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STUDY OBJECTIVES (U) 
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e DEFINE NON-PHOTOGRA,PHIC ATTITUDE MEASUREMENT AN'D REPORTING -SYSTEMS '.FOR PROVIDING ACCL-UATE, LESS THAN 30 SEC ERROR (lo"), 

POST-FLIGHT DETERMINATION OF SENSOR SUBSYSTEM ATTITUDE DUR­

ING STEREO OPERATION. 

4D FOR EACH SYSTEM DEFINED PROVIDE: 

DESCRIPTION: AND LOCATIONS 

SV IlVIPACTS: TEST 

ESTIMATED PERFORMANCE AND ERROR ANALYSIS 

PLANNING ROM COSTS Al'll'D SCHEDULES 

DAT A PROCESSING AND REPORTING 
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e ERROR IS BETWEEN TCA ALIGNMENT CUBE AND ORBIT PLANE 

COORDINATES IN ROLL, PfrCII AND YAW 

Ii ACCURACY GOAL IS ±10 SEcr lcr 
)> 

-cl 
-cl 

ii SYSTEM IS AUXILIARY TO SV OPERATION - NO FULL REDUNDANCY a 
< 
CD a. 
o' 

ii EFFECTIVITY NO LATER THAN SV-19 ~ 

;:a 
CD 
CD 
Dl 

Ii MEASUREMENTS NEEDED ON AT LEAST 15% OF TOTAL SS CJ) 

~ 
I\J 

OPERATION WITH ANY OPERATION BEING AT LEAST 10 MINUTES 0 
I\J 

OF STEREO PHOTOGRAPHY ~ 
~ 
(J1 

e EQUIPMENT MAY BE LOCATED ON SS HARDWARE 0 
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PREVIOUS STUDIES CONCLUSIVELY SHOWED THAT METHODS MOST SUITABLE 

FOR P-95 APPLICATION AND ACCURACY GOAL ARE STELLAR SYSTEMS. 

THESE SYSTEMS COMBINE CELESTIAL REFERENCE, STAR SIGHTING INFORMA­

TION, EPHEMERIS DATA, AND VEHICLE MOTION KNOWLEDGE TO PRODUCE AN 

EARTH REFERENCED ATTITUDE. NECESSARY EQUIPMENT ITEMS FOR THE 

SYSTEM ARE: A DATA PROCESSOR, A DATA LINK, STAH. SENSORS, AND 

PRECISION RATE GYROS. OPTIONAL EQUIPMENT ITEMS FOR Ilv1PROVED 

ACCURACY ARE A DOPPLER BEACON SYSTEM AND ON-ORBIT DEFORMATION 

MEASURING DEVICES. 
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PROCESSING CO IDERATIONS (U) 

ONBOARD PROCESSING 

8 ADDITION OF COMPUTER SV 

8 GIVE DIRECT READOUT 

8 REDUCES DOWNWARD DATA FLOW 

8 NEEDS EPHEMERIS INPUTS 

11111 PROVIDES FOR HORIZON SENSORS 

PROCESSING 

8 RAW DATA REQUIRES HIGH DOWNWARD FLOW 

11 DATA FLOW DOWNVvARD ONLY 

8 FEWER CONSTRA!h'TS ON COMPUTATIONAL TECHNIQUES 

8 MORE ACCURACY 

e USES EXISTING GROUND COMPUTER(S) 
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DATA LINK CONSIDERATIONS (U) CO ----------------------------------------------------0 
TELEMETRY 

• NO ADDITIONAL ASSOCIATE INTERFACE REQUIRED 

II FEW PHYSICAL LIMITATIONS ON AMOUNT OR TYPE OF DATA 

Ii UTILIZES EXISTING P-95 TECHNIQUES 

II RAW OR PROCESSED DATA EASILY ACCEPTED 

II DAT A PROCESSED Al\TD ATTfTUDES KNOWN WHEN FILM IS AVAILABLE 

• USING PRESEJ:\1T EQUIPMENT WOULD AVOID HIGH Ei.."I'RA COSTS 

II MINIMIZES TELEMETRY INCREASES 

• LThUTS ON AMOUNT OF DAT A AND TIMlNG OF DAT A 

II REQUIRES ADDITIONAL ASSOCIATE INTERFACE 

II ATTITUDES NOT AVAILABLE UNTIL AFTER FILM IS RECOVERED AND PROCESSED 

OTHER (E.G., RECOVERABLE DATA TAPE) 

II NO FURTHER SENSOR SYSTEM IMPACT AND RELATIVELY SIMPLE RV INTERFACE 

II ADDITIONAL HARDWARE REQUIRED 

II POSSIBLE Lm:ITATION ON AMOUNT OF DATA 

II ATTITUDE OR ATTITUDE DATA NOT AVAILABLE BEFORE RV IS RECOVERED 
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WIDE ANGLE TRACKERS/SCANNERS 

II TRACKERS 

WIDE FIELD OF VIEW: INSTALLATION DIFFICULT 

MECHANICALLY COMPLEX 

MODERATE DATA REQUIREMENTS 

SIMPLE PROCESSING 

e SCANNERS 

WIDE FIELD-OF-VIEW: INSTALLATION DIFFICULT 

HIGH ACQUIRED/STORED DATA REQUIREMENTS 

COMPLEX PROCESSING 

- MORE SOPHISTICATED DETECTORS 

FIXED SENSORS 

e ACCURATE DISPLACEMENT HISTORY BETWEEN SIGHTINGS NECESSARY 

e STAR DATA ACQUISITION AND STORAGE LOW 

e MECHANICALLY STh1PLE 

e NARROW FIELD-OF-VIEW 
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SENSOR 
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SENSORS ON TCA FRAME 

SENSORS IN AFT SECTION 

A) ON ARM 

B) ELSEWHERE 

B A) 

/ 

B) 

e MINIMAL STRUCTURAL IMPACT 

9 ADEQUATE SPACE ANJ:? FIEill-OF-VIEW 

e ASCENT PROTECTION PROVIDED BY PRESENT SHROUD 

• CARE REQUIRED TO PRESERVE TCA THERMAL 
ENVIRONMEN.f 

9 MINIMAL STRUCTURAL DEFORMATIONS 

• ADDITIONAL ASSOCIATE INTERFACE 

ti OAL BETWEEN S1;:NSORS TO IMPROVE ACCURACY 

9 RCM PRIME STRUCTURAL MODS AND/OR 
SMALL DIAMETER DETECTORS 

• ONLY MINOR ASSOCIATE ThiPACT 

e REQUIRES ASCENT CONTAMINATION PROTECTION 

9 OPTICAL ALIGNMENT LINK, OAL, TO TCA REQUIRED 
FOR DESIRED ACCURACY 

e ARM ELEMENTS REPACKAGED BUT ALL SENSORS 
IN ONE MODULE 

e GOOD FIELD-OF-VIEW 

e EQUIP SECTION AND RCM VIUME STRUCTURE MODS 

e OAL TO TCA AND ARM GYROs 

e REQUIRES ASCENT AERO AND CONTAMTKATION 
PROTECTION 

SECREf/ 

-J 

)> 
""C 
""C 

~ a. 
Q 
;:a 
CD 
CD 
Dl 
CJ) 

~ 
I\J 
0 
I\J 

~ 
~ 
(J1 

0 
0 
~ 
I\J 
CX> 
~ ..... 



