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FOREWORD

This report was prepared for and by direction of the Director, Photo Reconnzaissance Symtems, Office
of Special Projects. - This report constitutes Volume TI of the {inal migsion report. Volume I is entitied
Performance Fvaluzflon Team, Misston 1201, BYE 15285-71,

The preparation, ecllection, and reduction of the data In this report has been a joinf effort of the
Post Flight Analygis (PFA) Team. Major contrilutors to this report inclide:

Sectiopa Tand IT = PFA Tearm

Section II - Sensor Subsystem Contractor

Section IV BRIDGEHEAD ind AFSPPF

Section V' - National Phptograp_hic Interpretation Center
Bectlon VI - Sensor Subsystem Project Office and AFSPPF
Section VIl - PFA Team

‘The majority of ihe raw gata collection was accomplished at, and by, AFSPPF. The PFA Team is
indebted for the excellent support received {from Colonel Willinm E. Calianan, Commander, and his staff,
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SECTION I
INTRODUCTION

1.1 BACKGROUND

Mission 1201 was Jaunched on 15 June 1971 at 18412, This was the first flight mission in the I{H-—Q
Series, The KH-9 ie a search and murveillance camera system designed to provide high resclution with
large area coverage. Mission statistics, camera and RV recoveries are summarized: in Tables i- 1 thru
1-3. :

This report details the technical evaluation of the performance of the cameras employed s_;r'n thié
flight. Important aspects of the satellite vehicle performance; post recovery handHng, and e:;ploitétion
of the product are alsc included. The report is the consensus view of the Post Flight Analysis (PFA
Team, which eccnsists of representatives from the Sensor Subsystem Project Office (SSPO) tha System
Project Office (5P0), and Sensor Subsystem. Contractor (85C), the National Photographic Interpretahan
Centar {NPIC}, the ERIDGEHEAD Processing Facility, and the Air Force Epecial Projects Productmn
Facillty (AFSPPF). ;

The KH-$ development program was inltiated in the Fall of 1966. The first flight camera (sv-i} was
shipped to the System Vehicle Integrating Contractor (SVIC) on 18 October 1970 for integration with ;the
space vehicle, The perforimance of the SV<1 cameras (SN- 003}, as determined from preflight testm::g,
was detailed in the “Flight Model (SN-{}03) Acceptance Team Report”, BYE 15285-70, This Teport was
published on 6 November 1970, At SVIC schedule delays were encountered due ; primarily, to the need to
replace the slit and shutter mechanisms fo preclude a known potential catastrophic on-orbit fallure. .

This change necessitated removal and reinstallation of the platers which reguired one additional test of
SVl in Photographic Test Chamber A-2. The {irst Chamber A-2 test was condicted in Febtruary 19"1
ardl the sécond in May 19’?1 The repuits of the photographic tests, as well as a review of the readiness
of $V-1 {or launch were published in the "SV-1 (SN-003) Flight Readtness Heport™; BYE 15264-71. ‘I‘Ius
report was published on 8 June 1971.

The Ilight system was shipped to Vandenberg AFB on 1 June 1971 where it was mated with the boost&r.
After completing the normal flight readiness cheeks, the system was launched on 15 June 1971, '

1.2 ON-ORBIT PERFORMANCE :
“The PFA Team convened gt the proceasing site and evaluated the pexrformance of the camers aystem
from the bmigery and available telemetered data after. recovery of each reentry vehicle (RV). Mibsion
segment 1201-3 was not recovered due to a chute fallure and at present is lost at sea. Search and |
TeCOVery atternpts are continuing, .
During the course of the PFA meetings several actions were taken in attempts to improve phcto—
graphic guality. These actions are summarized in Table 1-4. '
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TABLE 1-1

MISSION ST, .ATIS'I_'ICS
Mission Numbey - 1201

Lawnch Date. - 15 June 1871

Launch Time - 1841Z

Satellite Vehicle - §V~1 {8001)

Sensor Subgystem ~ SN-ODI

Orbit Inclination - 96, 39°

Initial Perigee - 99, 3NM

Initial Apogee -~ 165, CNM

Arguinent of Perigee ~ 165, 4¢

1nitia)l Period - 8%, 38 min,

Range of Photo Altitudes - 12031, 99'-1_38'N1\iz
1201-2, 98-126NM:
1201-4, 99-151NM

Ranpe of Beta Angles - +20° to +22°

TABLE 1.2
CAMERA STATISTICS ;

_Forwardélmking_ Aft-looking
Camera Degignalionsg A B '
Film 1414 1414
Focal Length 60, 005 inches 59. 584 inches
Fitter Type W/2E : wilte
Initial Focus Setting* T8u s 52u
Supply Footage 99,100 £t. L 99, 261 ft..
Supply Spool Ne, 5022 e 5030
Supply Film Weight _ 790; 3 ibs. 783.9 lbs,
Optical Set Nos. 013 o017 |
initial Pneumatics 33.5 Ibs
Remainung Poeumatics _ 14, 4 1bs

* Focus was changed twice on the Furward lmkmg Camera and once on the Afl-lookmg
‘Camera, see Section O, -
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TABLE 13
RV RECOVERY STATISTICS

RY-1 RV-2 . Rv-3 R4
Recovery Date 20 June 71 : 26 June 71 - - 18 Ju:?ly 71
Recovery Time. 21442 21407 _ '22:ézz

Comment Water Pickup Air Cateh Sark Afr Catch

{chute partially torn) (chiute damaged) (chute failure
due to premature
dereefing)

TABLE 14
SIGNIFICANT ON-ORBIT CAMERA ADJUSTMENTS

Forward-looking Camera

1, Rev 129, the focus position was advanced by B'microns to new_phaéen position of 71 microrigs,.
2,  Exposure was decreased by . 06 log E on Rev 135 for acquisitions above 10 degrees -sulafr-aitjit'ade.
3. Rev 231, the [ocus position was advanced by an additional 8 microns to & new platen positicré of 64

M TOns,

Aft-looking Camera

1. Rev 129, the locus position was advanced by 6 microns to a new platen position of 46 i'i_'l'iCl‘DI‘éS.

2. Exposure was decreased by L 06 log E on Rev 135 for acquisitions above 10.degrees solar altjiﬁgde_-.
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SECTION O
SUMMARY

2.1 CAMERA OPERATIONS :
Mission 1201, the first ﬂight' of the KH-9 Camera System, must be classified as -3 remarkable
suceess, The KH- 9 Camera was an exiremely complex engineering task. It combines pear dr{fractmr'-

Hmited optics, with state-of-the-art servo-systems that ave Tequired the best in both optical and
elgetronic technology. Many developmenta! difficulties have Deen experienced with the camersa and the
problems of film {racking ard pynchronization are far irom ended. Rewind will continue to require
restriciion on Mission 1202, ;

2. 1.1 Performance Anomalies

From an engineering point of view, Mission 1201 provided significant insight into the perfarmance
of the KH-9 Camera and the problems that need to he addressed. In sumpdry, the two major mmage
quality probleris were the out-of-focus conditions and | image smear. Both cameras were. mntlally flovn
cut-of -focus, with the Forward-looking Camera being the most significantly affected, A single iocus
change of -8 microns was necessary on the Aft-looking Camers, and two focus changes totaling 16 microns
were necessary on the Forwarg- Iooki.ng Camera to obtain image quality near optimum, These focus
adjustments were deemed necessary thiu the evaluation of the thru focus engineering tesis which proved
invaluable to the PFA Team, The ability to use thru focus tests o fine tune the camers on-orbit, and
noticeably improve the pholtographic results, is clearly useful. The real difficulty with this pmblem ig
that there is, at thls point in time, no undersianding of why the camergs were not properly fcacused at the
beginning of the misslon. Focus is set based on 2 careful evaluation of thru focus resolution and edge
focus targets taken in-a vacuum chamber. The temperature and pressure environment of the optu:s,
piaten, and film plane are sulfficiently similar between orbit and the test chamber, that no significant
focus differences should oceur. There are uncertaintieg in focus setting due to the subjectivity necessary
to properly balance the performance across the field. However, it was estimated and recorded in: the
5V-1 Flight Readiness Report that this uneertainty would be aprx 4-8 microns, The Aft-looking C.amera
was within this range, the Forward-looking Camera was not. Further diseussion of this problem is
rontained in Section M1, Specific conclusions and recammendations for future action ave preaented in
Section VII. :

Before launch it was known, based on chamber testing, that the film. synchronization errors were
greater than desired. Analysis of the phutt}graphy confirms that the imagery was affected by smear and
that the magnitude of the smear errors was at least as great as predicted thm preflight testing, In fact,
there 15 dome evidence from line target analyeis to indicate that smear, particularly on the Fnrward—
looking Camerd, was worse than expected. This issue ig discusaed in greater detail in Sections m and
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chasge was hmplemented during Op 125, Rev 135 of 1201-2. No gross camera exposure diﬂmﬂhes were
dpparent throughaut the mission, -
2.1.6 Specular Reflections
Specular reflections were Eevere on the Forward-looking Camera af approximately 35° to e

latitude at a +20° scan. The specular refiections were, however, predictable with the “Crystal Ball”
Program, For future missions . an analyeiz of the optimum launch time should be conducted to mzmmaze
the effect of specular reflections on priceity targets. i

2.2 EXPLOITATION SUFTABILITY
2.2.1 Photointerpretation {PI) Quality
In gpite of the focus and film synchronization errors, the PI suitability of the mission was gnad

This does not mean that the focus and smear problems ware in_cansequential,: ‘but simpiy md-ieaies;that‘
the photointerpireters were pleased with the produet returned !rcjm:'-this first KH-% mission, .Iin adtiﬂit’ion-,
it-is not always possible to correlate PI judgments with known camera probleras as, in this i’nstané:e,
target readout is done in stereo., This condition is forgiving tu a poor performing camers since the
-stereo view will favor the kighes quality photograph.

Examination of the PI.quality ratings of the QAKX targets showed fhat the majority of the- targets
were rated in the fair and good categories. Missjon 1201 statistice are summarized in Table 2-1_.;

TABLE 2-1

SUMBMARY OF PI QUALITY

(percentage)

Mission Excelient Good Fair Poor
1201-1 0.8 29,8 47.8 21.8
1201-2 1.6 27.6 - 45.8 25.5
1201-4 0.5 10. 4 50,5 38.86

The Nationzal Photographic Inferpretation Center (NPIC) reported that the imagery olﬁamgét_i -at
high cbliquity did not contain the detalis of that acquired near scan nadir. In many instances, -de’ta‘.%iled
readout of order of battle targels, particulsrly grm(mi order of battle, was diffteult beyond +45° nf Bean.
NPIC further reported, however, that interpretation related to area search weald be performed at the high
scan angles. :

2. 2.2 wMission lnformation Potential {MIP)

The MIP is a rating given by NPIC, and is intended to be indicative of the best photographv

acquired by the camera. system within each missfon segment, MIP thips {or the 1200 serles missf,on were
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made from KH~7 photography with the best chip assigned a rating of 155, The numbering system w?as an

‘extension of the KH-4 MIP system, with the highest K¥-4 MIP chip assigned a rating of 125. The MIP

value of 155 equates to a ground resolved distance (GRD) of approzimately 1.8 feef, whereas 125 e@uates

to appraximately 4, 0 feet. The MIP values assigned to Misglon 1201 are summarized in ‘Pable 2- 2
“TABLE 2-2

MISSION: 1201 MIP RATINGS

Cemeras
Misgion " Forward-lodking Aft-looking
1201-1 125 140
1203-3 135 ’ 135
1201-4 145 140

The high MIP values, of 145 and 140, demonstrate that the camera system is basically capable af meetmg
its design goal of providing KH-7 quality with K -4 coverage,

2.3 PROCESSING AND REPRODUCTION _ :

There were ng major problenis experienced. during.-'defﬂming, process'ing,; or reprodu'ctiori. ’I‘:he
Optical Titling System operated successfully with over 99% of all frames being titled completely. |
Predicted and actual {itm weights showed good correlstion. _

A duplication study conducted by NPIC revealed that on the basis of sixteen CORN targets anaiyzed
from the three buckets of Mission 1201 that there is no significant Jogs in ressiution as a result of the
duplication process. Although special printing aided the photointerpreters, in most-instances the |
standard 50-192 reproductions were {ound to be satisfactory for first phase readout.

2.4 VISUAL EDGE MATCHING :

The visual edge match (VEM) technique was used extensively in the evaluation of Mission 1201.% This
was the i-i_mt.__intemive; uge of thig technigue for system performance analysis war_k. 'I_t was extremély
useful in all phases of performance assessment and promises {o be a major addition to the photo evéa.luation
figld. The major problem areas with VEM are the calibratiom {in comversion of edge number-'to’-res%olﬁng'
power), and the edge sclection procedures. The VEM technique demonstrited a good ability to quar_iztize

_focus changes, performance as a function of {eld and scan angles, frame-to-frame variability, -etcé.

For engineering assessment 1t has proven g most useful tool.

2.8 CRYSPER PROGRAM
The predicted values of ground resolved distance (GRD_) genergted by thé CRYSPER orbital
‘phetographic acquisition model, were well correlated with GRD values read from CORN target

Hondie vieFerherreitepebe ' 9.4
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acquisitions and PI ratings of image quality. :

The model indicated that the system, in terms of overall performance, was operating somevi’hat lowep
in resolution than anticipated, In-track predmtitms were better correlatad with the CORN readmgs than
were the cross-track predietions. This is consistent with the aforementioned observations ma,de about
sEmear..

Aside from the accurate estimate of general performance provided by the mo‘del' the. 'cc:mparison
with PI ratings gives promise of providing a valuable derivative tool to determine Hmiting GRDS
associatad with particnlar target types.

2.6 SATELLITE VEHICLE PERFORMANCE SUMMARY ;

The overall performance.of the gatellite vehicle was excellent and all mission objectives excjept the
recovery of RV-3 were met. The operational misslon lasted 31:days, followed by a 21 day selo éperatioﬁ‘
This solo operafion was an engineering test peérformed after separation of the final RV and was'términaj,ed
by a commanded deboost of the vehicle. The overall 5V performance for the ascent phase and each of the
four missicn segments is summarized below: ‘

2.6.1 Ascent

Ascent events were nominal znd stabiltzation of the SV allowed- deployment of the salar a:rra}s on
Rev 1. Apparent contamination of Afi Section thermal control surfices during ascent caused an crver-
temperature condition in the battery module which remained constant thmughcut the migsion,

2.6.2 1201-1

By Rev 18, all subsystem health checks had been completed and operaﬂanal-photographyébegan
on Rev.24. On Rev B2, RV-1 was successfully separated with a total {iim load of 40,000 feet. Dé.mage'to
the serial retrieval target cane was observed which led to the decision to allow the RV to waler impact
The RV was recovered from the water with no damage to the payload.

2.6.3 1201-2

Ogperational photography continued on Rev 88 using RV-2. On Rev 178, RV-2 was su_ccesfafully
separated with a total fiim load of 52,000 feet. Main parachute damage again cecurred but aerial
recovery of the RV was successful, |

2.8.4 1201-3

Operational photography contibued on Rev 185 using RV-3. On Rev 405, RV-3 was suecéssmny
separated but was neither sighted nor fecovered. Major damage to the main parachute apparently
occurred during deployment. As a result of this malfunction, the flm lozd of 54,000 feet was lc.at

2,8.5 1201-4_ :

Following some diiiiculties- with camers Emergency Shut Downs (ESD&), operational phofography
was resumed on Rev 470. The premature degradation of the pyro batteries. led to the declsion to fseparate
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RV-4 on Rev 502, Separation and aerial retieval of RV-4 was normal and 26,000 feet of film was

recovered.
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- SECTION II
CAMERA OPERATIONS

3.1 INTRODUCTION |
This seection presenis an analysis of camera performance from both a photographic and éngineering.
standpoint. In assessing the piotographic performance, resolution, focﬁs., and exposurs wers examined

~ and an extensive daia base develpped from visual edge matching {(VEM) measurements and mobile C:ORN
target readlngs. This data base coupléd with an assessment of the VEM technique itsel enabled an _
- objective evaluation of forus and resclution, The performance from an engineering point of view isf dis-

cuseed on the basis of the znomalies that ocenrred during the mission and evaluation of the down-liﬁk
telemetry signals. For historical purposes, considerable care has been taken to record all kay prolees
and confipurations for Mission 1201.

The launch and mission operation of SV-1 culminated approximately a year and a half of ground
testing at all levels of sedsor ass;emhly- Baring thia pericd, photopraphic and engineering evaluatinn of
perfurma,nce was a conl;inuing effort imrolving soiea very difficult and puzzling performance anomalies
The analyses hereln attempt to correlate ground test and.predicted performance recorded on-.orbit.. These
analyses were performed on the basis that groind test data of follow-oan sensors may more easily be

understood as related to'the uitimate fHight required peﬁomance
3.2 ON=ORBIT OPERATIONS

3.2.1 Launch and Orbita! Conditions
Satellite Vehicle (SV-1) was launched from Vandenberg AFB o 15 June 1971, The configuiation
of the gensor system. is presented in Table 3-1. :

TABLE 3-1
LAUNCH CONFIGURATION
‘Misslon Cperation - 1201 Intra-Range Operation - 8709
Sensor System BN-083 Satellite Vehicle (SV-1) - 8001
Forward-locking Aft-locking
Fliter Type W-2E W-12
Focal Length {inches) 80, 005 59. 884
Foeus Setting (mierons) 78 52
Film Type 1414 1414
SU & TU Film On-Board {{eet) 100,826 100, 502
Film Weight (pounds) 760.3 783.9
Film in TU-1 (feet) 1,728 1,235
Spool Number | 5022 5030
Pneumatics Loaded (pounds) 16.8 16. 7
Hondle via Toemr=iteyhol— _ o S |
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Initial flight conditions as compared with planned parameters are listed in-"i‘.a_hl’e -3-2, Bagsic orhital
parameters throughout the operational portion of the mission are shown in Appendix B. The: orbital
Inclination remained constant at 96, 38 degrees,

TABLE 3-2
LAUNCH PARAMETERS :

Planned Actual
Launch Time (GMT) 1841 - 2041 1841
SV'T Launch Time {seconds) 67.0 87,0
Inclination (degrees) ) 95,38 96, 39
Initial Perigee (NM) 100.8 9%, 3
Initisl Apogee (NM) 164, 6 165.1
Arguraent of Perigee {degrees) 158.8 165, 4
initial Period {minutes} : 89,38 89.38

3. 2.2 Sequence of Slgnificant Events
The sateliite vehicle was Iaunched from VAFB, SLC-4E, at 1841 GMT on 15 June 1971. The

countdown and 1it-0tf were perinrmed without in‘;:idenf;. The sensor system uncaged in g nominal msdnner
zfter BV/SV separation, this event was verlfied from the tape recorder data at Hev 1, POGO, Health
checks were performed during the first day to verify gensor syetem functional performance. A summary
of the revs and the amdunt of fiim for each RV is presented in ‘Fable 3-3.

