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STUDY OBJECTIVES (U)

€ DEFINE NON-PHOTOGREAPHIC ATTITUDE MEASUREMENT AND REPORTING
SYSTEMS FOR PROVIDING ACCURATE, LESS THAN 30/8“155 ERROR (1o),
POST-FLIGHT DETERMINATION OF SENSOR SUBSYSTEM ATTITUDE DUR-
ING STEREO OPERATION,

® TOR EACH SYSTEM DEFINED PROVIDE:

DESCRIPTION: EQUIPMENT AND LOCATIONS

SV IMPACTS: WEIGHT, POWER, INTERFACES, TEST

ESTIMATED PERFORMANCE AND ERROR ANALYSIS

i

PLANNING ROM COSTS AND SCHEDULES

DATA PROCESSING AND REPORTING

REF-/ H

LT0OBCTS0D
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St

~SECRE- / H

GROUND RULES AND ASSUMPTIONS (1)

BIFOG3W/2~OQO§.~:5-’?3 Rev A
Page 3 '

ERROR IS BETWEEN TCA ALIGNMENT CUBE AND ORBIT PLANE
COORDINATES IN ROLL, PITCH AND YAW

ACCURACY GOAL IB #10 SEC 1o
SYSTEM IS AUXILIARY TO 8V OPERATION — NO FULL REDUNDANCY
EFFECTIVITY NO LATER THAN 8V-19

MEASUREMENTS NEEDED ON AT LEAST 15% OF TOTAL 88
OPERATION WITH ANY OPERATION BEING AT LEAST 10 MINUTES
OF STEREO PHOTOGRAPHY

EQUIPMENT MAY BE LOCATED ON &85 HARDWARE

LT0OBCTS0D
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APPROACH (U

210821500 ST/L0/GT0T ‘oses|py o} panolddy

LT0OBCTS0D

PREVIOUS STUDIES CONCLUSIVELY SHOWED THAT METHODS MOST SUITABLE
FOR P-95 APPLICATION AND ACCURACY GOAL ARE STELLAR SYSTEMS.

THESE BYSTEMS COMBINE CELESTIAL REFERENCE, STAR SIGHTING INFORMA~
TION, EPHEMERIS DATA, AND VEHICLE MOTION KNOWLEDGE TO PRODUCE AN
EARTHI REFERENCED ATTII‘UDE‘ NECESSARY EQUIPMENT ITEMS FOR THE
SYSTEM ARE: A DATA PROCESSOR, A DATA LINK, STAR SENSORS, AND
PRECISION BRATE GYROS., OPTIONAL EQUIPMENT ITEMS FOR IMPROVED
ACCURACY ARE A DOPPLER BEACON BYSTEM AND ON-ORBIT DEFORMATION

MEASURING DEVICES,

210821500 ST/L0/STOT :osesjey Joj paroiddy
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PROCESSING CONSIDERATIONS (U)

210821500 ST/L0/GT0T ‘oses|py o} panolddy

ONBCOARD PROCESSING

@ REQUIRES ADDITION OF COMPUTER TO 8V

CAN GIVE DIRECT READOUT

@
® REDUCES DOWNWARD DATA FLOW
@ NEEDS EPHEMERIS INPUTS

@

PROVIDES ALTERNATE/BACKUP FOR HORIZON SENSORS

GROUND PROCESSING

® RAW DATA REQUIRES HIGH DOWNWARD FLOW
DATA FLOW DOWNWARD ONLY
FEWER CONSTRAINTS ON COMPUTATIONAL TECHNIQUES

MORE ACCURACY

}
e @& @ @

UBES EXISTING GROUND COMPUTER(S)

—SECRET-/ H

LT0OBCTS0D
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SEERE - H BIFOO3W/2~090278(4 Rev A
’ Page 6

|

DATA LINK CONSIDERATIONS (1)

TELEMETRY

® NO ADDITIONAL ASSOCIATE INTERFACE REQUIRED

FEW PHYSICAL LIMITATIONS ON AMOUNT OR TYPE OF DATA
UTILIZES EXISTING P-95 TECHNIQUES

RAW OR PROCESSED DATA EASILY ACCEPTED

DATA PROCESSED AND ATTITUDES KNOWN WHEN FILM I8 AVAILABLE
USING PREBENT EQUIPMENT WOULD AVOID HIGH EXTRA COSTS

MATERIAL MARKING

2 MINIMIZES TELEMETRY INCREASES

® LIMITS ON AMOUNT OF DATA AND TIMING OF DATA

@ REQUIRES ADDITIONAL ASSOCIATE INTERTACE

@ ATTITUDES NOT AVAILABLE UNTIL AFTER FILM I8 RECOVERED AND PROCESSED

o, 4

OTHER (E.G., RECOVERABLE DATA TAPE)

@ NO FURTHER SENSOR SYSTEM IMPACT AND RELATIVELY SIMPLE RV INTERFACE
% ADDITIONAL HARDWARE REQUIRED

® POSBSIBLE LIMITATION ON AMOUNT OF DATA

@ ATTITUDE OR ATTITUDE DATA NOT AVAILABLE BEFORE RV I8 RECOVERED

—SEEREF-/ H

LT0OBCTS0D
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STAR DETECTOR TYPE TRADE-OFFSE (1)

WIDE ANGLE TRACKERS/SCANNERS

® TRACKERS !

~ WIDE FIELD OF VIEW: INSTALLATION DIFFICULT
M]é) CHANICA LLY COMPLEX

I\;I‘ODERATE DATA REQUIREMENTS

SIMPLE PROCESSING

H

t

i

® SCANNERS

WIDE FIE lD-OF—VIEW: INSTALLATION DIFFICULT
HIGH ACQUIRED/SIORED DATA REQUIREMENTS
COMPLEX PROCESBING

MORE SOPHISTICATED DETECTORS

!

i

FIXED SENSORS

® ACCURATE DISPLACEMENT HISTORY BETWEEN SIGHTINGS NECESSARY
® STAR DATA ACQUISITION AND STORAGE LOW
® MECHANICALLY BIMPLE

#® NARROW FIELD-OF-VIEW

~SEERET-/ H

LT0OBCTS0D
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EQUIPMENT LOCATION CONSIDERATIONS Page 8
SENSOR LOCATIONS
@ MINIMAL STRUCTURAL IMPACT
OAL =7 /
/ @& ADEQUATE SPACE AKI? FIELD-OF-VIEW
I T, s
;m @& ASCENT PROTECTION PROVIDED BY PRESENT SHROUD

@ CARE REQUIRED TO PRESERVE TCA THERMAL

——

SENSORS ON TCA TRAME

C

~SECREF/H

]

C

ENVIRONMENT
MINIMAL STRUCTURAL DEFORMATIONS

ADDITIONATL ASBOCIATE INTERFACE
OAL BETWEEN SENSORS TO IMPROVE ACCURACY

BIFO03W/2-080278-78 Rev A

A) ON ARM
B) ELSEWHERE

SENSORES IN AFT SECTION

A)

B)

ROM PRIME STRUCTURAL MODS AND/OR
SMALL DIAMETER DETECTORS

ONLY MINOR ASSOCIATE IMPACT
REQUIRES ASCENT CONTAMINATION PROTECTION

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

ARM ELEMENTS REPACKAGED BUT ALL SENSORS
IN ONE MODULE

GOOD FIELD-OPF-VIEW
EQUIP SECTION AND RCM PRIME STRUCTURE MODS
OAL TO TCA AND ARM GYROs

REQUIRES ASCENT AERO AND CONTAMINATION
PROTECTION

~SECREF/H

LT0OBCTS0D
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EQUIPMENT LOCATION C!NSIDERATIONS

210821500 ST/L0/GT0T :oses|py o} panolddy

GYRO LOCATIONS

MINIMIZES STRUCTURE DEFORMATION EFFECTS

EFFECTS TCA THERMAL ENVIRONMENT

ADDITIONAL ASBSOCIATE INTERFACE

IF SUPPLEMENTAL GYRO PACEKAGE
— INCRTEASED HARDWARE COBTS
— HIGHER DATA LOAD

@ IF RELOCATED (EFROM AEM) P-95 IRA

ONTCA FRAME

-~ CUMBERSOME 8V TEST FLOW
— EXTENSIVE MODULE LEVEL TEST IMPACT

$ DPRESENT P-95 GYROs ARE USABLE
OAL - NO CHANGE OF ARM
}__ Ej L -~ NO INCREASE IN DATA LOAD

- € OAL TO TCA REQUIRED TO MEET ACCURACY GOAL
GYRO -

@ MINIMUM, [F ANY, ASSOCIATE IMPACT

IN AFT SECTION

~SECRET/

LT0OBCTS0D
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—SERK-/ H

SELECTED APPROACHES (U) Page 10

C

BIF003W/2-090278-78 Rev A

GROUND PROCESSING

® MINIMUM CHANGES TO EXISTING 8V
@& IXTRA FLEXIBILITY IN DEVEIOPING BOFITWARE
@ LATER ADAPTION TO ON-BOARD PROCESSING IS FEASIBLE