)> 
-0 
-0 

~ a. 
Q 
;:a 
CD 
CD 
Dl 
CJ) 

~ 
I\J 
0 
I\J 

~ 
~ 
(J1 

0 
0 
~ 
I\J 
CX> 
~ 
-.J 

_I,(::-. ' -

GYRO WCATIONS 

ON FRAME 

GYRO 

IN AFT SECTION 
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co --------------------0 
e MINil\/rIZES STRUCTURE DEFORMATION EFFECTS 

• EFFECTS TCA THERMAL E:NVIRONMENT 

e ADDITIONAL ASSOCLt\TE rnTERFACE 

e IF SUPPLEMENT AL GYRO PACKAGE 

INCREASED HARDWARE COSTS 

- HIGHER DATA LOAD 

e IF REWCATED (FROM ARM) P-95 IRA 

CUMBERSOME SV TEST FLOW 

- EXTENSIVE MODULE LEVEL TEST Th1:PACT 

e PRESENT P-95 GYROs ARE USABLE 

- NO CHANGE OF ARM 

- NO INCREASE IN DATA LOAD 

e OAL TO TCA REQUIRED TO :MEET ACCURACY GOAL 

• 1vlINTh1:UM, IF ANY, ASSOCIATE IMPACT 
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GROUND PROCESSING 

ti MINIMUM TO EXISTING SV 

e FLEXIBILITY 

• LATER ADAPTION TO ON-BOARD PROCESSING IS FEASIBLE 

TELEMETERED DATA 

Ii MINIMUM ASSOCIATE IMPACT 

• BEST FOR DATA 

Ii COMPATIBILITY WITH 

FIXED SENSOR 

Ii WW STORED/ACQUIRED DATA REQUIREMENTS 

e :M:ECHANJCAL SIMPLICITY 

Ii SUITABLE HARDWARE DEVEWPED AND/OR QUALIFIED 

Ii RELATIVE EASE OF INSTALLATION 

EQUIPMENT INSTALLATION 

e SENSORS ON TCA FRAME: MINIMUM STRUCTURAL DEFORMATION 
AND EASE OF INSTALLATION 

Ii PRESENT ffiA, IN ARM, USED: MINIMUM SV IMPACT 

Ii OPTICAL ALIG~1VIENT LINK, OAL, OPTIONAL TO IMPROVE ACClJRACY 
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"" ~ • TAKE TIME -J 

4 STARS 
TAKE TIME 

* * 
4 STARS 

TIME 

* 

AVG TIME 
PILON 

* 

- -

* 000 

-- ---

* 
-Y STARS 

+Y STARS 

4 + N STARS 
FITTING TIME 

..,...,,..,. 
~ 

\_4+ N S~AR 
ACCURACY 

AVG TIME P/L 
i.-~---------------------.1'!·~~-I --- INSTRUMENTATION ON 

I 
0 100 200 300 400 500 

TIME (SECONDS) 

SECRET / H 

600 

)> 
""C 
""C 

~ a. 
Q 
;:a 
CD 
CD 
Dl 
CJ) 

~ 
N 
0 
N 

~ 
~ 
(J1 

0 
0 
~ 
N 
CX> 
~ ..... 



)> 
-0 
-0 

~ 
a. 

Q 
;:a 
CD 
CD 
Dl 
CJ) 

~ 
I\J 
0 
I\J 

~ 
~ 
(J1 

0 
0 
~ 
I\J 
CX> 
~ ..... 

. .,\ c· 
. • f - -

' . 

Detector 

Qualific~tion Status 

Accu,-acy 
{la) 

Field view 

Aperture • 

Star 

Telesc 

Overall 

Weight 

Pow~r 

Sun Shield u~11~,,~~ . ) 
Cost 

Data 

SECffiT/ 
STAR SENSORS (2 PER VEHICLE) 

IMAGE DISSECTOR. 

t---------r+ 
6 Silicon Detectors l Image Di~sector 

Just Now Completing Flight Qualif:i.ed 

Qual. 

Randan 6 sec' 
Systematic 6 sec' 

10° 

2.75 in. 

J.8 

J.8 11 Dia. x 7 .8 long 

4.8" Dia. Flange 

6.6 pounds 

2 watts 

Max. 8.6 in dia. 
14 in. long 

l3$K 

8ms accuracy ~ine word 
+ slit identification 

Random 
Systematic 

8° Square 

3-4 in. 

6 

10sec' 
7 ·se'c' 

I 

12" X 6 11 X 5,25 11 

18 pounds 

10 watts 

Max. 12 in dia. 
15 long 

75K 

13 bit digital word 
each axis 

( I I 
BIF003W /2-090278-73 Rev A 
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1-fJLTIPLIER 

2 Photo Multipliers 

Hjgh Likelihood of Qual. 

Random 4 sec' 
Systematic 4 sec 
6" 

5 
6 11 Dia. x 1011 long 

10" Dia X 1011 Long 

30 pounds·· 

15 watts 

Max. 11 in dia. 
22 1'.:ing 

250K 

8 ms accuracy ti.,ie word 
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EQ IPMENT - OPTICAL ALIGN ET LI K 

COST ESTIMATES 

Configuration/ Recurring Total 
Supplier Random Accuracy Qual. Cost (6 Units) (6 Units) 
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CD 
a. 

Barnes 2 ax:is/3 sec $ 120K $ 280K $ 400K Q 

Twist. aris/5 'ooc $ 180K $ 400K $ 580K 
;:a 
CD 
CD 
Dl 
CJ) 

~ 

furkin Elmer 2 axis/3 ~ ? $ 800K 
I\J 
0 
I\J 

3 axis/3;;;; ? $ 1.2 M ~ 
~ 
(J1 

$ l20K* 
0 

ITT 2 axis/3 ~ $ 500K $ 620K 0 
~ 

(image dissector) 
I\J 
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*Estimated no contact 
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Star Sensor Systematic 

QA.L ~ndorn 
DAL Systematic 
-;t'.ttitu.d;; Solution 

Error ( 2 axie) 

Structural 

Total 

+ 

Shift 

. 

Y ROS 

T "' 370 SEC l T "' 35 SEC 
SOLID STATE 11~AG~~ !J ISSI~CT OR 

A*,x~ B C A B I C 

12 12 12 10 10 10 

6 6 ; 

7 '( 7 0 

--- 3 3 --- 3 3 
--- --- 3.5 --- --- 3.5 
9 9.1 9.1 8.7 8.8 9.5 

13 - - -5 - -
- 3 - - - -
15 15 - lS 15 -
- 3 3- 3 3 

2 2 2 2 2 2 

22 I 1s 110 I 17 17 10 
I, 

O!' { 

-i~ A - lfo. OAL 
B - OAL TC.\ to G~".:'os 
C - OAL'S SENSOR TO S3NSOR AND TCA TO GYROS 
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T co 90 SEC 
PHOTO !·fiJT,TIPLIER 

A B r: 

8 8 8 

5 5 5 

3 3 
--- --- 3.5 
6.58 6. 75 7.6 

2 - -
- 1 -

15 15 -
- 3 3 

2 2 2 

17 17 9 l 
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Ep...1.emeris Errors 
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0 so 100 200 500 1K 2K 

In-Track Error (ft) 

ERRORS 
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0 ATTIT DE ERRORS 

{
cross-track error maps into roll error 
cross-track error maps into yaw error* 
in-track error maps into pitch error 
radial error has no first order effect 

*via cross-track velocity error 

Et 

0 20 
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0 § 10 
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~ 6 

~ 4 G 

21 Q 
G [:J 

0 I I I 

0 50 100 200 500 lK 2K 0 50 100 200 500 lK 2K 

Croes-Track Error (ft) Cross-Track Error (ft) 
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SECf\EF/ 
ESTIMATED IN FI'I'TING STRUCTURAL 