3.2.2.1 Rev 4

The first attempt to-iransport film was during a constant veloeity rur, Sequence (Seq) 208,
performed over POGO. 'fhe-sensor system functioned properly, verifying that the film was aligned within
the film:path. Bieerers, tensions, takeup and supply summed errovs were well within Hmits, The film
chule and supply pressures had stabilized after aseent and were measured as 0.7 and 0. 8 psi respectively
prior to the pneumatics on command.

3.2.2.2 Hev 8 _

The Sensor System Health Check, Sequence 203, was periormed over COOK, Al s.e_nsor
execuled commands were functionally verifted including all tested bits of the variable commandis, Focal
plane position and the locus sensor {LSFS) cutput indicated 79 and 85 microns, respectively, for the
Forward-looking Camera and 52 and 45 microas, respectively, for the Aft-looking Camera. Preflight
predictions for the LSFS af the corresponding focal plane pesitione were 88 and 38 microns, for the
Forward and Aft Cameras respectively,

3.2.2.3 Rev 14

A mamal operation (MOP) was éxecuted over BOSS and was nominal, Fifty frames were

commanded and executed, atotal of 458 feet of film was transported. The focal plane position ard 1SFS
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reémainsd unchanged from the previous operation at Rev 8 COOK.
3.2.2.4 Rev 18

A secand MOP was executed over COOK. AN camera parameters were nominal. Data

obtained via the Mlcrowave-Link was also evaluated and verified the accuracy of the Augie Mode processing
and calibration techniques. A total of 58 frames were commanded and executed during the MOP with 533
feet of film trausporied.
3.2.2.5 Further Events Thru RV-1 Recovery
. Reév 18 - Senser system completed all health chécke and was considered operational”
Rev 24 - Sensor system engineering, Sequence 209,
Rev 31 - Thru focus Test (MOP+*F), Seguence 180,
Rev 32 - ThruV, Test (MOP*VY), +0.00336 rad/sec.
Rev 40 - Sensor sysiem engineering, Sequence 203,
Rev 47 - Thru Exposure Test {(MOP*E), 21 stog,
Rev 48 - MOP*F, Sequence 190.

Rev 55 - Varisble block exase (VBE} of programmable memory unit 1, aborted because of
fire in station,

Rev 64 - VBE to station contacts. Awnalyst caleulated predicted Data Interface Unit {DIU)
counter in error and took immediate contingency action when actual counter value.
disagreed with predicted.

Rev 73 - Semsor system engineering, Sequence 209,

Rev 78 - RV-1to RV-2 transfer.

Rev 82 - RV-1separated,

3.2.2.8 Events Thru RV-2 Recovery -

Hev 88 - Sensor system eungineering, Seguence 209.

Rev 98 - Thru Focus Test, Sequence 180,

Rev 104 - Sensor system engineering, Sequence 208,

Rev 113 - MOP.

Rev 121 -~ Sensor system engineering, Sequence 209,

Rev 129 - Advanced focal plane position 8x on Forward and 6y on A% Cameras; MOP*¥,
Seqguences 215 gnd 216,

Rev 137 « Sensor system eagineering, Sequence 209,

Rev 145 - MOP*F, Sequence 217; MOP*VY, ~. 002088 to ~0. 003364 rad/sec,

Rev 153 - Bensor system engineering, Segquence 209,

Rev 180 - MOP*F, Sequence 217,

Rev 168 - Bensor system engineering, Sequence 209,
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Rev. 175 - RV-2 to RV-3 transfer,
Rev 179 ~ RV-2:separated.
3.2.2. T Events Thru RV-3 Separation
Revs 185, 201 axd 217 -~ Sensor system engineering, Sequence 209,

Rev 221 ~ Advanced focal plane position Bia on Forward Camera.
Rev 234 - Sensor system engineering, Sequence 209.
Rev 242 - MOP*VY, -0, 003248 o +0. 003132 rad/sec.
Rev 250 - Sensor system engineering, Sequence 209,
Rev 2588 - MOP*F, 28y, Forward Camera caly;
Rev 266 - Sensor system engineering, Sequence 209,
Rev 274 - MOP,
Rev 262 - Sensor system engineering, SeGuence 208,
Rev 280 - MOP.
Rev 298 - Sensor system engineeiing, Sequence 208.
Rev 306 - MOP,
Rev 314 - Sensor system engineering, Sequence 208; ESD occurred on Op 5, gee para 3.3.1,
Rev 322 - Constant Velocity Test {CVT), Sequence 208,
Rev 323 - Sensor system engineering, Sequence 209, normal stereo operation was resumed.
Rev 337 - CVT, Sequence 208,
Rev 401 - RV-3 to RV -4 transfer,
Rev 402 - ESD occurred during PREP 2, see para 3,3, 2.
‘Rev 405 - RV-3 separated,
3.2.2.8 Events Thru RV-4 Reécovery '
Reve 411 and 417 - Creep CVT, AR Camera side, Sequence 185,

Rev 412 - CVT, Sequence 208, normal stereo operation was Fesumed,
Hev 420 and 435 - MOP. _

Rev 445 - ESD gccurred at start of 4th @p, see para 3.3.3,

Rev 452 - Mini-Creep CVT Test, Aft Camers side, Sequence 185,
Rev 458 - OB eycle, Sequences 191 and 192, |

‘Rev 465 - Two Mini-Creep CVTs, Afl Camers side, Sequence 185,
Rev 466 - Two Mini~Creep CVTs, Aft Cunera side, Sequence. 185.
Hev 468 - High Speed CVT, Aft Camera side, Sequence 194,

Rev 470 - Mono Forward Camera Enginecering Test, Sequence 182,
Rev 472 - Mono Aft Camera Engineering Test, Sequence 183,

Rev 476 - "Senso_r syetem. engineering, Seguence 200,
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Rev 417 - Normal stered operation was resumed,
Rev 484 - MOP,
Rev 482 - ESD occurred at start of 2rd op, normal stereo operation was resumed with the
4th op.
Rev 497 -~ Mono Aft Camera MOP 1; Mono Aft Camera MOP 2, max-allowable RWV = 35
inches/sec, shutter disable; Mono Aft Camera MOP 3, max allowable HWY =
55 inches/sec, shutter d.lsabled
Rev 502 - RV-4 separated.
TABLE 3-3

SUMMARY BY RECOVERY VEHICLE

Active Period Take Up Take Up Film
Ry {revs) Camera {feet)
1 082 A (Fwd) 20,489
| B (af) 20,033
2 82-179 A (Fwd) 28,094~
' B (Aft) 26,164
3 176-405 A& (Fwd) 26,883
B (At 27,100
4 405-501 A (Fwd) 13,084
B (Aff) 12,753

3.2.3 Camera Operations Summary

Appendix C lists the total camera operations of Mission 1201, identifying the amount of photography
acquired at the various operating conditions of scan anple and scan center, The. aperational employment
cah be asdessed by summarizing Appendix € in terms of perce;rtazge. of sean angle operations, see Table
3-4. The predominance of photography acquired at the shorter sean anglés was spooled on RV -3 whieh

-at this time has not been recovered.

TABLE 3-4
~ SCAN ANGLE OPERATIONS SUMMARY
Scan Angle Percentage of Misslion
{degrees) @2 '
120 3
80 27
80 36
30 34
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.

d. 2,4 Solo Activities
The Solo phase of the mission began afier the separation of RV-4, The following experimenis
were plamed for this fiight,
3.2.4.1 System Commang and Control (SCC)
8CC-2 was selected on Rev 588 and the remainder of the flight was performed- in this mode,
3.2.4.2 Optieal Bar (OB} Bearing Life
The OBs were cperated for long durations to evaluate bearing Hfe and electronic temperature

profiles. The system was ogperated for approximately 5. 5§ hours over 23 orbital revolutions, There was
no indication of increased torque, however, the platen drive motor temperatures did increase 12 degrees.
3,2.4.3 Low Voltage Test
The 1I§W voltage test was deleted to ingure iulaquate_puwer for the duration of Solo:

3.2.4.4 Monoscopie (Mono} Operations

Mcno-‘operaﬁons were not accomplished during the Solo phase since partial completion of the
test objective was aceomplished during the opérational phase as a result of the ESD on Rev 445, Forward.
Camera Mono operations were executed over the Rev span 472 - 476 and three Mono Aff Camera operations
were programmed during Rev 487. All mono operations were normal.

3.2.4.5 5Lt Width Test (SWT}
The SWT was suceessfully commanded throughout its miechanized range on Rev 589,
3.2.4.65 Focal Plane Servo Test
This test was initiated on Rev 587. The focal plane on each camera was commanded through

its mechantzed range. The focal planes of both cameras were retreated to their positive stops. The focal
planes were then advanced to the full negative positions, each focal plane mechanism was commanded past
the maximum of the internal camera assembly. When subsequent retreat commands were executed s the
Forward Camera focal plane mechanism recovered irom the negative position; however, the Aff Camera
focal plane mechanism bound at the -206u focal plane position and the mechanism was unable to recover by
moving over the maximum of the internal camera assembly, Additional attempts were made to recover
the Aft Camera f{ocal plane drive mechanism but all were unguccessful,.
3.2.4.7 Opticzl Bar Logle Test
The OB Logic Test was deleted in order to conserve electrical power,
3. 2.4, 8 Optleal Bar Thermul Effects
‘Both OBs were positioned to nadir for two orbital revs to determine thermal effects; The

temperature of each corrector plate decreased 20° during this test.
3.2.4.9 System Health Test.
This test, (Sequence 203), was executed just prior to SV deboost to evaluate functional
operation after an extended time in orbit. The sensor operated successfully,
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3. 2.5 Commamdi Sequence Definition
The -command'sequemes utilized in the Misslon 1201 data base are defined in ‘Table 3-5.

TABLE 3-5
COMMAND SEQUENCES
Seqg No. Deacription . ‘Purpose
49 RV Take up Prep ‘FThis sequence in conjunction with the trim and

seal sequences prepares RV-1 thru RV-3 for
separation; and RV=-2 thru RV-4 for operation.

50 Redurndant RV Take up Prep Contains redundant off commands for Sequence 49,

120 Sensor Subsystem ON/OFF Bets up and shuts down the eamera system for
Bterec etereo operaticn per target reguirements.
121 Optical Bar ON/OFF Starts and stops the OB of the S8,
122 Film Transports ON/OFF ' Starts and stops the film transports.
123 vx/h Update Updates the value of VX/h a8 a furiction of the
_ ephemeris.
124 Vy/k Update Updates the value of Vy/h as a function of the
ephemeris,
135 51t Width Update Updates the value of slit width settings ag a
- function of exposure requirements,
126 Redundant End-of-Rev  Redundant off commands following last sensor
Initalization system operation on a2 rev,
127 Redundant End-of-Rev Contingency sequence Tor providing redundant.
Iniifalization with ESD Disable off eommands following last 85 operation on a.
rev, and glso incorporating an ESD disable
command,
128 Focus Hetreat Updites focus settings as computed by -automatic
focus adjust. '
128 Focus Advance Updates focus settings a5 computed by automatic
focus adjust,
130 Variable Parameter Vxa/h, Vy/h, Vs and sHit updates for merged.
sequences. '
131 Monoscopic Operation, This sequence operates the Aft Camerz only,
Aft-looking Camera and uses the same varlable parameter inputs
employed by Sequence 120 (sterso op).
132 Monoscopic Operation, This sequence cperates thie Forward Camera
Forward-looking Camera oniy, and uges the same variable parameter inputs
employed by Sequence 120 (steres op),
133 End-of-Rev Initialization This sequenee loads Sequence 126 {redundant

Voff"" commands) into the opposite PMU.
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TABLE 3-8 {(CONT'D)
COMMAND SEQUENCES
Seq No. Deseription Purpose
134 Both Transport, Aft- Contingency sequence - whereby system. can
looking Camera operate both transports with Aff Camera only..
135 Both Optieal Bars, FT- Contingency sequence whereby system can
Forward-lovking Camera operdte both O0Bs with Forward Camera film
transport oniy, _
180 Constant Velocity Sequence, Verifies proper tracking in Forward Camera
Forward-looking Camera film path (refer Seq 208).
181 Constant Veloclty Segquence, Verilies proper tracking in Aft Camera film
-Aft-lopking Camers ‘path (refer Seq 208),
183 Mono A, Engineering Test Mono engineering test to monitor Forward
Camera system integrity.
183 Mong A, Engineering Test Mono engineering test to monitor Aft Camera
system integrity.
184 B3O Creep, Forward-looking’ Diagnostic sequence which transports Forward
Cametd Camera film at 3 ips. Used after an ESD,
188 ES0 Creep, Aft-looking Diagnostic sequence which transports Aft Camera
Camera flim 8t 3 ips. Vsed after an ESD,
186 Pneumatic B Tank Isclate Isolates Aft pneumatic tank,
187 Pnewmatic System B Isolate Provides low pressure pneumatics isolation for
Aft Camera.
168 Thru Foous, +12/+4p Fliight test sequence to determine plane of best
ocus. .
189 “Thiru Focus, 120/&1014 Flight test sequence to determine plane of best
focus,
194 ‘Thru Focus, +16/:8u Flight test sequence to determine plane of best
focus. ’
191 Solo OB Bearing Test ~ Power On Sequence for extended duration of
Power On ‘OB rotation. Used after RV-4 separation to
provide thermal test data.
192 Solo OB Bearing Test - Power Off sequence used with Sequence 191,
Power Off
193 Shutter. Enable/Disable Enables/disables one or both camera shutters.
200 Take 1ip 2 Enable ‘Transfers active take up fuactions to take up 2.
pat}| *Pake up 3 Enable Transfers active take up functions to take up 3.
202 Take up 4 Enablé. Transfera active take up functions to take up 4.
203 88 Health Check Dymamic stereo op performed over station to
ascertain the integrity of the pensor system.
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TABLE 3-5 (CONT'D)

COMMAND SEQUENCES
Seq No. Descrigtion Purp_ase

204 Uncaga__SS Uncages sensor system using primary uncagiog
commend, and operates SCC-1 and SCC-2.

205 Redundant, Uncage Redundant uncage stored in opposite PMU,

207 Wrap Provides double wrap or next take up prior fo
frim and seal functions. . -

208 Constant Velocity Sequence Verifies proper film tracking. Used after uncage,

TU transfer, RV geparate, and for cperations
analysie ag reguired.

209 Cock - S8 Engineering Data Used on Rev 8 Cook and a subsequent night pass
Pass each day to mionitor systein integrity.

210 Paeumatic A Tank Isolate Isolates A pneumatic tank,

211 Preumatic System A Isolate Provides low pressure pneumatics isolation for
Forward Ciamera.

212 Supply Presguritation This sequence is used to pressurize the supply,

#13 ‘OB Aft-looking Camera Stow Stows Aft Cdamera bar.

214 OB Forward-logking Camera Stow Stows Forward Caiera bar,

215 Thru Focus Advance Focus test whereby film plane moves toward
field group and returns.

218 “Thru Focus Retreat Foeis test whereby {ilm plane moves away
field group and returns.

217 Thru Fbcus Advance/Retreat Thru forus test whereby fiim plane moves away
and toward field group.

221 RV-1 Inlet Trim and Seal Prepares RY-1 for separation,

222 RV-2 Inlet Trim aod Seal Prepares RV-2 for separation,

223 RV-3 Inlet Trim and Seal Prepares RV-3 for separation.

224 RV-4 Intet Trim and Seal Prepares RV-4 for separation.

225 RV-2 Qutlet Trim and Seal . Prepares RV-1 for separation.

228 RV-3 Qutlet Trim and Seal Prepares RV-2 for separatioh.

221 RV -4 Outlet Trim and Seal - Prepares RV-3 for separation.

3.3 ANOMALIES

This section is compiled to fdentlly the anomaties that vecurred during Mission 1201 and provide an
analysis of the probable cause{s) for such oceurrences.

3.3.1 Aft-looking Camera ESD at Brake Release on Rev 314

There was wi ESD af brake release on the 5th operation of Rev 314. The telemetry data indicated
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a jam in the fine film drive system of the Aft Camexa, The looper carriage executed the ESD circuitry
when it was_pulle’d to the step on the take up side, A constant velocity run was miade on Rev 322 and
chserved in real time during the COOK pass. Afier the ESD the tension in the system normalized and
the looper repositioned, therefore, the ESD circuitry was reset with the camery power ON command. The
constdnt veélocity Tun was proper so 2 5ix frame englneering sequence was run in real-time onthe Ray 323
COOK pass. This sequence was performed safisfactorily and subsequently normzl payload operations were
resumed. Inspection of the film was not possible sinee this ESD occurred while mperating dhiring Mission
1201-3.

3.3.2 Aft-looking Camera BESD at Constant Velocity on Rev 402

Subseguent to the RV-3 to RV-4 fransfer sequence, 8 CVT was performed during which an ESD
cceurred on the Aft Camera,. Telemetry (TM) data showed that apgroximately 15 seconds after film
movement the Aft Camera coarse tensions decreased, followed by the take up summed error and integrated

| vutput indicating the take up servo motor was exerting a much greater torque than normal, It was also
noted that a ripple or chatter appeared and remalned on the input drive, output drive, output coarse.
tensions take up summed error, and take up tachonieter. Except for the take up signals, the other signals
returned to their normal DC ievel, Following the issuance of the film transports off command, while the
film speed was decreasing, the input and cutput tensions decreased causing the ESD conditiocn. The take
up summed error went to s maximum value and the input and outpit drives exhibited a 11arg_e' error. An
ESO mini-creep was periormed during Rev 411, COOK pass, and the tensions returned to their normal
level. At Rev 417, BOSS, ancther mini-creep was. performed: ihe data indicated the system was regponding
normally. At Rev 419, COOK, 2 104 second creep test was performed suceessfully, It appears that the.
ESD resulted from a restriction in the film path betwesn the looper output and take up. A previous
anomaly which oceurred during 5V-1 factory testing exhibited slgnatures similar to those of the flight
anomaly. The-cause of the test'-anchr;aly was a physical drag on the material due to epoxy chips which were
wedged between the film and the tdler Foller in the take up.

Examinafion of the processed {1 between and ‘adjacent to Ope 376 and 377 indicated no physical
damage that would indicate the exact location and cause of the ESD, The start up of the ESQ mini-creep
that reestablished proger tensions tends to confirm the conclusion reached from the T™M data, It appears
that the scuifing of the materizl by the gutput drive capstan, the embossing by the input drive capstan, and
the aprx 2" wide fog mark of the slit were all caused by the tension narmﬁizing. The scuffing was con-
sidered to be minimal. During this period of time the sutput capstan would have turned very little but
material would have been transported prior to the take up removing the siack in-the nutput looper c’ausing__
the scufiing on the material. The film path between the supplj and the slit would have been under tension
and not moving initially causing the embossing. A metallic-like chip that has the appearance of a piece of
scrap from a manufacturing operation was diseovered embedded in the bage side of the film 17 tovard the
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take up from the slit. The metal chip was meéallurgii‘:zill‘y' analyzed 2s aluminum with traces of zing,
copper and magnesjum, Until the source of the metal chip is identified, the location of the chip on the film
16 not necessarily meaningful. The source ¢f the metal chip has not been identified.
3.3.3 Aft-looking Camera ESD at Brake Release on Rev 445
An ESD oceurred at the time of brake release onthe 4th operation of Rev 445. TM data indicated.

the film was not.being. driven properly through the fine film drive system causing the looper to be driven
to the stop on the take up side, generating the ESD, Axn abbréviated mini-creep was periormed and
observed in real time on the Rey 452 COOK'pass. This data indicated that, although-a small amowiit of
filrn moved through the fine film drive, the input drive capstan was not rotating.

