Display S7reen ....... 50000000000000000C boocoooocoo JAE
Linkage/Interface ......... 500000 00000000A000000C 19
Visual System Controls and MONitors ............. 20
MASTER BLOCK DIAGRAM AND SYSTEM CHARACTERISTICS.. 21
Target SyStem ...ccicieecersssocsscscsccnsonsscnss 21
Target Image GeneratoOr sececececscess ©0000000000GC 21
FLOLS Simulator «..cceeeeeeenss 500000000008 00C eeees 29
Target Projection System ..... 5000000060000 0000 0 31
Background SySteM ....eeeeceecssssecsccscscenss .. 32
Background Image GeneratoOr eeee-cceecscecacccsss .. 33
Background Projection System ....ceeceeececaccennns 34
Master Timing GeneratOr ....ccecececsssccencsonss 36
AWAYS Visual Display .eeeeeeceessocenssconnanonns 37
Linkage and VTFS Interface .......coeecee. cooocoocC 39
DETAIL BLOCK DIAGRAMS ......ceeeiveinnenn 6000000000 49
Target Image Generator .......cceeeeecencscncacss 40
Model Board Assembly ....eveeececeeeeneneansncans 41
Target Model Illumination .....c..ceeeeeecooncansn 87
Optical Probe SyStem ....ececeeeeeconrasosannsans 98
Target Television Camera System .......ceeeeeecos 130
Gantry System ....cuieceeeereeeecorncecsncaooocncss 154
FLOLS Simulation ...eceeeeeeccseoacscscssosssssns 173
Simulation Method ......ccceveveeeness et eeaaans - 173
FLOLS Image GeneratOr ...eceeceseesososns T 175
FLCLS Projector .v.ueeeeceeeeneon. e e 184
FLOLS Luminance ....... e, ....190
FLOLS ResOolution ..cceeeeecsann ceseses s cevsecene 193
FLOLS Motion and Error AnalysSis .....c.eeeeeeonn. 194
Maintenance Panel Interface .....ceeeeceeeccnnnns 225
Target Projection System ...eeeeceoeeeeesn. ceees 225
Target TV Projector ...... 5000000000000 000000000C 228
Target Projector Optics ........... 6050000060 0000 228
Projected Image Resolution ........ 0000000 OOC ee 2232




F—vq.rwm-s TN ™ rou Sk e

T TR AT R A T e

T T YR

S
NAVTRAEQUIPCEN 75-C-0009-13
T TABLE OF CONTENTS (Contd)
I'ARAGRAPH
3.3.4 Target Projector Gimbal Assembly ....cccceeeecenes
3.3.5 Target Projection Motion and Error Analysis ......
! 3.3.6 Maintenance Panel Interface ......cceveveeecccnnne
i 3.3.7 Target Projector Remote Control Unit .............
3.4 Background Image Generator «...cececeeeoncscncenans
3.4.1 Background Dynamic Analog Raster Computer ........
3.4.2 Seascape GeneratoOr «c.eseecesecscsnassonncnss 5000
3.4.3 Background Special Effects Generator .............
3.4.4 BIG/WIG Maintenance Panel ....ceeeeevncncnccccnnnns
t 3.5 Background Projection System........... coooopoOoOC
3.5.1 Projected Scene Keying Principles «..c..cccieeenn.n
3.5.2 Scene Keying Image Detection Analysis ........ cee
3.5.3 Target Insetting Error Analysis .......ccceeeeenn.
3.5.4 Scene Keyin Tlectronics ........ 5566000000005 000 0
3.5.5 Background Projection Equipment ....ecececeecnen..
3.5.6 Scene Keying Camera Subsystem ......cecceeecen.. 56
3.6 Master Timing .....-.. chseccvesscasrsrsese s ceeruas
3.7 Display System .....cccee. 50000000 5000000000 GC 5o
3.8 VTFS Interface .«:..... 5000000000 00000 cooooocC coooc
4.0 ENVIRONMENTAL SYSTEM DESIGN ¢ccccveecceccccccansnse
4.1 Background Special Effects ......... Sooco0o0oaO0OC coc
‘ 4.1.1 Atmospheric Simulation ...... 50000000000000000000C
4.1.2 Visibility Technigque .............. 00000000 DGC 500
4.1.3 Special Scene Effects cveviveieiiiiineceenaenne. oo c
, 4.1.4 Ceiling RANGES « . ceveercassssacnsocns 5006500500 5600
P 4,1.5 Horizon Generation Technique ...... S0000O0ODOOOOOGC
4.2 Target Visibility Technique .......... 500500003000
4.2.1 Target Scene Component .............. 00000000000 GG
4.2.2 Background Scene Component .............. 9000000 C
4.2.3 Composite Target Display ..... 50 0000000000000 0GC0O0Ga
4.3 Time-of-Day Simulation .......ccceeeeenitecececnnns
5.0 POWER DISTRIBUTION AND I.OAD ANALYSIS ...cecccvee.ns
5.1 Facility and VTFS Power Distribution ............
5.2 AWAVS 480/277 Volt AC Power Distributiecn .........
5.3 AWAVS 208/120 Volt AC Power Djistiibution ........
5.3.1 Maintenance SwWitcChes ...t eirenressnconcansnns
5.3.2 Overheat SENSOLS «cceeeeesccsscscscnssncsas 00000G
5.3.3 imergency Stop ....... 00000000000 000000000030000C
5.4 NC Power Distribution «¢e.eeeeeeierececcsncenancssas

L

PAGE

238
238
257
257
258
260
262
282
287

291
292

296
304

316
322

335

345
352

357

366
366

366
367
367
368

369
370

37

372
372
372

375
375
375
377

377
385
386
388

it b

e bl

b




1
4
NAVTRAEQUIPCEN 75-C-0009-13 ]
TABLE OF CONTENTS (Contd)

8 i
' PARAGRAPH PAGE !
|
5.5 Visual System Power Up SEJQUENCING ce.cocececccss. 388 |
5.6 Visual System Power Down Sequencing ............. 388 ‘
5.7 AC Load AnalysSiS ... eeceecess ceeenan ceecene e 388 %
: i
' 6.0 ADAPTIVE TRAINING SYSTEM (Does not aoply)........ 390 ‘
7.0 VISUAL SYSTEM EQUIPMENT DESCRIPTION .....ccceeese 391 |
7.1 Functiocnal Description ......cecceceecocssocecanns 391 |
7.2 Visual System Reliability and Maintainability :
(Does not apply) ....... e eeeaennnn Ceeeeeeaae 392 |
7.3 Physical Configuration ........c.eeeeeeececananas. 392 §
7.4 Physical Characteristics.....ceeveeeeernnccececn. 392 1

7.5 Sii~ilation Performance Characteristics .......... 392

7.6 Support Equipment Documentation ....... e 00000000 392

4‘;1.
- s
3
T r S St T e e~ R Ny T




b
.

NAVTRAEQUIPCEN 75-C-0009-13

LIST OF ILLUSTRATIONS

FIGURE
i 1 Visual System Master Block Diagram ........cco.ee...
2 Target Image Generator, Pictorial Diagr-m ...... 500 o
£ f 3 Carrier Model System, Block Diagram «-..-cccccececenn
] | 4 Plan View of Flight Deck with Required Lights ......
! b) Runway Light Cones .......ceveecevecccnn.. ©00000O0GC
) Carrier Lighting Functional Block Diagram ..........
% Light Box Optical Schematic Diaé;am 500000000000000¢
38 Light Box Servo Amplifier Schematic Diagram ........
9 Voltage Control of Light Box Output ................
g 19 Carrier Wake and Field of View ... bococoac 500000
e Tspical Model Servo Signal Flow Diagram ............
E 2 Physical Setup of Carrier Model Servos (3 Sheets) ...
§ 13 Unity Feedback System Classification and Error
] Constants e s 0 s 0 s o0 s aes e t et e s acena a e e 5 e e
14 Noncontinuous Position Servos, Block Diagram and
1 Transfer FUNCLiON ¢ ceerecnrinenrannn b hooocooo caoc
§ i3 Frequency-Gain Plct for Carrier Model Rolli Servo....
16 Frequency-Gain Plot for Carrier Model Pitch Servo...
17 Freguency-Gain Plot for Carrier Model Heave Servo...
13 Target Mocdel Illumination, Block Diagram ...........
; e NEMA 6 Fixture BeamSpPreac seecceceserecscsssscacsces

60
¢l

62

71

73

78
81

—

—

e

L i L




m

K]

¥

&

PIGURE

20
21
22
23
24
25
26
27
28
29
30
31

32

33
34
35
36
37
38
39

NAVT™AEQUIPCEN 75-C-0009-13

LIST OF ILLUSTRATIONS (Contd)

PAGE
METALARC Lamp Construction ......cccececceccccnccen. 9]
Definition of Variables for Illumination Program .... %
Illumination Levels .......cccceevcncsnss cesecenn e.. 95
Light Bank Assembly Layout Diagram ..-.... ceeceenees Q7
Optical Probe System, Block Diagram ....ceec eeceveeeee Q9
Probe Optical SchematiC .....ceveeeeenns e eeneenn 101
Probe Mechanical Configuration -..... 500G 0B0000000 .. 102
Probe Pointing System, Block Diagram :..ccecccesecen.n 105
FLOLS Laser and Tracker, Optical Schematic Diagram .. 106
FLOL3S Laser Fiber Exit Details ccceeceecceccceecss ...+ 109
FLOLS Laser Relative Intensity Plot c.ccceeccccccn.. .-+ 110
FLOLS Laser Vertical and Horizontal Beamspread :.-... 1]]
Sengitivity and Spectral Response of FLOLS Tracker

DEteCtOr +-cceccoseccscssnncasccns e ececseereeeoans .o 117
Detector Diffraction Spot cccerereecercreocconocannn 118
Energy Density Calculation .......... 5000G0000000GC00a 120
Probe Servo Electronics Control Panel --cccecececaecene 129
Target Television Camera System, Block Diagram ...... 131
TIG Camera Raster Flots (8 Sheets) ...... 50000000000« 134
TIG Camera Modulatic . Transfer Function ............. 144
TIG Camera Dynamic Analog Raster Computer,

Block Diagram «-ceccesecsssns 50000000000 0D00000C oo 147

[

TR T T T T g T

i e i b




!
:. NAVTRAEQUIPCEN 75-C-0009-13
E
E LIST OF ILLUSTRATIONS (Contd) ’
N
b 40 TIG Camera Control Unit, Front Panel .......c.c0uen J49 :
E | 41 video Image Enhancer, Front Panel ........ceeeeennnn 153 ?
; 42 TIG Cabinet Maintenance Panel .......... ceseeceecaan 155 j
‘ 45 Gantry Cabinet Test Panel ........... A R R 157 ;
44 Typical Gantry Servo (X, Y, Or Z) Signal Flow Diagram 60 %
43 Pcsition Feedback Encoder Mounting ........... Scoono 161 ;
E 46 Frequency~Gain Plot for Gantry Y-Axis Servo ........ 167
37 Cantry Y-Axis Servo, Transfer Function Diagram ..... 168 g
42 X-Ax1is Limit Switch Configquration ..........cce0unn. 171 %
49 FLCLS Composite Image Generation, Simplified 7 j
Block Diagram «.cecvieetencnteanaacocsasesannascns 174 1
950  FLOLS Mcdel Board Configuration .................... 177 1
51 FLOLS Image Cenerator, Block Diagram ......cccecc.n 179 %
) 52 FLOLS Image Generator, Optical Diagram .....ccceoesn 180
53 FLOLS Image Generator, Single-Path Optical Schematic 182
éz 54 FLOLS Projection Subsystem, Block Diagram ..... ev... 185
1 55 FLOLS Projector, Optical Schematic ........ ceresenas 186
i 56 Pitch Wedges, Optical Schematic ...... ceceacseneens 188
57 Conrad-Hanovia Lamp Specification ........... ceeeees 10]

A it

R

il v




T T T ——————r

T

Gl L T

i i T R P i e g et
: .

T e

FIGURE

58

59
60
6l
62

63
64
65
66
67
68
69
70
71
72

73

NAVTRAEQUIPCEN 75-C-0009-13
LIST OF ILLUSTRATIONS (Contd)
PAGE
Relationship Between Sine-Cosine Feedback
Pot Conformity and Servo Positioning Error...... 50oC 200
Coutinuous Position Servos, Block Diagram Function,.. 205
Frequency-Gain Plot for FLOLS Meatball Servo ..... cee 209
FLOLS Zoom Servo, Block Diagram ........coe0 ceeeonn 210
FLOLS Zoom Iris Servo, Block Diagram and
Transfer Function ........... 5 D0000C000C00M00000000 212

Frequency-Gain Plot for FLOLS Iris Se€rvo ............ 216
Frequency-Gain Plot for FLOLS Roll Servo ............ 220

Frequency-Gain Plot for FLOLS Pitch Wedge Servos ....