IMAGE 
DISSECTOR 
SENSOR 

PHOTO MULTIPLIER 
SENSOR 

THh~>r,•r, ---.....,;!>/ 

SOLID STATE SENSOR ----- j 
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.30 L.O 50 60 80 • 100 200 300 400 500 600 800 
TIME BETWEEN STARS ON ONE SENSOR - SECOm:6 

60 80 100 120 160 200 400 600 800 1000 1200 1600 
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RECOMMENDED SYSTEMS (U) CO 
0 

TIIE RECOMMENDED SYSTE.MS ARE A SERIES OF SYSTEMS IMBODYING THE SELECTED 

APPROACH FEATURES AND COVERING A RANGE OF PERFORMANCE AND COSTS. AT 

ONE END OF THE SERIES IS A SYSTEM VlIIICH ADDS ONLY IMAGE DISSECTOR SENOORS 

TO THE TCA FRAME FOR AN OVERALL ATTITUDE OF TCA REFERENCE CUBE ACCURACY 

---OF APPROXIMATELY 30 SEC. AT THE OTHER END IS A SYSTEM USING PHOTOMULTIPLIER 

SENSORS AJ:\1) OPTICAL ALIGNMENT Lr.NKS BETWEEN THE SENSORS AND ARM Gi'l-WS -WHICH MEETS THE ACCURACY GOAL OF 10 SEC. '.l'HE ADDITIONAL OPTICAL LfKKS 

OF THE LATTER SCHEME SUGGEST REMOTE MOUNTING OF THE DETECTORS SINCE 

DEFOR:::VIATION IS NO U)NGER A CONCERN, THEREBY REDUCING ASSOCIATE INTERFACE 

ThiPACT AND FACILITATING INSTALLi\.TION. SCHEMES USING SOLID STATE DETECTORS 

ARE NOT RECOMMENDED BECAUSE OF THEIB LONG SOLUTION TI::.IE. 
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SENSOR 

ThiAGE 
DISSECTOR 
70 SECONDS 

SOLUTION TIME 

PHOTO MULTIPLIER 
180 SECO:t\TDS 

SOLUTION TThfE 

SGLS TRACKING 

PARAMETER 
NO OAL ' OALS 

OAL ARM/TOA ARM/SENSOR 
' 

ACCURACY, SEC'la 
2 AXIS NADffi/YAW 36/17 36/17 23/11 

Li. WEIGHT 120 POUNDS 166 211 

A POWER 25 WATTS 
50 75 

COST*, $1,000 5,240/1,980 7, 243/2, 003 8,585/2,945 
TOTAL/NONRECURRING 

ACCURACY, EEC' la 32/17 33/17 16/10 2 ,\XIS NADIR/YAW 

A WEIGHT 137 POUNDS 182 228 

A POWER 
WATTS 30 55 80 

- -
COST*, $1, 000 6,770/1,562 9,068/2,360 10,130/2,522 

TOTAL/NONRECURRING 

SECRET / H 

DOPPLER 
TRACKING 

OALS 
ARM/SENSOR 

22/10 

-
231 

80 

8, 837 /3, 125 
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THE IMPACT OF ADDING ANY OF THE fiECOMMENDED SYSTEI\18 TO THE SV IS SMALL. 

BY THE USE OJi THE APPROPRIATE SIGNAL COI\TDITIONING DESCRIBED, THE EXISTING 
• ' 

TELEMETRY SYSTEM CAN HANDLE THE ADDITIONAL DATA. COMMAND AND POV,/ER 

INCREASES ARE Sl\1ALL A?\'TI CAN READILY BE ACCOMMODATED. STRUCTURAL 

CHANGES ARE EASILY MANAGED SINCE ADDED EQUIPJ\.fENf IS LIGHT WEIGHT AND 

LOCATIONS HAVE BEEN SELECTED TO AVOID REDESIGN OF PRTh'.IE STRUCTURE. 

EXTENSNE ANALYSIS WILL BE REQUIRED TO INSURE THAT AN ACCEPfABLE SENSOR 

SUBSYSTEM THERMAL ENVffiONMENT IS RETAINED. ALTHOUGH IT APPEARS TO BE 

NO PROBLEM FOR EXISTING TECH1'.'IQUES, AND TO ACCURATELY PREDICT STRUC­

TURAL MOTION AND ST ABILITY AFFECTING SYSTEM ACGL1RACY, SOME UNCERTAINTY 

EXISTS IN THE AREA OF SYSTEM CALIBRATION, WHICH CAN ONLY BE RESOLVED BY 

BETTER DEFlliITION Of' TIIE SYSTEM TO BE USED, MORE KNOWLEDGE OF THE EXIST­

ING IN-FLIGHT ENGINEERING TEST CAPABILITlliS, AND DESIRED LEVEL OF PERFORM­

ANCE. DEVELOPMENT OF ATTfl'UDE SOLUTION ALGORITHMS AND IMPLD,IENTING 

SOFTWARE IS BASICALLY THE SAI\IE AS THAT DOKE FOR THE QUANTIC EXPERIMENT; 

HOWEVER, PARTICULAR ATTET\TTION WILL HAVE TO DE GIVEN TO HANDLING A~TD 

REPORTING METHODS WHICH WILL ASSURE TIMELY DELIVERY OF THE ATTITUDE 

INFORMATION TO THE INTERESTED USER. 
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e PHOTO MULTIPLIER 

SIGNALS 

1 DISCRETE EVENT/SS 

1 MAGNITUDE ANA WG/SS 

REPETITION RATE - 10 SEC 

HARDWARE REQUffiEMENT 

• MODIFY DTU TO ACCEPT (1) 

DISCRETES/SS AND RESOLVE 

TO ±1 MILLISEC. UPDATE 

EVERY 100 MILLISEC. OUTPUTS 

TO PCM 8 DISCRETES SAMPLED 

AT 20 SPS. 

• (1) ANALOG/SS DIRECT TO PCM 

SAMPLED AT 20 SPS 

e RECORD DAT A FOR A MINIMUM 

OF 10 MINUTES AND UP TO 

20 MINUTES/REV MAX 

• 8 REDUNDANT ON/OFF COMMAN!)S 

SECRH / H 

REMARKS 

ADDS 8-RIT DATA COJ:;f'iTTER 

FOR SS 1 A];l;'D 2 

ADDS (2) 8-BJT STORAGE 

REGISTERS AND DRIVERS 

ADDS ONE ANALOG/DISCRETE 

SLICE TO PCM SYSTEM 

PRESENT SYSTEM CAN BE 

USED FOR DATA STORAGE, 

READOUT AND COMMANDING 
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e SOLID STATE (2) 

SIGNALS 

6 DISCRETE EVENTS/SS 

6 MAGNITUDE ANAIDGS/SS 

REPETITION RATE - 10/SEC 

HARDWARE REQUIREMENT 

e MODIFY DIU TO ACCEPT (6) 

DISCRETES/SS; IDENTIFY ONE OF 

SIX AND RESOLVE TIME OF 

OCCURRENCE TO 8 MILLISEC. 

UPDATE EVERY LO SEC. OUT­

PlITS TO PCM 8 DISCRETES 

SAMPLED AT 10 SPS. 

e MODIFY DIU TO ACCEPT (6) 

ANALOGS/SB MULTIPLEX TO A 

SING LE OUTPUT TO PCM AT 

10 SPS 

e RECORD DAT A FOR 10 MINUTES 

MINIMUM, AND UP TO 20 MINUTES/ 

REV MAX. 