In an atiempt to free the suspect?d jam in the input drive several sequences were programmed,
On the Rev 450 COOK pass, the OBs were operated to cyele the platen, however, this operation was
unsuccessiul as the looper Temained st the take up side limit switch. Four additional abbreviated mini-
creeps were run on Revs 465 and 4668 on the POGO and BOSS passes, however, they did niot remeédy the.
ESD condition. On the Rev 488 COOK pass a 20 inches/sec constant velocity operation was. performed for a
5.4 seconds duration. 'This operation successiilly transported film through the fine film drive system but
did not free the drive capstan. On Rév 472 a monoscopic Aft yun was underiaken. The TM data tndicated
that the looper moved {rom the ESD positicn and tensions had normalized at the beginning of this run. On
the Rev 476 COOK pass a stereo engméermg sequence was run. 'TM data showed the Aft input drive capstan
te be operating properly. Normal steréo payload operations were resumed on Rev 477,

Detailed analysis of the processed fikm indicated rio physical damage on the material. There were
no tears, foldovers, dimpling, scuffing, embossing, or scratching to indicate a mistracking or hangup that
would cause an ESD due to the film web tiself. Fiim in.the replon of the platen at the tisae of the ESD
showed some piua-dens’ity matrkings indicating the twister was osecillating but the material wze not moving.
Approximately 26 fest of film showed extremely faint plus~density streaks, that matched the input drive
capstan landg and grooves, which could only be observed by grazing light., The expasure started af the
beginning of the Znd of the 4 mini-creeps and continued through the first 185 feet of the Mono Aft operation,
Measurements made on the processed film confirmed the TM data. On the operation on which the ESD
occurred, the film only moved 5 past the slit tending to confirm that the output looper was driven against.
its stop. "The lack of plus-density 'ba.i_xding or physical damage on the material for the ESQ run and the
first of the 4 mini-creeps could be due to a lower tension since the supply provided 31" of film on the
operation that shut the system down, As the mini-creeps were run, more film was transported past the.
slit than was provided by the supply, possibly increasing the tension but not sufficiently to do more than

pressure expose the emulsion,
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3.3.4 Systern ESD on Rev 492

On Rev 492 the system experienced an ESD on the Forward-looking and Afi-looking Cameras
because of incnmpaiibie Vx and Vs commangds. The Extended Command System failed to input the re-
quired Vs for the second of a three operation nested sequence. This caused the third operation to be
missed because there was no camera power off {C-) command until the end of the operation. With the-
camera power on (C+) eomshand at the fourth operation, the ESD circuitry was reset and subsequent
operation was normal, BPuring Op 2, the sensor system was commanded from §0° to a 120° sedn angle
configuration, Due to a logle design error in the Extended Command System the Vs command required
for the 120° scan angle was decoded incorrectly as-a "Decoder A ON command, and the coarse film
speed was not changed from the previous cperation. The resulting incompatibility between the coarse
and firie film speeds was too great for looper compensation, and the ESD oecurred when fhe looper was
driven against the stops.

In their presenl configuration, the Decoders will not allow tie commands listed in Table 3-8 to
be executed. These long variable stored program commands use Decoder A and end in the octal
characters 640, 641, 642, and 643. Of these commands; those beginning with 11EV21, 11EV22, 118V23,
and 12EV# aré wot presently mechanized. - The Command Systern Contracter has indicated that these in
the st begianing with 12EVS are not configured 35 logical command sequences and, a5 a result, are not
used. -The remaining commands are 11EV20840, 11EV20641, and 11EV20643, which correspend to

commanded coarse filin speeds of §3. 5180 ips, 53.6475 ips, 53.7760 ips, and 53, 8045 ips respectively.

In the event a redesign to the command system cannct be implemented prior to fulure missions, use of
these commands must be avoided. ‘The illegal V& commands noted above will, at-present, be sent only
during an operation which requires a scan angle of 120° and a Vx/h of . 0417 rad/sec. If the mission
requires one of the illegal commands, the software could be made to set a malfunction flag in the command
message to identify the problem. Upon recognition of such a flag; the message could be mamally altered
In either of two ways. -One way would be to switch to 8CC-2 which would not exhibit the Vs problem
because Decoder B would be used to execute the commands, The other way would be to change the Vs
command to & legal value as close as posslble to the correct value., The new value would, at most, be ftwo
steps away {rom the correct value. Such a variaficn would not degrade photography and would not canse &

system shutdown,
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TABLE 3-6

ILLEGAL SV-~1 LONG VARIABLE STORED PROGRAM COMMANDS

11EV20640 12BV40640 12EV60640
11IEV20841 12EV40641 12EVE0641
11EV20642 12EV40642 12EV60642
'11EV20643 12EV40643 12EV60643
11EV21640 12EV41640 12EV61640
11EV 21641 12EV421641 12EV61651
. 11EV21642 12EV41642 12EV61642
11EV21643 12EV41643 12EV61643
11EV22640 ‘12EV42640 12EV52640
T1EV22641 12EV42641 12EV 52641
11EV22842 12EV42642 12EV82642
11EV22643 12EV42643 1IEVE2643
11EV23640 12EV43640 1ZEVE3640
11EV 23641 12EV43641 12EV53641
11EV 23642 12Ev43642 12EV53642
115V23643 12EV43643 12EV63643

3.3.§ Displaced Anclilary Data (Anomaly 1201-3-009)

Start of frame, Bcan angle, and SVT marks were displaced along the film edge on both cameras
to the extent that some SVT marks were completely off the edge of the filin, Most severe digplacement
occurred on the Forward Camera. .

On the Forward Camera, Op 75, Frame 023, the film displacement with réspect to the sit was
such that the format on the untitled edge was shifted up 3/8", thereby placing the scan angle marks on the
titled edge less than 3/64" {rom the edge. As Op 75 continved, fthe film track was reestablished and the
SVT word was imaged properly. The 8VT displacement is due to fibn ofiset within the coerse-fine filny
path interface, which in furn I8 reflected as film wander in the foeal plane, This condition which has the
character of a constant bias over long periods as _well as an AC component is similar to that which was
experienced in test,

3.3.6 Plus-Density Markings {Anomaly 1201-2-008)

Raindrop~like plus-density marks across the full web occurred on both cameras on-a eyclic basis.
These marks form 2 definite pattern across the full web and are most evident for the entire length of Ops
6464, the initlal footage in RV-2., The number of octurrences was greatly reduced as the mission con-

tinued; however, the pattern remainéd the same for each occurrence. Ops 84-68 contain scratching alpng
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the major axis of the web which appears to occur inveraely proporidenzl to the plus-density marks and ave.
likely related. The anomaly does rot occur on RV-4 film, and the cause is not yet understood.
3.3.7 Electrostatic Discharge (Anomaly 1201-3-008}).

Plus~density markiog were detected on the Aft Camera in the format areas. These plus-
density electrostatic discharge mirkings occurred randomly through the mission with the greatest
frequency. ocourring on Op 9, 'Frames_.ﬂéﬁ, 021,_ and 022, The marks are diffuse and of sueh low densit}--
that-image qualify is not significantly degraded, Similar markings were observed on chamber test
material and are considered {o be characteristic.

3.3, 8 Dither Markings (Anomaly 1201-1-002)

Intermittent pressure and plus-density marks-also appearéd across the width of the format at the
beginning and end of frames on the Forward Camera. Sysiem dest@ of serve moter electronics causes a
“hunting” af zero velocity. This in tirn causes oseillations of the metering capsians and resulted in plus-
density marks on the film. The depsity and frequency of the "dither” marking is considered mingr and not
degrading to the imagery. This condition was also present on ground test-material with the same inter-
miittefit ivrequency, This anomaly due to dither during tie recycle panse is a characteristle of systom
behavior and will he present on future mission material. '

'3,.3,9 Inter-Op 51t Exposure {Anomaly 1201-3-001)
A narrow cross-web band characteristically sgpears on the between ope fodtage. During optical

bar start up, the capping shutter rernains cpen which resilted in the fogging of the film situated over the
slit. A design change is belng developed to eliminate this anomaly.
3. 3.10 Fog in Inter~-Op Spacing {Anoraaly 1201-2-010)
The inter-op spacing of the Forward Camera between Ops 64 and 85 was excessively long and

contained a fogged area, At some time during the rampup for Op 65, the capping shutter opened and
closed, exposing a frame-llke format. In addition, thz characteristic slit exposire was imaged four times
in the inter-op spacing. The occurreace of this anomaly i5 a function of OB position when the stow
commind is given as part of the CV run, During a constant velocity sequence the OBs are rotating or
creeping at a very slow rate. When the stow sequence is commanded following a CV mode, the capping
shutter will gpen for one OB rev, or any portion of a rev, until the capping shutter is reset.

3.3.11 Slit Exposure on Photography (Anomaly 1201-1-005)

An area within the {rame format with dimensions egual to the length of the slit and 0. 5 in width

was gbeerved on the last frame of Op 83 on the Aft Camera. With a 30° gcan mode, a Vs lower than 20
inches ‘sec and 2 rewind constant (RWC) of minus 5, an insufficient length of film was transported during.
recyele and rampdown. This condition _pla_a':ed the last expored frame at the glit, Consequently, the siit
was imaged because the capping shutter remains open for the first OB rev prior to {ilm transports ON.
This anomaly 15 characteristic of 1201 and SN-G02 with the effect that cperational photography equal tothe
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slit area will be destroyed when operafmg at 30° scan angles and moderaie Vx/h, for which the shutdewn
ramp is shorter than the last recycle reversal. When system rewind of greater than -5 in/sec is incor-
po‘_réied, this condition will occur at scan angles greater than 30° depending on those scan angles used
prior-to and after shutdown.
3.3.12 Skew Angle Design Limitation (Anomaly 1201-2-013)
Excessive in-track smear was apparent on-the Aft Camera, Op 80, Rey 102, Frame 001. It

is the only such pecurrence in the mission photography. I also appears to 7 lesser degree in the corres-
ponding frame of the Forward-locking Camerd. A review of the TM data and command list just prier to
this frame failed to show excessive attitude rates or a vehicle maneuver. Investigation isolated the cause
to be improper generation of skew angle modulation, 3 known logie design lirsitation. Thé anomaly will
secur on off-center 30° and 60° scan modes on the Forward Camera for positive sean centers and on the
Aft Camera for negative scan centers, Assuming an early shutter open/close of 5%, maximum velocity
errors (Vx/h = .040) introduced are 30/+45, 0.75 ips; 30/+36, 0.70 ips; 60/+30, 0.55 ips; and 30/15,
0.41 ips. The P mode is generated by the SCC when the OB passes ~69.5° (first forward transition prior
to the {irst photo frame). For off-center scan sectors where forward fransition oceurs after -89, 5°, ‘the
generation of P mode is delayed. Skew zngle modulation is generated primarily by counting pulses
emanating from a cosine bit density track on the OB ercoder, The pulses are nof gated into the counter
{in the modulation computer) notil the start of P mode; therefore, when P mode 5 genevated late, bits are
not counted and skew. angie 18 erroneously generated,

3.3.12 Seratching (Ancmalies 1201-1-007 and 011}

A severescrateh localed on the emulsion side 1. 5 ‘iiches from the timing track eédge occurred.
duri.ng._{)ps"lg and 48, This scratching stays parailel to the film edge and was nol detected on any other
footage from subsequent buckets, Although the cause has not been pinpointed, emulsion dust buildup on the
crpssover assembly 15 suspect.

A continucus fine scratch was noted intermittently, sometimes through and sometimes slightly
sbove the time word. -Although inadequacy of clearance from the aperhire block was initially suspect, its
clearance {2004 minimum} is not.at all restrictive considering the fllm thickness is 50 microns. Also, if
the block were the cause, there woild be a fized relationship between thée scrateh and the time-word, In
addition, any eause in the fine film path would produce three scratches because i Involves recyele footage.
The most likely cause at this time is:the skew bars in the supply exit vestibule.

3.3, 14 Tears and Plckoffs {Anemalies 1201-1-003 and 004)
Irregular film tears and émulsion pickoffs occurred on Op 64, Frames 004 and 005, These

defects were introduced during despooling: The film apparently contacted moisture which had originated
from externzl recesses of the recovery vehicle, Pregplicing procedures have been modified to prevent

recurrence, see Section IV for further details,
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Emulsion pickolf occurred af the format center for most of the franies of Op 62, The marks
are clearly dedined without the strealdng that is usually associated with the air bar. This is the only ap
within the mission affected by this anomaly. Being the second-to-last operation fn RV-1, the anomaly is
possibly associated either with on-orbit bucket transfer or initiat despooling. 'The specific cause has ot
yet been identified.

3.4 ON-ORBIT PERFORMANCE.
3.4.1 Epgineering Tesis
3.4.1.1 Optical Performance

The sensor system was subjected fo a series of engineering tests to evaluate gptical perfcrm-
ance.and to determine plane of bést focus. The tests are listed in Table 3-7. These tepts. oan be
separated into the following categories.

A, Manual Operations (MOP)
These testa were performed to obtain CORN target and cultural imagery for
photographic guality evaliation,
B. Thru Foecus Tests
The thru forus tesls performed during RV-1 and the inltial part of RV -2 sxercised
the focal plane +16 mierons in Increments of § microns. Approximately six frames were programmed at
the extreme iocai plasge positions and six at the nominal settings, After the foeal plane evaluation wag
comipleted frq'm RV-1, subsequent thru forus tests were programmed {o exercise the focal plane +8 microns
in increments of 8 microns; Again, six frames were executed at each extreme and the nominal focal
position setting. On Rev 258, a thru focus test was planned for the Forward Camera at the reéquest of the
PFA Team. See paragraph 3. 4.2 for the detailed analyses of system focus,
C. Thru Exposure Tests
These teets, ‘which biased the siit position approximately :1 Stop in cne-half Stop
increments were performed in order to assist in the evaluation of the exposure criteria. Only two tests
were executed, both during 1201-1. The exposure eriteria was modified slightly during 1201-2 portion of
the mission. Sée paragraph 334';?3 for exposure analysis.
D. Thru V/y Tests
An experiment to evaluate the cross-track smear contribution was aftempted by
modifying the V/y command in fncrements of +4 steps (-w; 028 i.nch/sec}. T-he_tests were periormed three
ttmes. The success of these tests was. Hmited due to the lack of culture on a continuous frame basis
compztible to the commanded V/y thange. The objective was tp determine cross-track DC smear by
analyzing the resultant imagery for quality on the second series of tests. Analysis revealed that the
exposure time {order of 1 millisecond) arrested image motion suificient_l_y to detect cross-track DC smear
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magnitude dependency on the V/y command. It is recommended that wide Blit theu vy 'tegtin_g' be con-
tutted during Missign 1202 and the flight opa be planned to acquire cultural detagy.

TABLE 3.7
ENGINEERING TEST SUMMARY-
Degrees Degreeg
ﬂ-‘_"f_ Eff.t," N Lat ON N Lat OFF Specifics.
14 MOP 48. 9 39, 8 ~
18 MOP 44, 2. :53-. 8 -
31 Thre Foepg 46,3 32.1 +18 microng
32 V/v Test 45. 1 318 +0. 003364 rad/sec
47 Taru Exposure 44.4 34.8 +1 Stop in 1/ Stop
Inerements
48 Thru Foéus 44. 1 31.4 +18 mierons
83 Thru Exposire 42,0 38,0 Ca Stop in 1/2 Stop
dncrements
96 Thru Focug 40.7 32. 8 +18 mierons
113 Mop 38.8 37.6 -
129 .Thru'Eocus_ 39,49 34, 1 +8 microns
145 Thru Foeug 38. 8 - 28 mierong
145 V/¥ Test - 32.9 : -0, 002088 to ~0. 003364
rad/sec
160 Thru Focus 39,5 3.6 18 microns
242 V/y Test 41,1 36, 5 -0.00324 0 40, 003132
rad/Bep.
258 Thru Forus 38,8 35.4 18 ‘mierong
{Forwarg Camers : '
only) .
274 MOP | 36.0 32.3 .
299 MOP 318.8 33.1 -
308 MOP 38. 7 216 -
4% MOP JB. 1 38.2 -
435 MOP. 33.0 31. 4 -
Ty Mop 38.5 3.7 -
Handle vig 3-17
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3.4.1. 2 COperational Engineering Test
Additional engineering tests were run at completion of the scheduled 1201-4 Mission, Rev

49%. The purposes of these tests were to: {a} verify operation of the shutter disable box on the Aft
Camera, inhibiting the normal shutter cperation to & full open posgition; and (b} verify system rewind
operation at 35 and 55 inches/see. 'Three Aft Camera mono ops were run during Rev 497 over Scuth
Ameriga, each with the shulter operation inhibited. The conditions for each op ave listed in Table 3-8,

TABLE 3-8

OPERATIONAL ENGINEERING TEST

Operation Scan Angle Rewind Aft Camera
Rev No, {degress) (inches/sec) Frames
497 4288 120 5 058
497 4298 80 35 084
497 4308 80 55 061

The results of these tests verified operation of the shutter disable box, Additionally, the
mono rung verified film tracking during the varighble cominand of rewind veloctfies, It ‘was zlso determined
that in the event of a shulter fallure during mibsegquent missions; activation of the disable bax as a backup
mode would enable acquisition of useful .photogfz’aphy. In ihis test, photography was degraded from three
sources: (a} double exposure that occurred primarily as a function of recycle during normal interframe
apacing: {b) smear occurring ds a result of image exposure during normal recycling of the platen
asaerably; and (¢} increased base fog due to diffuse lighting. Although lack of culture and predomindnce.
of cloud cover greciuded an exact rasessment of the amourt of photography degraded, it was evident that
a tigher percentage of useful photography was acquired than had been initially determined through analytic
technigues. The reason for this Is that the higher base fog areas atill provided useful imagery.

3.4.1.3 Bolo Tests

Solo covers the sensor activities which were periormed folloiwiug sgparation of RV-4. The
original inputs for Bolo were incorporated into the Fleld Test Force (FTF) Prafile Addendum which was
modified Lo add additional tests., Tables 3-8 and 3-10 {dentify the Solo tegts that wers run by the
appropriate Flight Profile Addendim (FPA) and the schedule of the executad tests.