Cockpit Enclosure Test Panel ......cevtiieiienneenne. 226
Target Projection System, Block Diagram ........ Soooc 227
Target Projector Optics, Block Diagram ......ccccec.. 229
Estimated Target System Resolution (3 sheets)........ 234
Frequency-Gain Plot for Target Projector Rcll Servo.. 248

Frequency-Gain Plot for Target Projector Azimuth Servo 252

Frequency-Gain Plot for Target Projector Elevation Servo 256

Backgrcund Image Generator, Block Diagram ........... 259

i et it

ittt it

st i



F- R e e TR T, At

i"i~ NAVTRAEQUIPCEN 75-C-0009-13
.
[ LIST OF ILLUSTRATIONS (Contd)
|\
;2 FIGURE PAGZ
' 74 Background DARC, Block Diagram .....ec.cec.e ceeeaes 261
' 75 Seascape Generator, Block Diagram.........ccoceeene 263
H 76 BIG Film Plate ......ceveeccccncns 0000000000000 0DDC 267
; i 77  Optical Coupler Layout ........ feeestceateet i 270
i 78 Seascape Generator Optical System ............. e oo 270
79 Joining Device for Seascape GeneratOr............ .o 27
; 80 Glass Flate Specification Sheet ............c.000en 273
; 31 Photographic Plate Dimensions .........ccevveeecnns 274
E 82 Optical Coupler Dimensions «.-....... 0 clolo 0000000000 277
; 83 Optical Coupler Specificatica Sheet................ 278
E 84 LP201 Phosphor Specification Sheet ....-c..... ceeeen 279
85 Phosphor Tentative Spectral Energy Distribution.... 280
86 Photo Spectral Energy RespinsSe .....c.cceseecccccns 281
‘ 387 Background SEG, Block Diagram ...« . «cccceccccaccnn 284
‘ 88 MC1545 Mixer, Transfer Function ........cceeeeenece 285
: 89 Fcqg Function Generation, Simplified Block Diagram.. 286
E' 90 BIG Special Effects Generator, Maintenance
F. CONEIOLS sttt eennoeseeeceessansosssscnsssasscnasans 288
L
;
i 8

i
S bt il o bt & gl ot h ool e lmijM/

A3

il i




A
.
7] ki
B
. .
Y
)4
3
. §
¥
|5
E
£ -
E
¥ AL
A
33
2
5 °
e
A e
E
3
3
I
EE
5
F
3 3
3 o
5 &
3 -r
b
1 b
,l.'

FIGURE

91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

107

NAVITRAEQUIPCEN 75-C-0009-13

LIST OF ILLUSTRATIONS (Contd)

PAGE
BIG/WIG Maintenance Panel ..... 06000 5000000000 a 289
Projected Scene Keying Technique, Block Diagram ... 291
Raster Calibration Pattern ....... S0 00000 60 0C0 0000 292
Scene Keying Active Region ............ 550000000000 295
Typical Isocon Transfer Characteristic ............ 300
Typical Isocon Signal-to-Noise Ratio ceccceccccccc.. . 300
Comparator Reference Levels .....cceeseecocees eese. 303
Horizontal Deflection EXror .......sceceeee 50000000 309
Vertical Deflection EXror ....cceeeeeceecoocncs eeess 311
Spread Function Error Calculation ..-..ccscceeee . 314

Scene Keying Electronics, Block Diagram -........--. 316

Video Test PAtLEINS ccecscseoosssocscossccascsonse

SKI Electronics Drawer, Front Panel ...........

Background Projection Equipment, Block Diagram -... 323

Light Valve Projector Remote Control ..........
Background Projector Optics, Block Diagram ....

Projected Angular Field of Background Projector

ee.. 332

e el

dl
W

i
i it G o ‘m..\md

ALY, g

ol bt



NAVTRAEQUIPCEN 75-C-0009-13

LIS™ OF ILLUSTRATIONS (Contd)

PR
yoro-p

: FIGURE PAGE
3

108 Scene Keying Camera Subsystem, Block Diagram ....... 336
. 109 SKC' Optics, BloCK DiAQram ..cecececeocnccacnnosns .. 337

i 110 RCA Type 4807A Image Isocon, Data Sheet (2 sheets) .. 339

. ‘ 111 Scene Keying Camera Control Unit, Front Panel....... 344

112 Master Timing Generator, Block Diagram ............. 347

;ﬁ 113 Sync Generator, Front Panel ........ cececacsesenan .. 350

E 114 Display System Geometry, Elevation AXiS eccececsccss 353

% 115 Display System Geometry, Azimuth AXiS .eeeeeeccceens 354

% 1le Linkage Block Diagram .......... 500000D000000000000C 358 7
117 EOS Visual System Controls .¢..cecceeeeen cooocoooocoooa YR §
118 Graphic Representation of Horizon Generation ....... 368

119 Target Visability Effects, Simplified Block Diagram. 37]

120 AWAVS 480/277 Volt Power Distribution,

Simplified Schematic ccececeveonnn cscecen cecenc e 376
E i 121 AWAVS 208/120 Volt Power Distribution Diagram....... 378
Al (9 sheets) C
4
10
T .- TSP 2 Wwpmm—— =m e epTrR

T i D R RN TRy AT B



T L L o e e e e e R R T I A T~ ek

NAVTRAEQUIPCEN 75-C-0009-13

LIST OF TABLES

TABLE PAGE
1 Carrier Wake Viewing Angles ......cccecuee coocoa &
2 Carrier Wake Field-of-View....... 5000000060000000 S5 |
3 Carrier Model SErvos ...ccccceccccss ccoocoooococoo O
4 Carrier Model Roll Servo Performance ............ 75
5 Inherent Zeros and Poles for Carrier Model
ROLL SEXWO ceceecocsnnococsesnossscanas cooccococo (i
6 Carrier Model Pitch Servo Performance :«...cc.... 79
7 Inherent Zeros and Poles for Carrier Model
PitCh SE@IrvVOS s secccsocscsene ;.... ................ 82
8 Carrier Model Heave Servo Performance ........... 82
9 Inherent Zeros and Poles for Carrier Model
HEAVe SEYVO +cs-secsecesssssccccsonenas 500000000 84
10 Optical Probe Characteristics .-.:..c.ccceccccecnns 103
11 Prove Power Vs Detector Resolution ...... O ¢S]
12 FLOLS Tracker Detector Specifications ........... 116 |
13 FLOLS Tracker Errors Vs Simulated Range ......... 123
14 Optical Probe Servo Characteristics ........ cevea 127
15 Optical Probe Servo Performance .¢......... ceeeees]27
16 Video Image Enhancer Specifications ............152

11




AT

E
i
£

.

Y T T T T

I YT T TP e A

PR

TABLE

17
18
19
20

26

27

29
30
31
32

33

NAVTRAEQUIPCEN 75-C-0009-13

LIST OF TABLES (Contd)

Gantry Servo Performance Parameters........ 5000
Gantry Servo Tracking Errors ..ecceceeceeeccess 5c
Relative Zoom Powers for FLOLS Simulation .....

FLOLS Field and Model Board Lens

CharacteristiCs seesseiceeccsoocccncnnas 5000000
FLOLS Light Path Transmittance ............ cooc
FLOLS Servo Identification ....ccccecce.n ceeeee]
FLOLS Servo Input TOrgues «..ccccceeccesce ceeees
FLOLS Servo Components ...... 5000000000C bo00000
FLOLS Meatball Servo Performance ««..:ccccceees

Inherent Zeros and Poles for FLOLS

Meatball ServVOe-ccceeceecsccsccscsssscoscsssascsess
FLOLS Zoom Servo Performance .ecceecc-cccccenn
FLOLS Zoom Iris Servo Performance «...-:<.ccc...
FLOLS Iris Servo PerformanCe .c.ececcecccccans oc

Inherent Zeros and Poles for FLOLS Iris S=2rvo..
FLOLS Roll Servo PerformancCe «..cccececccccesncs
Inherent Zeros and Poles for FLOLS Roll Servo..
FLOLS Pitch Wedge Servo Performance ...........
Inherent Zeros and Poles for FLOLS Pitch

Wedge Servos ceceeecces soecsccssse ceescesssesean

12

207
209
21
213

215
217

219
221

223

Sl e Ao i ot b

whiudi

! Y

bbb




TP T TP

e

S S ik e Az - g

TABLE

35
36
37
38
39
40
41

42

43

44
45

46
47
48
49

50

NAVTRAEQUIPCEN 75-C-0009-13

LIST OF TABLES (Contd)

PAGE
Cannon TV Zoom Lens Specifications ......... eeee 23]
Basis of Target MTF Estimates ......cecccececo.n 232

Target Projector Servo Identification .......... 239
Target Projector Servo Input TOrques e¢-eeeececeses 238
Target Projector Servo Components «ecccececececec. 240
Target Projector Roll Servo Performance ««...... 24§
Inherent Zeros and Poles for Target Projector

ROLl SErve ecoeccccscs 000000 OO000000000000C000O0a 247
Target Projector Azimuth Servo Performance ..... 249
Inherent Zeros and Poles for Target Projector

Azimuth Servo «.... 500000000 0000000000000000000a 251
Target Projector Elevation Servo Performance---- 253
Inherent Zeros and Poles for Target Projector

Elevation SEIVO cccoceeccecesocccsccsosscaansens, 255
CRT Assembly COmMpONENts «ecceececssnas 5600000 eee. 265

Control Electronic Assembly Components --------. 266

High Resolution Display System Performance...... 268

Spectral Transmission of Optical Coupler «:--... 276

Shading Data Associated with Scene Keying....... 302
13

y

i

d‘mdw-k»m»ma_ il sl



_. N e e A o R e ke e TR L "
. = = - T T T T oy

i
i NAVTRAEQUIPCEN 75-C-0009-13
. LIST OF TABLES (Contd) e
; ;-—
3 51 Summary of Comparator Levels ......cccceeeeeeee 302 é
52 Scene Keying Error Summary ..... cessecsaan eeeee 313 §
: 53 Wide-Angle Attachment, Optical Specifications .. 331 §
54 SKC/CCU Electrical Specifications ...cccccev.e. 341 %
55 AWAVS System Timing ........ ceeesans ceeseeenns . 346 3
56 Timing Signal DiStribUtion ..eeeeeeseeeeeenns .. 35] §
. i 57 Display System Geometry ...... Ceecceceetcenaans 355 .
58 Analog Inputs to Linkage ...cccccveeccsccnccens 359 |
59 Linkage Analog OutputsS ...eevecscsccccccccccane 359 ?
E 60 Digital Inputs tO LiNKAge «ececceccencenccnanns 360
i 61 Linkage Digital OutputsS ..ccccecececcccnccccnns 362 =
62 Target Visibility Implementation ececeececeecees 373 ;
63 AWAVS Maintenance Switch Applications ......... 386 |
=, 64 DC Power Supplies c...cccevecccccccccnsccnscncnss 387
65 208/120 volt AC Load Analysis e.ececce.. ces..s. 389
!
| ‘ |
.
.
14




IR

4 B p——

T T

i il i il )
0 »

i) Sl

NAVTRAEQUIPCEN 75-C-0009-13

SECTION I

1.0 GENERAL

This section provides details of the design considerations and
assumptions contributing to the development of the Aviation Wide
Angle Visual Systems (AWAVS). The overall system description,
alse given in this section, provides quantitative data relative
tc system parameters required by AWAVS NAVTRAEQUIPCEN Svecifica-
tion 212-1n2.

1.1 DNesign Considerations and Assumptions

The AWAVS visual system includes a target image system, a back-
ground image system, a wraparound spherical projection screen,
and a digital computer. When combined with the VTFS (Visual
Technology Flight Simulator), these systems provide the pilot
with a realistic view of an external scene which responds to the
simulated operation of the aircraft, and enable the following
flight tasks to be accomplished:

a. Circling carrier tratfic patterns under daylight, dusk, and
night conditions.

b. <Circling carrier arrested landing under daylight, dusk,
and variable ceiling conditions.

c. Catapult takeoff and bolter under daylight, dusk, and
variable ceiling conditions.

The visual system is designed in such a way that, without modi-
fication of the display system, additional image generation
equipment can be added to simulate the following:

a. Shore traffic patterns under day, dusk, and night conditions.

b. Apprnaches to, landing on, and takeoff from a runway, under
day, dusk, night and variable ceiling conditions.

c. Night tough-and-go landings on a runway under variable
ceiling conditions.

d. Air-to-air combat.
e. Air-to-grcund weapon delivery.
f. Formation £light.

The visual system shall be integrated with an existing flight
simulator research tool, consisting of a cockpit, motion platform,

gnd computer. The flight simulator is comprised of a T-2C cockpi<t,
instruments, and controls. The AWAVS computer is a SEL 3250 series

digital computer programmed for T-2C flight dynamics.
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1.1.1 Applicable Specification Paragraph Numbers. The general
design specification for the AWAVS visual system i1s NTEC Speci-
fication 212-1C2, dated 1 August 1973, and as medified by changes
apprcved under Contract No. N61339-75-C-0009. Applicable para-
graphs of this specification include:

a. Definition of general material and design requirements-
paragraphs 3.1, 3.2.

b. Definition of reliability and maintainability requirements-
paragraphs 3.3, 3.4.

¢. Definition of functional performance requirements-paragraph
3.6.

d. Definition of testing requirements-paragraph 4.3.3.2.

1.1.2 Design and Test Criteria. The visual system design and test
criteria will be in accordance with the specification references

in paragrayh 1.1.1 above. 1Insofar as is consistent with these
criteria, the system design has been based on existing subsystems
and operaticnal components.

1.2 System Description

The AWAVS visual system presents a composite of two scenes projected

onto the inside surface of 10-foot radius sphere. The target image
system provides a high-brightness, monochrome television image of
a high quality "area-of-interest" aircraft carrier and wake,
combined with a high-brightness color FLOLS (¥Fresnal Lens Optical
randing System) image presentation. The background image system
provides a bright, wide-angle monochrome television image of sea-
scape, horizon, and sky presentation, in which the target image

is inset. The high-resoluticn carrier, wake, and FLOLS image 1is
moved about in position and orientation relative to the background
scene 1in resvonse to cockpit inputs, and in accordance with all
simulator requirements.

The visuval system consists of the individual target and background
image generation and projection systems, a 10-foot radius spherical
display screen, a modified Advanced Simulation Technology (AST)
linkage, and various controls and monitors which are integrated
with the VTFS. The major part of the linkage and all computer
equipment therein is part of the VTFS. All communication between
visual system controls which are part of the VTFS and visual

system hardware is via the linkage. Distribution of power within
AWAVS is controlled by circuitry on the VTFS. Section V of this
report is related to the AWAVS power distribution system.

le
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1.2.1 Target Image System. The Target Image System has three

major subsystems. The camera model system, target projection system
the FLOLS simulation system. The AWAVS computer (part of VTFS)
controls the performance of these subsystems via the VTFS real-time
interface or linkage. The camera model system generates a television
picture of the carrier model and wake in concert with the target
projection system, such that an 1mage of proper size and perspective
appears on the screen. The FLOLS image system employs a scaled model
board of the FLOLS assembly. The model board image is optically
coupled and combined with the target image at the input of the

target projection, thus providing a FLOLS image of proper size

and color, in the correct position and attitude with respect to

the carrier.