II 8 REDUNDANT ON/O FF COMt1ANDS 

SECRET / H 

REMARKS 

ADDS INPUT AND DECODE 

CIRCUITRY, 8-BIT DAT A WORDS 

FORSS 1 AND 2 

ADDS INPUT AND MULTIPLEX 

CIBCUJTRY, SINGLE ANALOG 

OUTPUT BUFFER 

ADDS ONE ANALOG/DISCRETE 

SLICE TO PCM SYSTEM 

PRESENT SYSTEM CAN BE USED 

FOR DATA STORAGE READOUT, 

AND COMMANDING 
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e ThiAGE DISSECTOR (2) 

SIGNALS HARDWARE REQUIREMENT REMARKS --
1 - X POSITION ANALOG e NEW DEVELOPMENT OF DUAL ST AR SENSOR CONVERTER WILL 

CHANNEL STAR SENSOR CON- CONTAIN: 
1 - Y POSITION ANALOG 

VERTER. RESOLVE X ANDY 2 - POWER SUPPLIES 

POSITION TO 3. 5 SECONDS OF 4 - ISOI.ATED INPUTS )> 

1 - MAGNITUDE ANALOG "U 
"U 

8 DEGREES FULL SCALE (13 BITS). 4 - SAMPLE AND HOLD AMPS a 
< 
CD 

REPETITION RATE - UPDATE EVERY 0, 2 SECONDS 4 - A TOD COl:l.1VERTERS (14-BIT) 
a. 
Q 

CONI'INUOUS OVTPUT TO PCM 28 DISCRETES 2 - OSCILLATORS AND CONTROL ;:a 
CD 

TIMING CD 
SAMPLED AT 5 SPS. Dl 

CJ) 

4 - 14-BIT PARALLEL OUTPUTS ~ 
I\J 

e (1) MAGNITUDE ANALOG DIRECT 0 
I\J 

TO PCM SAMPLED AT 5 SPS. ADD (2) OUTPUT BUFFERS TO DTIJ ~ 
~ 

ADDS ONE ANALOG/DISCRETE (J1 

e MODIFY DIU FOR (2) 5 PPS OUT- 0 
SLICE TO PCM SYSTEM 0 

PUTS TO DUAL SS CONVERT ER. ~ 
I\J 

PRESENT SYSTEM CAN BE USED CX> 
~ 

e RECORD DATA FOR 10 :'.VIINUTES FOR DATA STORAGE, READOUT -..J 

MINI.MUM AND UP TO 20 MINUTES/ AND COMMANDING 

REV 11AX 

II 8 ON/OFF COMMANDS 
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-----------------------------------~~-------------------------

CM 
~tOD 

AR 

ASC. TM, 
MODULE 

DATA 

t 

lRu3C-ri--

DET 1 DET 2 

D. I. U. 

RU 4 

n 
0 
U7 
1----1 
N 
co 
0 
1----1 
-J 

)> 
-cl 
-cl 

~ 
a. 

Q 
;:a 
CD 
CD 
Dl 
CJ) 

~ 
I\J 
0 
I\J 

~ 
~ 
(J1 

0 
0 
~ 
I\J 
CX> 
~ ..... 



)> 
"U 
"U 

~ 
a. 

Q 
;:a 
CD 
CD 
Dl 
CJ) 

~ 
I\J 
0 
I\J 

~ 
~ 
(J1 

0 
0 
~ 
I\J 
CX> 
~ 
...... 

, .. •• .. (· 

PRCM 

MODULE 

( 16 

SECREf/ 
BLOCK DIAG AM - IMAGE DISSECTOR U) 

OET 1 DET 2 

A I B 

D, I. U. 

DATA 

RU 4 

I .......-r-.....---+,__.._-i-

C 
BIFOOSW/2-090278-78 Rev A 
Page 28 

NE 

S CON 

BOX 

n 
0 
U7 
1----1 
N 
co 
0 
1----1 
-J 

)> 
"U 
"U 

~ 
a. 

Q 
;:a 
CD 
CD 
Dl 
CJ) 

~ 
I\J 
0 
I\J 

~ 
~ 
(J1 

0 
0 
~ 
I\J 
CX> 
~ ..... 



,_, C 
t •• ; .. 

'\..... ... 7 

' 

TYPICAL SCHEDULE (U) 

BIF003W /2-0902£ 73 Rev A § 
P.age 29 1----1 

N 
co 

--------------:------------------------------,-, 0 
1----1 

l\Il1JOR MILESTONES 

DEFINITION 

PRELThIINARY 

)> 
:g ! VENDOR QUOTE 
~ 
~ I PROCUREMENT 
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DESIG~ 

i FAB QL\.L 

QUALTESTS 

BUILD-UP BRASS ~~, ,H~ 

FAB FIRST 

MODIFY FIRST 

INSTALL FIRST 

1975 -J 
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THERE EXISTS FEASIBLE CONCEPTS TO ACHIEVE ACCURACIES AS LOW 
1 

AS 10 SEC (lcr) AT THE TCA ALIGNMENT CUBE. SUITABLE SENSORS 

SHOULD BE AVAILABLE AND CAN BE ACCOMMODATED WITH LITTLE 

SV HARDWARE IlVIPACT. THE MAJOR OPEN PROBLEM AREAS OF THESE 

CONCEPTS ARE: 

41 STRUCTURAL DEFORMATION MODELING AND FITTING 

Ill DEFINrnoN OF GROUND TEST PROGRAM 

- VERIFICATION OF ALIGNMENT ST ABILITY 

- BRASS BOARD PERFORMANCE VERIFICATION 

- VEHICLE ACCEPTANCE TEST REQUIREMENTS 

e DEFINITION OF FLIGHT TEST PROGRAM 

- VERIFICATION OF ALIGNMENT STABILITY USING APSA 

OF ON-ORBIT CALIBRATION CAPABILITY 
WITHOUT APSA 

e OF PROCESSING PROCEDURE AND SOFTWARE 

SECRET / H 
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PP RUXQAA 
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ZNY XXXXX lKl ZNM 
P 0419002 
BT 
xxxxx 
GUARD 035 CATOR 039 
GUARD PASS VRIG WAHOO 
CATOR PASS CHARGE 

--

l' 8 P S f e Fl: l 'i' 34. l 9!0Z JUN 74 CITE ETHER 0286. 
WHIG INFOR CHARGE WAHOO 
SECUR NT KEYHOLE 
WHIG F CHAR0E FOR D.BERGANINI, WAHOO FOR G. S~ITH. 
SUBJ!CT NS TO DISCUSS POSSIBLE APPROACHES FOR ATTITUDE 
CAPABILITY FOR THE HEXAGON PAN CAMERA. 
1. REFERENCES I 