TELEMETERED DATA

® MINIMUM ASSOCIATE IMPACT
® DBEST SUITED FOR RAW DATA
@& COMPATIBILITY WITH EXISTING BYSTEM

FIXED SENSOR

® LOW STORED/ACQUIRED DATA REQUIREMENTS

@ MECHANICAL SIMPLICITY

@ SUITABLE HARDWARE DEVELOPED AND/OR QUALIFIED
© RELATIVE EASE OF INSTALLATION

EQUIPMENT INSTALILATION

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

® DPRESENT IRA, IN ARM, USED: MINIMUM SV IMPACT
@ OPTICAL ALIGNMENT LINK, OAL, OPTIONAL TO IMPROVE ACCURACY

—SEERET—/H

LT0OBCTS0D
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2 AXIS ERROR — SEC (1o)

45

40

w
o

e
o

]
[>7]

]
<@

15

10

—SECRE—/ H

SYSTEM OPERATION

BIFOO3W/2-090(, -73 Rev A

Page 11

4/ 4+ N STARS
"TAKE TIME

4 STARS

TAKE TIME ~ |

A R S

A

4 STARS
FITTING TIME

pA¢ % -v srags
g +Y STARS

C 00

4+ N STARS

# FITTING TIME
-4 STAR
ACCURACY

,/’\_.

o
et

TIME (SECONDS)

—SECRET-/ H

4+ N STAR
ACCURACY
AVG TIME a . {
/1. ON
y AVG TIME P/L
ﬁ"} INSTRUMENTATION ON
'/{/ I l | i | | I
0 100 200 300 400 500 600

LT0OBCTS0D
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Detector

Qualificgtion Status

Accuracy

(10)
Field of wview
Aperture Dia.
Star Magnibude

Telsscope
Overall
Weight
Powar

Sun Shield Dimensions
{est)

Jost

Data Reguirements

Gy £

STAR SENSORS

T/

(2 PER VEHICLE)

SOLID STATE SENSCR

& 5ilicon Delectors

Just Now Completing Flight

Qual.

Random 6 Gec
Systematic 6 H28
10e

2.75 in.

3.8

3.8" pda. x 7.8 long
4.8 " Dia. Flange

6.6 pounds

2 watts

Max. 8.6 in dia.
1L in. long
135K

fms aceuracy iime word
+ glit ddentification

IMAGE DISSECTOR

P £

L Imege Dissector

Qualified

Feandon 10 Eed
Systenatic 7 §8¢

89 3quare
3.4 in.
6

1ot oy 6” X 5‘25n
18 pounds
10 wetts

Max. 12 in dia.
15 long

75K
13 bit digital word
each axis

T/H

e
BIF00SW/2-090278-73 heV‘A

Page 12

PHOTO MULTIPLIER

2 Thoto Multipliers

High Likelihood of Qual.

Random l; sec
Systematic L Fec

oy

5.5

6 Dia. x 10" long
10" Dia X 10" Long
30 pounds -

15 waths

Max. 11 in dia.
22 long

250K

8 ms sceuracy time word

LT0OBCTS0D
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Page 1

EQUIPMENT — OPTICAL ALTGNMENT LINK

COST ESTIMATES

Total
(6 Unite}

Configuration/ Recurring
Suprplier Random Accuracy Mual. Gost (6 Units)
Barmes 2 axis/3 Ged $ 120K %280k

Twist axis/5 Gec $ 180K $ LOOK

Ferkin Elmer 2 axis/3 €es ?

3 axis/3 Sec ?
ITT 2 axis/3 Sed $ 120K $ SOOK
{image disssctor)

*Estimated no contact
SECRET/H
AT AY .

$ LOOK
$ SBOK

3 800K
3 1.2 M

$ 620K

~78 Rev A

LT0OBCTS0D
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ERRCR SCURCE

Star Sensor Random
Star Sensor Systematic

CAT: Randonm
OAL Bystematic
#ittitude Sclution
Errer (2 axis)
Vehicle +
tructural  Frame
Fit -

Frame Only
Undetectable Frame Shift
OAL, Random
Ephemeris

Tobtal R3S

= ST

YAW ERRORS

—i et BIFOO3W/2-090278-T% ~ev A
EE G 7 A Page 1k {1

(Gec 10 )
T = 370 SEG T = 35 SEC T = 90 SEC
SOLID STATE TMAGE DISSECTOR PHOTO MULTIFLIER
£* ] B c A B c A B C
12 12 12 10 10 w | s 8 8
6 6 6 7 r 7 5 5 5
e 3 3 e 3 3 - 3 3
e 3.5 4l === ] === 135 e L e 3.5
g 9.1 .1 8.7 8.8 9.5 6.58] 6.7 7.6
13 — | - 3 I 2 — | -
- 3 — —_— . — p— 1 .
15 15 15 15 e 15 15 —
— 3 53— —1 3 3 — | 3 3
2 2 2 2 2 2 2 2 2
22 18 10 17 LT O 17 17 9
. e
“sttitude Solution Error ={% {Eéﬁndm-b Qr) + Egys } e
Q- Cam®

¥~ Mo 0AL
B~ 0AL TCA %o Gywos
¢ - OAL'E SENSOR TO SINSOR AND TCA TO GYROS

LT08ZTG0D
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EFFECT OF EPHEMERIS ERRORS ON ATTITUDE ERRORS

Iphemeris Errors

ERROR, SEC

B E
! "
* 4

-
iv]

PITCH ATTIITUD

gt
o e
i i

ot
o
T

&
g @

50 100 200 001K 2K
In-Track Brror (£4)

cross-track error maps into roll error
crosg-track error maps inte yaw error
in-track error maps into pitch error

radial error has no first order effect

* .
via crosg-track velocity error

€8A ' GWA
(& 20 4 a 20 |
w18 + (g 18 + ‘
o 16 4 . 161 o)

o

2oL S oug
e - Mo32 T
= &
B 10+ a 8 107
B E“‘ ey
E:é 8 T EE_: 8 [B
367 S _
< 0] =
CR S o

2T & 27T )

o} . 2]
o 2 0 2 -

0 50 100 200 500 1K 2K
Cross-Track Error (£1)

0 50 100 200 500 1K 2K

Oross-Track Error (£%)

SECREF/H
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35

30

25

20
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_/H , Page 17 AT e

ESTIMATED ERROR IN FITTING STRUCTURAL DEFLACTTONS

1hO ARC SEC
3rd HARMONIC

SOLID STATE SENBOR -~

140 ARC SEC

FHOTO MULTIPLIER Lst HARMONIC

SENSOR

TMAGE

DIESECTOR 3 /

1 1 % 4 i

3 3 i 3

*
¥

! i T T

30 Lo 50 60 30 100 200 300 LOO 500 600 800

TIME BETWEEN STARS ON ONE ASENSOR - SECONDS
0 80 100 120 160 200 oo 00 800 1000 1200 1600

SOLUTICON TIME - SECONDS

SFERET/H
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SOLUTION TIME {SEC)

) . ':"A"‘","
‘ —_ ¢ -
— H BIF003W/2-090278-73 Rev A
Page 19

ATTITUDE SOLUTION TIME VS STAR MAGNITUDE

1100 -+
1000
Solution “ime = 2 T
g00 +
T = time betwsen stars in
one head.