The camera model system incorporates a 370:1 scale factor model

of the CVA-59 Forrestal Class aircraft carrier. The model moves

in respect to the model board surface under computer control ln
response to inputs from the instructor. Maxlmum limits are +5°

of pitch in a period of sixteen seconds, +12° of roll in a perlod
of sixteen seconds, and +30 ft in heave in a period of ten seconds.
A full three hundred and sixty degree carrier heading and carrier
speeds up to fifty knots are simulated by including these functions
in the gantry position and velocity parameters. The carrier model
also includes a scaled two thousand foot removable wake aft of

the carrier model. The carrier model superstructure is easily
detachable so as to not damage the optical probe during a crash
condition. The model also has operational deck edge, runway edge,
runways centerline(with strobe), and vertical drop lights. The
lamp brightness and strobe rate is under instructor control.

The cptical probe will operate in an area of interest mode such

that the carrier model can be viewed by the probe for sxmulatlng
every 90551ble flight path The probe is capable of a 60° wide

by 40° high field of view, and is equipped with a 4:1 zoom capability,
full 360° roll and heading capability, and a +45° to -90° pitch
capability. The p:sobe image is relayed to the two-inch intensified
vidicon camera.

The vidicon camera raster is dynamically shaped in order to maintain
image distortion to less than 5% due to the projector/observer
geometry and lens mappings of the target system. Television
resolution of over 700 TV lines horizontal by 500 Tv lines vertical
is achieved when the target system is operated at the designed

825 scan line 30 frame, 2:1 interlace system rate. The target
system is also capable of operating at 1025 and 525 scan line,

30 frame, 2:1 interlace system rates. The target projection system
employs a high brightness monochromatic light valve projector and
optical system capable of dynamically placing 8he area of interest
carrier model image anywhere with a +150°/-110" horizontal by

17
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+90°/-70° vertical observer field of view. The target projector
ontics employ a 10:1 zoom and a full 360° roll capability in
addition to the azimuth and elevation capability delineated
above. The projection system is capable of better than four
foot candles peak output brightness.

The FLOLS image generator consists of a 40:1 scale model board of
the carrier FLOLS lighting system. The horizontal datum lights,
vertical wave-off lights, auxiliary wave-off lights, cut lights,

and glide slope indicator lights are simulated. When viewed from
the cockpit, FLOLS lights will appear in natural color, in correct
size and position accurate to within 5% of the carrier width. A
minimum of a 5:1 ratio in FLOLS brightness to carrier image brightness
is achieved. Visibility of the FLOLS image, with respect to viewing
angle, flight path, and weather conditions are simulated. The FLOLS
projector relays the model board image to the target projection
optics at the output of the target projector. The FLOLS projector

is equipped with computer-controlled iris, zoom, zoom iris, roll,
and X/Y translation servos to properly achieve FLOLS simulation.

1.2.2 Background Image System. The wide-angle background image jis
vrojected from the spherical screen center so as to present a 160%
horizontal by 80° vertical observer field of view. Two projection
positions are employed resulting in a +40°9/-120° horizontal bx
+50°/-30° vertical field of view, or a +80° horizontal by +50°/-30°
vertical field of view. -

The wide-angle projection lens employs an anamorphic element to
convert the 3 x 4 inch light valve projector raster format into the
required 160° by 80° field of view. The backgrcund image format
consists of a constant light tone sky and horizor line, followed

by a varying gray tone sea merge area that blends into waves ir
the image foreground.

Wave imagery is generated by the background image generator flying
spot scanner film transparency. Two separate film transparencies
at a 25,000:1 scale factor representative of a sea states two and
three are employed. The flying spot scanner raster is dvnamically
shaped to present a proper perspective of the wave image as viewed
on the display screen. The aircraft attitude (#90° pitch, 360° roll
and heading), altitude (deck level to 760 feet), and velocity (up to
400 knots) are reflected in the flying spot scanner shape, size,

and position, respectively. 1In addition, the static system distortions
due to system geometry and lens mapping are taken into account,
resulting in less than 4% image distortion. The waves imagery
blends smoothly into the synthetic seamerge video at a ground range
of 1870 feet.

4 %
S
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Seamerge video, horizon and sky are created in the special effects
generator using analog techniques. The effect of low visibility
is generated by mixing synthetic haze with the video signal below
the horizon, as a function of slant range to the ground plane,
indicative of atmospheric scattering. The function of visibility
to the horizon is under instructor control.

The tackground scene alsc contains a hole of the proper size, shape,
' and position into which the target image is projected. This insetting
K (scene keying) is accomplished by viewing the background field of
E view with a camera. When the camera detects the carrier image
projected on the display screen, a hole is blanked into the back-
ground video. In order for the camera to discriminate between
the target and the background scene, a red blocking optical filter
is placed in the background projector light path. The result is a
£ slightly bluish-green background image. A red-pass optical filter
’ is placed in the lens of the camera, and thus the camera sees only
the red spectrum projected by the target projecter. The scene key
camera video is detected at or above the eighth shade of gray of
the target image under day conditions, and at or above the fifth
shade of gray for dusk conditions. Under night conditions no
‘ scene keying will take place. 1In order to assure registration
i between the target image and the insetting hole, the scene keying
camera raster must map into the background projector raster plane. .
This raster convergence is controlled by the scene key camera 3
raster computer wnich properly shapes the camera raster. -

§

The background image resolution is 1000 TV lines horizontal by
600 TV lines vertical when operated at the design scan rate of
825 scan lines, 30 fields at 2:1 interlace. The background image
system is also capable of operation at 1025 and 525 scan lines, ]
L 30 frames at 2:1 interlace,

1.2.3 Display Screen. The ten-font radius screen employs one :
i sixteen 1nch thickness aluminum panels of proper radius riveted

' to a spherical super-structure. The seams in the panels are filled

and sandad to the proper radius. The screen presents a iiomogeneous
projection surface with a screen gain of at least 2.5. The

screen structure is capable of withstanding 4 g's of acceleration,

and is mounted rigidly to the motion platform. Access into the

screen is through an enclosure on the back of the cockpit area.

The enclosure is eqiipped with lighting and ventilation.

TP S T O
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1.2.4 Linkage/Int2rface. The AWAVS system and digital computer
interface equipment includes all input/output conversion equipment
and discrete inputs and output circuits. On the AWAVS side there
are three AST (Advance System Technolocy) subcontrollers linked
back to the VTFS Master Controller. One subcontroller is located
on the gantry Y carriage assembly whichL services the gantry servos,
- probe servos and TIG camera systems. Another subcontroller is
lccated inthe cockpit enclosure electronics rack which services
the target projector servos, FLOLS projector servos and scene key
camera system. The final subcontroller is located in the BIG/WIG
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electronics cabinet which services the background image generator,
lamp bank control, carrier model special effects generator and
scene keyed insetting electronics systems.

1.2.5 Visual System Controls and Monitors. In addition to the
automatic controls of the visual system exercised by the computer,
there are certain controls which are manually operated. These
fall into the categories of instructor controls and maintenance
controls. Instructor controls are used to establish initial visual
conditions and to modify ccnditions during the course of training
exercises. Maintenance controls, on the other hand, will be

used during intervals when the visual system is not being used

for training.

The instructor station (Experimentor/Operator Station) is provided
with facilities to control visual system parameters and initial
conditions. Control and monitoring is exercised through discrete
indicators and controls located on the EQOS panels. Maintenance
facilities provided with the visual system include manual test
provisions. Manual testing is provided by means of servo
maintenance control panels and video maintenance controls.

The servo maintenance control panels are located in the gai.try

cabinet and the cockpit enclosure. These panels provide facilities
for disconnecting the probe, gantry, and projector servo systems

and model lighting subsystems from the computer, and substituting

manually controlled input signals. In addition to this ability

to substitute signal sources, the gantry cabinet maintenance panel
rovides position readouts for each of the three gantry servos,

whether in the normal or maintenance mode of operation.

The TIG cabinet and the BIG electronics cabinet (formerly known as
the BIG/WIG cabinet) contain all the controls required for the
dailv setup and alignment of the video system. In addition to the
camera control unit, waveform and picture monitors are included for
guantitative and qualitative evaluation of the video signals.

A test signal generator provides standard, calibrated signal inputs
to video processing and display subsystems.

20
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SECTION II

2.0 MASTER BLOCK DIAGRAM AND SYSTEM CHARACTERISTICS

The major functional hardware areas of the AWAVS visual system
for the VTFS trainer are depicted in the master block diagram,
Figure 1. The master block diagram is first divided into the
two primary systems - target and background - which individually
create and proj:ct on the display screen the two components of
the visual scene. The remaining blocks, including the linkage/
interface and Experimenter/Operator Station, are primarily part
of the VTFS. They do, however, receive limited coverage here-
in, to the extent necessary to maintain continuity in the AWAVS
descriptions. Distribution of power to and within the AWAVS
system cabinets is covered in Section V of this report.

2.1 Target System

The three functional groups of the target system are the target
image gencrator (TIG), the Fresnel Lens Optical Landing System
(FLOLS) simulator, and the target projection system. Basically,
the target image generator creates a monochromatic video signal

of a model of a Forrestal class aircraft carrier. A gantry mounted
optical probe pickup provides the illusion of a pilot "flying"
around the carrier model. The FLOLS simulator uses a scale model
of an actual FLOLS to optically create the three-color FLOLS image.
The target projection system synthesizes the projected image from
the TIG video signal, combines it with the optical imagery from the
FLOLS simulator, and projects the composite target image.

2.1.1 Target Image Generator. A television camera model system is
used as the target image generation subsystem. This subsystem
consists of a Forrestal class aircraft carrier model, model illu-
mination, optical probe, television camera, and gantry system. A
370:1 scale factor was chosen for the design. This scale factor
provides for correct pupil placement for simulated ranges up to

2300 feet using a 24 x 24 foot model board. Simulation of ranges
greater than 2300 feet is accomplished by a zoom lens in the optical
probe. The analysis shows that perspective distortion of the canted
deck for all simulated range will be less than 2 arc minutes.

The target image generator is comprised of five major functional
entities which generate the basic monochromatic target video signal.
These are:

a. A model board assembly containing the carrier model,
with carrier deck lighting, driven to simulate pitch, roll, and
heave motions; and having its own electronics cabinet.

' 3
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b. A flood lighting structure to provide the required
ambient light levels for day, dusk, and night simulation.

C. An optical probe system consisting of: a probe pickup
which "flys" around the target carrier and wake; a zoom lens for
simulating long distances; and a closed-loop servo for precision
pointing of the optics towards the FLOLS position on the carrier.

d. A menochromatic target t=levision camera with associated
drive and blanking circuitry mounted on the gantry, behind the
optical probe; and with video processing and control circuitry
and monitoring equipment housed in a separate electronics cabinet.

e. A three-axis gantry structure including rail and tower,
which houses the probe aind camera equipment; x, y and z translation
servos; and che necessary power supply and control components; and,
works in concert with its own electronics cabinet.

In order to winimize the registration error of the Fresnal Lens
Optical Landing System on the projected video image of the carrier,
it has been concluded that a closed loop probe pointing system must
be employed.

Illumination of the model board is uniform over the area of the
carrier and wake. Provision has been made in the lamp bank to
add additional lamps without structural modification, to provide
for future applications.

An analysis of the cctical probe indicates that a conventional
probe, by virtue of its simplicity and ability to resolve vertical
surfaces, is the most desirablc configuration for the AWAVS
application.

A television camera employing a 2-inch intensified vidicon will pro-
vide the necessary resolving power and sensitivity. Distortions,
resulting from target projection pointing, are compensated for by
use of dynamic raster shaping. This shaping does affect camera
performance in the areas of video flashing, lag characteristics,

and modulation transfer function. Methods of compensating for these
effects have been analyzed and, from this analysis, the effects have
been found %o be correctable.

Selectable television sweep rates of 525, 825, and 1025 lines are
provided to allow for controlled variation of system resolution.
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h 2.1.1.1 General Configuration

2.1.1.1.1 Model Board Assembly. The model board assembly consists of
a carrier model with integral deck lighting, a painted wake, a
servo operated mmotion system, and a welded steel support structure.
The carrier model itself is a 370:1 scale model of the CVA-59
Forrestal Aircraft Carrier. The carrier deck lighting includes run-
' way edge, centerline, and athw.rtships lights, deck edge lights, and
vertical "dropline" lights. A strobe light effect is simulated for
] the runway centerline lights. Fiber optic bundles are used to
simulate the runway lights, with subminiature incandescent "pin
lights" used for the deck edge and dropline lights.

A simulated 2000-ft painted wake is attached to the model board
structure, behind the carrier model. The wake is picked up by the
target television camera and inset into the background scene along
with the carrier image.

Roll, pitch, and heave servos are employed in the carrier model

motion system. The model positioning servomechanisms are non-

continuous type dc position servos, utilizing dc torque motors and :
fullow-up potentiometers. DC tachometers are used to stabilize the

loop. Antiback-lash gearing is used between the load and follow-up
potentiometer.

Yariable lighting func:ions such as brightness, on-off, and strobing
of centerline lights are normally controlled by the AWAVS computer,
as are the servo operated motions of the carrier model. For
maintenance purposes, however, manual control of these functions is
possible from the gantry cabinet maintenance paneli, overriding the
computer. Maintenance panel controls facilitate static positioning
of each motion servo.

T T

The model support structure consists of three trussed frames
bolted to the floor of the facility and linked horizontally by a
series of steel angle beams. When facing the model board from the {
light bank position, the three left bays form a 24 by 24 foot area

covered by matte black panels, in the center of which is located the

carrier model and wake. A circle of approximately 22-ft diameter

around the carrier represents the operational range of the probe.