Hondie via Jalaabeiopheio 516

Controls Only —FOR-SECREFROTT

Approved for Release: 2022/03/03 C05132845



TP SECRER— Handle vieFohemilteyhoion

TCS 354Approved for Release: 2022/03/03 C05132845 Controls Oaly
POST FLIGHT ANALYSIS REPORT
121
TABLE 3-8
SOLO TESTS
Test ’ FPA Acronym
A Sequencer Block IT P/L - %
B Optical Bar Life P/L -~ 2
¢ Low Voltage P/L - 5§
D Monosecopic Operation P/L - 4
E Siit Width Range /L~ 5
F Fotal Plane Servo P/L - 6
G Optical Bar Logic Check P/L - %
H Maximum Rewind /L= 8
J Optical Bar Corrector Plate Expnsure P/L - 8
K Final System Health Check _ P/L - 10
TABLE 3-10

SENSOR SYSTEM SOLO TEST

PCM. Booster N Aprx Duration Tast

Rev ‘Format Vehicle EY {min) Type
582. 44 B 599880 800012 N/A H
583. 4 C 605044 606284 20 B
584, 4 c ' 810338 511626 20 B
585. 4. C 615728 516246 8 B
586, 4 C 621070 §21560 8 B

587. 4 c 626413 §26933 8 BF

588, 4 C 831750 832274 8 AB

589. 4 C 837096 8317856 12 ' BF
590. 4 C 642437 643197 1z B
591, 4 C 647778 648538 12 B
592, 4 C 853119 §53879 12 B
593, 4 c 658480 659220 12 B
534, 4 C 563800 §64560 12 B
595, 4 C 668374 870134 12 B
596, 4 C 674479 875239 12 B
597, 4 C 680171 680931 12 B
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TABLE 3-10 (CONT'D}

SENSOR SYSTEM SQLO TEST

_ Booster Aprx Duration . Test
Rev Format VYehicle EY {min) Type
sea C 685158 686398 .20 B
599, 4H B 890618 690808 N/A E
509, 5 C 691101 692040 15 B
600.4 C 634836 §96776 15 B
801.5 ¢ 101924 702864 15 B
802, 4 C 06513 707453 15 B
603. 4 C 711851 712781 15 B
604. 4 C 717188 718129 15 B
05, 1K B 720780 720850 N/A B
606, 2 C 726958 929398 40 B
§10.3 C 748975 749323 71/2 J
£12.3 c 759612 759808 N/A N/A
685, 4 C 310721 3107685 N/A BF
831.C B 254332 254728 N/A KF

Eachtest of the Solo mode is further explained in the {ollowing paragraphs:
A. Test A
Block TF of the sensor systém was selacted on Rev 588 and the. remainder of Sclo
was performed using this mode, All command functions were executed properiy.
‘B, Test B
The original intent of the Optical Bar Life Test was to activate the OBs over long
periods of time (possibly multi-rev durations) in order to evaluate bearing life performance, and also to
menitor thermal and electrical characteristics over extended operation intervals. Unfortunately, power
system limitations precluded long rune except when solar array powetr was available. The Life Test was
modified to a-series of separate long operations {one per rev) commencing on Rev 583 and terminating on
fev 606. The final pperation {40 minutes on Rev 608} approximated a sun-up to sin-down operation. No
-apparent indication of bearing seizure was obvicus, ‘Thermal data are plotted on Figures 2-1 and 3-2 for
the thermal sensors monitoring the Forward and Aft Cameras platen motor temperatures.
C. Test C
The Low Voltage Test was deleted to insure adequate power for all systems for the

duration of Solo.
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D, Test B

An unscheduled ESD on the Aft Camera resulted in mono gperations {Revs 472-476)
which exceeded the Forward Camera OB requirement of this test. Subsequent efforts {Rev 497) to
‘equalize the RV~4 P/L. stacks prior to recovery, satisfied the mone B requirement. The mono A with
both OBs was not performed due to the expedited recovery of RV-4. All operations were pormal.

E. TestE.

The Blit Width Range Test was successfully performed on Rev 588, This single

operation fulfilled the total {est requirerment,
F. Test T

‘The Foeal Plane Servo Test'was initially performed on Revs 587, 589, and 585. The
first and second tests were designed to exercise the focal plane through its maximum range, and when
the second exercise resulted in 2 "hung" condition on the Aft Camera mechanism, the third test was to
attempt a recovery of the constrained ansembly.

‘The initial focal plane positions were +84y, for the Forward, and «+64p for the Aft
Camera, Figure 3-3 plots the executed ¢omimands, FP-A position data (P423) and 1L8F5-A (P425) for the
two zets of test sequences completed during Revs 589 and 551, Figure 3-4 plots FP-B (P424), 1LSFS8-B
{P426) and the executed eommands for the Aft Camera focal plane test.

The first test-.seq_-uence performed was a 79 vetreat commiand -_execu__tinﬁ for each side,
the commanding interval was 0.2 sec. FP-A came to rest at its positive stop, +203y, with 10 reireaf
commands executed following the time FP-A came to rest, see Figure 3-4, FP-B ¢ame to rest at jits
pesitive stop, +17ip, with 2 16 retreat command executed following the time FP-B.came to rest.

Without removal of camera power, 99 advance cominands were executed on bath FP<A

‘and FP-B. Boeth sides responded to the commands executed to within 1% of the caleulated position, FP-A
now af 2i and FP-B at -22;,, LEFS responded in direct correlation to the FP position. The second test
sequence was 110 advance commands for each side, commanding interval was 0. 2 see, FP-A reached a
maximum al -188y then moved positive to -182u indicating that the command had driven the FP-A past the
maximum. Hmit of the focus adjust mechanism. The LSFS reacted in direct correlation to the FP, FP-B
reached its maximum of -223p but at ~195u {LSFS was at -155y), the LSFS changed direction and
repositioned at -68p. The FP-B final position was 2184, Again the data indicated that the FP-B had been
commanded past the maximum Hmit o the focus adjust mechanism,

Without removil of camera power 100 retreat coramands were executed on both
FP-A.and FP-B. The FP-A responded with 2 movement of 200u coming to 2 new pogition of 121, the LSFS
responded. directly. The FP-B began to fespond to the command execution bt stapped all movement at a
position of =206, the LSFS during the FP-B movement from -223 to 206u moved from -69 to -1441  The
data indicates that during this second test the FP-B went sufficiently past the maximum limit of the
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foeus adjust mechariism se as to cause the pivot arms and flexures which transmit cam radivs diameter
‘into FP movement to become jammed, bent, or misaligned, preventing farther movement of the focal plane.
Foeal plane Instrumentation s implemented so the FP position monitors (P423,
P424) are actually relating platen positicn. The ISFS monitors {P425, P428) are monttoring the position
of the FP referenced to the predicted PBF. With the above taken into consideration, the data substantiates
that the camera position responded properly to the executed commande, whereas the FP responded af first
properly, then made. arapid movement opposite to the execoted commands. This opposite movement
indicated that the pivot arms smd/or flexures had becdme bent or misaligned when the commanded position
was beyvoud the maximum position of the camera, The data from the seécond portion of the test verified an
attempt by the camera to follow the executed commands but was incapable of completing the movement when
the focal plane moved opposite {o the command dirvection. Again the opposite motioh of the focal plane
indicates that a jammed condition of the plvot arms and flexures had occurred.
‘The focal plane tests completed during Revs 685 and 831 continue to substantiate
the conclusion stated before. FP-A position ~P423 and LSFS P425 monitors indicated that the eamera.
responded properly te the executed commands, but the LSFS P426 was erratic In its response showing a
trend towards moving ln a direction opposite to that commanded.
G, TestG .
The Optical Bar Logi¢ Check was deleted due fo uncertainty as to instriment shutdown
capability, and-the affects of same on system power requirements.
H. TestH
A maximum veloelty rewind was conducted after geparation of RV-4 to remove the
ftlm from the film path, This does not fulfill the objective of the maximum rewind experiment which is to
determine i the film path would operate after the rewind.
I, Testd
The Optical Bar Corrector Plate Exposure Test was initisted on Rev 610, 8 and was
terminated on Rev §11.9. It consisted of creeping each camera for 450 seconds, shutting off power,. and.
monitoring temperaﬁures.with the eorrector pla.{'e.'expased for two revs. Both cameras were then stowed.
Both corrector plates decreased approximately 20°F {rom the stowed equilibrium level.
J. TestK
A final SBystem Health Check was performed on Rev 831, ‘The results indicated that
the system was cperating, with the exception of the Aft Camera output drive. The output drive tachometer
and summed error telemetry data indicated the drive was not moving, This was nol a systemn failure, but
was instead the result of the 7ilm which does not allow the looper position Lo colneide with a normal
operation, see Test H. The looper position 18 an input to the output drive servo sysiem.
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3.5 CORN TRIBAR ANALYSIS
4.5, 1 Introteetion
Thirty four readable CORNtmbar target images were acguired during Mission 1201 They were

distributed among the three mission segments i groups of 14 from RV-1; 13 from RV-2 and 7 from RV-4.
Tha data from these targeis is utilized to evaluate the system performance in terms of film synchronization
{smear) and resclution. Since the images were obtained under varying conditions of contrast and focus;

a normalization was required to provide a valid basis for comparisor. The normalization procedures used
are explained in detail in the fallcwing paragraphs, ‘

The purpose of thetribar data is o provide an evaluation of the system performance after recovery
of each RV and allow system adjistments to improve the performance, It is also possible to determine
trends. in system performance by normaliz'ing all data for focus and contrast; however, this was not done’
on this system.

The results of this analysis in terms of image motion are that the Aft Camera performance was
as.anticipated, wheréas the Forward Camera had a greater amount of smear than was anticipated from
ground testing. The Forward Camera performance was sengitive to the platen position in terms of the
arsount of deforus, while the Aft Camera was closer fo its desired platen position.

3.5.2 Contrast Reduction Adjustments

'The acquired tribar tarpets were cblained under a variety of haze conditions. In order to gain a
perspective Into system peri'nrm:mce-, itis of p_rac_tlcal significance to normalize resolution to what it
would have been if the farget contrast at the entrance pupil had been 2:1. The MTF/AIM fhtercept concept
is - employed to.accomplish this resolution normalization

‘Microdensitometer traces on the original negatives were made of CORN edge targets adjacent to
tribar displays. The effective scan slit dimension was 1 x 40 microns, and the opticzl system nimerical
apertures were 0. 35 influx and 0.25 efflux. Resultant delta densities were converted to contrast via
transformation through a mierodensity/log exposure response curve. Because the exact response under the
measurement conditions is not yet lmown, a best estimate D log E curve was used, see Curve 1in Fi_gur.e
3-5. This best estimate curve was taken from unpublished data provided by the processing contractor and
is for 10u line exposures on dual pamma processed SO-236 Film.

The edge contrast value thus obfained is combined with the adge and tribar ground reflectance
values in order to obtain the tribar contrast at the entrance pupil. This value was computed through the
following equatiom.

(€p - 1) Ry, - R )

IJ
M =
R C.-NMR_+R 1+2{ ~C_r ]
(Cp m DRy + R I+ 2Ary - Cpry
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Where

Tribar target modulation
Edge target contrast.

H

‘High reflectance value of ground tribartarget.
Low refiectance value of ground tribar target.

e ol o o

. High reflectance of ground edge target,
‘Low réflectance of ground edge target,

+
If

o

L

From which, tribar-target contrast is given by
- i+ MR
1-My

These reflectance: values were determined for each COHN deployment location group by integrating

H
§

Cr

measured radiometric traces gver the spectral {ransmissions of each differently filtered camera.
3.8.3 Deforus
The :mit)unt' of defocus for each tribar acquisition was estimated by assuming that the final platen
position was an optimum average over scan and {ield for each camera. The final piaten positions were,
64 microns {or the Forward and 46 microns for the Aft Camera, The corresponding polychromatic MTFs,
previously g’er;érzied-irom test chamber data, were used with the specification AIM rurve to obtain
normalized resolution for each target.

3. 5.4 Tribar Emear Estimate

The procedure for estimating the magnitude of (assumed) linear smear oceurring when the target
was exposed is as Jollows, .

A. The difference in modulation between the intersection of the selectéd PMTF with the
specification AIM curve, which is adjusted for the tribar contrast at the entrance pupil, and the point of
read resolution is fourid, This modulation difference is used to calculate the magnitode of lihear smear,
whose sinc transfer function, when multiplied by the PMTF, will have a modulation equal to that of the
AlM ciirve, at the read resolution In cyeles/mm.

B. The intersection point of the PMTF with linear smear component is then intersected with
the AIM curve for 2:1 contrast to obtain the 2:1 normalized resolution. The accuracy of this téchnique, for
the normalization of reselution, is more dependent on using the correct tribar contrast at the entrance
pupil than it is on selecting the cofrect AIM curve or PMTF. This isvalid as iong as the PMTF and ATM
curve slopes are appramirnateiy correct within the spatial frequency range of interest. However, the
accuracy of estimating the magnitude of linear smear is strongly dependent on selecting the correct
optical system PMTF and film AIM curve.

A% caleulated by the method discussed, the average magnitude of smear for eaéh camera,
and the average values from two of the line analysis programs are presented In Table 3-11.
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TABLE 3-11

SMEAR
{miecrons)
In-Track Crogs-Track
Line Analyeis  Line Analysis Line Analysis  Line Analysis

Camern MTF/AIM Case 1 Case 8 MTF/AIM Case 1 Case 8
Forward 4.0 3.0 5.4 6.7 8.1 6.7
Aft 1.7 2.5 4.5 2.9 2.8 _ 5.2
NOTES:

1. MTF/AIM - linear smear 1B assumed via siné function multiplication with PMTF,

2. Line Analysis (Case 1) - parabolic smear {or linear smear in limiting case} is assumed, "old"”
smear model. '

3. Line Analysis (Case 8) - parabolic smear {or linear smear in liraiting case} is assumed, “new"”
smear model, ' '

The Aft Camera is very well behaved as far as the mean value of smear is concerned and Is in good
agreement with the preédicted 1 to 2 microns smear:as presented in Figure 4-7 of the SN-003 Flight
Readiness Report. The Forward Camera, however, exhibited a higher in~track and cross-track mean
than had been anticipated from ground "testmg, speciﬁcally 4 f0 7 m’itrons as compared to the 1 to 2 microns
ahticipated. The line analysiz smear modele emploved in this evaluation are discussed in detail in Section
V1 of this report.

4. 5.5 Resolution by Target

The raw and normalized CORN target data for the Forward Camera is presented in Table 3-12

and for the Aft Camera in Tgble 3-13,
3.5.6 Normalized Resolution Average by Platen Pogition _
Although the sampling is somewhat small, the 2:1 normalized moblie CORN resolution values

tabulated as a function of platen positicn show a trend compatible with the on-orbit platen change decisicns
‘made on 1201, see Table 3-14. It can be seen from this table that only the in and cross-track between
79y and 7ig, and T9p and §4p show with 80% confidence a significant resolution difference,
3.5.7 Contrast Adjustments

The D log E cﬁrv'e'_presented as Curve 1 in Figure 3-5 which was used in this study was considered.
at the time to be the mo;xt appiicable to obtain edge contrast at the entrance pupil, However further analysis
has been accomplished. Table 3~15 shows the variation in tribar contrast at the entrance pupil for séveral
irames which were calculated by different methods and utilized both D log £ curves, bee Figure 35,
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TABLE 3-12

FORWARD CAMERA CORN TARGET DATA

e I -Track.: . Croas -T_r.a;ck—l
Tribar l Resululitm-—| I Resolution

EL-9T0PSE SD.L

Apug spplpucny
—ajubab—puerEr=is BipUOH
wt

Platen Contrast Read 2:1 Contrast Read . 2:1 Contrast Scun Field
Position af Entrance Renclutien Normailzed Resolution Normalized Angle Paosition
Frames {microns) Pupil {eomum} fo/mmi {e/mm) {e/mm) {deprees} {degresn)
029 0 1.86 102 {158 B3 83 5.8 -2, %
5 048 7% 2.04 184 183 121 121 19.5 0.1
T a0 b 1 . 185 - 108 - 8.7 0,2
17 008 8 2.09 128 124 84 a3 8.7 -0.2
17 055 79 1.93 192 198 132 148 5.1 0,2
k13 ‘035 i - 170 . 114 . 3,5 0.5
5 008 TR 1. 80 100 103 78 18 ~14.4 1.4
120 018 79 1.85 114, 1T 81 83 . 9.1 1.5
120 025 ) 2,05 112 111 49 98 53.0 1.7
120 028 78 2.05 113 112 . i ¥ 53.5 1.7
145 012 7 1.33 133 132 118 183 10,3 -1.3
165 015 71 2,03 187 181 137 136 -21.8 5.8
165 0z2 71 2,40 §27 122 97 21 23,0 1,1
T334 ooz &4 1,60 918 250 172 208 -18.90 0.8 -
. 2]
109 ooT 4. 1,62 150 173 103 112 -10, 8 2.5 )
409 43 &4 1,78 1286 133 94. 98 -8,2 2.9 &
. . . <
409 902 &4 1.75 160 £73 88 91 -B.1 3.0 5
A
o
2
r
by
) Lo
=2,
-

0g-g
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TABLE 3-13
AFT CAMERA CORN TARGET DATA

In-Track : ' Croga-Track
Tribar l HBso!ution‘ I Regolution E

1L-910%6E SOL

ey sjospuosy
—djauiaipiiiayie 015 BPUDH

Platen Contrast Read 2:1 Contrast Read %1 Contrast Bean Fleid
Poultion at Enirance Resoivtion Hormalized ‘Hesplution Normalized Angle Posltion
Op Frame tmicrons) Pupil {v/mra) {c/mm) o/ mm) {e/mm) (degreesa} {degress)
s 029 52 1.9 172 181 128 132 5.1 -0.1
5 049 52 213 i1 167 133 130 20.4 1.8
18 oos 52 - 152 - 115 - 7.8 2.5
17 009 52 2,30 188 578 144 137 22.8 -0,3
17 058 52 1.81 142 149 137 148 8.8 2.9
35 020 52 . 152 - 87 - 22,1 0.1
35 055 52 - iz3 - 77 - 4.4 -2,5
35 058 52 - 158 - 103 - 4.4 2.8
120 019 52 1.82 118 209 48 173 19.8 0.9
T2 o028 “a 1,97 167 180 121 134 538 SR
120 027 37 1.7 187 180 146 157 53,4 1.5
145 piz 48 1.42 133 1 125 113 1,1 -3, 8
185 016 45 1,54 149 151 113 114 -70.5 2.3
185 022 48 1.37 157 228 117 168 ~22.4 -1.1 e
384 003 48 1.52 148 178 134 165, -16.8 2.3 a
409 002 48 1,57 200 241, 118 128 -9.9 0,5 %
408 a2 48 1.7 181 201 108 112 -7.3 g.1 g}

AuQ sjesjuory

g€
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TABLE 3-15

TRIBAR CONTRAST AT THE ENTRANCE PUPIL
CALCULATED FIVE WAYS

Method 1 Method 2 Method 3 Meéthod 4 Method 5
1.85 1,87 1,80 241 2.09
2,05 1. 69 1.75 2,14 2.03
1.82 1.74 1,50 2.08 1.92
1,95 1.81 1.59 2, 30 2,39
1,77 1.73 1.40 2.22 1,54
1.57 1. 57 1.64 1,99 1. 99

NOTES:
1. DlogE 1 refers to Curve 1 and D log E 2 to Curve 2 o Pigire 3-5, page 3-29.