800 +

700 -

600 -+ )

6 TFOV 3ensor (Fhoto Multiplier)
500 ‘
8 TFOV (Image Dissector)
Loo +
10 FOV Sensor {Solid State)
3007 o<
R
™~ ~
= N‘ N
200 140 sec =
0+ f >~
10 70 sec ‘\-—\_ T e
O 4 i i i3 & 1 i (3 7
. &

3. 3.6 3.8 4.0 L.2 L.t L6 L.8 5.0 5.2 5.5 5.6 5.8
STAR MAGNITUDE __

LT0OBCTS0D
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DATA FLOW

GROUND

DATA PROCESSING

Ephemeris
Data

Phags I
Lata
Processing

Prage I1

B Data
Processing

Telemetry
decan.
ard

conversion
to

erigr. uniby

Preprocessing
of data
and
Kalman Filter |

3 & FPlots)

BIFO03W/2-090278-73 Rev A
Page 20

Report
{(Listing

Time correlated
vest estimate

af attitude
reporting format
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210821500 ST/L0/STOT :osesjey Joj paroiddy )




210821500 ST/L0/GT0T ‘oses|py o} panolddy

: BIFQO3VV/2~O90278~£:{ReV'A
» // '1 Page 21

RECOMMENDED SYSTEMS (U)

THE RECOMMENDED SYSTEMS ARE A SERIES OF SYSTEMS EIVIBODY;NG THE SELECTED
APPROACH FEATURES AND COVERING A RANGE OF PERFORMANCE AND COSTS, AT

ONE END OF THE SERIES I8 A SYSTEM WHICH ADDS ONLY IMAGE DISSECTOR SENSORS

TO THE TCA FRAME FOR AN OVERALL ATTITUDE OF TCA REFERENCE CUBE ACCURACY
OF APPROXIMATELY 30 gEE‘ AT THE OTHER END IS A 8YSTEM USING PHOTOMULTIPLIER
SENSORS AND OPTICAL ALIGNMENT LINKS BETWEEN THE SENSORS AND ARM GYROS
WHICH MEETS THE ACCURACY GOAL OF 10 FSEE THE ADDIT IGNAL OPTICATL LINKS

OF THE LATTER SCHEME SUGGEST REMOTE MOUNTING OF THE DETECTORS SINCE
DEFPORMATION IS NO LONGER A CONCERN, THEREBY REDUCING ASSOCIATE INTERTACE
IMPACT AND FACILITATING INSTALLATION, SCHEMES USING SOLID STATE DETECTORS

ARE NOT RECOMMENDED BECAUSE OF THEIR LONG BOLUTION TIME,

—SEEREF-/ |

LT0OBCTS0D
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SEREF- / H

BIFQ03W/2-090278-73 Rev A

Page 22
SUMMARY OF CANDIDATE SYSTEMS (19
. DOPPLER
SCLS TRACKING TRACKING
SENSOR PARAMETER
NO OAL P OALS OALS
OAL ARM/TCA | ARM/SENSOR | ARM/SENSOR
ACCURACY, S§EC 1o :
5 AXIS NADIR/YAW 96/17 56/17 28/11 22/10
IMAGE :;iggigigr 120 166 211 251
DISSECTOR
70 SECONDS
A POWER o
SOLUTION TIME WATTS 25 50 75 g0
COST#, $1,000 o . - )
TOTATL/NONRE CURRING 5,240/1,980 | 7,243/2,008 | 8,585/2,945 8, 837/3, 125
ACCURACY, SeC 10 .
2 AXIS NADIR/YAW 32/17 33/17 16/10 15/9
A WEIGHT
PHOTO MULTIPLIER POUNDS 137 182 228 248
180 SECONDS
SOLUTION TIME A POWER - =
WATTS 30 55 80 85
COST*, $1,000 : ~
irozuaL/bnjﬁruthntaiNc; 6,770/1,562 | 9,068/2,360 | 10,130/2,522 | 10,882/2,702

—SECREF- / |
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SV IMPACT

10821509 SZ/L0/SZ0T :9Sesjay 10} panoiddy

THE IMPACT OF ADDING ANY OF THE RECOMMENDED 8YSTEMS TO THE 8V IS SMALL.
BY THE USE OF THE APPROPRIATE SIGNAL CONDITIONING DESCRIB}Z’D, THE EXISTING
TELEMETRY SYSTEM CAN HANDLE THE ADDITIONAL DATA. COMMAND AND POWER
INCREASES ARE SMALL AND CAN READILY BE ACCOMMODATED. STRUCTURAL
CHANGES ARE EASILY MANAGED SINCE ADDED EQUIPMENT IS LIGHT WEIGHT AND
LOCATIONS HAVE BEEN SELECTED TO AVOID REDESIGN OF PRIME STRUCTURE.
EXTENSIVE ANALYSIS WILL BE REQUIRED TO INSURE THAT AN ACCEPTABLE SENSOR
SUBSYSTEM THERMAL ENVIRONMENT IS RETAINED. ALTHOUGH IT APPEARS TO BE
RO PROBLEM FOR EXISTING TECHNIQUES, AND TO ACCURATELY PREDICT STRUC-
TURAL MOTION AND STABILITY AFPFECTING SYSTEM ACCURACY, SOME UNCERTAINTY
EXISTS IN THE AREA OF SYSTEM CALIBRATION, WHICH CAN ONLY BE RESOLVED BY
BETTER DEFINITION OF THE SYSTEM TO BE USED, MORE KNOWLEDGE OF THE EXIST-
ING IN-FLIGHT ENGINEERING TEST CAPABILITIES, AND DESIRED LEVEL OF PERFORM~
ANCE., DEVELOPMENT OF ATTITUDE SOLUTION ALGORITHMS AND IMPLEMENTING
SOFTWARE IS BASICALLY THE SAME AS THAT DONE FOR THE QUANTIC EXPERIMENT;
HOWEVER, PARTICULAR ATTENTION WILL HAVE TO BE GIVEN TO HANDLING AND
REPORTING METIHODS WHICH WILL ASSURE TIMELY DELIVERY OF THE ATTITUDE
INFORMATION TO THE INTERESTED USER.

—SEEREF / H
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STAR SENSOR (SS)V DATA PROCESBING (1)

® PHOTO MULTIFLIER {(2)

SIGNALS : HARDWARE REQUIREMENT REMARES
1 DISCRETE EVENT /88 @ MODIFY DIU TO ACCEPT (1) ADDE 8-BIT DATA COUNTER
DISCRETES/SS AND RESOLVE FOR 851 AND 2

1 MAGNITUDE ANATLOG/SS
TO =1 MILLISBEC, UPDATE

EVERY 100 MILLISEC., OUTPUTS
TO PCM 8 DISCRETES SAMPLED
AT 20 8PS,

REPETITION RATE — 10 BEC

5

ADDS (2) 8-BIT STORAGE
REGISTERS AND DRIVERS

ADDS ONE ANALOG/DISCRETE
@ (1) ANALOG/SS DIRECT TO PCM . SLICE T0O PCM SYSTEM

SAMPLED AT 20 8PS
PRESENT SYSTEM CAN BE

USED FOR DATA BTORAGE,
READOUT AND COMMANDING

@ RECORD DATA FOR A MINIMUM
OF 10 MINUTES AND UP TO
20 MINUTES/REV MAX

@ § REDUNDANT ON/OFF COMMANDS

—SEERET
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STAR SENSOR (8B) DATA PROCESSBING (CONT.)

® SOLID 8STATE (2)
SIGNALS

6 DISCRETE EVENTS/88
6 MAGNITUDE ANATOGS/S8

REPETITION RATE ~ 10/8EC

%

HARDWARE REQUIREMENT

® MODIFY DIU TO ACCEPT (6)

DISCRETES/SS; IDENTIFY ONE OF
SDX AND RESOLVE TIME OF
OCCURRENCE TO 8 MILLISEC.
UPDATE EVERY 1.0 SEC, OUT-
PUTE TO PCM 8 DISCRETES
SAMPLED AT 10 53PS,

MODIFTY DIU TO ACCEPT (8)
ANALOGS/88 MULTIPLEX TO A
SINGLE OUTPUT TO PCM AT
10 8P8

RECORD DATA FOR 10 MINUTES

MINIMUM, AND UP TO 20 MINUTES/

REV MAX,

@ 8§ REDUNDANT ON/OFF COMMANDS

—SECREF-/ H

REMARKS

ADDS INPUT AND DECODE

CIRCUITRY, 8-BIT DATA WORDS
FOR 851 AND 2

ADDS INPUT AND MULTIPLEX
CIRCUITRY, SINGLE ANALOG
OUTPUT BUFFER

ADDS ONE ANALOG/DISCRETE
SLICE TO PCM SYSTEM

PREBENT BYSTEM CAN BE USED
FOR DATA STORAGE READOUT,
AND COMMANDING
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STAR SENSOR (8S) DATA PROCESSING (CONT.)