The right hand bay is open and used for placement of the electronics
cabinets. Overall dimensions of the model board structure are 32-ft

long by 29.25 ft high. Spanning the top of the structure is the

x-axls guide rail for the gantry. !

o
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2.1.1.1.2 Tarcet Model Illumination, The function of the
model illumination subsysten is to illuminate the carrier
model and wake so that the probe has sufficient signal for
adeguate pickup. Primary iliumination is from the light
bank assembly which is located behind the gantry tower and
aimed at the model board. Fill-in lighting is providec by
four No. 2 reflector photoflood lamps mounted on the tower
assembly. These eliminate the shadow of the gantry tower
on the model board.

R ——

! Primary power for the light bank assembly is provided
directly from the 277/480 volt, 3-phase facility supply.
Power control circuitry is an integral part of the light
bank assembly.

] A total of 32 lamps are currently used on the light bank
assembly to light the carrier model and wake. The lamps
used are 1000-watt metal hallide lamps in wide beam totally
enclosed fixtures. The lamps are mounted in four horizontal
rows of eight lam?s each with a 4-foot vertical by 2-foot
horizontal distande between lamps. The structure on wnich
the lamps are mounted is the same size as the three left
hand bays of the model board assembly. Light gray steel
panels fill in the spaces between the lamp reflectors over
a 24 by 24 foot area, corresponding to the black panel area
of the model board structure. There are 50 additional holes
around the perimeter of the lamp bank for mounting lamps for
futare applications.

Each lamp is supplied with its own ballast assembly, and

i each lamp-ballast combination draws 1030 watts. The start-
ing current does not exceed running current of the ballasts,

| ., and they permit only a 1l0% change in lamp wactage for a 10%

| " change in input voltage. Normal warm-up time for each

‘ lamp is five minutes. A time delay is incorporated in the

power control circuitry to prevent immediate reignition of
the lamps after initial turnoff, allowing sufficient time 4
for lamps to cool.

| Time of day simulation (day/dusk/night) is controlled by

‘ a 3-position switch on the Experimenter/Operator Station,
with commands applied to the light bank power control

| circuitry via the linkage. Day is simulated by having all
32 lamps on; dusk by extinguishing alternate lamps leaving

‘ 16 on in a checkerboard pattern; and night by turning all !
lamps off.

For maintenance and test purposes, local control of lamp 4
bank ignition and time-of-day simulation is possible from
the maintenance panel in the gantry cabinet, bypassing the
linkage and EOS selections.
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2.1.1.1.3 Optical Probe System. The optical probe is the
servo operated pick-up device for the target television
canera. The probe system is comprised of a laser light
source located on the carrier model, the optical probe
assembly, and a closed loop servo probe positioning system
known as the FLOLS tracker. The servo is required for
precision pointing of the probe at the FLOLS position on
the carrier, and is responsible for accurate registration
of the FLOLS imagery on the projected carrier image. The
loop consists of the FLOLS tracker optics and electronics,
the computer linkage which is part of the VTFS, and the
optical probe signal interface, electronics, and probe
drive servos. In simple terms, the tracker oitics sepa-
rates the laser image from the carrier and wake

image and relays it to the tracker electronics. The elec-
tronics fcrm the X and Y correction terms used to modify
the computer commands for probe positioning. The signal
interface transforms the digital output from the computer
into an analog drive signal which is used by the probe
electronics to form the five dc motion commands for the
servos. Stability is enhanced by a position feedback signal
to the computer from each servo. The probe can also be
operated manually from the gantry cabinet maintenance panel.

The optical probe simulates all possible flight paths to and
landings on the aircraft carrier. The probe is comprised

of a complete optical system, which corrects and transfers
the slant range view to a focal plane with the entire field
of view in focus. Aircraft attitude changes are achieved

in the probe by servos that receive commands £fiom the
linkage/computer. The probe motion system operates on

three servo driven main gimbal axes (pitch, roll and heading)
which simulate the three degrees of freedom of the aircraft.
To maintain proper focus, a servo driven focusing lens is
positioned as a function of range as determined from computer
inputs. A servc driven zoom lens is incorporated into the
system. It provides the zoom capability of 1:1 to 4:1,
changing the true field coverage of the camera from 60° to
16.4°. This servo also responds to computer inputs. A
simple iris diaphragm servo comprised of a motor

and potentiometers 1s also incorporated into the system.

2.1.1.1.4 Target TV Camera System. The target television
camera system receives the optical image from the probe,

and forms the processed TIG video signal. TIG vider is a
corbination composite of camera video, horizontal and verti-
cal drives, and visibility effects. Horizontal and vertical
arives for the target camera are input from the master
timing generator, which is considered as part of the back-
ground system.
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A vidicon TV camera head with associated drive forming electronics
and initial video processing circuitry is mounted on the Z-axis
carriage of the gantry tower, immediately behind the probe assem-
bly. A dynamic analog raster computer (DARC) is used to shape
the horizontal and vertical deflection sweeps applied to the
vidicon. Raster shaping is used to compensate for apparent loss
of true perspective due to target projector peointing on the
spherical screen. Camera shading and FOV blanking generators

are used to reduce undesirable side effects inherent in wvidicon
camera systems. Initial video processing includes amplification
of the camera signal dc restoration and addition of retrace
blanking.

A high voltage power supply and camera control unit (CCU) in the
TIG electronics cabinet generate most of the dc voltages for
operation of the vidicon, and provide a means of adjustment of
beam current and target and focus veoltages. The CCU also pro-
vides for control of video gain and black level signal pedestal.

Processed video from the gantry TV camera is applied to the tar-
get special effects generator, wherein a single variable cloud
level function is added to simulate restricted visibility. The
degree of restricted visibility normally comes from a computer
command via the linkage. At the special effects generator, any
of four video test patterns from a test pattern generator in the
target insertion electronics may be substituted for the camera
video signal. Test patterns are used for setup and alignment of
the target camera and projection systems.

The target video with visibility effects added (or the test
pattern) is applied to an image enhancer to increase the appar-
ent picture crispness by amplifying the white p=aks. The same
image enhancer has been successfully used by Singer in many pre-
vious visual systems. The output of the image enhancer is looped
through a 17-inch TV monitor in the TIG cabinet and becomes the
primary output of the target image generator. A secondary output
is applied to an identical TV monitor in the EOS. An oscilloscope
is also provided in the TIG cabinet for checking waveforms.

The target camera system has the capability of operating at three
different horizontal scan rates: 525, 825 and 1025 lines. The
camera head setup is accomplished by remote control from a line

rate switch on the TIG maintenance panel. The TIG DARC is set

up for various line rates by the installation of the proper wave-
form generator printed circuit card. The image enhancer is equipped
with a line rate select switch that places the video boost for
ortimum crispness.
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2.1.1.1.5 Gantrv System, The optical probe, monochromatic
camera, and associated electronic devices are rigidly mounted
tc the Z-axis carriage, the motion of which is perpendicular
to the model plane. The Z-axis drive motor and shaft are
mounted to the Y-carriage and effect translation of the ' -
carriage by means of a linear actuator fastened thereto

The Y-axis carriage is driven the height of the tower ti.:oucgh
the medium of a linear actuator translating along the dr. se
shaft attached to the tower. i

The tower is mounted to a trolley assembly having two wheel
supports on the precision steel X-guide rail The X-guide
rail 'is mounted solidly to a steel I-beam assembly which,
in turn, is bolted and grouted to the facility floor.
Static equilibrium is obtained through an cxtersion to the
upper part of the tower toward the upper X-guide rail and
attached to the top of the model support structure,which
incorporates guide rollers in contact with the rail. One
trolley wheel forms an integral part of the X-drive assem~
bly, and tower motion is imparted through friction between
the wheel and the lower X-axis guide rail. Rotary cptical
encoders, together with rack and pinion action in all three
axes, provide for positiocn feedback.

The gantry electronics cabinet contains the drive control
vlectronics and gantry maintenance panel. The X-, Y-,

ard Z- axis drive servos are of the noncontinuous dc
velocity type. The maintenance panel provides a means to
select between servo commands issued by the linkage com-
puter and local manual control for test and se_up. A posi-
tion readout of the optical enccder feedback signal for each
gantry axis is also featured on the maintenance panel. The
position feedback to the linkage closes the se.vo loops.

Limit switches, shock absorbers, and hard s:ops are provided
on the gantry structure to limit travel ir. each of the three
zaes. Overspeed cutouts are also provicded for the velocity
servos. Reset provisions provided on the maintenance gzanel
are to be uced in the event or limiting device is actuated.
It should be noted that the motion limiting devices are
primarily for emergency use. They are not designed to

be used as operational stops.

2.1.1.2 Reliability Characteristics. (To be supplied.)
2.1.1.3 Maintainability Characteristics. (To be supplied.)

2.1.1.4 Human Factors Characteristics: There is no human
interface with components of the target image generator.
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2...2 PFLOLS “imulator. The FLOLS must be simulated in such
a way that when viewed from the cockpit, the lights appear
in the correct position and attitude with respect to the
carrier and present the correct size, color, and configura-

tion for all altitudes and ranges.

A separate FLOLS image generator with high intensity light
sources 1s optically coupled into the path of the target
projector. The FLOLS simulator consists of a scaled model
(about 40:1) of the FLOLS array, with the necessary optics
for imaging and motion to project a high intensity image at
the target zoom. The model board is fixed with respect

to the target projector, thus eliminating errors due to
differences between the target projector and the FLOLS
projector.

The FLOLS and the carrier images are combined at the target
crojector Ooptics and projected as a composite imacge.

The FLOLS range simulation is done completely with the FLOLS
zoom. Range simulation of the FLOLS is determined by the
relative powers of the FLCLS zcom ané the target projection
zoom. The projection zoom operates in conjunction with the
orobe zcom to previde a carrier image of prcper angular suk-
tent. The FLOLS image must change in size down to the limit
of 5060 £t where the simulated FLOLS image is no longer useful.
Since the FLOLS zoom is used in conjunction with the pro-
jection zcom to display the FLCLS image, the product of their
relative powers must equal the ratio of 500 ft to the simu-
lated range.

The FLOLS are on whenever the pilot is within the meatball
field of view. This occupies a 40°H x 1-1/2°V cone, refer-
enced about the basic glideslope angle. When he is not with-
in this cone, the FLOLS zoom iris servo is closed thus
extincuishing the lights. The zoom is operated at £/12

to £/153, thus, just a few cdegrees rotation of the zoom iris

barrel will extinguish the lights.
2.1.2.1 General Configuration

2.1.2.1.1 FLOLS Imace Generator. The individual FLOLS lichts
are each modeled by a fiber and lens. The fiber conducts

“he light from ar arc lamp and shutter svstem to a model
board which appears just like the FLOLS system. Each lens

cn the model col.imates the output end of its fiber and is
-ut <o the size and shape of the particular FLOLS light.

All the individual lights on the FLOLS are collimated and
have their axis parallel to the system axis. This is so that
wnen the zoom lens 1is at it3 greatest focal length the FLOLS
£leld lens images or decollimates the pupil of the zoom
thrnuch the fiber end and projects all onto the same suriace.
FLOLS image luminance is conscant over the zocm range.
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A 2 » 6 inch mode. noard is the primary Imaging device for
the FLOLS simulat:ion. 1t 1s comprised of 32 fixed lenses
backed up bv appropriately colored filters to simulate the
\ datum, wave-off, auxiliary wave-off and cut lights, and one
movable lens to simulate the FLOLS meatball. The vertical
position of the meatball with respect to the datum lights
defines the pilot's orientation relative to the glideslope.
(On the actual carrier the meatball is positioned approxi-
mateiy 150 feet behind the datum lights, and the vertical
3 orientation of the observer gives the impression of a movable
! meatball.) At its lowest level, a chopper with a red filter
is imposed in front of the meatball to simulate the danger
zone. Meatball motion is normally under controi: of the

et

1 linkage computer. For test and maintenance, however, manual
f control may be substituted from the cockpit electronics test
2 panel.

A shutter simulates on/off operation of the auxiliary wave-
oif lights; and a variable position mirror aims light from

the arc lamps to either the wave-off or cut lamps, as selectad
frco~ the £0S. Both lamps are never used at the same time ain

1 l2 Aint operation. A chopper imposed in the path or ..e
wave-off lights causes them to flash whenever on. The wave-
off, aux.:iary wave-off, and cut lights are normally con-
trollea from the EOS via the linkage; no computer control is
involvei. For test purposes, they also may be operated from
switches on the cockpit electronics test panel.

2.1.2.1.2 FLOLS Projector. The FLOLS projector relays the
nodel board image to the point where it is combined with the
target imcge, and provides correct orientation of the FLOLS
with respect to the target optical axis and the aircraft

rcll axis. It also contains a zoom lens, which is the primary
viement for FLOLS range simulation, and two optical irises -
ore for on/off simulation and the other for FLOLS intensity
control.

The linkage sends commands to the FLOLS servo electronics ]
which, in turn, form the dc drive commands for the servos.

There are six servos: zoom, zoom iris, roll, X-displacement,

v-displacement, and iris. For test purposes servos can be

manually positioned from the cockpit enclosure test panel. 3

The zcom lens has a zoom range of 10:1. Zooming is controlleé
by a non-continuous position servo. The iris in the zoom lens
is a full-closing tvpe which is servo controlled to "turn off"
the FLOLS when closed. It is also controlled by a neon-continuous !
position servo. Neither the zoom or zoom iris servo has a limit
stop, but both are equipped with friction clutches to prevent
damage 1f run to the end of travel.
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The roll servo operates a prism in the FLOLS optics, and
orovides the FLOLS with aircraft roll which is synchron-
ized with probe roll. The X- and Y-displacement servos
operate optical pitch wedges. These move the FLOLS image
from the center of the target field as the probe point of
interest varies from the FLOLS carrier position to the
aircraft body axis. Servos move the pitch wedges to posi-
tion the FLOLS image within the target FOV, as calculated
by the linkage computer. Roll and pitch wedge servos are
continuous rotation dc position servos.