2. Methed_s 2 and 3 used A¥SPPF microdensitometria frace datza, ‘while Method 1 vsed BRIDGEHEAD
microdensitometric data,

3. Methods I, 2, and 4 calculated contrast s._tSi.ng tribar contrast equations in the text, while Methois
3 and 5 used the line trace avea to get tribar contrast.
From the rather large range of values representing the same ground Eribar ti.:-lr_get_'in a given row, it is
clear that further study in this aresz is warranted. Specifieally, the most relevant Tilog E curve to use
would be one generated by exposing a series of edges approximately 100y in size, By making each edge
have a 2:1 contrast, a frequency spectrum which goes out to aprx 150 cycles/mm, and a typical operational
background density, the proncunced adjncency effects should be almost the same for the mission edges and
D log E curve edges exposed onto mission materizl. "This should resulf in the most accurate couversion of

mission film dersity to edge contrast at the entrance pupil.

3.6 FOCUS ANALYSIS
3.6.1 Introduction

‘The purpose of this section 15 to assess the effectiveness of the piaten position adjustments made
on-orbit, As detalled o paragraph 3.4, six thru foces runs were acquired over the ZI. Because of
difficulties which included cloud cover and lack of cultural detail, most of these were only marginally
useful In the determination of focus adequacy. ‘The most critical thru focus rung are those collected in
RV -1 because they constitute the only information base upon which to decide whether to change focus, and
by how much and in whai direction. Subsequent runs in later buckets are for verification or fine tuaning,
The Mission 1’201_ operational film acquired at different platen positions constitutes the major source of
forus information. The operational platen positions and where in the mission they were affected, are

given in Table 3-14. There were three platen positions (791, Tlp, and 63p) on the Forward Camera and
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a TABLE 3-14. 3
9 . 2 :1 NORMALIZED CORN TARGET RESOLUTION g
¥ 3
FORWARD CAMERA 'g
Platen Standard _ Standard Gieo
Posttios in-‘Track Dreviation Na. of Crosg-Track Deviution No. of Mean
{microns) {e/mm} e/ mm)} ‘Targets {c/mm) {e/mm) Targets {e/mm}
78 (LAl -0} 128 33.3 3 3 24,% B 110
71 {Flrst Change) 165 3.6 3 137 44,5 3 150
84 (Final} 182 48.9 4 127 : 54,5 4 152
AFT CAMERA
52 (Lift-off) 197 21.9 § 144 17.8 5 160
46 (Finab) 195 34.9 § 143 28.1 ' 167
37 {Thru Focus) 180 o 2 146 18,3 2 162

KOTE: Although the déclilon to choose € delocus PMTE [or platen positions. of 64u on the Forward Camera and 46 cnt the Aft Camera ]
somewhat influences the tremd in Table 3-14, # was foupd that the unnormalized resolution vajues foflow the same trend, g_
Averages are over [ield and scan positions, &
«
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two (52u and 461) on the Aft Camera that were used progressively during the mission.

3.6.2 Bynopsis of PFA Messages from BRIDGEHEAD

| Upon the return of the 12011 film . initinl post ﬂight analtysis determined that both cameras were
out~of~focus in the same direction (film behind focal plane) and that the imagery of the Forward Camera
‘was more degraded than that from the Aft. The ‘effects of field curvature and foeal plane tilf were

evidenced as quality variations in the imagery from both cameras. After platen position adjustments, the
quality of photography from both cameras appeared i have improved, with the Aft §ilm web almost uniform
in quality, and at best focus. After another platen position adjustment on the Forward Camera side only,
its image quality appeared to have improved to the point of being superior to that from the Aft Camera.

In fact, an apomolous loss in guality seemed evident on the Aft filr from RV-4.

After the sbove reports were made, additional in-depth anaiysis with both controlled tribar
image :_,ZI acquisitions, and VEM analysis of urban/industrial clusters in the operational phatography, has
to 2 great degree sibstantisted these Initial impressions. As a2 result more details bave become available
on the degree of performance improvement with operatignal focal plane adjustrents and the changing
profiles.of field curvature. This analysis, however, showed that there was no apparent image guality
loss on the Aft Camera _produc't irom RV -4,

3.8.3 Mobile CORN Tribar Target Data
Mobile CORN .tribar.aoquia';itians normalized for 2:1 incident contrast {(paragraph 3. §) produce

reliable resolution data which is useful in focas analysis. The fundamental Himitation to this evaluation
technique is the spareity of sarapling. However, when this data is grouped aeeording to platen position,
2 mission focus history evolves which ie not unlike that arrived at by the PFA Team dur_ir_;g the mission,
see Table 3-16. This is true despite the fact that differences in field and gcan locations are not taken.

inlo account, |

TABLE 3-16

FOCUS HISTORY

Cperation Mission Platen Posn Platen Posn

Camera No. Frame Segment {microns} {microns)
1 1 RY-1 19 -
Forward 121 1 RV-2 (51 -8
240 1 RV-3 3 -8

-16 Total

Aft | 1 1 BV-1 5? -
120 31 RV-2 46 -6

According to the in-track resolution data alone, at the initial focal positions, the Forward Camera (128
¢,‘mm) did not perform as well as the Aft (177 ¢/mm}. With the firgt focus sdjustment on-orbit, each side
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improved performance. The 8y change on the Forward Camera produced a 28% increase in resclution
while the 6u change on the Aft Camers resulted in cnly a 10% increase. After the additional 8x adjustment
on the Forward Camers there was.an additional 10% resolution incresse, but the performande remained
‘slghtly infarior to that of the Aft Cainera.
It is in the last case that this description differs from the original impressions. The tribar
" deployments reveal tio loss of Aft Camera image qualily in RV-4 recovered film. In addition, one deploy-
ment acquired on successive Aft Camera frames at 3Ty indicates that the 46y setting was indeed near
cptimiim. _ -
This mission focus history i5 mot told by comparing the gedmetric mean resolution valies because
the cross-irack values are consistently low. The indication here is that the values have been saturated
by some sort of cross-track smear lmitation, {paxagraph":{. 5.
‘3. 8.4 Visual Edge Match (VEM} Data
VEM data eollected at random throughout the mission within the 45 format cells was grouped

together into camera and platen position categories as an overall attempt to characterize the _i.ma'ge guality
in‘terms of its focus history. This data includes samplings of field and scan-locations, siit widths, sean
mode and center, matrix, and reader. The results of this summarization are given in Figure 3-6. For
the Forward Camerz, a performance improvement with each of fhe 81 platen position adjustments is
'ev_i'deﬁt._ For the Aft Camera, no peﬁorn;an‘ced_iﬂere_nce 'is evident from the datz with the_iocus‘ change.
This is not unreasonable since the VEM resclution data has a variability and since measurements are in-
cluded from both RV-2 and 4. This eould explain the balancing of RV-2 improvement and RV-4 degradation
originally suspected by the PFA Team. All five data points have a standard deviation of +30 ¢/mm
associated with them,

In Figure 3-6, there is a disturbing discrepancy between the Forward and Afl periormanece
levels in general. Thefact that the Aft Camera values are much higher is suspicious, Coneidering the
difficulties in V_EM resolution calibration at this atage of its use, there could be errors in this srea. For
example, i the Aft-Camera values are reduced 16% to account in a xough way for the calibration differences
betwesn the two cameras, the measured results look more like what was expected to happen in an absolute
sense, To clarify this, predicted average resolution values for these conditions are included in Figure
3-8. These predictions were made by assuming that the final focus 's_:ertings were exactly optimum on each
caumera and that smear was constant at 2y in both directions and linear. In this way, MTF's for each
camera individually were combined for the 0 and 2.5 field position and intersected with a 2:1 contrast AlM
vurve to produce the average predicted values listed in Table 3~17 and shown in Figure 3=, There is
remarkiable agreement between the Forward and Aft Cameras.
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TABLE 3-17

AVERAGE AND PREDICTED RESOLUTION FOR OPERATIONAL PLATEN POSITION

Piaten Approximate Average Predicted Percent

Position Sample Resolution Resolution Difference
Camera Segquence {microns) Size {¢/mm) (e/ram) (%)
First 79 500 138 139 +.7
Forward Second 71 700 150 155 +3.3
Finat 63 14060 162 165 +1.8
First 52 1000 203{171)* 153 -24.6{-10,5)*
At Final 46 100 202{170)* 158 -21.8{-"1, 1}¥

*Adjusted down 1.6% due to possible calibration error.

A more detailéd view of focus adjustment effects is afforded by geometric mean minor axis pro-
files averapged for all available scan positions, This presentation is mide in Figure 3-7. For the Forward
Camera, the first focus change indicates an across the web performance improvement while the second
focus change reflects an improvement each side of center. For the Aft Camera, the initial platen selting
has resulted in a profile superior to that of the Forward Camera. With the platen shift, the resulting
proiile suggests either similar or possibly better performance.

-Finally, in an atterpt to isolate more finely the quality effecis of the mission’s focus adjustments,
‘minor axis'profiles for center of format data only weére generated. Also, the profiles are restricted to a
range of narrew slits { 150" and . 175"} o minimize degrading effects due to image smear and film
dynarmies. In Figures 3-8, 3-9, and 3-10, the determined profiles in terms of geometric mean resolution
values {in and crcss;trackﬁ are given for the gperational platen positions. For the initiz} photography
the Forward Camera profiles oscillate at aprx the 140 cycles/mm level, This e_ssent'iaiiy flat response
sugprests that a Iairly significant degree of defocus was in effect at that titne. Al the same time, the Aft
Camera profile also suggests defocus, but to a lesser degree, . There is a discernibie center peak at
200 eveles mm, falling off on either edge to 190 cycles/mm..

Alter the first Tocal adjustment, both plaien positions were closer to their OBs. No affect of the
-%i: change on the Forward side is detected with this criterion, whereas the ~6p adjustment on the Aft
Camera awarz'ntly'pr_bducéd an ouistanding improvement, The second additional platen position chianpe of
-&.. on the Forward side seemed to have improved the situation significantly, though the perfcrmance
is still not as good as thai of the At Camera.

Extending this approach a little further, sufficient data was collected al one additional plates
pusition on each side to.detérmine comparative profiles. These profiles are compared to the operational

platen position profiles in Figures 3-11 thru 3-13, On the Aft side the focus is for 35y, @ platen position
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MEAN OF MINOR AXIS PROFILES FROM ALL S8CAN, IN-TRACK AND CROSS-TRACK
DATA FOR THE FIVE OPERATIONAL PLATEN POSITIONS

FORWARD CAMERA

e i 111
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FIGURE 3-7
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GEOMETRIC MEAN CENTER FORMAT MINOR AXIS PROFILES
'FOR THE FIVE OPERATIONAL PLATEN POSFIIONS
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FIGURE 3-8
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FORWARD CAMERA IN AND CROSS-TRACK CENTER FORMAT MINCR AXIS PROFILES
FOR THE FIVE OPERATIONAL PLATEN POSITIONS
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which is closer to the OB than the final cperational setling. The indicated performance is dows sli'.ghtly
below the 52p profile, which isclates the 46u setting as very close to peak performance, On the Forward
side, however, the situation becornes more confusing, Although there wasn't any data for another position
closer to the OB, there was for one further away irom the OB (87} than the initial position. From the

- progression shown in Figure 3-8, if is expected that the 87y profile would be lower than the 71/79u
profiles, since the 63u profile is highest. But in fact the 87u profile is comparable fo that of the final.
focus setiing 23 microns away, see Figure 3-11. The data for both the extended range profiles, however,
is sparée and, therefore, cannct be considéred a5 valid as the operational profiles.

3. 6.5 Conclusions

A. The on-orbit focus adjust decisiens made by the PFA Team during the hiission were good.

B. The Aft Camera finally operated clese te maximum résolution.

C. The Forward Camera could possibly have been further improved by another platen position
change in the minus direction. ‘ |

3.6,6 Summary

I all of the conclusions dre indeed true, it is net understesd where in preflight chamber testing
procedures this discrepancy between cameras, which amounts to aprx 12y of focus setting,. should be

found.

3.7 CAMERA RESOLUTION PERFORMANCE
3.7.1 Introduction

An extensive analysis of operaiional photography was performed using the visual edge matching
(VEM) techhigue in order to relate orbital resolution performance to that achieved duv'ing_ laboratory
testing, Of particular interest are the conirasts whieh dssess the entire format resclution, resolution as
& {unction of field angle {minor axis), and resolution as 3 lunction of sean angle {major axis). Esach of
these topics will be addressed in the following section.

Although thousamds of operational edges were matched and resolution values derived during the
post fHght analysis, it was not possible to collect enough data to make as many concrefe statements about
camery performance as desired. It should be noted that this is the {irst time 2 camera periormance
frrouran usine prismartly the visual edge matching technique has been used to assess an operational system.

3.7.2 Overall Resolution

Tables 3-18 and 3~19 present the equivalent 2:1 contrast resciution as deterimined by VEM. The
datn 1= divided by Forward and Aft Cameras and presented as a function of scan and field angle for both
the i and cross-track directions. The superscripts for each resclution value represent the number of
frames whic;ﬁ were anglyzed, whik_e‘ each resolufion value is the aver"a_g_e of the number of frames analvzed.

The focus poxsitions (64u Forward and 48p Aft) chosen were those which were considered to be best focus
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TABLF, 3.18

FORWARD CAMERA VEM RESQLUTION FORMAT DISTRIBUTION
PLATEN POSITION = 86 MICRONS  Rc¢ ™

In«Track
p:;ﬂ;! : Scan Angle (degrees) 1
on .
{degrass} -8 ~45 ~30 ~1% 0 £5 3a 45 BO.

+2.58. 219 {3)  223{1) 128{} 141 {5) xsg {4y 151{T 165 {8) 1681 217 (1)
+10. 243(1)  14e(1}) 6 {3} IVIS) 0B 195(S) 028} 24Y(1}  L{Y)

0.0 243.1) 178 (1 MT(3) 192(4) 188 (%) 1T YEE(S} 25F(1 243 (1)
~1.8 10 (1) 14z(x 1311 2408 1I0{(1  154(8)  i85{4) E() 227(1)
=2.5 130.(1) 105{1) 15043} 15B{(3) 1B4{3) 17A{8) MW (Y} 140(1) 217 {1)

Croas-Track

42,5 155 (1) A7B {1} 116¢2)  139(5) 12z (4} 135(7) 148 {8} 188 {1) 180 {1
+1.0 192{1)  149{1) ¥20(3) 151(5) 1BT(2} 188 (M 170{8} 213 {1} 173 (1),
.0 2A7(1)  120(1  129(3) 18T(4) 143 (3) 18R (TF 185 (5) 2451, 183 (D)
1.8 I35 (1) 12342} 104 () 1s2(4) 120 {1} 15206) IPA(E) 0B (1) 177D
-2.% P01 105{1) 1iZ( 158{3  930{3) 13 (5} 12N BI{NL 146 (1)
NOTE: Numbers in parerthesss indicate the mumber of {rames which were analyZed,

TABLE 3-19

APT CAMERA VEMABSOLUTION FORMAT DISTHIBUTION
PLATEN POSITION = 46, i<

In-Track
P_ﬁ:i::;‘n I Scen Angle (degress) . y
egrees) 00 s oM 3 0B W 5w
2.5 - - 184 (2 2B (B 189 (D) 240¢1) /R 219 (1) -
-1.0 - . 2642 III(D WE(1)  |/I{ 2T 259 {1} -
0.0 - - 215 {2y 192{3} 25801 wsoy}  @3E (1 261 {1 -
+1.0 - - 238{%) 171{21 2B2{1) 257(3) 384 (1) R -
#1.8 - - 2013 1BT{} E() WS} ;E(n 179 (1) -
Cross-Trach
8.3 - - 351 103 187 213 g 168 -
~1.0 - - 143 319 251 177 253 21¢ -
0.0 - - 170 19 215 207 228 243 -
+1.8 " - 218 348 270 242 181 a2y -
41,8 - - 158 151 240 104 1%1 145 -

NOTE: Nembers {n parentheses indfeate the pumber of [f2mes which were analyzod,
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on-crbit. Two general cbservations can be immediately made which are consisient with the expedted
camera performance. They are {a) on both cameras the cross-track resolution is lowsr than the in-track
resolution; and {b} in the vast majority of ii;st:mce'ﬁ; the in and cross-track resolution decreases from the
center of the-format to the edges of the format {minor axis).

Comparing the overall resolution of the Forward to the Aft Camera presents an inconsistency
with the predicted perfermance that would have been expected from laboratory tests in Chamber A-2.

The SN-00J Flight Readiness Report-indicates that the geometric mean of the Forward Camera (scan
angle 0°, field angle 0. 0) would be 200 cycles/run: and the Aft Camera would be 165 cyeles/mm, The
VEM resulis, however, show the opposite, namely the Forwerd Camera vields a geometric mean of 168
cyeles, 'min and the Aft Camera 237 cycles/mm. 1f is true that the sample sizé collécted for the VEM
analysis is small in particilar on the Aft Camera, however, the trend is clear. Tribar data was
collected during domestic operations and although small in-sample size it :1‘156 indicates that the Aft
Camera pexformed slightly better than the Forward Camera. The geometric xiean as deteérmined from
tribar data is 152 cycles/mm for the Forward and 167 eycles/mm for the Alt Camera, see paragraph 3.5
for the complete analysis. The tribar data tends to confirm the VEM analysis although the VEM values
for the Afl Carriera appear {o be too high. This diserepancy is probably due to the calibration procedure
employed to convert VEM edge matrix numbers to camera resolution.

Ctf-uxis laboratory measurements are made at -45° and +55° scan on the Forward Camera,
while on the Aft Camera they are at +45° and -55° scan. Although Table 3-20 is présented as a comparison
between laboratory and orbit pecformance, nol manv conelusions can be drawn due fo the lack of a |
sipgniftcant number of VEM data poinis, However, the axial p‘os_itiun of the Forward Camera does show

coodl agreement,

3.7.3 Minor Axis Resolution Prefile

The minor axis resoiuiiqn profile was apalyzed to see how the optical field curvature and focal
plune tilt affect performance. The data collected on the Forward Camera at +15° scan angle was large
cnough to permit analysis., Table 3-21 gives a statistical summary for each of the {ive cells adrose the
‘web a4t +15°. This data differs stightly from thal in Table 3-18 because each data cell which usually
contains six in-track and six cross-track YEM veadinpgs per frame was used to 'typi.fy.a single format

position.
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TABLE 3-90

LABORATORY VERSUS ORBITAL PERFORMANCE

Forward Camera

~45% /2. 5° o /o 55° /2. 0°
Direction. Lab Okhil Lab Crbit Lab Orbil
In-Track 150 105 (1) 200 188 (3) 182 217 (1)
Cross-Track 170 105 (1) 190 143 (3) 190 142 (1)

Aft Camera

+45° /2, 5° 0° /0° -55° /42, 0°

Direction ‘Lab Orbit ‘Lab Orbit ‘Lab Orbit
In-Track 140 219 (1) 200 259 (1) 170 -
Cross-Track 120 189 (1) 150 215 (1) 120 -

NOTES:

‘1. A-one to one correlation between orbital resclution and chamber resalution cannof be expected at
off-axis positions-{+45° -2, 5 and -535° /+2.0° J. The chamber test is run with IMC disabled, and
does not include fixed known orbital image motion errors,

2. Numbers i parentheses indicate the number of frames which were analyzed,
TABLE 3-21

FORWARD CAMERA MINOR AXIS PROFILE
84;: PLATEN POSITION, SCAN ANGLE +15°

Field Posn Mean Res {¢/mm) Standard Deviation No. Samples
{deprees) In-Track Cross-Track In-Track Cross-Track In-Track Cross-Track
+2.5 150. 6 133.4 36.3 26,2 42 42
J1.0 1917 170. 8 44,3 49, 2 49 49
0.0 205. 1 197.5 45.7 48.8 34 33
-1.0 154.0 152. 2 40.7 45. 4 3¢ 36
2.5 179.9 128. % 37.7 26,4 26 26
NOTE: The standard deviation was determined {rom the total number of edges maiched at each field
position, '
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Figure 3-14 is-a graphical representation of the minor axis profile for the conditions mentioned. The
associated zone sigma values are also presented, This {igure shows that under these conditions there is
no significant difference between in and cross-track resolution. Figure 3-15 shows the mean resolution
with its standard deviation for these same conditions, Superimposed on Figure 3-15 are predicted orkifal
resolittions for varicds amounts of smear. Taken into aceount 18 both the field curvature and focal plane
tilt which were measused during laboratory testing. It can be concluded {rom this plot that the a'greemént
between laboratory and orbital operation is good. This is true for smear values in the cross-track
direction up to 8 micrens and also for small values of in-track smear. Such 2 comparison could not be
made for the Aft Camera at best focus. Even for positions ofher than best forus it woulg be difficult

to compare.due to the high VEM readings recorded on the Aft Camera. «

3.7. 4 Major Axis Resolition Profile.