® IMAGE DISSECTOR (2)
SIGNALS

1 - X POSITION ANALOG
1 - Y POSITION ANALOG
1 - MAGNITUDE ANALOG

REPETITION RATE -
CONTINTUOUS

HARDWARE BEQUIREMENT

NEW DEVELOPMENT OF DUAL
CHANNEL STAR SENBOR CON-
VERTER, RESOLVE X AND Y
POSITION TO 8.5 SECONDS OF

8§ DEGRELS FULL SCALE (183 BITS)
UPDATE EVERY 0. 2 BECONDS
OUTPUT TO PCM 28 DISCRETES
SAMPLED AT 5 SP8B,

(1) MAGNITUDE ANALOG DIRECT
TO PCM BAMPLED AT 5 8PS,

MODIFY DIU FOR (2) 5 PPS OUT-
PUTS TO DUAL 88 CONVERTER,

RECORD DATA TOR 10 MINUTES
MINIMUM AND UP TO 20 MINUTES/
REV MAX

§ ON/OFF COMMANDS

—SEEREF-/ H

REMARKS

"STAR SENSOR CONVERTER WILL
CONTAIN:

2 - POWER SUPPLIES

4 - ISOLATED INPUTS

4 - SAMPLE AND HOLD AMPS

4 - A TO D CONVERTERS (14~BIT)

2 - OSCILLATORS AND CONTROL
TIMING

4 - 14-BIT PARALLEL QUTPUTS
ADD (2) OUTPUT BUFFERS TO DIU

ADDS ONE ANALOG/DISCRETE
SLICE TO PCM SYSTEM

PRESENT sYSTEM CAN BE USED
FOR DATA BTORAGE, READOUT
AND COMMANDING
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BLOCK DIAGRAM — PHOTOMULTIPLIER AND SOLID STATE (U

lrusl |

PRCM (8 CMMDS)
MODULE {5~
|
|
|
-
X H}; o e o T I I T T e o i 4 vt 5 o
ARM OPTICAL LINK
]
f
ASC, TM,|  (DATA ?
MODULE ; ?

v
e o

DET 1 DET 2
y

D. I U,

e | RU 4
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BLOCEK DIAGRAM - IMAGE DISSECTOR (1)
¥ ¥
I
! 7 /
* DET DET 2
- PRCM | (16 CcMMDY)
MODULE |
v V NE W
1
i i BOX
| i \7
e
D, t. Ua 5 st
! DATA
Y
! 1 RU 4
o
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TYPICAL SCHEDULE (U)

1973 1974 1975 1876 1977
NDid FMAMYI JASONDIJFMAMJIJASONDWFMAMIJASONDIIJFMA
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QOLAHEAD |1~ BRASS BOAND START
MAJOR MITESTONES ) OMPLETE \/1s1 FL
BYSTIEM

DEFINITION STUDY

PRELIMINARY DESIGN

VENDOR QUOTE & EVALUATION

BRASS BOARD Lol 1sT

e I
=4

5
PROCUREMENT VENDOR LR AD | DELIVERY ] TN/ DETITV

[
H

%

1DESIGN :

TAB QUAL HARDWARE

QUAL TESTS

BUILD-UP BEASS BOARD & TEST

FAB FIRST FLIGHT HARDWARE

/10821500 ST/L0/GT0T ‘oses|py o} panolddy
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MODIFY FIRST FLIGHT VEHICLE

INSTALL FIRST FLIGHT HARDWARE
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CONCLUSIONS

THERE EXISTS FEASIBLE CONCEPIS TO ACHIEVE ACCUEA?IES AB 1LOW
AS 10 SEC {(loy AT THE TCA ALIGNMENT CUBE. SUITABLE ASENSORS
SHOULD BE AVAILABLE AND CAN BE ACCOMMODATED WITH LITTLE
5V HARDWARE IMPACT, THE MAJOR OPEN PROBLEM AREAS OF THESE
CONCEPTS ARE:
@ STRUCTURAL DEFORMATION MODELING AND FITTING
® DEFPINITION OF GROUND TEST PROGRAM
— VERIFICATION OF ALIGNMENT STABILITY
— BRASS BOARD PERFORMANCE VERIFICATION
- VEHICLE ACCEPTANCE TEST REQUIBREMENTS
@ DEFINITION OF FLIGHT TEST PROGRAM
—~ VERIFICATION OF ALIGNMENT STABILITY USING APSA

— DETERMINATION OF ON-ORBIT CALIBRATION CAPABILITY
WITHOUT APSA

@ VERIFICATION OF GROUND PROCESSING PROCEDURE AND SOFTWARE

~SECREF- / H
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GUARD PASS WHIG WAHWOO 201>

CoTOR PASS CHARGE ;4?§wfé

P419007 JUN 74 CITE ETHER #9286,

—FppSFER T
WHIG INFOR CHARGE WAHOO

SECUR MEXAGON TALENT KEYHOLE
WHIG FOR(PEAKE) CHARGE FOR D.RERGANINI, WAHOO FOR G, SMITH,
SUBJECT ¢ ING TO DISCUSS POSSIBLE APPROACHES FOR ATTITHDE
CAPABILITY FOR THE HEXAGON PAN CAMERA,
1. REFERENCES ¢

A. MESSAGE, CITE WHIG 2073, 161845 Z JAN 74, SUBJECT: HEXAGON
PAN CAMERA-MAPPING APPLICATIONS STUDIES,

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

C. TFLECON BETWEEN M, PEAKE AND J, WEBR, 3 JUN 74, SUBJECT:
MEETING REGARDING ATTITUDE CAPABILITY FOR THE HEXAGON PAN CAP

PAGE 2 ETHER @286 + &P S—FOR—fip A v
2, REFERENCE A, REQUESTED THAT ETHER PROVIDE REQUIREMENTS FOR i L
ATTITUDE ACCURACY, THIS WAS ACCOMPLISHED RY REFERENCE B. FOR THE
PURPOSE OF REVIEW THE FOLLOWING IS EXTRACTED FROM REFERENCE B.

FTHER HAS ANALYZED A PROJECTED ERROR BUDGET FOR A PAN STAND-ALONE
SHURSYSTEM INCORPORATING ALL THE RECOMMENDED IMPROVEMENTS. THE

TOTAL ERBOR BUDGET COMPUTATIONS WERE MADE CONSIDERING ABSOLUTE
ATTITUDE AT 5,6, 17 AND 15 ARC SECONDS AT THE OPTICAL AXIS. THESE
COMPUTATIONS MAYE IT POSSIBLE TO COMPARE POTENTIAL CAPABILITIES
YERSUS THE VALIDATED G AND ¢ TECHNICAL OBJECTIVE FOR THE ADVANCED
108BM WHICH STATES A RANGE OF 192 TO 165 FEET(CEP), THE FOLLOWING
TARLE PROVIDES THE SATISFACTION LEVEL IN TERMS OF APPLICABLE
PORTIONS OF THE SCAN FORMAT IN DEGREES RELATIVE TO ATTITUDE ACCURAC
CAPARILITY AND THE ADVANCED ICBM RANGE:

__ Approved for Release: 2025/07/25 C05128017
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ADVANCED ICBM RANGE (FEET)

SéSTEM ATTITUDE CAPABILITY 122 123 168

| | 5-6 ARC SKC B-30 Ge=ah f-60
18 ARC BEC - @-15 B~-45
15 ARC SEC @-30

A5 CAN BE SEEN FROM THE ABOVE TABLE, TD SﬁTISFY THE OBJECTIVE RANGE
OF THE ADVANCED ICBM OVER THE FULL PAN FORMAT WOULD REQUIRE AS 4

PAGE 3 ETHER @286 T 0 P £ SfRdimf

MINIMUM , ATTITUDE CAPABILITY OF 5-6 ARC SECONDS ON EACH AXIS, A
LEBSER GAP&%ILITY OF 12 OR 15 ARC SEC WOULD PERMIT SOME LIMITED
APPLICATION AT THE MID AND UPPER OBJECTIVE RANGE: HOWEVER IT 18
EMPHASIZED THAT SATISFACTION OF THE TOTAL OBJECTIVE RANGE WITH A
PaN STAND-ALONE SYSTEM THROUGHOUT ITE FORMAT WOULD REQUIRE 5-8 ARC
SEC RO BETTER ATTITUDE CAPABILITY.