The iris servo operates an optical iris independent of the
zcom lens. This iris controls the intensity of the FLOLS
image entering the combining opties in the target projection
system. The aperature is controlled by the linkage computer
and is a function of both visability and slant range from
aircraft to target. This is a noncontinuous dc position
servo with stops at poth ends of travel. No reset is
required if a travel limit is reached.

2.1.2.2 Reliability Characteristics. (To be supplied.)
2.1.2.3 Maintainability Characteristics. (To be supplied.)

2.1.2.4 Human Factors Characteristics. There is no human
interface with components of the FLOLS simulation equipment.

2.1.3 Target Projection System. The target projection
svstem 1s the pcortion of the target image system that func-
tions to combine the FLOLS and camera videc ané display

the composite carrier, wake, and FLCLS image within the
required field of view.

2.1.3.1 General Configuration. The targe: projection

system is comprised of a light valve TV projectcr which
synthesizes the carrier and wake image, and a gimbal-

mounted, servo-controlled cptical chain that displays the
image on the spherical screen within the projected backgrouné.

The linkage r=lays servo commands to the optical chain.

These commands govern the attitude, size, and position of

the projected target image. The attitude serwvos are

dc position servos that rotate roll and pitch prismatic
optical elements. The size of the image is controlled by

2 projection zoom lens and servo wnich are identical to

those used in the FLOLS simulator. In the case of the tar-
cet zcom lens, however, the iris is used for control of tar-
get luminance rather than merely as an on/0ofZ device. The
“3irget position servos are noncon“inuous d¢ velocity servos,
which covern the azimuth and elevation of the carrier imace
ov physically pointing the zoom lens and several of the £finel
optical elements. Limit stops are provided cn the azimuth,

and =levaction serveos. For test ourposes, all target projection

servos may te manually operated from the cockpit electronics
tast pane.l.
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The target projection system receives timing signals in

the form of coposite sync from the master timing generator

: in the background image system. Sync and video signals

are routed to the target projector via an electronic inter-

i face which provides the necessary signal isolation.

k. Control of the videc picture (contrast, brightness, etc.)

- may be accomplished using a remote control unit supplied

b with the projector. This accessory may be operated either

: from its normally mounted position on the cockpit electronics
structure, or from within the aircraft cockpit via an

i umbilical cable.

—

2.1.3.2 Reliability Characteristics. (To be suppiied.) ]
2.1.3.2 Maintainability lharacteristics. (To be supplied.)

2.1.2.4 Human Factors Characteristics. There is no human 1
interface with components of the target projection system.

.

1 2.2 Background System

| The major functional groups comprising the background
system are the background image generator (BIG), the back-
i ground projection system, and the master timing generator.
g The background video produced by the BIG normally consists
! of a seascape image of unlimited expanse fading into the !
‘ horizon, with a cloud overcast. Generation of the seascape !

O N

image is accomplished using standard flying spot scanner

f techniques with a photographic transparency for the sea-

scape model. The remaining effects, along with a variable

. total coverage cloud tone to simulate restricted visability,

p are electronically produced. The background video may also

] be an above cloud or in cloud presentation, or any of five

internally generated test patterns. The background pro-

jector synthesizes the background scene and projects it

onto the screen. When operating in the primary mode (as

for simulated carrier landings) the remaining components

of the background projection system blank out a "hole" in the

projected scene, into which the target (carrier and wake)

image is projected. This preverits the projected background {

scene from appearing superimposed with the projected target

image. The master timing generator included as part of the i

background svstem generates and distributes all video 3
)
q

timing signals used by both the target and background
systems.
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2.2.1 Backgrcund Image Generator. The background image

is comprised Of sKy, norizon, seamerge and seascape imagery.
standard flying spot scanner (FSS) technigues are employed to
generate seascape. The seascape image will appear in proper
perspective for aircraft attitude, heading, velocity and altitude.
This is accomplished by properly shaping the FSS sweep inputs

to dynamically follow the aircraft attitude, altitude, velocity
and heading parameters and the static perspective required by
optical distortions, mapping and projection/screen geometry
consideration.

Because of hardware limitations the seascape visual cues
for velocity are limited to a maximum of 400 krots along
the CRT deflection axis and to altitude from 40 to 760

ft. Outside these limits no further visual cue will be
generated in the seascape imagery. The raster reset method
used to provide the velocity cue does have the advantage
of an unlimited gaming area.

2.2.1.1 General Configuration. Raster shaping in the back-
ground image generator is accomplished using a dynamic ana-
log raster computer (DARC). The background DARC receives
display timing information from the master timing generator
and aircraft attizude information from the AWAVS digital
computer (via the linkage). Artificial timing and atti-
tude data may be input via the BIG/WIG maintenance panel
for test and aliynment purposes, bypassing the linkage.

Two sets of outputs are provided by the DARC. Instan-
taneous direction cosines with respect to observer frame of
reference are supplied to the special effects generator and
the FSS sweep input waveforms are supplied to a £flying

spot scanner. The flying spot scanner converts £ilm plate
wave imagery, with the proper perspective, into video time
base information (seascape video).

Seascape video is fed to the special effects generator
where, under computer control via the linkage arnd as a
function of position in the field of view, the clouds,
horizon, seamerge and visibility range information are
added to create the composite background video scene. Sea-
merge shading £fills in the sea between the film plate image
and the horizon, providing a gradual transition to the
selected film plate seascape image. The transition to a
definable seascape imacery varies as a function of the
depression angle below the horizon, eventually becoming all
seascape film plate video and continuing to the kottom cof
the projected scene. The horizon itself is formed by the
relatively harc transition between the cloud level and th
remainder of the video scene. Synthetically generated
video is emploved to simulate the remaining functions.

g

—
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When above the clouids, an internally generated cloud shade fills
the portion of the scene below the horizon, while a sky level fills
the area above. In clouds, a constant cloud shade fills the entire
picture. In either of these conditions, synthetically generated
video is totally substituted for the FSS video. An effect of
overall restricted visibility is simulated by combining the
internally-generated cloud level with either seascape or sky

videc. The degree to which visibili%y is to be restricted may be
controlled from the EOS. A thorough discussion of all environmental
simulation techniques used herein is given in Section IV of this
report.

Also contained within the background image generator are two
monitors - one for video and another for waveforms. A video
switching module in the BIG electronics cabinet selects the pre-
sentations for display on both monitors. Presentations which

may be monitored include the seascape and special effects generator
output from within the background image generator, as well as
background projector and SKI video signals from other blocks of

the background image system.

(28]
[3S]

.1.2 Reliability Characteristics. (To be supplied.)

2.2.1.3 Maintainability Characteristics. (To be supplied.)
2.2.1.4 Human Factors Characteristics. There is no human
.nterface with components of the background image generator.

2.2.2 Background Projection System. The background projection
svstem is a closed loop TV camera/projector system which serves
the dual function of blanking out the "hole" into which the
target carrier and wake will be projected and prcjecting the
resultant video imagery on the spherical. screen. Using extreme
wide angle OpthS, the background 1mage is projected over a 160°
horizontal by 90° vertical field of view (FOV).

34
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2.2.2.) General Coufiguration. The method selected to
blank the hol¢ in the background image .s called projected
scene keying. A scene keying camera (SKC) scans the

exact FOV prcjected by the background projector. This
scene includes both the background scene and the super-
imposed target. By use of spectral coding of the back-
ground and :arget images, however, the SKC sees only the
target carrier and wake. On each horizontal sweep of the
background video, the scene keying electronics blanks the
signal within the target area described by the scene
keying camera. Blanking assures that the background image
does not appear superimposed over the target image, creat-
ing the impression of sea waves on the deck of the carrier.

2.2.2.1.1 Scene Key Insetting (SKI) Electronics. Under normal
conditions, the scene keying electronics accepts background
video from the background image generator, blanks the hole

for insertion of the target in response to SKC video, and
redrives the video for transmission to the background pro-
jector. A secondary output returns the same video to the

BIG TV monitor equipment covered in paragraph 2.2.1.1. It

also responds to variations in target intensity due to

screen position and time of day, and produces one component

of the target visibility effects. Ancillary functions

include control of the backgrounc projector optical filter, !
generation of test patterns for both the target and back~- i
ground projectors, and generation of test mode discretes i
for transmission to the linkage.

2.2.2.1.2 Background Projection Equipment. The background
projection eguipment consists of a light valve

projector (supplied with remote control uni:c), the BP i
electronic interface, and the background prcjector optics. {
The background projector and its optics ar: fixed mounted 1§
with respect to the motion platform. The remote control
unit supplied as part of the projector is housed in the
cockpit electronics enclosure. It is accessible from the
rear, but may be removed from its location and carried
into the cockpit while still connected to the projector.
Except for the optics, the background and target TV pro-
jectors and remote control units are fully identical.

D —

The BP electronic interface relays the background video
from the BIG electronics and composite sync from master ]
timing to the projector. At this point, background video !
is the background SEG composite signal with the "hole" i
blanked for target insertion. The background projector i
transforms the electronic signal into a projected image.

The wide angle optics display the image cn the spherical :
screen with the required field of view, and add the spec-
ral coding required for projected scene keying.




T T

(s

BT - T R YRS T P

NAVTRAEQUIPCEN 75-C-0009-13

Spectral coding c¢f the background video is implemented by
placing a blue-green filter in the projector optics. This
produces a projected image devoid of red light. Since the
scene keying camera uses filtration which permits it to see
red light only, it cannot detect the background scene.

For calibration and setup, however, a test pattern pro-
jected by the background projector must be visible to the
camera. This is facilitated by a signal from the linkage
which electro-mechanically removes the blue-green filter
during a calibration procedure.

2.2.2.1.3 Scene Keying Camera Subsystem. The primary com-
ponents of the scene keying camera subsystem xre the scene
keying camera (SKC), the SKC optics, the camera control
unit (CCU), and the dynamic analog raster computer (DARC).
Basically, the SKC is aimed at the same area of the display
screen as the background projector, and uses the same wide
angle optics design as the projector (except for the filter).
By virtue of its optical filtration, the camera detects
only the white light aircraft carrier and wake. Vertical
and horizontal deflection sweeps for the camera are de-
veloped by the DARC. These sweeps provide a camera raster
vhich is conjugate with the raster or tne backgrouna pro-
jector. All other electronics for camera operation and
videc processing, including dc power supplies and alignment
and operating controls, are housed in the CCU. The primary
output of the CCU is the SKI VIDEO used by the SKI electronics
assembly to blank the "hole" in the background video. A
secondary output is provided for video and waveform
monitoring. The scene keying camera subsystem uses hori-
zontal and vertical drive and composite blanking from the
master timing generator.

2.2.2.2 Reliability Characteristics. (To be supplied.)
2.2.2.3 Maintainability Characteristics. (To be supplied.)

2.2.2.4 Human Factors Characteristics. There is no human
interface with components of the background projection system.

2.2.3 Master Timing Generator. The master timing generator
encompasses the circuitry which generates and distributes
all system timing signals for AWAVS. These include ver-
tical, horizcntal, and composite sync; composite blanking;
and vertical and horizontal drives. The foregoing signals
are simultaneously generated at scan rates of 525, 825,

and 1025 TV lines.
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2.2.3.1 Gener'l Configuration. The hardware for develop-
ment and distribution of timing signals is included in the
scene ikeying electronics drawer, the sync generator drawer,
and the sync generator distribution panel. High frequerncy
signals are generated in the scene keying electronics

) drawer, since this is the cnly equipment which directly
uses high frequency master clocks. The source for all
AWAVS timing is a voltage-controllei oscillator which is

] phase locked to the 30Hz computer iteration rate from tne
linkage. The phase lock assures that all computer update .
information is provided durirng the vertical blanking pericd. h

The VCO output is digitally divided down and applied as a
main clock to the sync generator drawer, wherein all line
rate timing is developed. Switching on the front panel of i
the sync generator drawer allows independent selection of A
TV line rates for the target and background systems. ;

Vertical and horizontal sync signals from the sync generator 3
are applied directly to the SKI electronics drawer. All
remaining timing signals are applied to the sync generator
distribution panel assembly, wherein they are redriven and
output to the AWAVS system.

2.2.3.2 Reliability Characteristics. (To be supplied.)
2.2.3.3 Maintainability Characteristics. (To be supplied.)

2.2.3.4 Human Factors Characteristics. There is no human
interface with components of the master timing generator.

2.3 AWAVS Visual Display.

Coverage of the video dJdisplay in this report will include 1
both the design details of the spherical projection screen |
as well as analysis and descriptions of the projected
imagery. In order to adequately describe the latter, a
certain degree cf redundancy with the projection equipment
descriptions from previous paragraphs becomes necessary.

ot

2.3.1 General Configuration. The background and target
video images are projected onto the inside surface of 10-
fcot radius dome constructed of aluminum panels riveted to
a spherical superstructure. Seams are filled and sanded
to present a homogeneous projection surface. The dome !
is rigidly mounted to the motion platform with the apex

of the dome approximateliy 17 feet above the platform floor.
The equator of the dome when viewed from the polar axis
subtends an arc of 360°, less the area taken up Lky an access
door behind the T-3C simulated cockpit. The interior of

the dome is dark when the door is closed. Lighting and
ventilation provided inside the dome are considered to be
part of the VTFS. The dome structure, as mounted on the
motion platfcrm, will withstand 4 G's of acceleration.
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The exit pupil ¢: the background projection lens is located
at the geometric center of the dome. The projector is
mounted to provide a declination angle in the projector
optics of 2.5°. This moves the upper extremity of the

! background image directly over the head of the observer,

3 when the projector is pointed straight ahead. (The

' observer's eye position is 6 inches forward of the polar
axis.) The scene keying camera, which must scan

the exact background image area, is mounted along side

(.o the right of) the background projector and aligned
vertically. It is then pointed back 1.5° left to cover the 3
background FOV. Both projector and camera are fixed mount-

ed with respect to the motion platform. A common mounting 1
wermits the pair to be pointed laterally without affecting
mechanical alignment. For the primary mission (simulation
of carrier landings), the background projector is pointed
40° to the left of center. Fcr future use, in situations
such as formation flying or air-to~a.r combat. a straight
ahead orientation is provided.

s
Pa—

PRSIy

The target projector is fixed mounted atop the cockpit
electronics structure to the left of the background
projector. The target projection optics, however, are
mounted on a two degree of freedom gimbal assembly. Servos
point the target within the background FOV in response .
to commands from the linkage, and cause the target image
to be projected exactly within the area bklanked by the SKI
electronics. The range of projection cptics peointing is y
sufficient so that coverage includes both primary and ¢
secondary FOV's of the background projector. :

2.3.2 Reliability Characteristics. (To be supplied.)

2.3.3 Maintainability Characteristics. (To be supplied.)

2.3.4 Human Factors Characteristics. (To be supplied.) ;
;
!
g
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2.4 Linkage and VTFS Interface.