A. MESSAGE, CITE WHIG 0073t 16!845 Z JAN 74, SUBJECTr HEXAGON 
PAN CAMERA-MA?PING APPLICATIONS STUDIES. 

B. ~EMORANDUM FOR THE CHAIRMAN, COMIREX, 16 APR 74, SUBJECT: 
HEXAGON PAN MAPPING APPLICATIONS STUDIES, BYE-47539-14. 

C. TEL[CON BETWEEN H. PEAKE AND J. VEBB, 3 JUN 74, SUBJECT: 
~EETINB REGARDING ATTITUDE CAPABILITY FOR THE HEXAGON PAN C 

vr·•-:~11•~,.~r•1 nnn\f yfil/'..a\lr:· tl ••• l 
PAGE 2 ETHER 0286 T 8 P S E 9 ft ! T 
2. REFERENCE A. REQUESTED THAT ETHER PROVIDE REQUIR£MENTS FOR 
ATTITUDE ACCURACY. THIS WAS ACCO!IIPLISHED BY REFERENCE B. FOR THE 
PURPOSE OF REVIEV TKE FOLLOWIN0 IS EXTRACTED FRO~ RETEREMCE B. 
ETHER HAS ANALY'ZED A PROJ!CTED ERROR BUDGET FOR A PAN STAND-ALONE 
SUSSYSTEM INCORPORATING ALL THE RECOMMEff)ED IMPROVEMENTS. THE 
TOTAL ERROR BUDGET COMPUTATIONS WERE MADE CONSIDER I NG ABSOLUTE 
ATTITUDE AT 5•6, 10 AND 15 ARC SECONDS AT THE OPTICAL AXIS. THESE 
CO~PUTATIONS MAKE IT POSSIBLE TO COMPARE POTENTIAL CAPASILITIES 
VERSUS THE VALIDATED G All) G TECHNICAL OBJECTIVE FOR THE ADVANCED 
ICBN WHICH STATES A RANGE OF 100 TO 165 F£!T(C£P). THE FOLLOVIN8 
TABLE PROVIDES THE SATISFACTION LEVEL IN TERMS OF APPLICABLE 
PORTIONS OF THE SCAN FORMAT IN DJi:(3Rli:,ES REl,.ATIVE TO ATTinJOli: ACOUJh\C'j 
CAPABILITY AMD TM! AtlVANC!'O ICli!M lUM!IE.1 j 
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ADVANCED ICBM RANGE (FEET) 
stsTE!lf ATTITUDE CAPABILITY Ufl 125 u;, 

_J 5-6 ARC SEC 0-30 0-.45 0-60 
10 ARC SE:C 0-15 0•45 
15 ARC SEC 0-30 

AS CAN BE SEEN FROM THE ABOVE TABLE, TO SATISFY THE OBJECTIVE RANGE 
OF THE ADV.A M::EO ICB!lf <WE'R THE fl't.n..L PAN FORMAT WOULD REQUIRE AS A 

PAGI :5 ETHER 0266 T Q P S i S R E T 
M!NIMU~, ATTITUDE CAPABILITY OF 5-6 ARC SECONDS ON EACH AXIS. A 
LESSER CAPABILITY OF 10 OR 15 ARC SEC WOULD PERMIT SOME LIMITED 
~PPLICAT!ON AT THE MIO AND UPPER OBJECTIVE RAPf3E: HOWEVER IT 1$ 
D!PHASIZED THAT SATISFACTION OF THE TOTAL OBJECTIVE RAOOE WITH A 
PAN STAND-ALONE SYSTEM THROUGHOUT ITS FORMAT WOULD REQUIRE 5•6 ARC 
SEC RO BETTER ATTITUDE CAPABILITY. 
3. DISCUSSIONS BlTVEEN VH!8 AND ETHER OVER THE PAST fOUR MONTHS, 
CULMINATIN8 IN REFERENCE C., INDICATE THAT STUDIES HAVE PROGRESSEO 
TO THE POINT WHERE A MEETING BETWEEN THE INTERESTED PARTIES TO 
DISCUSS POSSIBLE APPROACHES IS APPROPRIATE AM> POSSIBLE, ETHER 
REQUESTS IF POSSIBLE THAT THIS MEETIM3 BE HELD DURING THE VEEK OF 
24 JUN 74. OUR SPtCIFIC AREAS OF INTEREST FOR THE ~EETING ARE A 
DISCUSSION Of THE VARIOUS TECHNICAL APPROACHESt ACCURACY OF EACH, 
It4T£RFACE R[QUIREMENTS, TIME FRAME FOR IMPLEMENTATION, PROJECTED 
C AND THE POTENTIAL OF EACH FOR INCREASED ACCURACY BEYOND THE 
DIS SSED 5-6 ARC SECONDS. THIS INFORMATION COULD BE V[RYP 
IfltPORTANT IN ESTA8L!SJUN8 POSITION RELATIVE TO ON-GOING STIJDIES 
Ar-t, THEREFORE IS TIME CRITICAL. E-2 I~PDET 
'f8P9E8RET 
BT 

N 

N 
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l9Y SE~RH BYEMAN 
CONTROL SYSTHA 

lllllllf lJ!f ptit&WI 
-tSrNATIONAL RECONNAISSANCE OFFICE --·-····- ·······-······ 

THE NiiO ST Af- ~ 25 July 1974 

MEMORANDUM FOR RECORD 

SUBJECT: HEXAGON Metric Pan-Option Review Meeting 

BACKGROUND 

When, in 1972, it became obvious that the current buy of 
12 HMC's would not acquire all the coverage DMA required, new 
collection options were developed. One scenario evolved 
around the HMC (mainly pushed by DMA-TC) another around a 
metric pan concept (mainly DMA-AC and some adherent:4.from DMA­
Hqs who had transferred from DMA-AC). 

In August 1972, the NRO requested DMA-Hqs to perform a 
study (to be completed by May 1973) evaluating both approaches 
from a requirements point of view. The study was undertaken 
but was not completed until August 1973. Its princii:a,l result 
was a preference for a metric pan system if accuracies could 
be met and enough film was available. 

The July 1973 ExCorn decided that no further NRO funds 
would be spent on DMA camer¾_after the exhaustion of the 
current buy of 12 HMC's. The ExCom did agree to perform 
pertinent studies in cooperation with DMA to detennine 
which approach (pan or frame) would be best technically 
for the future. 

Two NRO studies were subsequently performed. One by 
Lt Col Al Taylor, SS-4, investigated the coverage mix options, 
over time, as a function of DMA requirements by priority. 
This study was completed in May 1974. The second study was 
initiated by SS-7 and involved the technical capability of 
the HEXAGON pan system to be modified to accomplish the 
MC&G mission. The item at issue was attitude accuracy and 
precision of the focal plane during exposure. This was 
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completed in May 1974 and briefed at Sunnyvale on 26 June 
1974 to LMSCl SP-7 (Berganili), NRO (Peake), DMA (Joe Webb, 
Dr. Mahoney, ) and PE ~---------~' 

Copies of the briefing aides are attached. 
A formal report won't be written at this time due to time 
and cost problems. 

CURRENT SITUATION 

Of the four alternatives at the 26 June meeting, the 
so-called solid state stellar (s3) camera was reconnnended. 
PE later estimated total costs including LMSC integration 
at less than $20M. This was much lower than the $30-50M 
estimated with other techniques considered earlier. The 
s3 also involved a relatively high risk because it hallll-
not been done before, and it involve.4-an in-flight calibra­
tion of the pan camera using stars with the bird rolled 
over on its back. While the latter had been attempted with 
the HMC it hasn't been successful yet. 

The second most likely alternative involved att 
stellar indexin with their own film patht 