5, DIBCUSSIONS BETWEEN WHIZ AND ETHER OVER THE PAST FOUR VMONTHE,
CULMINATING IN REFERENCE C.,, INDICATE THAT STUDIES HAVE PROGRESSED
TO THE POINT WHERE A MEETING BETWEEN THE IKTERESTED PARTIES TO
DIBCUSE POSSTIRLE APPROACMES I8 AFPROPRIATE AND POSSIRLE, ETHER
REQUESTS IF POSSIBLE THAT THIS MERTING BE HELD DURING THE WEEK OF
24 JUN 74, OUR SPECIFIC AREAS OF INTEREST FOR THE MEETING ARE A
DISCUSSION OF THE VARIOUS TECHNICAL APPROACHES, ACCURACY OF EACH,
INTERFACE REQUIREMENTS, TIME FRAME FOR IMPL&MENTATIO& PROJECTED
COST , AND THE PQTENTIAL OF EACH FOR 1NCREASED QCCURACY BEYDND THE
QIECUSSEﬁ 5-6 ARC EFCONDE, THIS THFORMATION COULD BE VERYP
I¥PORTANT IN KSTABLISHING POSITION RELATIVE TO ON-GOING STUDIES

AND THEREFORE 18 TIME CRITICAL. E-2 IMPDET
e v e

BY
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WASHINGTON, D.C.

THE NRO STAFE 25 July 1974

HANDLE VIA CLASSIFIED 8Y BYEMAN . 1 EREUPT.FROM

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 adherents from DMA-
Hgs who had transferred from DMA-AC).

In August 1972, the NRO requested DMA-Hgs to perform a
study (to be completed by May 1973) evaluating both approaches
from a4 requirements point of view. The study was undertaken
but was not completed until August 1973. TIts princip&a.result
was a preference for a metric pan system if accuracies could
be met and enough £ilm was available.

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

Two NRO studies were subsequently performed. One by
Lt Col Al Taylor, S5-4, 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 88«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

SR

HEXAGON

CONTROL NQ

GENERAL DBECLASSIFICATION SEHEDULE OF "'np SECRET """""""" S
BYEMA" EXECUTIVE OHDER 11657 EXEMP TION GRTE coPy 1 _OF COPIES

CONTROL SYSTEM GORY 5B DECLASEIRY ON IMP e, PAGE

OF L PAGES
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completed in May 1974 and briefed at Sunnyvale on 26 June
1974 to IMSC, 35P-7 (Berganini), NRO {Peake), DMA (Joe Webh,
Dr. Mahoney,\

)

|. Copies of the brleflng 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 (S } camera was recommended,
PE later estimated total costs including IMSC 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 had.
not been done before, and it involved.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 alterpative involved att ching
stellar indexing cameras with their own film pathg the
pan camsga,theg rlskaéaemhomtechm@ea%«@apab&&; is mueh lower
here % ﬂall components exist; however, bucket take-up and
additional £ilm paths are requlred This means greater-&mﬂvﬂﬁﬁi*
to-bhe-eristing-oystent-ovet-all--and.move 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 #g a
unanimous judgement of all present. Lo

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

DISCUSSTION

At this point in time the issue of a metric pan is
academic, unless anotheyr buy of HEXAGON systems is made.
If it is, DOD can fund either hardware system they choose.

CONTHRIDL NG

HANDLE VIA CLOSSFEG Y BYEMAS | LREMPT EREGM COPy ¥ [M T CRA

GERE HL DHCLASS (LA TION SCHERLLE OF
EREGDTIVE OAULA TIRSE §NEMPTION CATE ¥ 2 2
GOHA KB OECLASSHE Y O AN DET PAGE & OF . PAGES

CONTROL SYSTEM
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Assumming DMA can demonstrate enough advantage for the metric
pan to warrant the risk to the pan system primary mission,
thefe route is feasible, Chinesicopies of the HMC is the
back~-up option., In either case they pay.

____\_B_EXL&W
YDENI B, PEAKE

Lt Colonel, USA

CONTHROL NO

HANOLE VIA LLASSIFIRG Y BYBMAN ) EREMAT BHOM COEY (613 L EOpES
GENVE RAL DECL ASIIFICATION SCHEDULE OF
EXHCUTIVE ORGER 1IKEY ELMPYION CATR PAGE OF FAGES
BYEMA" LMY B EECLASSEE Y DN N G Y '_—3‘_' '—3"' v

AR
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- %QJ RO 734, ANBLO 214
BIAED PASE WHIG, WAHOQ
AMEL D PASS ETHER

—5F£-R—FF 1320007 SEP 74 CITE CHARGE 7073,
_ WHIG 1NFQ WAHDO, CTHER,
HANOLT VIA BYEMAN CHANNELS ONLY
HEXAGON
- FRe GEN KULPA. MR, MURPHY
Pe OFN SRADRUEWCOL ANDERSONLT COL POWELL/
LT 0OL HOPMANY
. prEe A WHIG 1171 2613487 UGS T4
B, CHARGE 5616, 2317007 JUL 78
1. THE FOLLOYING COMMENTS ARE DFFERED 1N RESPONSE
_ TO PARAGRAPH L OF REF As
A, BECAUSE 0OF THE GREATER RIS ECHAICAL
M0 Fl *@mmm, CHARGE DOFS W U SN
- Tur WESRESIEAN | ) L T1YU OF PROCUREMENT OF ADDITIONAL

- FAor P DHARGE S -sebaelel T
MAPPING COMERAS FOR LHBSIONS 1217 aND 118,
e 7 ECIDED 10 PURSUE THE WMETRIC PAN,
- Hourh f
ASSTMEL Y FOR ATTIVUDE DETERUINATION COMBINED WITH
A OOPPLER BEADON SYSTEM OR CEORETIC PACKARE FOR
- MBIT DETERMINATION, THE S0l 10 STATE STRLLAR CAUERA
ASBEMBLY CONCEPYT wAg DESCRIBED QURING THE CHARGE/
UHIG/ETHED WEETING AT MAHGL, 27 JUN T4, (COPIES OF
- THE VIERECARUS DOUSENTED BERE FORUARDED AS
BIF-007-0650-74, 5 THIS CONCEPT WILL RECUIRE OFVE] DPMENT
A cunl LERCATION BEFORE {1 {8 READY Fom UBs, ]
~ HUST BE CONSIOERED Mow TECHNGL OoY WITH ATTENnaNT
HIGH RISK ERPECIALLY WHEN COWSIRERTD FOR ACCH ERATED
DEPLEAENT OGN,
(. 1HE ACCHRACY OF THE 08017 DETFRMINAT EON WL
REMALN THE SMME AS CURRENTLY EXISTS UNLESS 1o
GEONETIC PACUAGE EXPIRIMENTS CURBENTLY 2LANNED FOR
- RiSsioNg 12143, 121, AN 1215 ARE BUCCESSER,
D, BASED UPDN A 2 R0 SEC (BME SI8vD O0%BIT CM~
IBRATION oF THE DRIENIATION OF THE 500 13 STATE STHIL AR
I

HASSIE W w B

- ‘H T *\‘ 1‘"‘” 4 N-H‘U

LHARGE

N
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’PAGE 2 CHAREE 901 3-5-F—ta—t—

| CAYERAS TO THE PaN CAMERAS, THE ATTITUDE ACCURACY
1$ PREDICTED TO BE 5 ABC SEC (ONE SIGMA), THE ABILITY

PERFORY AN ON-ORBIT CALIBRATION TO = ARC SEC HAS

T DEEN DEOMONSTRATED,. INITIAL aNALYSIS BY PERCH

DICATES THAT THE PAN CAMERA HAS THE CAPARILITY TO

Iwaez 4.7 MAGNITUDE STARS ON 1414 FILM BUT ETHER HAS
NOT DETERMINED THAT THIS IS ADEQUATE TO PERMIT A
2 ARC SEC CALIBRATION. Al ENGINEERING EXPERIMENT
1S PLANNED FOR THE LAST PART OF THE 1289 MISSION TO
ANSWER THIS CALTBRATION QUESTION.

E, ND CHANCES IN THE TIMING ACCURAZY THAT CURRENTLY
EXISTS ARE CONTEMPLATED.