Linkage is comprised of the AWAVS digital computer, all
input/output conversion eguipment, the Visual Technology
Flight Simulator (VTFS) master controller, and three
Advanced Systems Technology (AST) subcontrollers. Only

the subcontrollers are actually AWAVS components; the re-
maining items are part of the VTFS. The Experimenter/
Operator Station (EOS), also a VTFS installation, includes
certain AWAVS controls and indicators. These are covered
in this report to the extent necessary to maintain con-
tinuity within the subsystem discussions. All communication
to and from the EOS controls and indicators is via the VTFS
linkage. Except for a remote target system TV monitor in
the EOS, there is no direct communication between the EOS
and AWAVS. Subparagraphs which follow apply to AWAVS
subcontrollers only.

2.4.1 General Configuration. AWAVS lirkage subcontrollers
are located on the gantry Y-carriage assembly, the cockpit
enclosure electronics rack, and in the BIG electronics
cabinet. Each subcontroller processes both analog and
digital input/output signals, and each is linked back to
the VTFS master controller. The gantry subcontroller pro-
cesses gantry servo, probe servo, and target TV camera
subsystem signals. The cockpit electronics subcontroller
processes target projector servo, FLOLS servo, and scene
keving TV camera subsystem signals. The subcontroller in
the BIG electronics cabinet processes I/0 signals affect-
ing the background image generator, lamp bank control cir-
cuitry, carrier model servos and lighting, special effects
generatctors, and SKT electronics.

2.4.2 Reliability Characteristics. (To be supplied.)

2.4.3 Maintainability Characteristics. (To be supplied.)

2.4.4 Human Factors Characteristics. There is no human
interface with any AWAVS linkage components. Those relative
to the EOS are discussed in the VTFS Design Report.
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SECTION III

3.0 DETAIL PLOCK DIAGRAMS

This section presents a detailed block diagram for each func-
tional entity of the master block diagram given in Section II.
Text supporting each detailed block diagram describes at a mini-
mum each input signal, output signal, and functional entity illus-
trated. When considered necessary for clarity, additional subor-
dinate diagrams or pictorial illustrations are provided. Analysis
used in determination of the final design is incorporated in each
discussion, where applicable. At the conclusion of each block
diagram discussion, a paragraph entitled "Maintenance Panel Inter-
face" describes all applicable manual controls.

3.1 Target Image Generator

Due to the complexity involved, the target image generator is
subdivided into individual discussions as follows, with individual
diagrams given for each: A pictorial sketch is given in Figure 2.

a. Model Board Assembly

b, Target Model Illumination

c. Optical Probe System (includes FLOLS tracker)
d. Target TV Camera System

e. Gantry System

A television camera model svstem is used as the target image
generator. This system consists of a Forrestal

class aircraft carrier model, model illumination, optical probe,
television camera and gantry system. A 370:1 scale factor was
chosen for the design. This scale factor provides for correct
pupil placement for simulated range up to 2300 feet using a

24 x 24 foot model board. Simulation of ranges greater than 2300
feet is accomplished by a zoom lens in the optical probe. The
analysis shows that perspective distortion of the canted deck for
all simulated range will be less than 2 arc minutes.

In order to minimize the registration error of the Fresnel Lens
Optical Landing System (FLOLS) on the projected video image ot tne
carrier, it has been concluded that closed loop probe pointing
system must be employed.
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Illumination of the model board is uniform over the entire area

to provide for future applications. However, some sections of
lights can be extinguished to conserve power while still providing
sufficient illumination on the carrier model to satisfy the signal
requirements of the television camera.

An analysis of the optical probe indicates that a conventional
prob2, by virtue of its simplicity and ability to resolve vertical
surfaces, is the most desirable configuration for the AWAVS appli-
cation.

A television camera employing a 2-inch intensified vidicon will
provide the necessary resolving power and sensitivity. Distor-
tions, resulting from “arget projection pointing, are compensated
for by use of dynamic raster shaping. This shaping does affect
camera performance in the areas of video flashing, lag character-
istics, and modulation transfer function. Methods of compensa-
ting for these effects have been analyzed and, from this analysis,
the effects have been found to be correctable.

Selectable television sweep rates of 525, 825, and 1025 lines are
provided to allow for controlled variation of system resolution.

3.1.1 Mocel Board Assembly. The model board assembly consists of
a carrier model witn integral deck lighting, a painted wake, a
servo-operated motion system, and a welded steel support structure,
The assembly is the basic source of imagery for the target image
generator. A pictorial diagram, which also shows basic overail
cdimensions, is given in Figure 2. Figure 3 is a block diagram of
the camera model system, which is essentially synonomous with the
mocel board assembly, although it includes inputs from the mainte-
nance panel and linkage. Note that both the model lights and
servos may be operated either under program control via the link-
age, or manually from the maintenance panel located in the gantry
cabiret. The block diagram also shows the FLOLS tracker laser as-
sembly, laser, and fiber optic relay to the carrier deck. Al-
though physically located on the model board assembly, the discus-
sion of #he FLOLS tracker laser is included with the optical probe
system, of which it forms a functional entity. (See paragraph
3.1.3.2.) Descriptions of the detail blocks of the camera model
system are given in subsequent paragraphs.

Illumination of the model board assembly surface is primarily
accompiished by a bank of thirty-two 1000-watt metallic hallide
lamps mounted to a welded steel frame of triangular prismatic con-
figuration. Fill in lighting is provided by smaller floodlights
mounted on the Z-drive assembly of the gantry tower. A complete
description of the lighting system is given in paragraph 3.1.2.
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3.1.1.1 Carrier Model. The general model layout is defined as
a 370:1 scale model of the CVA-59 Forrestal Aircraft Carrier.
N The model layout drawing shows lighting locations, structural ;
& detail, and positioning of various f2atures (light boxes, conning i
tower, runway lines, etc). Special detail was placed on the conning 3
tower and runway %o enhance realism. Groups of lights are positicned
as they actually exist on the aircraft carrier. The carrier lighting
has provision for discrete manual and computer control to vary
the light luminance. The carrier deck is removable for easy
servicing of the fiber optics and light cones.

3.1.1.1.1 Carrier Deck Lighting. Figure 4 is a plan view of the
aircraft carrier showing the approximate location of all carrier
deck lights. There are five types of deck lights, as follows:

TRy

a. Runway Edge Lights

b, Runway Centerline Lights

c. Runway Athwartship Lights

é. Deck Edge Lights

e. Vertical Dropline Lights

The following subparagraphs discuss the technique used to sinmu-

late each of the foregoing types of carrier cdeck lighting. Para-
F graph 3.1.1.1.2 provides a block diagram discussion of the tech-
nology for control of the deck lighting.

[ a. Runway Edge Lights. These lights define the lateral limits 19
i cf the runway. They are located in two rows parallel to and equi-
| distant from the runway centerline. The rows are 35 feet from the 3
: centerline, and fcrm a runway wicth of 70 feet. Twenty-seven x|
lights are located, so that a line perpendicular to the runway i

] centerline and passing through a centerline light also passes '
f { through each of two edge lights. 1In this manner, a symmetrical,

N rectangular pattern is exhibitesd. The twenty-eighth light would

y fall outside the ilight deck area. The lights are unidirectional,
I aligned with the beam facing aft and parallel to the angled deck
centerline. Lighting for the runway edge lights originates at a
light box assembly and is transmitted to the carrier deck via i
fiber optic bundles. The lights on the carrier are simulated by
moléded plexiglass cones imbedded in and bonded to the carrier deck
as illustrated in Figure 5. Each ccne projects a directicral
field with a vertical spread of apcroximately 5° and a horizontal
scread of approximately 60°., Removal c¢f the carrier deck (by un-
fastening the bottcm thumb screws) makes the cones accessikle for
inspecticn and maintenance.

| e e e e e
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Figqure 5. Runway Light Cones

b. Runway Centerline Lights. These lights provide primary in-
formation to inceoming pilots. They are located on the centerline
of the landing area (runway) on the angled deck at intervals of
approximately 45 feet. There are no simulated lights within 10 ft
aft of any arresting-gear wires. There are fourteen positions for
directional fibers, located with the beam axis facing aft and
parallel to the angle cdeck centerline to represent real-world con-
figuration. The simulation technique utilizes the same light kox,
fiber optic relay, and optical core configuration described above
for the runway edge lights, except for the addition of a motor-
driven disk assemkbly to provide the effect of a variaple rate
strobe.
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c. Runway Athwartship Lights. The purpose of these lights is 4
to define the longitudinal limits of the runway. They are ]
; placed on lines perpendicular to the runway centerline at the ex-
.\ tremities of the landing area. The ramp lights are spaced at
; five-foot intervals outboard from the aft centerline light. The

. outermost athwartship lights in this line are five feet inboard of
the runway edge lights. The forward athwartship lights are spaced
at approximately S5-foot irntervals outboard from the forward runway
centerline light. The 12 lights for the ramp and seven lights for
the forward will be unidirectional and aligned with the beam axis,

! facing aft, and parallel to the angled deck centerline. The same
simulation tezhnique described in paragraph a, above, for the run-
way edge lights is utilized herein, except that optical galss rods
; polished on both ends are imbedded into the carrier deck in place
of the plexiglass cones.

Gt ot enieruen e gt
s s, - "

d. Deck Edge Lights. The purpose of these lights is to outline
- the edge of the flight deck. The lights will be spaced at 40-foot
i intervals around the perimeter of the flight deck. The lights

: are omnidirectional and of low intensity. There are 44 deck
edge lights on the model. The deck edge lights are simulated by
subminiature incandescent "pin" lights powered by an external sup-

ply.

e. Vertical "Dropline" Lights. These lights are at the aft
section, mounted in a vertical row, below the deck level at the
ramp. 7To simulate the proper azimuthal and vertical spread
angles, a prefabricated mask has been developed to contain the
bundles within the angular boundaries. There are 14 of !
these lights assembled as a vertical "dropline" light assembly. |
The vertical dropiine lights, like the deck edge lights, are sinu- !
lated by incandescent "pin" lights powered frcm an external supply. i

T T

3.1.1.1.2 Deck Lighting Block Diagram Discussion. A functional i
block diagram of the carrier deck lighting is given in Figuie 6.
All simulated lights discussed in paragraph 3.1.1.1.1 are repre-
sented. The light box assembly shcwn represents either of two
' boxes — one for the centerline and the other for the athwartship
: and runway edge lights. The special function block represents the
E strobe disk and ccntrol (centerline lights only) as well as the
provision for possible addition of color configurations. The
fiber optic bundles distribute light to the optical cones or
fibers used for simulation of runway lights as described in para-
k graph 3.1.1.1.1. The incandescent lights used for simulation of
the dropline and deck edge lighting are powered by a separate
supply. Variable functions such as brightness, on-off, and se-
quencing of centerline lights are normally under program control
by the linkage. For mairtenance purposes, however, control may be
manually provided from the maintenance panel.

it
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The light boxes are mounted on support brackets which hcld the
carrier model servo assembly at a distance of about 13 inches from
the tack of the model panels. This mounting arrangement supports
the light boxes in an upright position so that the bulb operates
in its proper base-down attitude, and so that the light output is
upward to the fiber optics. By adhering to this design, maximum
accessibility is provided for replacing any fibers which may be
broken and for replacing lamps. The fiber bundle is attached to

a second supporting bar located immediately above the light bo:x.

3.1.1.1.2.1 Fan and Light Scurce. The light source for the light
boxes used is a 300-watt,l120-volt projector lamp. This lamp was
selected because it has the highest average life span (500 hours)
available in this type lamp. In order * insure maximum Life of
the bulb, a 43 cfm fan is provided to ma.ntain a base temperature
of the bulb at less than 150°C, and the lamp is cperated at a
lower voltage. Lab tests show that the configuration described
maintains base temperatures of approximately 105°C for the bulb.

3.1.1.1.2.2 Optics. The optical configuration employed by the
light box is shown in Figure 7. The lenses are mounted in lens
barrels with lenses 1 and 2 in one barrel, and lenses 3, 4, 5 in
another. The lenses are adjustable as groups during set up and
alignment to provide for compensation adjustment for manufactur-
ing tolerances. This design forms an image of the light source at
the iris by lenses 3, 4, 5. Lenses 1 and 2 serve to relay an
image of the entrance pupil of lens group 3-4-5 onto the glass
plate at the base of the fiber bundle. Thus, varying the size of
the iris causes a proportional change in light output to the
fibers while the pupil-imaging design maintaius uniform light in-
tensity across the entire 0.75-inch diameter fiber bundle.