The majer axis profile-of resolution was examined for the purpose of determining resoluticn
changes with scan angle. ‘The things that should #ffect resolution-as a function of scan angle are image
motion and focus. Focus is a symmetric function and showld affect both sides of scan angle equally. Both
¢ameras’ image motions were measured during pre_fl'ight_ and acceptance testing. The expeeted on-orbit
fixed known miotions are shown in Table 3-22. This tible shows the start of scan to be minus 60° for the
Forwarg _C-_ame-m and +80° for the Aft. One would expect in-ifl_ight te see the start of frame resclution on
each ramera to be lower than the rest of the frame. Figires 3-16 thru 3-19 show the major a:ﬁis.re_splution
obtiined from VEM. The circles are the average values and the sone sigma spread in the dita is shown.
Noted above each spread is the number of {rames in the sample. ‘Pofnt's beyond :30° hdve no more than ane
data point. The eross-irack resolution shows a tendency to be lower at the start of sean-on both cameras.
These resulis agree with Table 3-22, The in-track resolution on both cameras show some of the same
trend but not a~ strongly as the cross-track direction, These observations are made with caution sinée
the sample sizes are so small and the <one sigma valves large, Tables 3-23 and 3-24 give the peomelric
means for ali field posili_bns, A 52 microns platen-position was used for the Aft Camera because more

dita existed than for the pliten position at 465
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TABLE 3-22
CHAMBER A-2 MAJOR AXIS SMEAR

Forward Camera

‘Scan-Angle {degrees)

BDirection =45 o 55
In-Track . 003 -.018 .29
Cyross-Track -. 082 -.012 - B35

ARt Camera

Secan Angle {degrees)

Direction 45 0 55
In-Track -, D88 - a4 032
Cross-Track ~. 093 -, 043 -, 061

NOTE: The smeax values are presented in inches per second.

TABLE 3-23

FORWARD CAMERA GEOMETRIC MEAN FORMAT DISTRIBUTION
64z PLATEN POSITION

Field Posn [~ : Scan Angle (degrees) f
degrecs) 60 45 0 15D 5 om0 ®
42,5 184 (1) 199 (1) 121 (2) 140 (5) 1364 142(T 156(8) 168 (1) 186 (1)
+1.0 216 (1) 149 (1) 192(3) 163.(8) 194 (2) 182(9) 181 (8) 228(1) 198 (1)
8.0 230 (1) 147(1) 134(3) 189(4) 188(3) 130(7) 190(5) 2Bi1(1) 217(
-1.0 137(1)  132(2) 119(2) 203{4) 148(1) 153(8) 178 (4 212(1) 200(3)
-2.5 1121} 105¢1) 130(2) 157(3) 156 (3) 152(5) 151(T} 106(1) 178 (1).
NOTE: Numbers in parentheses indicate the number of frames which were analyzed.
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TABLE 3-24

AFT CAMERA GEOMETRIC MEAN FORMAT DISTRIBUTION
52; PLATEN POSTTION

Sean Angle (degrees) . 1
Field Posn. |
{degrees) -0 ﬁ -30 'i? 2 }E 39 %E E{_}
%2, 5 130 (1) 186(D)  197{2) 202(3) 193 (4} 207 (4)  191{8) 216 (1) 14243
+1.0 8 (1)  201(1) 215(4) 227{4) 201(9) 222(1) 2W6{1) () 1TT{1) -
0,0 188 (1) 201(1) 2I0(4) 2444 195(5) 260(n) 222(3) 222(1) )
-1.8 16 (1) 113 (1) 216(2) 219(3) 209(4) 24113} 202(2) - .
2P ) 171(2)  208(2) 199(3) 184(9) 193 (2) 182(1) 1B 1411

NOTE: Numbers in parentheses indicate the number of frames which were analyzed.

3.7.5 Conclusions
A. In géne’ra.l the VEM technigue was quite useful in showing relative performance and trends
in performance. There is, however, some question a5 to the absolute value of resolution obtained.
B. Assessment of field curvature and tiit ig amenzble to VEM analyeis.
C. Compariscns between in-track and cross-track performance within a carera can be. made.
ard have teen shown fo agree with laboratory measurements.

3.7.8 Summary

Visual edge matching was used as a measure of resoclution performance. The initial approach
in-analyzing the migsion was fo fill in as much of the format with resolution valies ag possible. This
led to a sparsity of data at the extreme scan angles. This sparalty was 2150 due to liow the camera was
operated; namely there were fow 120 deg_;'ee_-scans and many scan sectors which lacked exireme scan
information. Based upon these observations, VEM measurements oit Mission 1201 shonld be continued.
Format positions which correspond to test chamber results should be siressed in collecting VEM dafa.
Finally, the calibration of the VEM matrices should be examined in detail. A critique of the VEM method
is given in greater detail in Section VI.

3.8 IMAGE QUALITY VARIABILITY
3. 8.1 Introduction

Two Forward Camera (64u) and one Aft Camera (46p) operations were chosen for a study of
frame-to-{rame variabilitg. They were chosen because of the amount of available VEM data from the
frames within these operations..

For each operation, the mean in and cross-track resolution values were determined, This

represented the total range of resolution for & particular VEM cell, operation, direction, and camera.
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“Tables 3-25, 3-26 and 3-27 present the range of means calewlated for each cell throughout the three

operations measured.
TABLE 3-25

FORWARD CAMERA FRAME-TO-FRAME VARIABILITY
g4 PLATEN POSITION, OF 398

VEM Cell in-Track Cross-Track
Field Posn Secan Angle Minlmum Maximum Minimum ‘Maximum
(degrees) {degrees) {e/mm) {c/mm) {c/mm) { ﬂnﬂ
+2.5 +15 146 208 103 147
+2.5 +30 142 168. %9 150
41,0 +15 ' 124 183 a9 204
+1.0 +30 160 202 147 235
0 +15 155 . 253 100 235
-1.0 -15 121 182 131 16
-1.0 +15 137 237 118 155
~1.9 +30 160 228 130 - 202
-2.5 -15 103 118 141 146
-2.5 o 143 146 ag 105
-2.5 +15 121 202 106 156
-2.5 +30 1268 165 85 165

NOTE: Frames at the =2.5%/-15" and 2. 5° /0° positions. could not be determined with 80% confidence.

TABLE 3-26
FORWARD CAMERA FRAME-TO-FRAME VARIABILITY
84y PLATEN POSITION, OP 420

VEM Cell in-Track Crosg-Track
Field Posr Scan Angle Mintmum Maximum Minimum Maximum
{deprees! {degrees) (c/mm) {c/mm) {e/mm) (c/mm)

2.5 -15 167 167 16% 200
2.5 415 167 193 125 140
2.5 +30 120 226 110 140-
1.0 =45 140 144 105 140
1.0 ~15 226 23¢ 187 215
1.0 +30 178 200 135 167
o ~15 220 252 184 226
+15 230 235. 149 235
+30 178 295 _ 135 226
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_ TABLE 3-26 (CONT'D)
FORWARD CAMERA FRAME-TO-FRAME VARIABILITY
64 PLATEN POSITION, OF 420

VEM Cell _ In=Track Cross-Track
Field Posn Bcan Angle Minimum Maxinum Mintrouz Maximum
{degrees) (degrees) {e/mm) {¢/mom) {¢/mm) {¢/mm)
-1.0 +15 _ 204 235 206 243
1.0 +30 130 226 150 200
-2.5 -15 174 115 139 145
~23.5 +30 206 213 157 217

NOTE: Frames zt the 2.5°/415°, 1,0°/-15°, 1.0°7430°, and -2,5°/-15° positions could not be
determined with 80% corfidence.
TABLE 3-87
AFT CAMERA FRAME.-TO-FRAME VARIABILITY
461 PLATEN POSITION, OP 383

VEM Cell in-Track _ Cross-Track _
Field Pdsn Scan Angle Minirnum Maximum Minimum Maximum
{degrees) {degrees) {e/mm} {c/mm) {c/mm) (e/mm}

2.5 =36 | 193 211 125 177
1.0 =30 232 249 172 265
1.0 -15 124 217 115 177
o -30 210 220 140 200
g -15 172 212 124 138
-1.0 -30 189 243 115 " 172
~1.0 -15 172 295 177 261
-2.5 =30 166 .11 N 125 197
-2,5 ~15 182 256 151 235

NOTE: All differences between {rames were determined with 80% corfidénce,
3. 8.2 Cousiderations and Theory

1In order to determine whether or not there is a significant shift in resclution between frames
{at a given location) due to the K¥H-9 System variability, one must take into account {a) the variability of
the YEM measuring technique; (5) the inherent error of assuming 2 VEM cell to have a constant unage
" quality throughout an area 8 friches x 1/2 inch; and {¢} the frame-to-frame variabllity of the dupticate
positive contact printing process.
The first two combined sources of {'ariability are given by the sample standard deviation

associated with reading six edges in tne VEM cell, on one frame, in one direction, 1. e.., the standard
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deviatiens associated with the mean resolution vatues given in Takles 3-25, 3-26 and 3-27. ¥ was found
- . that, on the average, this sample standard deviation is 17% of the mean resolution level, It should be noted

that this average siandard deviation of 17% being nu average itsel also has a standard devistion asspciated
with it. In'this case the standaxd deviation appHed to the 17% 5 7.7%. A subjective analysis of individual
VEM cells also indicates that there is & variability of image quality within one cell. The third scurce
'qf variability, the duping process, was oot analytically cunéidered here, but is generally thought to be
"gmall”, see paragraph 5. B of this report.

 with a known sample size of six and standard deviation of 17% of the mean (1 cell, 1direction), it
turns out that there is an 80% chance of detecting a real change in mean resolution of 25% or greater,
between frames for g given cell. A larger percentage change (i.e, » higher confidence) of detecting a
smaller percentage change (<25%) in mean resolution between frames, camnnot be achieved with the known
sample size of 5ix and standard deviation of 17% of the mean. With this statistical information, the
"Student ' test can be utilized in order to answar the following guestion with 8{!% confidened: Is there a
statistically significant change in rmean resolution between frames, for one VEM cell, in one direction,
due mainly to the KH-9 System varlabllity ?

3.8.3 Statistical Analysis

The "Student i test was therefore run on ¢ach pair of mean resolution values given in Tables.
3-25, 3-26 and 3-27, The results show that with 80% confidence there is a statistically significant change
in the mean resolution, in 688% of the cases ptudled. To illustrate the procedure used, an example is given

below:
Example: Forward Camera, Op 388, 84, Platen Position,~2.5° Field Position x 15° cell

Frame D11 - mean of § In~track VEM edges = 121 e/mm
standard deviation = 17% of 121 ¢/mm = 20.6 ¢/mm

~ Frame 015 ~ mean of § dn-track VEM edges = 202 c/mm
standard deviation = 17% of 202 ¢/mm = 34. 3 ¢/mim.

The “Btudent t” test is an equation which considers the two mean resclubions (121 ¢/mm and 202 o/mm},
the two standard deviations (20,6 e/mm and 34. 3 ¢/mxi), and the two sample sizes (8 and 6) to arrive at
the following conclusions: The two mean resolutions are different, or the two meéan resolutions are the
same, The conclusion is always bmsed on a particular confidence which is always less than 100%, inany

l real case when the variability {standard deviation) is not zero. Applying this test to the example, the
conclusion is that the two means are significantly different with 80% confidence, i.e., since the two means
differed by more than 25%, one can be 80% sure that the conclision ie correct.
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For an indication of the variability between operations, at the various mission platen position
‘seftings, see Figures 3-20 and 3-21. These {igures in the (° scan,; 0° field VEM cell mean resolution,
in and eross-track directions, are plotted from several cperations throughout Mission 1201, Th_esa
figures show that there is a significant difference between the two end points and the lowest resclution
value in the in and cross-track directions,

Dynamic resolution testing of SN-003 in the final Chamber A-2 énvironment produced some
measure of image guality variability. General indicativns were that the Aft tlamera produced more
variable respolution than the Forward Camera. Hy summidrizing overall variability from Tables 3325,
3~-26, and 3-27; the indication i that the Aft Camera was perhaps slightly more variable than the Forward
on Mission 1201, This characterization was done by caleilating the percentage variation of the means

in each cell and computing the average, Results are ghown in Table 3-28,
TABLE 3-28

PERCENT VARIABILYTY COMPARISON

Camera; Forward Aft
Operation: 398 and 420 383
Cells: 49 18
Avg Variability (%): 36 43

Liooking at the cameras inore closely, the variations depicted in Figures 3-20 and 3-21 aré not
uniike those produced. in the Chamber A-2 testing as typified by the Forward Camera datd depieted in
Figure 3-13 on page 3-19 of the SN-003 Flight Readiness Report. For the Aft Camera, although the
variations are about the same, the resolution levels for Chamber A=2 are much lower than the flight
resclutions. These comparisons are shown in Table 3-29.

TABLE 3-29
‘RANGE OF RESOLUTION VARIABILITY BETWEEN TEST AND FLIGHT

Forward Camera

Direction Mission 1201 Chamber A-2
In-Track {c¢/mm) 150-240 198250
Cross-Track {¢/mm) 120-190 150-210

Aft Camerg

Direction ‘Mission 1201 Chamber A-2
In=Teack {c/mm) 210-275 110-180
Crose-Track {c/mm} 145-225 50-170
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3. 8.4 Conclusions

A, Utilizing the VEM measurement technigue as discussed above; the KH-9 photogzaphiy
does exhibit a frame-to-frame variability,

B. Assessment of the VEM dzta cells by employing the "Student t" test fully supports the
primarily subjective analyses performed during the PFA activity,

C. Frame-to-frame variability makes the analysis and evaluation of trends , such as appéar (311
thru focus, across the filin web, or film web plots difficult,

D. The operational variabjlity inherent in the cameras themselves was no. more gevere than

during laboratory operations,

3.9 TELEMETRY DATA ANALYSIS
3.8, 1 Introduction

The-data and analyses contained herein address the diffieult question of electromechanical
signals. Considerable effort has been expended in the past attempting tq establish a valid base for
correlating vacuum chamber aequired photography to specific electromechanical error signatures. The
ohjective of these efforts was to develop and define 4 tool in assess on-orbit image quality based upon the
telemetry error signals., Mission 1201 provided large amounts of both photographic and electromechanical
data. The analysis techniQues;employEd herein are varied in order to further establish a correlation
between photography and error signals.

3.9.2 Comparison of Chamber A-2 and Orbifal Metering-Capstan Summed Error Data

Sequence M of the Chamber A-2 tests was chosen as the laberatory baseline, since it most
clpsely. simulated the overall orhital camera operating conditions. Table 3-30 shows 4 comparison of
the ground test Sequence M parameters to the orbita} conditions.

TARLE 3-30

COMPARISON OF GROUND TEST AND ON-ORBIT CONDITIONS

Parameters. Geq M Orbital
_ Forward 70°F Forward 71°F
OB Temp .
Aft TI°F Aft B7°F
Pressure. YVacuum Vactuum
Vx/h . 044 . 038 to . 042

IMC Enabled Enabled

Sequence M data cledrly {ndicated a frame-to~-frame vatiability in the average peak-to-peak
value of the metering capstan Summed error {MCSE) on both cameras, Laboratory testing resulted in an

average maximum zero-to-peak: (AC) veloeity ervor for the Forward Camera of 0. 06 inch/sec, an
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average minimum of 0. 03 inch/sec, and the overall average over 147 irames of approximately 0. 045
inch/sec. The orbital data for the Forward Camera indicated an average zero-to-peak maximum velocity
error o;’ 0.12 inch/sec, -an average minimum value of 0. 03 inch/sec, and an overall average of approxi-
mately 0, 08 inch/sec. Simi.’larl_y, for the Aft Camera, the 1ahoratar'y test data indicated an average
maximum of 0. 07 inch/sec, an average minimum of 0.03 Ineh/sec, and an overall average was 0.05
"i_nchf'sec. The orbital data irdicated an average maximum {AC) veloeity error of 6. 10 inch/sec, an
average minimum of Q. 85 inch/sec, and an overall average of 8. 07 inch/sec.
Theé summmary evaluation of the orbital performanee as indicated by the metering capstan summed
error measurement is as follows:
The AC velocity error varied frame-to-frame on both cameras throughout the mission. Capstan per-
formance in general was the same at the end of the migsioh as at the beginning, The poorést performance
of the Forward Cameéra 15 equal to the pooresl of the Aft. The best performance of the Forward is better
than the best of the A%t The':framei-tcnirame'variabilit_y on the Forward was more proncunced than on the
Aft, as the maximum to minimum average AC velocity error varied by a factor of 4 o 1 on the Forward
Camers arnd 2 to 1 on the Aft, see Pigure 3-22, In additi'n_n, frame modulation, which was intermitiently
present on both cameras during Sequence M, is much more prevalent on the Aft Camera than the Forward,
see Revs 14, 32, 48, 129, and 323 in Figure 3-22. This modulation is attributed to the fine tension sensors
used diring this mission. A new conflguration which dynamnically balances the fine tension sensors will be
used on Mission 1202, In addition, the frequency of the disturbance on the MC summed error during test
and on-orbit for both cameras was approximately the same, 25 to 95 Hz. This corresponds to a twice per
rev MC disturbance or once per rev.of a 1/2" diameter roller, such as the [ine tension sensors, The

summary of the "average” values of the summed error are as presented in Table 3-31.