F., APPROXIMATELY FOUR YEARS WILL BE REQUIRED
AFTER GO AHEAD UNTIL FIR&T FLIGHT OF THE METRIC PAN

gg STELLAR CAMERA ASSEMBLY,
' B AND A i@@ PERCENT
s@@@z&a SCHEDILE ET CURRE N -
D ETFQH ﬁz :

PAGE 4 CHARGE 7073 -S—s—e—mt—T
5Y FISCAL YEAR TS GIVEN BELOW, THIS T€ AN IN-MOUSE

£ AND 15 NOT, REPEAT NOT, BASED ON CONTRACTOR

SALS, THE DOLLARS ARE GIVEN IN MILLIONS,
FY75 FY78 Y77 FY77 FY78 FY79 TOTAL

p (TRANS)
STARE OCT 14 A,6° 5.1 100 5,0 .35 8 25,180
START QCT 75 @ 4,65 2.5 8,50 6,80 2.50 24,15
(THE ESTIMATE FOR OCTOBER 75 START IS APPROXIMATELY
17 PERCENT HIGHER DUE TO INFLATION AND UNKNOWNS,)
2. IF DECISION TO PURCHASE TWO ADDITIONAL MAPPING
CAMERAS 1S DELAYED PAST JaN 75, THERE IS NO GUARANTEE
THAT THESE TWO CAMERA SYSTEMS CAN BE OBTAINED TO
FLY ON MISSIONS 1217 AND {218, THIS 1S EXPLAINED MORE
FULLY IN REFERENCE B,
E-2 IMPDET

a7

wﬁ\ llhm ‘Hi ‘ul‘ ‘n :
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THE NAQ STAFF 18 Seplember 1974

MEMOBANDUM FOR THE RECORD
SUBJECT: Metric Pan

Colonel Anderson called and said we did not need a
meeting in Los Angeles because DMA (Joe Webb) stated in
4 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,

Colonel Anderson's position is that we can direct them
to press with this metric pan in spite of their recommendation;
they're Y"good engineers" and will get the job done; we may
have to get more money to bail them out down stream. L

called | | at home and related the above; he's
golng to touch bases with Webb and get back to me Friday
morning.

Anderson also said that his recommendation is based on
gut feel rather than #se hard analysis; that we could work
further questions such as visk to the primary mission (he
said there isn't any)by TUX.

stated that Gen Breedlove wants fo go to the

LA meeting. e

A | N

7 r . ;,/ o
Oy Pl
DANIEL B, HUTCHISONR
Lt Colonel, USAT

“A"“:’"*“E VIR puasgieies S BYEMANT EXEMPTERON ‘ conTRoL no LT Eerna 1

‘ GENERAL DRELASSHZATION SEEDRR.E DF _}M_ﬂ.&m'”— S
BY EMA N ERECHIOVE DR 1653 EXEMIETLON OATE. : j COoPY oF COPES
CONTHOL SYSTEM GORY 55 DECLABSIFY ON WP D17, PAGE | oF I PAGES
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< . .
8! - 26 AUG T4t “NRO REQUIREMINT FOR METRIC PAN EVALUATION
o f ’ ) p :
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" SOLID STATE CAMERA SCHEMATIC IR %7
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¢ BUY TWO ADDITIONAL MCS FOR I7 & 18 o
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HEXAGON MAPPING MISSTION
HEXAGON SV- 9 10 11 12 13 14 13 16 17 18

17y Y78 orTt7a APRYIS QCTYYS APRY¥76  QOTYI6 APRYTT . OCTVIY OCTYYR O OCT'?9 QOTiA0
17¥e Y75 OUTY74  ARRYTS  ooT'Ze DCTET OCT'e ooTiae ooTi'ie ooT'et popiar OCT‘%B
: fe T TGy PSR e TR N e

HMAFPING CAMERES # * % %* ¥ & % Cow
wrs2050 gL o :
< S | g 4
g:asaszgc PACKAGE . L B R * o A
2 mx(2 {35*»3 : C 2 A L b
g lstv ‘ - L R A
$IPTION A; 2 MORE MAPPING CAMERAS $20M - g % |
LOPTION B: METRIC PAN CAPABILITY $24M X . %—-——-——P
S ” X
NEUTE: . : » N
q(1) VALUES ARE 907% CEP FOR HORIZONTAL; $0% LINEAR FOR VERTICAL. :
2(2) GEODETIC PACKAGE REDUCES ORBIT ERRORS TO 30' INTRACK, 30' ACROSSTRACK
g AND 30' VERTICAL (l¢) VS CURRENT 90, 60, 30 WITH DOPPLER BEACON SYSTEM
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1O MORE MAPPING
S8ATIBFY

—FOP-SECRET-

OPTICHS

CAPABILITY

V-l

97% CAT X TARGETS AT 205°
50% CAT 1 TARGETS AT 85!
707 AREA REQUIREMENT (PRY 1~4)
497 AREA REQUIREMENT (PRI 1-5)

QM ¥)

TWO MORE MAPPING CAMERAS

SATISFY 977 CAT L TARGETS AT 205% .
657 CAT I TARGETS AT 85°' °
76% AREA REQUIREMENT (PRI 1-4)
_ 60% AREA REQUIREMENT (PRI 1-5)
METRIC PAN ( 17 Arh | ¢)
SATISFY 1007 CAT I TARCETS AT 2057

1007 CAT Y TARGETS AT 85!
. APPROACH 987 AREA REQUIREMENT (PRI 1-5)

HMAFPING-DEDICATED SATELLITE

MAPPING CAMERAS

HIGH ($10M/FLIGHT) RECURRING COST

"METRIC PAR
BELATIVELY 1LOW RLCURRIIV COST‘ BEC()HES PART

OF BABELINE

 Pal GAMERA

e o
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N T e R

"

HAYDLE VIA BYEMAN (Tﬁ’*%??,ﬂl.
cmmmm OHLY

* CANCEL HEXAGON -

AFTER SV-18

‘CONTINUE HEXAGON
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DHA HAS OPTIONS UNTIL 15 DECEMBER 1974
MO STAFF IS AVAILARLE FOR ANY HELP REQUESTED

(OPINION) REQUIREMENIS IS THE REAL ISSUE (ORIGINAL BUY
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CONTINUATION SHEET
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PRECEDENCE RELEASED BY DRAFTED B8Y

ALTHIMN

IMFQ

PHONE

2

$1.5M. ADDITIONALLY, THIS DELAY WILL NECESSITATE A

AN EQUIVALENT NUMBER OF MONTHS OF TWO SHIFT OPERATION
AFTER COMMENCEMENT OF WORK IN ORDER TO INSURE MEETING
SCHEDULE FOR SV-17. THIS PREMIUM OPERATION WILL COST
APPROXIMATELY $150K PER MONTH OR APPROXIMATELY $1.2M.

THESE COSTS ARE IN ADDITION TO PREVIQUS ESTIMATES SUBMITTED

FOR TWO ADDITIONAL MAPPING CAMERA SYSTEMS.* U AN QUOTE.

MIN THE EVENT YOU DESIRE TO FUND A E{EXAGON MAPPING

e,

e

LT COL HUTCHISON WILL.: w&yAILABLE TO WORK WITH YOU TO
PREPARE A BRIEFfNG OR MEMORAND AS YOU MAY DESIRE.
..... .
E-2 IM?@ET s T
PR e i‘}y%m
ok
CONTROL MO, TOR/TOD FAGE | MO, OF MESSAGE IDENTIFICATION HLIT IALS
Ko, FPAGES
3 1 3

REGRARING INSTRUC TIONS SECURITY CLASSIFICATION

RS

SACOMM FORM 178«1
1 Aug 71 s Approved for Release: 2025/07/25 C05128017
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L0000 Ko T
SlalTE §W
XK
HI0LO 19e :
S0iD Fas E1ien Handle Via BYEMAN

CHANNELS ONLY
S/ 956 0
*&"f/i,
%—Hgﬁ}mm SOV 74 CITE WHIG 670,
PIORITY ETHET
Hana
FIMER FOR WARTIN FEOM H. wz&&m@
UBJECT:
i, THE FOLLOWING MESSAGE IS QUOTED IN PART FOR YOUR
IEVIEW: CHARGE =092
QOTE
FOR|  VHUTCHISON FROM ANDERSOW HORNGNN
SUBJECTE SIUDY PLAN FOR S-CUBFD CAMERG.
REFERENOE: WHIG 1414
1. IN RESPONSE TO PARMGRAPY gA OF REFERENCE, WE
QioersT THE FOLLOWING STUDY EFFORT BE IWPLEMENTUD:
8. CCD FELIABILITY EVALUATION - EVALUATES CHIP
TEVELOPSENT, SUALIFICATION AND PRODUCTION FISHS,

Pl 2 Tl 1 e L

e mRASTE DREMOHETRATTN BoliEY = BURE IR Tl
M b Slehal U RO se PAnalnTinl Agn FME Snpdr 1Y
O Te nl TR T F T Pl BLE Brs by,