--era, th ~1!'cr-t~~tt1e&¼:-•e&f!l,il-h;i~~is much lower 
here •• 11 components exist; however, bucket take-up an 
additional film paths are required. This means greater 
~~~...a.i.d.~ total cost ($20-
30M). The final conclusion at the meeting (26 June 1974) was 
that a metric pan was possible at the accuracies desired by 
DMA. This was contrary to previous predictions, but it¥ a 
unanimous judgement of all present. Lv--.,_ 

At the July 74 ExCom the decision not to fund future 
MC&G camera requirements out of NRO resources was reaffirmed 
and the decision on a fourth block of HEXAGON systems was 
left open. 

DISCUSSION 

At this point in time the issue of a metric pan is 
academic, unless another buy of HEXAGON systems is made. 
If it is, DOD can fund either hardware system they choose. 
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Assun:nning DMA can demonstrate enough advantage for the metric 
pan to warrant the risk to the pan system primary mission, 
tht,&:., route is feasible. ChinesAcopies of the H.MC is the 
back-up option. In either case they pay. 
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1 PAGE 3 CHARGE 7fl75 6 E 0 R ! ! 
; Cf,MXRAS TO THE PAN CAMERAS, THE ATTITUDE ACCURACY 
! 1$ .PR,!OlCTEO TO BE , ARC SEC co ME SIBM'A). THE ABILITY 
I lPERFORM AN ON-OJl!IUT CALIBRATION TO ?. ARC SEC MAS 
I T BEEN DEOMO NSTRATED .. INITIAL ANALYSIS BY PERCH 
L. !CATES THAT THE PAN CAMERA HAS THE CAPABILITY TO 

!MASE 4. 7 lltAGNITUDE STARS ON 1414 FILM BUT ETHER HAS 
NOT DETERMINED THAT THIS IS ADEQUATE TO PERM.IT A 
~ ARC SEC CALIBRATION. AN ENGINEERING EXPERI~!NT 
IS PLJ,MNED FOR THE LAST PART OF THE 1209 IUSSION TO 
APEWt'R THIS C.AL!BRATION QUESTION. 

r. NO CHAM3ES IN THE TIP!.ING ACCURACY THAT CURRENTLY 
EXISTS ARE CONTEMPLATED. 

F .• APPROXIMATE!. Y FOUR YEl\RS WILL BE REQUIRED 
AFTER GO AHEAD UNTIL FIRST FLIGHT OF THE METRIC PAN 
W CA.MIR A AS SEflB LY. 
·~ tl'fi't~1' A"-> ~ 100 PERCENT 

ILL NE.ii iJll. imlll!lii!,,,,,,, ...... . 
. .. MU'1~ ~REA1'£R 

ACHIE lt !'ARLIEJf 60. AHEAD. 
6 <f'. 6'.:'a!\jll!t£RY 1::tOUGH F.ST I~1HE oF THE' FUNDntr tfNUtJlfE'D 

PAGE 4 CffARllE 101:S B ! e 1' t I 
BY F AL YEAR IS BIVEN BELOW. THIS IS AN IN-HOUSE 

TE AND IS NOT, REPEAT NOT. BASED ON CONTRACTOR 
PR POSA.LS. THE DOLLARS ARE SI VEN IN MILLIONS. 

FY75 Ji'Y15 F'Y77 FY77 FY78 ry79 TOTAL 
(TRAM> 

ST~RT OCT 74 •.25 9.10 t.00 5.50 2.2~ 0 22.10 
ST.ART OCT 75 it 4. 6 5 2 .. 51a 8 • 5 0 6. 0 3 2 • 5 0 2 4 .. 1 5 
(TKE lSTUfAT! rm, OCTOBER 75 START IS APPROXIMATELY 
tl!J PERCENT J:l'IGHlff OU! TO INFLATION AND UNKNOWNS.) 
2. IF DEC,ISIO,N TO PURCHASE TWO ADDITIONAL MAPPING 
CAtlfERAS IS D!J;..JITID PAST JAlf 75, THERE IS NO GUARANTEE 
THAT THESE rvo CUf!R.4 SYSTllS OAN B! O&T~1N!:D TO 
FLY ON MISSICIMS t217 .AID t:!;!:IS. THIS IS EXPLAINED MORE 
FULLY IN REYER!'IC! B .. 
E-2 !!IIPDET 
SEBffE? 
BT 

'' 111111: 111 
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-+SI-NATIONAL RECONNAISSANCE OFFICE 
WASHINGl{JN_ D,C. 

18 September 1974 

MEMORANDUM FOR THE RECORD 

SUBJECT: Metric Pan 

Colonel Anderson called and sai.cJ we did not need a 
meeting in Los Angeles because DMA (Joe Webb) stated in 
a meeting with Bill Powell today that he has enough data 
to make a decision. I agreed to talk to Joe Webb and 
get back to Anderson on Friday. 

HA~mu: VA 

11lMll 
CUN l AOL SYSTEM 

Colonel Anderson's position is that we can direct them 
to press with this metric pan in spite of their recomnendation; 
they're "good engineers" and will get the job done; we may 
have to get more money to hail them out down stream. I 
called~-----~ at home and related the above; he's 
going to touch bases with Webb and get back Lo me Friday 
morning. 

Anderson also said that his recommendation is based on 
gut feel rather than MIiii! hard analysis; that we cuul<l work 
further questions such as risk to the primary mission (he 
said there isn't any)by TWX. 

~---~ 
stated that Gen Breedlove wants to go to the 

LA meeting. .r· 

/ .--- I 1 J • 

HAIIIOLI£ VIA 

BYE 1MAN 
CONTROL SYSTEM 

!; / ' II _;_· j --rtf '-'- ···-
A._/ t'C--~ , r 
DANIEL B. HUTCHISON 
Lt Colonel, USAF 
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BACKGROUND 

73- 74: _., ( 1 <-{' REQt:'IREMENTS VS CAPABILITY BEYOND 12 HMC 

JAN/3-JUN ~ METRIC PAN OPTIONS 
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SOLi D ST ATE CAMERA SC HEMA Tl C 

[EN-S 
210 mm F. L. 

DETECTOR 
MATRIX 

CERAMIC 
SUBSTRATE 

22 STARS IN FlELD 

-< 2 SEC POINTING ACCURA 
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CHARACTERISTICS 

13·x 16 µm ( Ix 17281 

" 
PRE-AMP 

TRANSFER 
Pt!LSE 

1. 2 x l0-l4 W / ELEMENT @ SIN 10: 1 
IN 0. 5'to lµ BAND FOR • 

. ·.INTEGRATION TIME OF 50 MSEC 
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RECOMMELDATlONS 

• BuY TI'JO ADDITIONAL MCS FOR 17 8t 18 

Ui··JLES5 CURRHJT PERFORMANCE IS CONSIDERED INADEQUATE -THEN· 

-• DEF! rlE RE~U I REMEMTS 

* PERFORM 6 MONTH CONFIGURATtOi•J STUDY FOR METRIC PAN SYSTEM 
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1. 00 HORE M..c\PPING CAPABILITY 
SATISFY' 97% CAT I TAR~TS AT 205' 

507. CAT 1 TARGETS AI 85 1 

707. AREA REQUIREMENT (PRI 1-4) 
49% AREA REQUIREMENT (PRI 1-5) 

·- ~,.,) 
2. TWO M:>RE MAPPING CAMERAS ( 