3.1.1.1.2.3 Iris and Iris Control. The iris s a fully closing
iris with a mechanical travel of 90° of the control arm. Posi-
tioning cf the iris fcor ths amount of light required is accom-
plished by a dc servo and servo amplifiier driven by computer con-
trol. (See Figure 8 for servo amplifier, motor and follow-up poten-
ticmeter connections.) Actual iris position is fully closed with
0 volts on the D/A input. Fully open position of the iris occurs
when +10 voits is placed on the D/A input. The general shape of
the brightness control curve is illustrated in Figure 9. In addi-
tion to interface D/A input, an input for maintenance mode opera-
tion from the maintenance panel may be substituted.
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3.1.1.1.2.4 Servo amplifier. A servo amplifier assembly is used
to drive the iris servo to the desired brightness setting. The
» servo is a conventional closed-loop position servo (Figure 8) of
the Class I type (i.e., position feedback without rate' feedback).
The control signal (from 0 to +10 volts) is applied at pin J1-6.
) The amplifier design is such as to provide a nominal gain of 10:

i gl

R12 330
R8 + R 27.4 + 5

G = = 10.2

Ll

i The value of R9 is adjusted so that the iris will be full open {
with full +10 volts input. Other adjustments and inputs provided
are:

: a. 2ero adjust (R2) so that iris is just closed with zero
1 volts input.

b. TBl-2 input for signal from feedback potentiometer.
C. Jl-2 input for manual signal from maintenance panel.

d. TBl-5 output signal to iris drive motor. The voltage excur-
sion on the output lead (TBl-5) is limited to 6 volts to avoid
overdriving (and possibly damaging) the drive motor. The clamping
circuits are CR1l, Rl5, R1l6 for the negative-going signal and CR2,
R17, R18 for the positive.

3.1.1.2 Carrier Wake. A simulated 2000-ft painted wake is at-
tached to the model board structure behind the carrier model. The
wake is picked up by the target television camera and inset into
the background scene along with the carrier image.

The following analysis shows the problem of wake cutoff by the
limited field of view of the target system. The wake cutoff and
field of view have been computed for four relative aircraf: to
carrier positions. 1In this analysis six points on the carrier
wake are compared with the probe field of view for four aircraft
locations in the turn to final approach.
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)
! A 2,000-ft wake length is used, with a width of 250 ft at the ;
L carrier stern and 500 ft at the aft end. The six wake points, in
3 the wake frame offset to the FLOLS location, are (in feet):
ot
<407
: 1) stern port corner = 15 = 3
| 62
? 407 |
‘ 2) stern center = 140 = i
L 62 i
407 3
1 3) stern starboard corner = 265 = a3
E* 62
1 -
22407 ]
4) ait port corner 2 -110 = 3
L 62
. 2407 ] )
5)  aft center = -140 = 4
22407 7]
E 6)  aft starboard comer = 390 =
62 ]
The four aircraft locations, in the wake frame ofiIset to the
FLOLS locaticn are (in feet):
b -7380
4 1) 90° turn point = 1.5334 = b
1 (R=1.5nm. h=300ft) 438
7771
2) FLOLS entry = 1370 = b-
(R=1.3nm. h=450ft) |_-388
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27587
3) Wake crossing = 140 = bs3
(R»1.25nm.h=425f0) | -363
5965
4)  Line-up = | 11051 = Dby
(R = 1.0 nm. h = 400 it) 338

For each aircraft location, the transformation from the wake
frame orientation “o the area-of-interest frame orientation (FOV
is centered about the FLOLS location) is:

cos ¢y cos @ sin ¢ cos 6 -sin O—I
T=| sin y cos V¥ o |
_cos v sin 8 sin ¢ sin 8 cos 6|
where:
v=tanl (by,by)
6 = -tanl (b Vhy2 + by2 ).

fach carrier wake point, in the area-of-interest frame located
at the pilot's eyepcint, is:

c=T@-b)

and, from the center of the field cf view, the horizontal and
vertical viewing angles are:

a = anl (cy/ex)
-l -
y = -tan (Cz/' b sz + Cy= )

Table 1 shows the computed viewing angles for the six wake
noints fcr each of the four aircraft locations.
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TABLE 1, CARRIER WAKE VIEWING ANGLES
3
£, A/C Wake
£ Location Point a (Deg.) v (Deg.)
! 1 1.63 -0.50
! e 227 0.48 i
! 1 3 2.90 0.45 i
! 4 10.53 -1.26
1 5 11.86 117
! 6 13.13 -1.09
2 ! 0.65 0.62 |
| 2 2 1.59 -0.62 :
I 2 3 2.52 -0.60
|2 4 3.21 -1.86 :
- 5 5.71 -1.82
i 6 8.14 -1.77
.3 ! 0.06 -0.65
|3 2 1.06 065 |
! 3 3 2.05 . -0.65 |
L3 4 -1.70 -1.95
L3 5 1.05 -1.95
I3 6 3.8 -1.95
L4 x 0.60 -0.85
E 4 2 0.64 -0.87
4 3 1.90 -0.88
4 4 -8.32 292
| 4 S 4.66 -3.01
¥ | 4 6 -0.86 -3.10
i
i
]
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The field of view half-angles are determined by probe zoom (Z,).
Frobe zocm and display 7oom (ZD) are constrained such that total
system zoom (ZT) is:

it

where:

Rp
R

)
Zplp = 7{

probe slant range (scale ft.)
simulated slant range (ft.)

In our simulation apgroach,

ZD -

Zp

Zp

Zp
ip

where,

Rp

Rp

'0 R < 1,000 ft
i -‘-0;’—0 1.000 ft. < R < 10,000 ft
= 0.1 R > 10,000 ft
re, the probe zoom is:
= EI
Zp
= 1.0 R < 1,000 ft.
% LD 1,000 ft. < R < 10.000 ft
1000 ' ' '
R -
-0 X022 R > 10.000 ft
R R
in our approach:
R‘Rl - o
= . (==== )= (R23r7)R} < R < R2
R (R:_Rl) 212) Ry
=2 R >R2
= 2300 ft
= 5840 ft
= 4070 ft
57
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The distance subtended by the probe horizontal field of view
half-angle, in the object plane, is:

d = 52- tan 300.
Zp

At the eyepoint, tnis distance subtends a horizontal field cf
view half-angle of:

v tanl &
é R

Rp
= an°l (—— tan 309);
tan (ZPR
since:

S L Re

Z? =75 " ZpR

a = tn! (Zp tan 300

and, by the same process, the vertical field of view half-angle,
at the eyepdint, is:

y = tan'! (Zp tan 209).

For the four aircraft locations used:

1000

angé,

mable 2 shows the simulated slant ranges, prcbe slant ranges,
display zoom ratios, and FOV half-angles (from the eyepoint) Zcr
the four aircraft locations used.

-
s

n
i

cure 10 shows, for the four aircraf+s locations, the shaze of
e carrier waxe tcgether with the FOV limit Zrame. Ferspective
stortion is not included in this analysis.
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f TABLE 2. CARRIER WAKE FIELD OF VIEW
E\
b: | R Rp , . !
B (ft ) (scale 1) _22_ - a'(deg ¥ (deg)
9120 4070 1/9.12 3.62 2.29
7904 4070 1/7.90 4.18 2.64
) 7600 4070 1/7.60 4.34 2.74
| 6080 4070 1/6.08 5.42 3.43

ik

3.1.1.3 Carrier Model Servo Description. The roll, pitch, heave

i mocel positioning servomechanisms are dc position servos, utilizing
| high-resolution dc torque motors and foilow-up potentiom-

eters. DC tachometers are utilized to stabilize the loop. 1In order
to provide accurate pesiticening, minimum gearing is utilized be-
tween load and follow-up potentiometer. Aall gearing used is anti-
backlash gearing.

The maintenance control panel located on the gantry, probe,

model control cabinet contains local manual-contrcl potentiom-

eters to pcsition each axis independently. Cortrol mode switches
re located on this panel to select computer or local inputs.

The roll, pitch and heave servos are limited rotation devices

and include electrical switches and mechanical limit stops,

A simplified tlcck diagram of a typical carrier model servo lcop

Bl is shown ia Figure ll. Figure 12 shows physical configuraticn de-

tails of the servn components for all axes as viewed f£rom the top,

: starbcard side, and aft end of the carrier model. These figures
also give mounting éda%ta, rotational directions, and gear ratios,
as applicable. Paragraph 3.1.1.4 provides an analysis of the
servo design for the roll, pitch,and heave functions.

A
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AWAVS-A003-10

Figure 10. Carrier Wake and Field of View
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Figure 11. Typical Model Servo Signal Flow Diagram 3
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3.1.1.4 Carrier Model Motion and Error Analysis. The following
paragraphs descrive the t .chniques cf servo design, analysis, and
evaluation of performance applied to the design of the rarrier
model servos. Table 3 is a compilation o  the carrier micdel sys-
tem servos and components. Data common to all three loops is
given in paragraphs 3.1.1.4.1 and 3.1.1.4.2, while peculiar data
is presented in subsequent hardware oriented paragraphs on indi-
vidual servos. Criteria established for design of carrier model
servos during the AWAVS design analysis were as follows:

a. Input Commands. Servos will operate with input commands
formulated as listed in Table 3. Each servo will provide for two
sources of input command signals — one source from the computer
interface, the other source from the test panels switching between
sources will be relay controlled.

b. Minimization of Abrupt Nonlinearities. Components and
mechanisms of the above mentioned subsystems servos have been de-
signed to achieve the required smoothness in output motion re-
sponse. Servo component selections are identified for each servo
under the hardware subsystem descriptions. Mechanisms have been
developed to eliminate or minimize backlash in gearing, by use of
precis. n gearing, by antibacklash gearing.

c. Feedback Technigques. Teedback components (potentiometer and
tachometer) are identified for each servo in the hardware subsys-
tem descriptions of this report. (See Table 3.)

d. Travel Stops and Limit Switches. Travel limit switches will
be provided on each noncontinuous servo. Contact with any limit
switch will remove pcwer amplifier current to the motor of that
servo cnly in the direction of the approached travel limit. Travel
past the limit switches will. be controlled by soft mechanical
stops with over travel. The stops will safely control decelera-
tion based on the momentum produced by the maximum velocity of the
total moving inertia at the instant contact is made with the stop.

e. Lockouts. Removable mechanical lockouts will be incorpor-
ated on all servos providing a means of securing moving mechanisms
during handling and shipment. The lockout will also provide a pre-
precise repeatable calibration reference for position sensor
aligrment.

3.1.1.4.1 Generalized Performance Data. Following are the tech-
niques used in synthesis of performance oriented parameters (dis-
placements, velocities, and accelerations) associated with the
carrier model servomechanism loops. The performance data for each
servo is tabulated as part of the individual loop discussion. (See
paragraphs 3.1.1.4.3 through 3.1.1.4.5, as applicable.)
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TABLE 3. CARRIER MODEL SERVOS )
o DISTURBANCE [ F
3 SERVO INERTIA TORQUE (T_ = J, <.) TORQUE TORQUE
a T L ’
(TD) ‘TF)
H:ave 0.5oz i Pl & 1.2 rad/sec 1l lb-ft 0.07 1L £t ]
cM H
P!
2 -
{ Roll 0.02oz in sec? ¥ 0.04 rad/sec 0.1 1lb-ft 0.07 1b ft
Pcm
) 2 _
Pitch 0.02oz in sec? X 0.04 rad/sec 0.3 1b-ft 0.07 1b £t
e’CM
—
! Ccmponent Data: (Common to all servos)
DC Torgquer - Tachometer

A

Inland TT=-2947 {21V x 6 Amp); Singer #2003837-01 J
Tp = 2.0 1b ft TG = 1.4 v/rad/sec Kr = 0.3 1b ft/amp

wnL = 45 rad/sec

Feedback Potentiometer

O i
»

CIC 505; Singer #1003839-01
Conformity = 0.01% Impedance = 5K

i Power Amplifier

i

Inland EM1802; Singer #1003911-03

200 watts at 20 volts

Compensation Buffers

Singer #2061496-0) and 2061498-01

3
-




™

Y —

b

Lnrdlmmu—mmn

NAVTRAEQUIPCEN 75-C-0009-13

a. Static Accuracy. Accurate line-of-sight placement cf the
projected image on the projection screen is a critical requirement.
To achieve the required projector servo positioning accuracy, the
following techniques will be applied to servos of the visual sys-
tem:

@ An integrator incorporated in the forward path of each
servo is incorporated which acts to reduce the error signal to
virtually zero during static positioning. It also makes the posi-
tioning accuracy of the servo independent of output torque thresh-
olds or gravity loads on the output of the servo.

® A unity voltage follower immediately following each
feedback pot wiper output signal is physically located as near to
the potentiometer as practical. The extremely high input imped-
ance of this voltage follower serves to virtually eliminate errors
due to potentiometer loading.

With the application of the techniques described above, re-
maining static positioning errors occur almost entirely from two
sourcas:gearing errors (between the feedback pot shaft and the ap-
plicable controlled output of the servo), and feedback potentiome-
ter linearity (or conformity) errors. Gearing errors are classi-
fied by two clearly identifiable components:

@ Transmission Error. The variation in the transmission
ratio of a gear pair or train from the ideal nominal value, caused
by the net sum of individual gear position errors and installaticn
runout errors. This error is single valued and repeatable and
combines with the potenticmeter linearity erxror.

e Backlash Error. The total lost motion for a gear pair or
train caused by all contributors, such as thinned teeth, enlargea
center distance and runout of rotating parts. Backlash error is
multivalued and is therefore not a specific repeatable error value.
Therefore backlash in gearing is the only significant error in the
determination of static repeatability accuracy.

Feedback potentiometer linearity (or conformity) error is

the primary accuracy specification of a particular potentiometer
assembly. The maximum permitted linearity error will be defined
by procurement specificatione for each potentiometer assembly used
on AWAVS visual system.

Table 3 lists the pctentiometer selections and confornity

for each servo of the carrier model system. A root-sum-square
method is used in combining maximum allowable gearing errors with
potentiometer errors. Feedback potentiometer errors listed in
Table 3 are the maximum positioning error of the servo based on
the potentiometer linearity (or conformity) specification. For
the noncontinuous servos, this is directly related by the spveci-
fied pot linearity and the gearing ratic which determines the per-
centage of the full potentiometer travel which cccurs over the
full servo travel.