£, Pad caba BRD GERIGLE SRRORS -~ SRS T
SEEE OF BNElER ORI TEDATIOL B UL DR GEar B VLo
i

i cmu #1 anblisis - E,QTMLI SR RETOE PeralidiEe
MEOH ey Ok s A bRanlles TEE COlCEE Fron
GHED Ris milps, FELDMEL D LS F Lhds S BFREULG
T hanl o BlRl Al alp S Talt s, ThE iy
HoainEn 1 ﬂ‘ihi%e ninlilne SUJQINM& el TG,
‘:;. I8 BESFOG 10 PRapGhPH 2 B UV BERFERMINGE, 1hiS
Sy R '-.s.-’ILL DOl By L B 75, B UL
T GHE Cosikalbtion BN PREERRS B BROBOG L0
DO latiol OF Th =t Gl e U Sy
Moo b BUe i
& k0 PESPURSE 10 FARA 2D Ok REVERERUE, REDUGTION
IF JAFRING ChMims PRODUGTION LIBE Al FTEK WELL BEGLy
I OJAN TS BND 1T 18 SCHEDNLERD 10 BE CLOSED BOWK = :
WNTIRELY DN MR 75, THUS ELIMINATING WL GRTION 1 ),
Handle Via BYEMAN

CHANNELS ww
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Hand a :a ﬁ‘k’EMiﬁh
_ (;\ CHANNELS ONLY .
|

- AGE 3 WHIC 1600 1 O-R-8E R
m«%_ MAFPING CAMERAS FROM ITEN FOR SV-17. APPROXIMATELY
175K PER MONTH WILL BE REQUIRED AFTER JAN 15 10 SUSIAIN -
THE ASSFMELY LINES. ASSUMING 45 DAYS BEYOSD THE STUDY
SND DATE OF @ SEP, THIS OPTION WILL €OST APPROUXIFAIELY
$1.50% ADDITIONALLY, THIS DELAY WILL BECESSITALE
N A EQUIVALEMT MUMBER OF GONTHS OF TWO SHIFT
(PRRATION AFTER COMMENCENENT OF WORK IN ORDER 10
INGUR: (WETING SCHEDULE FOR SU-17. THIS PREMIUM
- (PERATION WILL COST APPROXIMATELY $158K FER MONIH
(7 AFPROXIMATILY $1.20 THESE COSIS ARE 1N
ODITION TO PREVIOUS ESTIMATES SUBMITIED FOR TWO
MDITIONAL MAPPING CAMERA SYSTEPE. UNQUOIE.
7, it LIGHT OF CHARCE' 5 RESPONSE QUUTED AOOVE, THE
FOLLOWING OPTIONE ARE AVAILAILE,
- A OPTION I: CHOOSE PEIRIC PAN OPTION NOW
TTHER PROVIDE $5@0K BY JAN 75; CHARCE CONDUCT METRIC
R STIDY 10 BE COMPLETE BY | SEP 75, THCLUDING 4
- CMIERA CONTRACTOR PROFESAL FOR METRIC PAN ON SV-17 (OR
FARLIER IF POSSIALE): ETHER PROVIDE IMPLEMENTATION FUNDS
FER METRIC Pal STARTING IN OCT 75, ETHER DECIDE 8OW WITH ASIMD

Bk 4 WG 600 ﬁ—u—ILS—E—G-kE—?
- Cé'iﬁ“{l‘ RENGE THAL Thahe W11 of 00 pliaale NeBRIan CANERS
PO e-17 AR O, A0D PROUTDE a0 FONDE 30 EEF T iRl
CillEmn OFLION Olg,

de OFELDe 11 S0 o000 BETRIC Bok Bl BAPFIRC
UiERA OFTIGW0 OF URETL (0GR 75, FLNER PROVIDE o 0l
BAUE 51,50 10 4 Y Ja “?.:' CHAlG: COBiT WEIRID Pp
S0y 10 Y COFLETE oY | SEF 75, INCLUDING A CAMERA
URlias buorEs, 0 51T QB ERIES TF PEELE
E‘WEWE SEARI FRDUCIIGH O IN-17 BND I8 PAPING COORHAS
T OIHE Ll LWFLM FleslilE 10 BEEP v LLLE Uil

ren PRBULLE anb Slol B BRRHTRTI0E FURDE PO (BTRIE
How 08 bebpibs Clollas 10 OU% 15, Balil O CONIBACTLE
FEIRID P SLUY f’*gkﬁqa&‘ I abhe i ni il Conle B R
VRIPIOD CavERs RO B PRENIGUS BRlIeTE (WHID LIZD
BN LL2 naal G & “Z{JEMLE%&'IH SoHED T Bellagn,

e D Doe Llle ChUCEE VOPPIRC ORPEER GEIIGE HOW,
BIER PRONIDE 1.0 To REF BY JAB 70s CHARGE BTART
PICCTION O sN-1T adD 18 MaRPING CAMERAS NOW, ETHER
IROVIDE NRP WITH FULL IMPLEMENTATION FUNDS FOR MAPPING
ChAMERa I8 00T 75,

D. OPTICE 1V: DECIDE THAT THERE WILL BE WO MAPRIRC

~ Handle Via BYEMAN
CHANNELS ONLY
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Handle Via BYEMAN
CHANNELS ONLY

%GE 5 OUHIG 16 o
CAPABILITY FOR HEXACON AFTER SV-16,
% COST GUMIARY (MILLIOKE OF DOLLARS)

FY-75  FY-76 FYTT PR VP Fresp
PrIo 1 0.5 S 5.1 2 2 2
PTIN T o 5.7 s 2 2 2
(10.9)#
Pl T § e 5 5 ° 2
FTION IV 5 2 ¢ - g o

BEEP LG Cansb s JE SRS
W0 R peviSED pERabInG o Wil pUUUIoien Do MieiD,
*ﬁ'. # Shagal oM Al aRlE BF L GTioe EoiRe ol
vk THaE 15 Bl s 1970, GO GHEY Diad DURGURERLE Uhe
f}" ﬂﬁ’ﬁiuéa@ HY 1 B 05 LT GOl WMBEHIEDS BILL B AVillaag
D P *%Mw CRINEDE U MERUReGUN P
v Rl A ol %‘f thelin, Ben Lipiad

Handle Via BYEMAMN
CHANNELS ONLY

g
e
i
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| VT

2C2CXQA6 67 BAAZ 10
RR RUXOAA
- DE RUXQBA 314 3451880
NN XXXHX KKK 7t
B 1118357
BT

XAAXR
WJARD 382 ﬂ
- GUARD PASS WHIG

w3z

. —8-PSrf-Rt 1118357 DEC 74 CITE CHARGE 9555,
YHIG,

|
s

1

. WHIG F OR /HUT CHIS| FROM F. HOPMANN ANDERSON

4 »
THE CURRENT B=CUBED CAMERA DESICH IS INOEFENDEM OF THE HEXAGON
- SEARCH AND SIRVEILLANCE MISSION, A DECISION TO CANCEL THE $-CUBED
PROJECT IN THE FUTURE, AFTER INITIAL APPROVAL, WOWLD HAVE O
SIGNIFICANT IMPACT ON THE BASIC HEXAGON PROGRAM COSTS OR SCHEDULE
— t=2 [MPDET

—+PSEEREF
B
NNEN 112109

S WORKING

i
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= Approved for Release: 2025/07/25 C05128017 Wi
..% faxmm &5 34, 18 —'FeP—SEGRET— WW@@ mﬂlllliiﬁlﬁilﬁ
ZNY XX KKK ZNY ’
gr PO W Handle Via BYEMAN
. CHANNELS ONLY =y /
QURD 182 ‘

GRD PASS WHIY
_ Wﬁ’

= BH 1 0EC 74 CITE ETHR 065,
ERIRITY wHIG,
OPNS  FEXAGON
et I —
SIBJ: SLECT|ON OF OFTION FOR CONT INLED METRIC
CAPABIL ITY FOR HEXACON
REF: A, WHIG BRIEFING TO ETHER ON METRIC PAN RISK,
W 00 a,

B. MESSAGE 291117 Nov 74 CITE wHic 1608,

C. MESSAGE mR17862 DEC 74 CITE wHIG 1685,
1. ETHER MAS JUST COMFLETED AN ANSLYSIS OF THE
ADVANTAGES/ DISADVANTAGES OF THE OPTIONS FPRESENTED IN
REFERENGE B. THE RESUTS OF THE ETHER ANALYSIS IN
OOV INAT 1ON WITH RECENT DISCUSSIONS WITH YOLR
(RGANIZATION, (NDICAT ING DIMINISHING TECHNICAL RISK
SIE YOLR BRIEFING REF,A), WAVE LED US T0 SELECT