Y

TABLE 3-31
SUMMED ERRCR AVERAGES

Maximum 0. 12 inch/sec 0.10 inch/sec.
On-Orbit Mintmusm 0.03 inch/sec 0. 05 inch/sec.
Overall 0. 06 inch/sec 0. 07 inch/ses
Maximmm 0.085 inch/sec 0. 07 inch/sec
Seq M ‘Minlmum 0. 903 inch/sec 0.03 Hich/sec
Overall 0. 045 inch/sec 0. 05 incli/sec

Forward Camera

Aft Camera

Important points of comparison can be made from tmage smear measurements made from line

analysis. The Forward Camera imagery exhibits more smear-variability than the Aft. This is commen-
surate with TM signal data which reveals more variability in MCSE for the Forward than the Aft Camera.
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On the other hand,. photo and TM indications cii_sagree on the nature of the behavior throughout the:
wission. Whereas error signals Indicate general consistency, the line analysis indicates a decreasing
average level and variability with time, Cross-track photo smear was more severe and more variable
on the Forward Camera (6:2. 0y} than on the Aft Camera (4z1. 5u). Onece again, however, these
cornparisons can't be made directly because defocissing variations complicate the issue.
‘3.9.% Results of Fourier Analysis of Capstan Summed Error Signals

A Fourier analysis of the capstan summed errors was performed to determine if there were any
‘major components produced by resonances or roller irregularities. A Fourier compenent of significant
magnitude was found to occur af a two peaks per rey irequency of the capstans. The two peaks per.rev
Irequency is approximately 100 Hz for Mission 1201, Figures 3-23 thru 3-28 contain a plet of the two
peaks per rev and the peak low frequency component { > 0, < 5 Hz) for all the capstans on both cameras.
“The low freQuenc_y- corponent was included to determine if there was only correlatidn between the size of
the MC velocity modulation resonance value aé the time the phase lock closed and the size of the getlling
transient. A large settling transient would have been evidenced by a large low frequency component. No
particular correlation was. noted, “This fanal_fsis verifies the existence of the modulation eﬁect discuseed
‘in the preceding paragraph regarding an vibalance of the {in€ tension sensor rollers,

3.9.3.1 Metering Capstan Error Bignal Fourier Analysis

Figures 3-23 and 3-24 give the peak magnitudes of the high (100 Hz and 2/rev} and low

freguency componénts of the Forward and Aft metering capstan summed errors. Not€ once again that the
data points are taken in chrmolqgicél order but are not necessarily equally spaced in time, Considering
the high frequency (2/rev) peaks, it can be seen that for the Forward side there is a large increase during
"Pake up 2 but no beginning-to-end trend, A dashed line is shown at the Aft Camefta, Take up 4 data point
in Flgure 3-24 to indicate that the magnitude of the compenent may be larger than indicated by this analvsis,
This is thie case because the Fourier analysis program indicated two relatively large. components located
close to each other for this data point. When this occurs neither magnitude may be representative; the
program in effect has split the component present in the data between two neighboring harmenies hecause
ihe ,Ereq_uency of the compornent does not colncide with an integer multiple of the fundamental harmonic.
No exact means of combining the two neighboring harmonics is known at this time, therefore, it can only.
be stated that the Take up 4 peak 2/Tev comporent has & value somewhat higher than that indicated by the
‘Také up 4 data point. There does ndt appear to be any beginning-to-end increase in the 2/rev compaent
on the Aft side. The low frequency peak componenta in Figures 3-23 and 3-24 seem to reflect, in some
degree, the trends shown in the £wo peaks per rev components..

3,9,3.2 .input Drive Capstan Error Signal Fourier Analyeis

“I'he imput drivé capstan summed error peak components are shown in Figures 3-25 and 3-26
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for the Forward and Aft Cameras respectively. The two peaks per rev components are generally higher
than those for the metering capstan., There does not seem to be apy trend of increases or decreases a3
the miegion progresses, but the intermediate peaks are higher than those at either the beginning or end
of the misslon. There ave no Take up 2 data pointe for the drive capsians due o the fact that only C
mode telemetry data was available. The low frequency components for the input drive capsitans are
generally lower than the corresponding components in the MC and in addition show no discernible
ingreasing or decreasing trend.
2,9.3.3 Output Drive Capstan Error Signal Fourier Analysis
Figures 3-27 and 3-28 present the peak high and low frequency Fourier components for the

Forward and Aft output drive capstan summed errors., The Forward side two peaks per rev componsnis,
shown in Figure 3-27, are larger pear the miiddle of the mieésien than at either th‘e.'_beg:inning or the end.
The Aft peak 2/vev cﬁmpm_en‘ts in Figure 3-28 decresse for periods near the middie of the mission while
displaying a rise of 25. 2% from beginning-tc-end. The low frequency peaks are greater for the Forward
side than the Aft side.  In addition there is no discerrible trend in the low frequency peaks on the Forward
Camera, whereas there is 2 slight Increasing trend on the Aft,

3.8,4 Mean Value of Capstan Summed Error Signals

‘The trend of the mean of the MCSE for sucéessiv'e points in the utilization of the 'Take ups is

shows in Figure 3-28. Each data point was taken in succession as thie misslon continued, however, note
that the data was not taken at equaily spaced periods of fime. There was no beginning-to-end increase in
the mean metering capetan éxror for the Forward Camera. There was, however, an intrease during the
period when Take up 2 was in uge. Figure 3-29 shows that there was an upward trend in the Aft side mean
grror as the mission progressed. A more proncineed increase will be noted during theé period in which
Take up 2 was in use. The overall, beginning-to~end, Increase in the Aft side mean metering capstan
error was 37.2%. ‘The cause. of the increasing mean error on the Aft side s attributed to a slight incréage
of the friction level

Figure 3-30 shows the trend for the mean summed error of both the Forward and Aft input
drive capstans. Forthe Forward side there appears o be no rising frend in the mesn summed error as,
the Take ups succeed each other. ‘There is ng beginning-to-end or intermediate increase in the mean,
however, nctice that no Take up 2 data has been included in this figure. 'The reason for the absence is
that at the present time only C mode TH data is avallable during the perlod in which Take up 2 s In
operation and in € mede the input and oiiput drive summed errors are teléemetered. There I8 2
vonsistent beginning-to-end rise in the mean value of the Aft Camera input drive capstan summed error
ag is shown in Figure 3-30. Although the rise is conslstent it is not drastic and amcunts only to 12. %
from Take up 1 to Take up 4.
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The subject of Figure 3~31 iz the trend in the Forward and Aft output drive capstan mean
summned exror. The Forward side mean erzor increased only 8, 9% from beginning-to-end, but the size
of the error is higher than the mean summed error for the Forward side input drive capsian. The oufput
drive capstan érror has alwiys been greater than input drive capstan error due to the lower gain of the
gutput drive eapstan Forward loop amplifier. Figure 3-31 ghows a decrease of 10, 5% from beginning-to-
end in the mean ocutput drive capsian summed error for the Aft Camera.
3.9.5 Correlation of Mobile CORN Target Resolution to the Metering Capstan Summed Error
Mobile CORN targets were selected; which exhibited high and low values of resclution in the

sean direction, see Table 3-32, Computer plots were miade. of the MC summed error for the frames of

interest at sufficient scale fo accurately isolate the surnmed error characteristic af the time of target
exposure. A window of several milliseconds either side of the predicted exposure interval was used to
aliow for any uncertainty and maximum AC velocity error that occurs during thetime period that the

window was recorded. The resclution values used were normalized for focus and 2:1 contrast.

TABLE 3-32
MOBILE CORN TARGET RESOLUTION VERSUS METERING CAPSTAN SUMMED ERROR

Cross-Track In-Track
‘Scan Normal - _MC _ Normal
Angle Resolution T Moticn Velocity Resolution
Camera Rev/Frame {degrees) {e/mm) {microns) Error {/mm)
Forward  16/048 +19.5 121 3.4 .01t -.D1 163
18/02% -5, 8 83 13.7 - 01 to ~. 02 103
32/008. +8.7 B3 8.8 0 to+, 06 124
32/055 +85.3 135 3.5 -.04 to +. 07 186
g6/008 -14. 4 78 10.3 - 04 to +, 05 103
129/025 +58,0 ‘98 1.5 0 to+.02 111
145/012 +10.3 182 0 +.02 to -.04 182
435/002 -8.0 208 Iy 0 to-.02 250.
484/001 -10.B 112 5.8 -.08 to +, 07 173
484/001 -B.2 98- 7.5 -.05 to -. 01 133
454/002 -8.1 91 8.5 +08tc-.04 173
Aft: 129/019 +10.8 173 1.5 -~ 02 to +. 05 208
129/027 453, 4 187 2.2 0 to+.02 180
145/012 +IL1 173 o ~05t0+.08 171
484/002 -9.9 128 4.8 -~ 01to O 241
484/00% ~7.3 112 8.2 =12 to +. 07 201
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There is no correlafion between cross-track resolution and velocity error as measured by the.
MC summed error measurement. For example, resclution measurements as high as 208 cycles/mm and
as low as 63 cycles/mm are obtained when the worse case AC velority error (as determined by the MC-
summed error} was 0,02 inch/sec. This remains true even when various DC veloeity error biases are
added to the capstan predicted eérrors. In addition the maximum AL veloeity errors predicied during the
‘windows are in the order of 0. 10 inch/sec, which. i_s__equivaient to 2 172 microns of smear, However, the
values of smear predicted analytically indicated valuves as high as 8 to 13 microns. _

The resolution values ml;x the Forward Camera, when comparing in-irack to ecross-track for.the
same target, has a correlation ‘coetiicient of 0. 84. 'This means when the in-track is-high, the cross-track
is high and when the in=track is low, the cross-track is low. This also holds true for infermediate valies
&f resolution, There is no such correlation on the Aft-Cameita,

In addition, Frame 026 on the Forward and Frame 027 on the Afl Camerz of Rev 145 were
selected to take in and cross-frack VEM readings every 1/4 of an inch, These frames were over Los
Angeles and exhibited contlnuous cultural detril fora 5pan of 1G° in the.scan direction. The results zre
plotted in Figures 3-32 and 3-33 and in general {based on a Iimited number of samples) tend to substantiate
the statements made zbové. In additicn, the frequency of the varizbility in the cross-track direction does
nol correlate with the frequency of the MCSE measurement. Where the VEM data indicales a repetitious
variability, it cecurs at approximatety twice the frequency-seen on the summed error, in this case
approximaiely 90 ic 97 Hz,

2,9.6 Phase Lock Loop Anomalies

Phase lock loop error data taken from eight TM tapes were studied. The study inchudéd data
ta_l{en during :t'he use.of each of the four Take ups. The inte_rmitfent verformande of the Forward Camera
phase lock loop, oceurring in Rev 80, was discovered on all but two of the tapes. Tt was found that this
error signal reset to some random value at the end of phofography. At the stact of the next peried of
photography the loop then closed with an ofiset or bias appearing on the error signal. However, the MC
failed to respond to this-ﬁias in all cases and it is assumed that the anomaly must have oecurred in the
telemetry signal processor. The intermittent performance did not degrade the loop operation.

Except for the apparent offsets, computed theoretical variations in loop error due to IMC agreed
with the actual TM signals. It was also noted th_at'.phase lock loop error {ransients occurring during loop.
closure were a good indication of the magnitude of the seitling transients of the metering capstan.

A detailed discussion of the analysis of each of the eight data tapes is discussed in the {ollowing
paragraphs,

3.9.6.1 Rev 16 Engineering Paas, Mode B (0°/490°), Tape MT-1811

This data tape contained 52 frames al photography for both cameras. The phase lock locp
errors {or both cameras were plotied for Ferward Camera Frames 804, 017, 018, and 047-049. The Aft
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Camera a.lways reset to the nomina) value of zerg. The Forward Camera, however, always reset to.a
coiistant offset of ~120 millivolts {-0.077 inch). The theoretical phase lock loop errors due to IMC were
eomputed for Frames 004, 017 and 049 and except for the constant offsets were in good agreement with
the TM data, |

3.9.6.2 Rev 90 Mission Op 80, Mode C (-30°/130°), Tape MT-1287

This tape coatained 22 frames of photography for both ¢ameras. The phase lock loop errovs
were plotted for the first seven frames of the Forward and the first four frames of the Aft Camera, The
Aft Camera profilés were normal and reset to zers, The Forward Camera offsets at reset were very -
large and not constant, varying from 490 to 510 millivolis (~0. 312 10.007 inch). This operation represents
the largest magnitude and the only non-constant offset.

3.9.6.3 Rev 152 Normal Mode C (~30° /+30+), Tape MT-1281

Of the 28 frames of photography the phase lock errors were plotted:for Frames 019 and 020.
The Aft Cameéra was normal while the Forward Camera had a constant reset offset of -40 millivolts.
{-0.0254 inch). The plots show abnormally large transient at the instant of phase lock loop closure, The
corresponding MCSE plots also show very poor settling characteristics.
3.9.6.4 Rev 242 Engineering Pass, Mode B (15°/:30°), Tape MT-1188
Fifteen of the 25 {rames on this tape were plotted and studied. .Aga_in the Aft side reset

normally to zero while the Forward reset to a constant value of ~60 millivolts (-9, 0381 in‘ch} hear the
end of the operation. During this engineering operation the value of Vy,?-h was step changed.. The
theoretical values were comiputed for each of three phases and were in agreement with actual values. The
agreement during transition periods was not acceptable.

3.9.6.5 Rev Unknown Normal Mode C (-30°,+60°), Tape MT-1248

This tape represents an unknown rev in Take up 4 and was analyzed because of extremely
poor MC settling characteristics. The phase lock loop plots appeared normal except that the Forward
side reset offset of -60 millivolts {~0. 0373 inch). The Forward Camers did show 3 larger than normat
fransienl at closure which did not appear on {he Aft side.

3.9.6.6 Rev 476 Engineering Pass, Mode B (0°/:60°), Tape MT-1289

This tape and the one for Rev 484 are the only ones investigated in which both phase lock
foop crrors reset normally to zere. The plots also show a correlation between the ME transient and the
phase Jock loop transient at closure.

3.9.6.7 Rev 484 Engireering Pass, Mode B (0° /:60°), Tape MT-1011

This tape contains 9 photographi"c frames for which the phase lock loop errors dnd reset
appear normal,

'3.9.6.8 Rev 493 Normal Mode C {0° /=120° and 15°/+60°), Tape MT-1128

Twao frames from Op 1 and thiree I'ram'es' from Op 3 were studied. The reset offset returned

Handle via Feleni=iteyhote | - v
Cﬁﬁirﬂ_ls iny T IINZ X TIT K

Approved for Release: 2022/03/03 C05132845



Handle via

TCS 3iApproved for Release: 2022/03/03 C05132845 Controls Only
POST FLIGHT ANALYSIS REPORT
1201

on the Forward Camera. In addition the offset was not constant {or either speration.
3.9.7 Optical Bar Velocity Perturbations

The effect of OB velocity perturbaltions on system performance was evaluated by the following
methods:
A. Use of the 0/178 Optical Bar Position pulses to determine velocity,
B. Use of the frozen SVT to determine veloelty.
C. Application of Fourier analysis technifues to tachometer and summed. -‘error sighals,
The nrst two methods proguced only the average veloeity over a'rev and provided no information about
the variations during any given rev. In addition, the accuracy of these techniques was guestionable
sincé the points used are quantized to 2 milliseconds and Fourier .analysis of a larpe _number of points teng
to produce a more accurate mean or average.
Time plots of the tachometer outpui and servo summed error stgrials indicated a definite once
per rev variation. Major frequency ‘components of onte and twice ?e_r rev have been verified by Fourier
analysis, For example the Fourier analysis performed for Rev 484 at o Va/h of 0, 0413 gives the

following speed and means in degrees per second:

Theoretical speeds = 148, 584
Forward Cdainera mean = 149 169
Aft Camera mean = 148, 403.

Major cyclic components are:

Forward side - 0. 122 degree/second st once per rev

Aft side - 0.288 degree/second at once per rev

Alt side ~ 0. 308 degree/second at twice per rev
The once per rev components are believed to result from the onice per rev cyelic bearing and seal friction
introduced through the plafen motion, The generally higher {requency component appearing on the Aff
Camera may resulf frofn the fact that the cém‘era is phase locked to the Forwaird Camera which serves as
the system clock. The phase relationships _iruilcated ihat the scan is centered about the peak value of the
sunuseidal variation which tends to minimize the effect of the variation. Consequently, it is cosicluded that
variations of the optical bar velocity as the platen fecycles has miinimal effects upon camera performa.uce

J. 9.8 Orbitu] Perdormance of the Lafers] Separation Focus ‘Sensor {LEFS)

LSFS performance data is summar"ized in Table 3-33, Sequence M of the second Chamber A-2
tests ix thosen as the laboratory baseline for orbital performance , sinee it most closely approximates
nriital camera operating comditions,

LEFS calibration as a funciion of temperature was estabimhed from Chamber A tes{ data. Th_e-
calibration showed that at photographically determined best foens, the LSFS, on both cameras, will
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3 TABLE 3-33 &
< & =2
a SUMMARY OF LATERAL SEPARATION FOCUS SENSOR (LS¥FS) PERFORMANCE DATA % j";
9" Farward Camern Al Camera ; ~
_%_ Platén FP Prim ‘Corre ’ Platen Fp Prim Corr ?
g' _ 'Po_'slii'gn _LSFs _ Temy Temp Temp. Position LSFS _ Temp Temp  Temp e
e Rev {microns} . {counts) Frames {°F) {*F1i {*F} {micruns) {counts} Frames " F) (*F) ] &
g Seq# 00,9 172 001-015 7.5 7.0 10. 1 33,2 141 ' 70, 3 m 1.3 o
= 84,8 178 016-025 38,6 143 g
70, 1 177 028-045 48,2 145 3
8.7 178 047-085 49,8 147
79.4 181 080085 53.5 149
83.1 183 086- 105 57,2 151
86,8 188 1006-125 50.9 152
8z, 3 188 126-135 a7. 4 155
9.8 1967181 136-147 73.8 153
4. 78, 4 185 40 69 9. 2 82.8 517 137 46 §3.0 6.2 85,3
18 9.4 185 40 69 49, 2 69,8 81,7 157 40 83.0 6.2 65.3
31 79.4 184 401-013 7.0 69.8 71.5 51.7 158 0601-010 850 86.0 86, 5
62.8 ek 015018 5.1 149 ni2-018
70.1 180 020024 44, 3 o152 017-021
79.4 184 025-020 51.% 158 022-026
89, & 188 030-034 59.1 180 027-011
94,1 182 036-039 : a7, 4 184 033036
.4 184 041080 . 51,7 156 038080
48 79, 4 164 a01-025 72,0 0.8 71,5 51,1 158 001-022 65,0 6. 2 68,8 g‘a
82,8 178 D27-031 35.1 144 024-028 A
%9, 1 178 033-036 44.3 152 030-033 §,
79. 4 184, 038-041 51.7 156 035-038 ?3
88.8 187 043-047 59,1 159 040-044 Z