67
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b. Static Repeatability. As indicated in the discussions of
: gearing errors and based on the application of the servo design
N techniques, backlash in gearing is the only significant error 3
] source in the determination of static repeatability. As anti-
backlash gearing is utilized in each servo, the static repeatabil-
ity error should be small.

c. Static Compliance. Incorporation of integral control in

each servo renders the closed lcop dc sensitivity of each servo
! output displacement to disturbance torques or forces applied at

the servo output, to be virtually infinite. This means that the

servos are capable of resisting any externally applied output |

torque or force up to the peak motor torque, without having to H

hold a corresponding error in position. The result is a static
; servo compliance which is virtually infinite.

TP o

e

d. Dynamic Range. The capability of the visual system servos ]
to smoothly control the movement of the projected image over a i
wide range of velocities 1is a critical requirement. The dynamic
range defines the ratio of the largest to the smallest velocity
which the servo can control. The maximum velocity for each servo
is defined by the motion envelope in the AWAVS detailed servo spe-
cifications. Each servo will be judged to have satisfactory
smoothness by direct visual observation of the image projected
cnto the screen at the minimum velocity specified by the applic-
able performance specification. Verifying smoothness using a test
criterion based on monitoring the tachometer signal may not be
valid because of large high frequency content in the signal, which
is nct related to the actual observable smoothness of the projec-
ted image. It is valid only if the ripple, high frequency content
etc. of the tachometer are taken into account.

T

e. Frequency Response. A critical requirement in achieving an

accurate representation of the external visual scene is synchroni-
| zation of all servos involved in projecting the scene. This re-
guires *hat the servos have the same dynamic response as well as
the same degree of smoothness. To accurately control the synchro-
nization of the visual system servos, the dynamic response is spe-
cified to accurately match (within 20%) an ideal second order sys-
tem with a damping ratio ¢ and natural frequency w_ chosen for
optimum performance, n

B e

f. System Type. Based on the specification of dynamic response
i.e., stringent tolerance of 0.1l% of maximum velocity in high vel-
ocity tracking, servo system type should be decided. Optimum
choice of bandwidth, stability damping ratic, percentage overshoct,
velocity tracking error and other parameters depends mostly on
system type. The analysis of the type 1 servos is portrayed in
the Bode plots presented with the individual servo loop discus-
sions. The figures indicate the phase margin, bandwidth, damping
ratio and velocity error constant. Limitations are also indica-
ted. jod

e
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In order for a sv.tem to reproduce the squarewave at its out-

put, the system would have to have infinite bandwidth. Associated
with infinite bandwidth is zero rise time and zero delay time.
There is no analytic expression that even approximately relates
the two for systems of arbitrary order. 1In reality a system hav-
o ing large bandwidth is welcomed if the input signal is free from

' noise. A system with a large bandwidth, is a measure of accuracy
for all time and might be called the measure of dynamic accuracy.

The traditional well-established analytic results of system
! classification and error constants are presented in Figure 13 for
i stable type 0, tvoe 1 and type 2 unity feedback systems.

I e

g. Compensation Cards. The general compensation card has the
capability to properly shape the feedback and forward path sig-
nals. The design philosophy of all noncontinuous servos is es-
tablished to be the same. The components in the compensation
card differ because of difference in controlled load and hardware
of different servos.

h. The Inherent Zeros and Poles Generated By Servo Components.

The values of pertinent parameters of motor, tachometer, power :
amplifier, and follow-up potenticmeter are included in the hard- 3
ware sheets. The tachometer generates an inherent zero w. which
contributes to phase-lead and is adjustable for stability as a
function of cross-over frequency which determines che bandwidth.
] The motor-impedance coupled with the mechanical inertia generates
7 a pole wyy contributing to a phase lag. The electrical time con-
stant of the motor and amplifier generate two other poles up & wj
contributing to phase lag.

The system will be stable if the phase margin, 3ppm, which
is a good measure of system stability, is at l:ast 40°. Proper
electronic shaping is necessary by utilizinc the general compensa-
tion card which can generate two free integrators in the forward
l path, -thus transforming an inherent type 1 stable system in*o
: type ¢ or type 3 stable systems and rencdering the velocity er:cor
T constant to almost infinity, tracking error to almecst zero.

e e W s

3.1.1.4.2 Carrier Model Servo Block Diagram. The noncontinuous
position servo block diagram given in Figure 14 is representative
of the roll, pitch and heave serve loops. The trans-

fer function for unity gain servos, also shown in Figure 14,
is the mathematical expression of the block diagram. Definitions
of the terms used in the transfer function and block diagrams are
provided in the foregoing servo analysis discussions, while
quantitative values are given in subsequent individual hardware
discussions.

P ol s

3.1.1.4.3 Design 2nalysis of Carrier Model Roll Servo (Bem) -
The performance specification of Carrier Model Roll Servo (gewm)
is given in Table 4.
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POSITION ERROR CONSTANT (K}

Th.s constant 1s a measure of the steady state error between the ‘npul a:id the output,
when the input s 3 unit-stepfunction

:-";,l(s) pL.03)
I b B e = L7 0 K O
2
s ¢ 5+ 0 B 12(51 : > 0n

The steady state error of & stible type . umity feedback system for a unit-step (Nput iy

-

‘o
VELOCITY ERROR CONSTANT (K}

This constant s a measure of the steady state error between the input and the output,
when the input 15 a unit-ramp function.

0 £ =0
KBl (s) KBl (v)
K\. = Lim s85(s) = Lim = = —(—0)— g =1
- B
s + 0 s+0 st “Bzis) 2
™ > 1
The steady state eror of a sabie type F.‘uni\y teedback system for a unit-ramp fustion is
1
e (2) = Lim e(t) = —
t » o \\,
ACCELERATION ERROR CONSTANT (K4)
This constant is a measure af the nead.y state error between the input and the output,
when the input is 3 unit-parsbolic function
0 L= 0,1
5 KB, (s) K8, (0)
I'Z; = Lir £“G(s) = Lir = e = 2
N R
s + 0 s+ 3 g "Bz(s) YBZ(O)
L £ >

The steady state error of a stable type © unity feedback system for a unit-parabolic function s
1
el») = Lin e(t) = -—
t 2 K

/i3
AWAVS.AQ003-13

Figure 13. Unity Feedback
systems, Classification and
Error Constants
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TABLE 4 . "CARRIER MODEL ROLL SERVO PERFORMANCE

1 Excursion £12°
2. Velocity (Maximum) 4.7°/sec
3l Acceleration l.85°/sec2
4. Static Accuracy 5 arc min
5. Linearity t5 arc min
6. Repeatability £5 arc min
7. Resolution =5 arc min
; 8. Dynamic Range | 500:1
9% Tracking Accuracy at % 0.6°
; Velocity (High) |
| Velocity (Low) 0, 3°
10. Period of Osciliation 16 sec
|

The carrier model roll servo (¢cy) is synthesized as follows to
meet the performance specification parameters 1 through 9:

1. The mechanical sketch indicates a possible excursion of
t12° for the assembly.

2. Dc torque motor is capable of no load speed of 5156°/sec,
and tachometer has a maximum operating speed of 5156°/sec.

3. The dc torquer can generate a peak torque of 2 lb-ft. The
estimated inertia of roll assembly is 0.5 oz in sec?. The possi-
ble acceleration limit is approximately 10°°/sec?. There is ample
allowance for estimated disturbing torque of 1 1lb-ft.

4. As described in paragraph 3.1.1.4.1, the static position
error for this noncontinuous position servo emanates from the
conformity specification of the position feedback potentiometer.
The static position error could, at most, be =1 arc min. The
best available potentiometer is used for position transducer as a
means of protecting the probe.
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5. The principle of the linear servo is to drive the control
element by amplifying the actuating signal error. All components
of this system are linear, and the linearity of position transducer
potentiometer is specified to *1 arc min,

6. With proper initial calibration to meet the static error re-
Guirement as stated above, any position error beyond that speci-
fied as conformity of the potentiometer, :1 arc min,will be re-
duced to zero because of integral control. Steady state repeata-
bility, in this type of control system, cannot be greater than the
steady-state position error.

7. In order to meet the resolution requirement of +5 arc min,
the position transducer potentiometer of infinite resclution is
chosen.A digital command signal from the computer is converted to
an analog signal by a 12-bit D/A converter, the command signal
resolution being less than an arc min when referenced to the
carrier model roll motion.

8. The dynamic range, the ratio of maximum velocity to minimum
velocity, of 500:1 can be met by the choice of a high quality dc
motor and tachometer, by minimizing friction,and by direct driving
or by using anti-backlash gears of low gear ratio. 1In this case,
the carrier model roll assembly is driven through anti-backlash
gear (l4:1) by the motor-tachometer potentiometer system. The
noise level is kept to the minimum.

9. The reduced transfer function indicates that this servo is
designed to be of type 1 system. As shown in the general analysis,
the velocity error coefficient is finite. This implies that the
servo follows ramp input of the form t'u(f) with finite steady-
state error. With a bandwidth around 18 Hz, with a phase margin
of 78°, the velocity error constant is approximately 75 with a
tracking accuracy less than 0.1° when referenced to the roll
motion of model board, well below what is specified.

The stability analysis is illustrated on the roll servo
frequency-gain plot, Figure 15. The criteria used for stability
are as follows:

To keep the phase margin greater than 40°

To shape the slope of the frequency-gain curve to
20 dB/decade at and around the decade crossover freguency

To reduce the gain sharply at high frequencies.

Inherent zeros and poles plotted on the frequency-gain curve are
defined in Table 5. The phase margin ¢py should be at least 40°
for the system to be relatively stable. Phase margin is defined
as

4py = 180 - ]| phase lags and leads in the system.
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Phase lags: Integral control (é): 90°
Mechanical time constant (TMJ): g3°
Electrical time constant (TC): 14°

Power Amplifier time constant:(TA): 1°

Phase leads: Tachometer Zero (rz): 8s5°
Net contribution: 102°
Phase margin: dpy = 180° - 102° = 78°

This insures excellent stability. However, the compensation card
has several adjustable features which if necessary can be used to
shape the signal. 1In fact, =t is estimated and Tty is adjustable
by tachometer gain adjustment.

TABLE 5. INHERENT ZEROS & POLES FOR CARRIER MODEL ROLL SERVO

i wy, | Zero ! Tachometer & Pot EE 14 rad/sec
[} -
| s
KmK .
wyy | Pole 1 l Motor & Load T"B 15 rad/sec
’ RJ
1
|
W Pole 2 i Motor i 455 rad/sec
' R
l
i i
Wy Pole 3 i Power Amplifier Bandwidth 6000 rad/sec
[}
(]

3.1.1.4.4 Design Analysis of Carrier Model Pitch Servo (8., )
The performance specification of carrier model pitch servo %GC%)
is given in Table 6. :

The carrier model pitch servo (8cm) is synthesized as follows to
meet the performance specification parameters 1 through 9:

1. The mechanical sketch indicates a possible excursion of =3°
for the pitch assembly.

2. Dc torque motor is capable of no lbad speed of 5156°/sec,and
tachometer has a maximum operating speed of 5156°/sec.

]
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TABLE 6. CARRIER MODEL PITCH SERVO PERFORMANCE

‘ I Excursion +5°
E 2. Velocity (Maximum) 3.14°/sec 3
! 3. Acceleration l.98°/sec2
ot 4, Static Accuracy t5 arc min
Foy 5. Linearity t5 arc min
6. Reapeatability *5 arc min
7 Resolution 5 arc min
8. Dynamic Range 500:1 ;
) Tracking Accuracy at
Velocity (High) 0.6°
E ! Velocity (Low) 0.3°
10. Period of Oscillation 10 sec

3. The dc torquer can generate a peak torque of 2-1b ft. The i
estimated inertia of pitch assembl¥ is 0.5 oz in sec?. The possi-
ble acceleration limit is 10%°/sec*. There is ample allowance fer

’ estimated disturbing torque of i-1lb ft.
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4, As described in paragraph 3.1.1.4.1, the static position er-
. ror for this noncontinuous position servo emanates from the con- !
;| formity specification of the position feedback potentiometer.

[ ' The static position error will be less than an arc min when refer-

” enced to pitch motion of the carrier mcdel. The best available

feedback potentiometer is used to obtain this accuracy in order

to control the motion of probe and to provide probe protection.

5. The principle of the linear servo is to drive the control
element by amplifying the actuating signal error. All components
of this system are linear ,and the linearity of position trans-

| ducer potentiometer is specified to *1 arc min.

ol

6. With proper initial calibiation to meet the static error re-
qguirement as stated above, any position error beyond that specified
as conformity of the potentiometer, 1 arc min,will be reduced to
zero because of integral control. Steady-state repeatability in
this type of control system, cannot be greater than the steady-
state position error.

3;
3
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7. In order to mect the resolution requirement of +5 arc nin,
the position transducer potentiometer of infinite resolution is
chosen.A digital command signal from the computer is converted to an

N analog signal by a 12-bit D/A converter, the command signal reso-
lution being less than an arc min when referenced to the carrier
model pitch motion.

8. The dynamic range, the ratio of maxirmum velocity to minimum
velocity of 500:1 can be met by the choice of a high quality dc
1 mctor and tachometer, by minimizing friction and by direct driving
! cr by using anti-backlash gears of low gear ratio. 1In this case,
the pitch assembly is driven by the motor-trachometer potentiome-
ter system by 33:1 anti-backlash gear.

9. The reduced transfer function indicates that this servc is
designed to be of type 1 system. As shown in the general analy-
sis, the velocity error coefficient is finite. This implies that
the servo follows ramp input of the form t'u(f) with finite steady
steady-state error. With a bandwidth of 17 Hz, and phase margin
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