PAGE p ETHR 805-F8FPSFERTT
DL 1r METRIC PAN OFT 10N A5 THE 08T VIALE APPROACH
FOR EETHE,
o, STIDIES FERFORMED WITH RESFECT TO THE HEXADDN
WAPPING CAMERA (HMC) FOR INPUT TO THE CPTION ANALYSIS
SHNED THAT McH COWLD BE ACCOVELISHED T0 COVABMENT
THE PAN MATERIAL THROLGH OPT WIZED ODULEGTION aND
(T L IZAT 10N OF TH HMC THROUGH SV-16, WE ARE THEREFORE
IMTERESTED IN THE MU0 VODIFICATIONS DISCUSS IN REE,
OF IWEDIATE INTEREST IS THE MODIFICAT ION OF SUPFLY AND
TAEUPS, 1N ADDITION, LTR OFFFRS CONSIDERARLE PROMISE BUY
ETHER MUST FIRST INWEST IGATE WHETHER UFB WILL REQUIRE
! INREASED INTERMAL RESEAU IN ORDER TO CONTROL DEFOR-
MAT | ONS, REGUEST PROVISION OF COST, SCHIDUWLE, AND EFFEC-
‘rwm DATA ON BOTH PROPOSED CHANGES.
E ARE CLRRENILY WORKING THE FROELEM OF FUDING,
s Dzsm PEl) PFR REFERENCES, TO 35 AVAILARLE TO You
8Y JAMBRY .
4, DIRECTIR, STHER FALANS TO BRIEF DARO RELAT IVE TO
THIS DECISION FOR CONTINLED HEXACON METRIC CARASILOTY
AT THE EARL IEST *ANUALLY ACCEPTARLE DATE, IN ADDIT ION, }%

Ha‘ndl& Via WEMAM
CHANNELS ONLY
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% SEWTRET

. Handle Via BYEMAN
CHA : i
o NNELS Oy

ETHER WAL BERIEF ASD {U ON THE DECISION, WE WOWD
LIk TOEMERCIZE YOUC OFFER OF LT COL MUAECHISON 10
ASSISI IN THE PREPARAT ION OF THE BRIEFING TO DNRO,
E-0 WPET

bt R
g

702 CXQRARIE 1A JOANGA 53

Handlo Via BYEMAN
CHANNELS ONLY
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- FH . M ’-‘! Soh BRI BERGANINY
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SUBJECT: HEXAGON MAPPING CAPABILITY

REFEREHCE WWIG 16883 CHARGE 8992

QUR RECOMMENDATION FOR A STUDY WAS BASED ON OR CONSIDERATION

OF THE FEASIGILITY OF THE CONTRACTOR PROPOSED STELLAR SUBSYSIEM
= FOR THE HEXAGON PAN SYSTEM, THE STUDY IS REQUIRED TO ALLOWR A RISK

ASSESSMENT OF THE VARIOUS ASPECTS OF THE APPROACH (CHARGE 8992),

THE PRINCIPAL ARFAS OF CONCERN ARE THE APPLICATION OF THE CHARGE
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DE:PARTMEN'E“ OF THE AIR F’ORCE
HEADQUARTERS UNITED STATES AIR FORCE
WASHINGTON, D.C:

REPLY TO £ '1‘;?1;
ATTN OF: N WL"-?; :
«:*i‘f";ﬁﬁ( »
. ! N . o A e
suaser:  KH=9 Metric Capability Y‘“ﬁ ¢ DEC 1974

SARJUS (Mr, Plummer)

) L. As the Air Force Office of Primary Responsibility (OPR) for Mapping,
Sharting and Geodesy (MCEG) I continue to be concerned for the satisfaction

_____ of very exacting target positioning requivements to support tactical and

5= strategic operations. To this end I paintsin a continuous dialogue with

B the Defense Mapping Agency (DVMA) whose task it is to satisfy these Adr
Force requirements, e

_.......-,.2 T 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. 1 have recently

am asked for and received a series of briefings on the best approach to optimize
« gatellite MC&G collection to meet these stringent Alr Force requirements.

.w,_w,wm

= 3., The prospects of a system that could provide rapid, high resolution,

== gnd 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 MOSG requirements but also would provide necessary support to advanced
- tactical and strategic weapon systems now in development, both in target

= positionineg and in various forms of operational point positioning data bases.

4. T know you will receive detalled 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

sy s
CHT |, KERGAN, IR,

=== Major General, USAF
i Asst Chief of Staff, Intelligence
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1. CALIBRATE OB ENCODER TO REDUCE THE ERROR IN DETERMINING RELATIVE dove SO Y E
SCAN ANGLE FROM THE SCAN ANGLE DOTS. )/m (cw L o

2. PROVIDE A HIGH RESOLUTION ?IBUCIAL 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 f{”@}é?
FILM OISTORTION AND VELOCITY ERRORS.

4. CALIBRATE THE DIMENSION BETWEEN SCAN ANGLE DOTS ACROSS THE FILM
WIDTH AND LOCATE THE PRINCIPAL POINT WITH RESPECT TO THE SCANM
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SCAN ANGLE ACCURACY
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MENSURATION IMPROVEMENTS

MENSURATION ERROR - MICRONS (1 - SIGMA)

In-Track Crosg~Track

Present  Improved Present  Improved

-- - 10.0 5.0
11.0 2.0 11.0 2.0
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CONTROL POINT MENSURATION ERROR BUDGET SUMMARY

ERROR SQURCE
Optical Distortion
Principal Point Location*

Scan Angle Accuracy Relative to
0° Scan Dot

Location of Fiducial Dot Coordinate

Control Point Measurement

Skew Angle Error

Nonuniform Film Distortion

Focal Length and Scale Factor Error

Uncompensated Thermal Error in the
Platen

Film Velocity Error

Platen Bearing Runout and
Spin Axis Offset

Optical Bar Wobble and Vibration of
Optical Elements

Attitude Rate Transient Ervor

Total RSS

S a7 . o - o > Do 7 o, . o o

* Assumidg 0.02 inch, T-sigma error in location of principal point.

ALLOCATED MENSURATION ERROR

(T-sigma)
In-Track Cross-Track
{microns) {microns)
1.0 -
1.0 -

- 5.0
2.0 2.0
2.0 2.0

- 7.0
1.5 0.5
5.0 -

1.5 -
0.5 1.0
1.5 1.5
4.0 -
1.5 1.5
7.8 9.8
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FIDUCIAL DOT LOCATION IN IN-TRACK DIRECTION

0.05
o———Ff—— UPPER SCAN ANGLE DOT

_ TIMING DOT

)

CENTER OF PLATEN _—"" 3.16
PILOT DIAMETER

o / LOWER SCAN ANGLE DOT

o T SATELLITE VEHICLE TIME DOT
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PROPOSED ARRANGEMENT FOR PRINCIPAL POINT CALIBRATION

OPTICAL BAR
LINE-OF-SIGHT __—*"

REFERENCE CROSS HAIR  REFERENCE F—
AND VIEWING EYEPIECE MIRROR
OPTICAL BAR
ILLUMINATED 6" DIA CORRECTOR
CROSS HAIR MAKSUTOV PLATE
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|
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FILM FORMAT DETAILS
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FRAME  FWD CAMERA
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E
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IMPROVED FIDUCIAL MARKS

a. DESIGN, BUILD AND TEST
PROTOTYPES.

b. BUILD AND INSTALL ON
P-14 {TCA).

CALIBRATION OF OB ENCODERS

a. DEVELOP CALIBRATION
PROCEDURE, TEST EQUIP-
MENT AND SOFTWARE.

b. CALIBRATE P-14 ENCODERS.

c. [INSTALL ON P-14 (0B's)

IN-TRACK CALIBRATION OF SCAN

ANGLE DOTS

a. DESIGHN AND FABRICATE TEST
EQUIPMENT.

b. TEST PL ASSEMBLIES.
c. M5 TEST,

12 SCAN DOT INTERVAL

A
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SCHEMATIC OF FILM DRIVE, PLATEN AND OPTICAL BAR INSTALLATION

TANGENTIAL LINK
HOUS ING

PLATEN CAGING _
ASSEMBLY L

OUTPUT
ASS’Y uA 1

TWISTER

DRIVE"=
CAPSTAN ASSEMBLY

| = RN
- FILM DRIVE PLATEN
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