SATISFY 971 CAI"I TARGETS AT 205 1 

65't CAT I TARGETS AT 85 1 

76i AREA REQUIREMENT (PRI 1•4) 
,60'%. A~ REQUIREMENT (PRI 1-5) 

3. METRIC PAN (_ /1 ~ I 
SATISF"l 1007. CAT I TARGETS AT 205~ 

1001 CAT I TARGETS AT 85 1 

APPROACH 981 AREA REQUIREMENT (PRI 1-5) 

·ff. MAPPING-DEDICATED SATELLITE 

.5.. MAPPING CAMERAS 
HIGH ($l<!f/FLIGHT) RECURRING COST 

6. "METRIC PAN , 
RELATIVELY LOW RECURRING COST; BECOMES PAR.1' 
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AN EQUIVALENT NUMBER OF MONTHS OF TWO SHIFT OPERATION 
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SCHEDULE FOR SV-17. THIS PREMIUM OPERATION WILL COST 
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FOR TWO ADDITIONAL MAPPING CAMERA SYSTEMS.""' U IV Q. VO Tf:=. 

2 ~·-.J:N THE EVENT YOU DESIRE TO FUND A HEXAGON .. M&PPING 
' -
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'"-,~ ... ,.... ,., .. ----~-

15 DEC 74 IN ORDl!!R.TO OBTAIN.B:Nlt6.APPROVAL BY JAN 1975. 

LT COL HUTCHISON w~~~::-~,r:::i;:ILABLE TO WORK WITH YOU TO 
., ,...,.··•"'" '·-, 

PREPARE A ~~u;F:6ic· OR MEMORAio' AS YOU MAY DESIRE. 

/ ' 
E-2_)J:1PDET. -~ ·,.;..)' f''~: ,_ 

_j 

ROL NO. TOR/TOO NO. OF MESSAGE IDENTIFICATION 
PAGES 

3 
Rl!GRAOING INSTRUCTIONS 

S:JCOMM F011M 173-1 
1 Au,i; 71 _ _:1-~. _____ .!.,A~P:!:!!Pr.::::ov~e~d ~fo!..2r R~e~le~as~e~: 2~0:=:25~/0:!..7:=./2~5 .::'..C0::::5'..!.12=::8~0.!.!17 ____________ _ 



C05128017 
,-Approved for Release: 2025/07/25 C05128017 



C05128017 
Approved for Release: 2025/07/25 C05128017 



C05128017 '~ 
Approved for Release: 2025/07/25 C05128017 



C05128017 ,,/, 

Approved for Release: 2025/07/25 C05128017 

for Release: 2025/07/25 C05128017 



C05128017 
Approved for Release: 2025/07/25 C05128017 

tOP S,ECREl 
Handl• Via BYEMAN 

C'HANNE1LS ONLY 



C05128017 
C05128017 

-----------'--·-'"·_teproved for Release: 2025101£5 C05128017 



1
cos12so1 7 

ZCZ CXQ"667 ~/12. io 
RR RUXQAA 

RUXQBA 314 3~518~0 
XXXXX KKK ZPM 

11835Z 

xx 
382 

QJARO P~SS WHIG 

Approved for Release: 2025/07/25 C05128017 

T e P S E e R E T 111835Z DEC 74 CITE CHARGE 955,. 
WHIG. 
HEXAGCN 
WHIG FCR FR OJ F. HOFMANl'f ANJERSON. 
REFER 
THE CURR CUBED C.IMER A DES J GN IS 1111£ PEfflENT (f' THE 1£XAG ON 
SEARCH All'.! Sl.RYEILLANCE M ISSIOlt. A DECfSlON TO CANtn Tl£ S-COBEO 
PROJECT 11!1 THE f1JTURE, AfTER tN IT IAL 4PftUW M..• IOllD HAVE NO 
S IGNIFICAM' IMPACT ~ TJE BASIC 1£XAGON PR<BRAM COSTS CR SCMf:Dll.E. 
E-2 IMPOET 
T8PSEeRET 
BT 

NNNN i 12109 

l, : •. .. ,:,-- •.: .= .,· ;.;iJ''.:i. 

l',la111,d!1::11 \:1"i:i!'i1 HY'EMA.N 
c:J,jl,i!)~f,,,,Jl~ELS 01,u.Y 

.. . .. .. .. .. ~pproved for Rel.ease: 202510!!25 C0,5128017 



C05128017 
Approved for Release: 2025/07/25 C05128017 



CO 512801 7 CXQ:!6211M221l< 
1 , -, RU<QU. ~ Approved for Release: 2025/07/25 C05128017 

• ~NYR~~ ~ ~~ ✓ 10 TOP SECRET 
P 13 15 1'1'. Handle Via BYEMAN 

/\ gxxx CHANNELS ONLY u = :SswHIV 

T e P s E e flt E T 1' 151"2 occ 74 CITE ETI-ER 06,;5. 
FR lffi ITY ~HIG. 
OPNS l-€XAOON ..... I I 

FCR H. WI-EB..t:.Ki~~=~FM __ _ 
St.BJ: nECJ ION OF CPT ION FOR CDNr 1Nl£0 ~IC 
CA ~BIL IT Y FOO 1-EXAOON 
REF: A. WHIG ER IEFIN:; TO ETI-ER ON' !£TR IC PAN RISK, 
11 ocr 1,1. 
·s. t..£SSAGE 29tli 1 t-m 1( CITE WHIG 1600. 
C. t£SSAGE ~ CEC 74 CITE WHIG 1 

1. ETftR HAS 1MA...ETE:D AN ANli.. YSIS 1-£ 
,JJVAl'f' AG::S/ DI SAOVAflf' AG:'.S OF Tit OPTIONS FRESEN"ED IN 
R£fEREfl(E B. Tl-£ RESQTS OF TI-E ETl-€R A...W.. YSIS IN 
CXM:31 f'flT ION W 1TH RECE!lf DI S(lJSSIONS W 1TH YOt.R 
CRGANIZATION, INJICAT 11\C DIMlNl5Ht~ TEQ-NICAI.. RISK 
s tr-a: YO!.R ER IEFII\G CREF .. A) t f-JA\£ LED 1.5 TO saEcr 

PJ.G:: 2 ETI-E:R 21$7,; T e P :!I E el Pl. E T 
Dffl()\l 1: t£TRIC PAN OF'tlON AS Tl-£ ~.osr VO,aE APffiOACH 
FCR EEH£R. 
2. ST lD IES FER~~□ W 1TH RESFEC'r TO T 1-£ 1-EXAGON 
MAPPI~ CAM::RA (I-MC) FOR lr,,p\,f TO Tl-£ OP!" ION ANIL YSIS 
S1-1:NED THlT "4UJH OJlLD EE ACO'.Ml. lSI-EO TO CXMR..a.£111 
Tf-£ ~N MATERIAL TI-ROLGH OPT IWIZED <lll.EGf ION AriJ 
lT .L IZAT ION OF TH I-MC Ttf\OLGH Sv-16. WE ARE Tt-E:REFORE 
l~ERESJ'ED IN Tf-£ HAC ~OIFICATIONS DISCUSSED IN REF. 
C. !F IM.EDU.TE INrE:REsr IS TI-E MODIFICATION OF SL.PR.. Y ,V{l 
HIEUPS. IN AOOIT ION, ure OFFERS CDNSIOERAELE PR.WIS:: BlT 
Efl-ER MUST FIRST INVESTIGATE Wl-£TI-ER I.JB WILL RECOJRE 
AN l"l'REl3:D lr-KERNt.L RE~A.U IN OROCR TO CONTRa. OCFOR­
MAT IONS. REQLEST ffiCN IS ION OF CDST, SQ-EDl.l. E, A.NJ EFFE~ 
T IV rr Y DAT A ON 00TH PRORJS::O c:::Kll\G::S. 
'. WE ~ E a..RRE I'll Y M:R KI~ T 1-E ffiOELEM OF FOO f t-.G, 
AS !JESCR !!:ED F£R REFERC:N:ES, TO e::: AVA ILA.a.E TO YOU 
SY JANJ.•R Y 7J .. 
.4. D IRECf{R, EH£R R..ANS TO 1:R IEF Df-.RO RaAT IVE To 
THIS DECISION FDR CX)Nl" INLEO 1-EXACllN M::TR IC CAPABIL !TY 
AT T 1-E EAP!.. IEST -~LrUU y ACCEF'r Acl.E DATE. , N A.DD IT , ON, ~i~Rr.:~ ;~1 

TOfJ SECR,f'T-
Ha,nd1e Via BYEMAN 

CHANN.ELS ONLY 
Approved for Release: 2025/07/25 C05128017 



C05128017 Jlllllliilli.-11111111...... ..::r....__ -~ ~-·~ 

,',~·.1 Approved for Release: 2025/07/25 C05128017" I , 

,.... 

-
r 

/"· 

,...,, 

r•1 

- !,.r- ' • I "-' t"' ,;, C '\; 11'\..C I 
Handle Via BYEMAN 

a.11: CHANNELS ON!. Y 
PAGE 3 ETl-£R LQ.J~ 

£f H:R WU ER IEF ASJ CD ON Tt-£ CEGIStoN. IVE WOlLO 
L 11£ TO EXERCIS:: YOU:: OFFD OF LT !IL HJ'CHlSON TO 
ASSIS' IN Tl,£ FREPARATION OF fl-£ BRIEFI~ TO ONlO .. 
E-2 IMRlET 
TQPS:8RET 
fJ 

p 

p 

Appro~ed f9r Relea~e: 2025197125 C05128017 

_J 



C05128017 ·--Approved for Release: 2025/07/25 C05128017'\ 

. Approved for Release: 2025/07£2_~951_ ~80J 7. »•-····"""""""'''"""''''""'···· 



C05128017 
Approved for Release: 2025/07/25 C05128017 



C05128017 
e ease: 2025/07/25 C05128017 Approved for R I 

Approved for Rel ease: 2025/07/25 C05128017 
~---



1cos12so1 7 

ex QASB6 BAAB21 
PP RUXQA.A 
DE RUXQBA 680 3581735 
ZN XXXXX KkK Zit/I 
P Ji 1730Z 

xxxxx 
GUARD 471 
QJARD PASS WHIG, WAHOO 

Approved for Release: 2025/07/25 C05128017 ,,_ 

S E 6 R E T 2417301 DEC 74 CITE CHARQE ,875. 
PRICFITY WHIG ,,.ro PRlffilTY WAHOO 
H.OOLE VIA STEMAN CONTRCl. SYSTEM 
HEXAGCN 
WHIG FOR ca. WHEELE~ lwAHOo FOR LT ca. TAYLCR, 
FRO! ~N EfU,DSURWCCI.. A~ERSON. 
SUBJECT; HEXAl'iON MAPPING CAPAB IL IT Y 
REFER ENCE WHIG 1688J CHARGE 8Sl92 
a.JR RECCMMENOAT ION FCf! A STLO Y IAS BASED ON 0~ CONSIDERATION 
CF THE FnSIBfllTY OF THE COHTRACTCF AiOPOSED STELLAR SUBSYSTEM 
Fffi THE HEU.'600 PAN SYSTEM. THE STUDY IS ftEQU IRED TO AL.LOI A RI SK 
ASSfSSM[NT Cf' T t£ VAR mus ASPECTS OF T 1£ APPROACH (CHARGE 8992). 
THE PR INCi PAL AREAS: OF CONCERN ARE THE A Pfl I CAT ION Of THE CH~GE 
CaJPlED DfVI CE ARRAY' IN THE STELLAR CAMERA Artl THE VAL I0ITY OI' 
THE C(lffRACTIR'S PREUMINARY ERRCR BLOGET. ASSlMING POSITIVE 

PAGE 2 CHARGE 9875 6 E 8 R f f 
RESULTS FR CM THE STUDY, WE ARE CONFIO ENT THE IN H I Al UN IT COULD 
SE INCCRPCR.UEO ON S\l-17. THIS CONFIDENCE IS BA.SEO ON AN ASStNED 
SUCCESS SCH£!JlLE Ar«:J ADEQUATE fUNl ING. 

-E-2 IMPO(T 
SESRET 
BT 

HNNN 241756 

)L 

Z I 
}L 

l 



C05128017 1* ,::r:~~ror ~elease:2~25/07/25C0~1.280l7 

CJ) 

·•tJ 
•=t 

i 
!.Li 
:;-

1111:li:P"LY TO 

DEPARTMENT OF THE AJR FOR,C:E •••••• iw 

HEADQUARTERS UNITl!:D STATES AIR FORCE 

WASHINGTON, O.C. 

ATTN OF• IN 

•11■J«cT, KH-9 Metric Capability .21 DEC 1974 

,AF/US (Mr, Plummer) 

L. As the Air Force Office of Primary Responsibility (OPR) for Mapping, 
~harting and Geodesy (MC&G) I continue to be concerned for the satisfaction 
3f very exacting target positioning requirements to support tactical and 

-·- ~ strategic operations. To this end I IIIElintain a continuous dialogue with 
=~- the Defense Mapping Agency (DMA) whose task it is to satisfy these Air 
.~ Force requirements. 

=--.. --= 2, I have followed with great interest the various studies and proposals 
--- ·= to provide the DMA with satellite photographic source material of sufficient 

metric quality and resolution to meet these requirements. I have recently 
-·- -- -·~ asked for and received a series of briefings on the best approach to optimize =~ satellite MC&G collection to meet these stringent Air Force requirements, 

----. 3. The prospects of a system that could provide rapid, high resolution, 
and metrically accurate coverage with a single camera is a very exciting 
concept to me. A Stand Alone Pan (SAP) System not only could satisfy all 

------ present MC&G requirements but also would provide necessary support to advanced 
tactical and strategic weapon systems now in development, both in target 

i in and in various forms of o rational int ositionin data bases. 

4. I know you will receive detailed technical briefings on the advantages 
and benefits of the Stand Alone Pan. However, I wish to express my interest 
and urge the immediate implementation of this approach, 

Copy to: DMA 

4 .,...IIJl",/41' DIA 

2 J, KEEGAN, JR. 
- Major General, USAF 

Asst Chief of Staff, Intelligence 

m,___ ... ,..1 

!7: __ ~f:: .L 
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MENSURATION IMPROVEMENTS 

1 CALIBRATE OB ENCODER TO REDUCE THE 

ANGLE FROM THE SCAN DOTS. 

2. PROVIDE A HIGH RESOLUTION FIDUCIAL MARK TO IMPROVE ACCURACY IN 

MEASUREMENT TO THE MARK. 

3. PROVIDE SCAN ANGLE DOTS AT ONE DEGREE INTERVALS TO FACILITATE 

MEASUREMENT AND ORIENTATION ON. COMPARATOR TABLES AND ALSO REDUCE 

FILM DISTORTION AND VELOCITY ERRORS. 

4. CALIBRATE THE DIMENSION BETWEEN SCAN ANGLE DOTS ACROSS THE FILM 

WIDTH AND LOCATE THE PRINCIPAL POINT WITH RESPECT TO THE SCAN 

ANGLE MARKS. 
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CONTROL POINT MENSURATION ERROR BUDGET SUr+1ARY t,,,, 

• 
(!',! 

l"" 

ALLOCATED MENSURATION ERROR 
e,,I 

c:: 
( -sigma) • r--

In-Track Cross-Track g 
ERROR SOURCE (microns) (microns) e:· 

,:c 
Optical Distortion 1.0 

Principal Point Location* 1.0 

Scan Angle Accuracy Relative to 5.0 
0° Scan Dot 

Location of Fiducial Dot Coordinate 2.0 2.0 

Control Point Measurement 2.0 2.0 

Skew Angle Error 7.0 

Nonuniform Film Distortion 1.5 0.5 

Focal Length and Scale Factor Error 5.0 

Uncompensated Thermal Error in the 1.5 
Platen 

Film Velocity Error 0.5 1.0 

~ Platen Bearing Runout and l.5 1.5 ,:;,:--..111 Pl -- Spin Axis Offset .. 
Optical Bar Wobble and Vibration of 4.0 

Optical Elements 

Attitude Rate Transient Error 1.5 1.5 

Total RSS 7 .8. 9.5 

* Assuming 0.02 inch. 1-sigma error in location of principal point. 

'"''"'t "'. Approved for Release: 2025/07/25 C05128017 " ' .. . '' ·- .,_.,,..,~-... ~--•" 
" " ' ' 
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