SR-£
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= TABLE 3-33 (CONT'D) : g
'% SUMMARY OF LATERAL SEPARATION FOCUS SENSOR {LSFS) PERFORMANCE DATA % E'
Q Forward Camera Aft Camera ; =
_;?;-' Platen FP Brim Corr. I ‘Platen _ Fp Prim Corr ﬁ
%’- Pos £§!o_n LSFS Temp Temp  Temp Position LSFE “femp Temp Temp Eg
Rav {mlcrons {counis) Frames 5 3] {_“_F} {mlcrons} {eounts) Frames °F) (:_;E:_)_ (_"_E_}_ B
g'_ 78,4 184 054072 51.% 158 051-072 et
= 83 9.4 183 ALL 2.0 70,8 71.5 LT 155.5  ALL 85.0 68,2 68. 8 8
Bé 9.4 183 001012 3.6 7.2 1.8 51,7 155 001-00%  66.0 68. 6 1.2 5
82.8 175 015-018 35,1 148 012-015
76, 1. 179 020-024 43.4 151 017-021
79.4 183 025-028 51.7 155 022-026
88.8 188 031034 58.1 159 028-031
4. 1’ 190 036-~640 87. 4 183 033037
9. 4 183 042-044 51,7 155 030-046,
118 79,4 183 ALL 72.0 1.4 72.5 51,7 155 ALL.  85.0 87,8 BT,
8, 4 182 ALL 51.17 155 ALL
79.4 182 ALL 51,7 155 ALL
129 12.0 178 501-008 .0 71.8 1. 9 48,2 152 001-005  87.0 87.4 8.0
79, 4 182 010-014 53,5 156 007012
72.0 178 016-026 48,2 152 013-023
82.8 175 028033 3.9 149 025-090
. . 48,2 152 031-033
145 0, 1 178 001-004 46. 2 152 001,
2.8 178 006-011 720 722 72,5 37.3 148 003008  85.0 88. 4 §1.8 e
6.1 178 012-017 . 48,2 152 $09-014, g;
3.4 182 018-023 53.5 156 016~020 s
72.0 179 025-034 46.2 152 022-034 z)
o 180 0t 1% 001-006 46. 2 152 001-603 65,0 88,0 87,1 3
‘ég 62.8 175 008-013 38,7 148 005009 =
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TABLE 3-33 (CONT'D) . g
Kt
SUMMARY OF LATERAL SEPARATION FOCUS SENSOR (LSFS) PERFORMANCE DATA % %
g’s Forward Camera Aft Camera E =
% . Platen Fp Prim Corr I Flaten Fp Prim Corr [3
g, “Position LEFS _ Temp Temp  Temp Posttion LEFS _ Temp Temp Temp ‘tﬁ
» Rev  (mlcrons}  {counts}  Frames.  {°F} CFy CF} (microns)  (counts} Frames  (°F) °F} F) =]
9 70. 1 1 014-018 7.0 72.0 12.5 46.2 152’ 011-018 §
< 9. 4 182 020-025 53. 4 155 §17-022 3
70. 1 179 027-029 48,2 152 024029 3
209 72,0 179 ALL 12.0 1.8 1.8 48,2 152. 5 ALL 5.0 87.4 §7.3
258 73,8 180 002-008 13,0 1.8 725 46,2 152 ALL 66, 0. 69.4 81,71
86.5 176 009-013
57,2 173 014-End
274 4.8 178 ALL 73.0 7.6 725 48,2 152 ALL 86.0 61,4 87.3
280 84. 6 176 ALL 13,0 T1.4 72,5 486, 2 152 ALL 86.0. 87,4 87.9
108 64,8 178 ALL 73.0 T4 12,2 46. 2 152 ALL 68, 0 87,0 7.2
323 . 84,6 178 ALL 2.0 T4 10 48,2 152 ALL 85, 0 87,0 87,0
38T - 171 ALL 6.0 0.6 7.8 16.2 154 ALL 83.¢ 86.2 68,0
420 84.6 177 ALL 0.0 0.6 0.8 4.2 154 ALL 83.0 86,2 68, 0
435 §4.6 177 ALL 0.0 0.0 70.5 46, 2 154 ALL 83.0 5. 4. 66,0
445. 4.8 - ALL 0.0 0.0 69.0 48,2 151 ALL 84,0 8.0 86. 5
483 4.6 177 ALL 71.0 70. 2 1. 2 46. 2 154 ALL 84,0 85,8 66,0
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indicate a one TM count lower reading per 2. 8°F increase in temperature over the 85° - 75°F range. This
is attributed to the primary mirror optical sirface characteristics at the mounting point, “"bump/hole”,
that the 1S¥FS looks at. )

During Sequence M the Forward Camera's temperaiufe"was 70°F and the Aft, 71°F, This was
-measured on the primary mirror, the corrector plate, and at the foeal plane. The LSFS read 181 and
148 TM counts on the Forward and Aft Cameras when the focal plane position diagnostics read T9..4 and _
§1.7 microns respectively, The initial orbitsl data on Revs 14 and 18 indicated at 79. 4 angd 51. 7 microne
for the Forward and Aft Cameras respectively, the LSFS read 185 and 157 T™ counts, In addition, the
orbital temperatures of the above indicated thermal sensors resd an average of 69 and 65°F for the
‘Forward and Aft Cameras respectively, Adjusting the data for temperature, would indicate that the
'Farwam-'Camexra should be advanced § microns and the Aft by 18 mierons. The evaluation of the imagery
eventually resulted In the Forward Camera being advanced by 18 microns and the Aft by -8 mierons, The
difference in the final setting of the focal plane based phptog_raphy and that indicated by the LSFS was 8
mitrong for the Forward and 8 microns for the Aff. Since the LSFS is looking at the primary mirror
mounting point deformation, part of the dis;:r'epancy may be attributable {o a change in size and-the
distortion in a zero gravity (g} environment sinve the primary is welghtless, Significant contour changes
have been noted interferometrically at the: mounting pninit by placing a primary mirror in both vertical
ard horizontal positions' dnd measuring meunting point induced suiface distortion.

The repeatability of both LSFS uniis as cbserved during thru focus runs on-orbit was excellent
(6_2;_1} and wlithin the L3F5 tolerance of 28 microns, This repeatability also ihcluded_pred_icted changes due
to temperature,

3.8.2 Pirst Frame In-Track Smear

Excessive In-track smear was noted by the PFA Team oh RV-2 on the first Aft Frame of Op 80,

This frame was photographed at a 30° sean with a center of -30°, Detailed analysis of T data revealed

that on Op 109, Rev 113, that the in-track IMC function (skew angle} was improperly generated. on the
first Forward frame, see Figure 3-34, Analysis revealed that the error is inherent in all flight models
and occurs only on 30° and 60° off-center scans, The smear océure on the firat Forward frame only for
positive scan centers and the first Aft frame only for negative Bgan centers. The improper generation of
the skew angle modulation function i8 sssociated with the command seguencer logie.

The skew angle function i primarily a cosine function generated via a sinusoidal bit density
track {encoder) on the optical bar, The bits are gated into a counter, whose count 13 made proportional
to.a voltage, which 18 used to modulate the platen poaition with respect to the OB positlon. The eouster
-i__is‘ enabled by ANDING ‘the following events: {a} start ¢f platen P mode for each frame; and (b} the
first forward tranaition prior to the first shutter cpen on the.camera in question. For 30° and 80° off-

center scans, forward transition occurs after gtart of P mode, The degree of "lateness"” in enabling the

3-88
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TELEMETRY DATA INDICATIVE OF FIRST FRAMYE IN-TRACK BMEAR

REV 8, AFT CAMERA

{30° Bren Length, -~15° Scap Center} _ _
FIRST FRAME NOMINAYL, FRAME

SKEW ANGLE
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counter is a function of Bcan angle length and scan center angle. Thus, when the enable is late, bits are
not counted which should ha;ve-_-‘been. and skew is improperly generated. Figure 3-35 §s5.a plot of

theoretical versus actual skew angle for the sectors _mentioned_. Thi worse case errors areé associated
with 30°/345° sectors, with 30%/:30°, 60° /£30°, 30°/116°, and 80°/+15° containing skew angle érrors of
decreasing magnitude, in addition, the associated in-track velcdity errar 25 a function of OB position ig
ghown for a ¥x/h = . 040 rad/sec. Figure 3-34 contains plots of TM data indicative of the anomaly,
Exaraination of Fipure 3~35 indicates that veloelly errors as greatas 0, 7 -inch/_sac in-track will ceceur on
the first frame and associated camera of the sectors described. This is equivalent to 18 microns of Bmear
foral mlllisecmd exposure time,

3.9.10 Conclusions

The following conclusions address, in general, the overall effectiveness of the telemetry data
to indicate on-orbit photegraphic gquality,

A. The overal] average velocity error-of the metering capstan summed error increased
slightly while on-orbit as compared to the ground test data.

B. The degree of variability of the telemetry signals indicative of film synchronization
remained consistent between the orbital and ground test data, However, as is the case with ground
evaluations, the orbital TM data gave no indication of the mean smear ¢rrors in the in-track and erogs-
track directions,

C. A polut-to-point correlation of mission photography to synchronization errvor levels
was not possible, .

D. 1t i6 desirablé to define and correct the Command Sequence Logic error which causes
‘high smiear un fhe first framie of certain scan modes.

3,8.11 Summary

In Ewmmary, it must be stated that the T does provide a tool for on-orbit diagnosis of camers
malfunctions. This fact is fully substantiated on the basis of the diagiiostic work that was accomplished
during the series of emergency shutdowns that pecurred on the Aft Camera during RV-4.

The assesement of imagery by the VEM technigue has shown that the predicted variability of
resolution in the laboratory was present on-orbit. This is also avident in the metering capstan summed
error signal. This currelafl_'_u'n although not on a point-to-point basis and not correlatible in terms of
absolute magnitude 15 encouraging and worthy of further VEM investigation.
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3,10 ANALYSIS OF CAMERA EXPOSURE
A reduction in camera exposure of . 06 fog E, above a solar altitude of 10°, was indicated by

objective and subjective analyeis of RV-1 photography, The change was implemented during Uperation
135 of RV-2, and verified as appropriate by analysis of material acquired subsequent to that operaticn. No
‘Er0SS CAMEera sxposure deficiem_:ie_s were apparent.

3.10.2 Initial Camera Exposure Recommendation

The exposure tifnes were computed using the KALEIDOSCORE radiometric aequisition pr'c_:gﬁram‘
Additional checking with regard to exposure time/smear trade-off relationships was accomplished using
the CRYSPER syatem model.

The underlying criteria {or the initial recommendation were:

A. Above 15° solar altitude, advantage is taken of the consistency. of the apparent mean
scene radiance for cultured areas at a given sclar aitltude, The mean radiance is exposed at a point on the
sensitometric curve where the suny of the products of the film resolution and the freguency of oecurrence
of radiances for an average scene Is at a maximum. For Film Type 1414, the speed point for the Process
used was 1,34 log meter candle seconds. .

B, Below 15* solar altibude, the éxp’osu‘re required is less than that required by the mean
criteria, since considerable compression of the scene radiance range occurs due to increasing aimospheric
effects. In this case, the mean object shadow radiance is exposed at the "E 02 log meter candle seconds.
point on the 1414 gensiiometfic curve. Figure 3-38 fliustrates the initial recommendation.

3.10.3 Description of the Method of Camera Exposure Analysis.

The {rames to be analyzed were selected by the NPIC Tiger Team. The sélection eriferia included

the fqil_qw_ing features:

A. The Irames have as much cultural detall ag possible,

B. The frames cover a wide range of solar altitudes.

C. Frames wih apparent deficiencies in exposure, regardless of the amount of culbure
present.

After subjective analysis,. the selected frames were then seanned with a microdensitometer
collecting an average of 1,000 contiguous data points per scan. The data was processed to cbtain hoth
density and log radiance distributions, The mean polnts of the distributions are used to determme-gene_ral
exposure adequacy: however, the 5% and 95% frequency of occurrence levels are alsp examined io deteriine
the position on the curve of shadow and h’igh’light detail, With regard to the mean value, the 'expet:‘iexl
accuracy of the determination for.a single measurement of suitabile culture is #. 10 log E from 4 predicted

valug.
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3.10.4 Comments on Apparent Exposure Deficiencies

The majority of frames which appeared grossly overexposed were from the Forward Camiera and
contzined specular reflections. These reflections were efther due to the material of construction, shape,
and orientation of objects (atrevaft in particular) for which litfle corrective action can be tzken; or
due to the specular component of reflectance of objects in general which is the more severe of the two
effects. 'The position of occurrence of the later effeet is predictable in relative severity; position in the ‘
frame, and latifude, This subject is dealt with in more detsil i paragraph 5. 8 of this report.

Appareni underexposure was typified by frames containing a scdrsity of culfure, generally those
which were heavily furested No cases of gross underexposure were found,

3.10. 5 Exposure Experiment

-Stepped exposure experiments were conducted during Ops 34 amd 53, The exposuré increments
were . 195 log E, extending to +1 Btep on either side of nominal. This experiment also gives some
appreciation of the precision and accuracy of the density distribution analyeis, This data is presented in
Figure 3-37.

Subjective examination of the materlal indicated a _reduction-in exposure would be possible, but-
rict to the extent of 1/2 Stop, sinee it was felt the shadow recofd was beginning to suffer at that level.
The average mean for the nominal exposure fell at a danaity of 1. 16, the aim density being 1. 00, this
agreed with thé subjective mtysis recommendation that a slight exposure reduction was needed.

With regard ig the precision of the microdensitometric analysis; Table 3-34 lists the A log E's
relative to the nominal exposure for the programmed and average measured increments. It should be
noted that the average for the largest departure of a single measured mean from iis group mean i5 -. 03,

TABLE 3-34
MEASURED DELTA LOG E'S RELATIVE TO NOMINAL EXPOSURE

Programmed Average Measured Singlie Mean
-.30 -. 27 -.15
-.15 -. 09 _ -.07
0.00 .00 +. 18
+.15 +. 18 +. 06
+.30 +.26 <. 05

In summary, the experiment suggested a slight exposure reduction would benefit the mission
imagéry. U aleo indicated that the precision of the anaiytica_‘l method and the combined acouracy of the
predicted exposure recommendation is adeguate. This ie especig.lly true when it was found that frames
with "sufficient cultural detail for measurement,™ could not in all instances be located.

3.10. 6 Camera Exposure Adeguacy a8 a Function of Solar Altitude

A-high percentage of the frames in RV-1 were taken above 2 solar altitude of 55°, thus it was
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difficult to locate suit_éb]e eulture at the lower solar altitudes. This was compounded by the fact thal the
lower solar altifudes of a June .miss;ion are at very high latitudes where culture fends to be sparce.
However, if was determined that reasonably good culture was locatad down o aprx §° golar altitude,
Figure 3-38 illustrates the resulis of the density fréquency distribution analysis. The largest Alog E
between the mean of any one solar altitude group and that of the mean of another group, does not exeeed
. 13 log meter candle secconds,

3, 10.7 Exposure Adequacy as & Function of Scan Angle

Frame 023 of Op '1&5,- on tioth camerss afforded an excellent opportunity to examine camera
exposure as a function of scan angle. Both frames contained a series of small cities and towns across a
right-looking 50° scan, -30° center relative to the flight direction. The results from the density disteitu-
tion anatysis are illustrated in Figure 3-38. For a particular unit, the A log F between any individual
mean and the mean for the unit, does not exceed .06 log BE. This agrees with preﬁriuus-daﬁta from:
panoramic-type camera systems, and suggests that 3 single camera exposure level gives essentially the
same mean log exposure value throughott the frame.

3.10.8 Comparison of Exposure Between the Forward and Aft Camera Units

“The mean scene density averaged for all [rames analyzed in RV-1 resulted in . 99 for the Forward
and 1, 17 for the Aft. This is a significant difference when comparing i to a standard deviation of the
mean of . 031; however, it is only 2 Alog E of . 09 in termns of exposure. The AD between the 5% and 95%
points was av'.eraged over ail seanned frames. “The averall difference in d&nsif‘y scene range between the
Forward and Aft Cameras was . 17 the Forward unit belng greater. This indicates theve is a slgnificant
difference when compared o a standard deviation of the mean A's of . 031, This could be _a.nti:_:ip_ated,
as the Forward Camera looks info specilar reflections and object shadows, which both tend to extend the
scene range over thal seen by the Afl Camera unit.

The fact that the Forward Camera looks irito the shadows is also consistent with the observed
slightly tower mean density, in that, shadows would tend to bias the mean downward.

3.10.9 Evaluation of Density Distribution Data
Anzlysis of the combined distribution data before the exposure change indicates the mean density

was appraximately 1. 06, see Figure 3440, Since the subjective analysis of the material alsc inidicated =
sllght reduction i exposure wag possible, the decision was made fo reduce the exposure time by . 2 Stop
(.06 log £). The exception to this change was determined from subjective analysis of low saiar altitude
aequisitions. Presence of snow and lce complicates analysis by densitometric means, It was felt that a
correction below 10° solar altitude might eliminate some shadow detail, thereforg, the change was
implemented above 10° solar altitude only.
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3.10.10 Analysie of Post Exposure Change Acguisitions

Figure 3-40 {llusirates the results of density frequency distribution analysls for photography

accomplished subsequent o the exposure change, The mean density fell from 1.06 to . 92 {Alog E of . 06},
which iz precisely the programmied ehange'_. ’

The 5% Irequency of oceurrence potnt did not fall below a density of . 40 in any of the scénes
measured after the exposure change. The roean 5% point for the group fell at a density of .59. Past
experience has shown that the 5% frequency polot for a total seene distribution is extremely close in
density to the mean of a distribution messured entirely within chject shadows. Hadiances recorded below
the mean shadow radiance generally do not contain much information, due to the extremely low contrast.
A shadew distribution was measured in Frame 003, Op 109, prior to exposure ch;mge. The shadow mean
density was .72. The average 5% value after the exposure change of . 59 is entirely consistent with the
programmed exposure change {, 06 log E}, since it amounts to 3 log E reduction of approximately . 07.

3.10. 11 Comments on the Shape of the Luminance Frequency Distributions

Preliminary examination of the scene radiance distributions suggested that the shapes of the
distrivutions were semewhat unusual, However, examination of synthesized and actual radiance dis-
tributions, indicated only that the shape was normsl for higher than average haze levels. Examination

of the minirmims of the ridiance distributions gave a haze radiance velue 1. 3 Hmes higher than the vearly
average as measured in the U. 8. A. From this, it was deduced that the transmittance of the atmosphere
was probably 10% lower than the vearly 'aﬁ'erage...vaiue-for the U.8. 4, Comparison of g distritnition
synthesized {rom this data, to actual distributions from the mission, indicated good agreement.

3.10. 12 Coneclusions ‘

A. The camera exposure, as modified, was optimum for the mission even for frames acquired
under very clear atmospheric eonditions,

B, No cross-frame exposure anomalies were exhibited,

€. Most differences encountered were within the .10 Iog E analysis/prediction error anticipated

B, & was détermined thal no exposure adjustment was required between the Forward and Aft
Cameras.

E. The resuits from the exposure algorithm are consistent through the adlar altitude range
encountered on Mission 1201, |

3.10. 13 Reccmmensations

The lack of date at the lower sclar altitudes, precluded a thorough analyasis. A more complete

analygis should bé condudted.
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3,11 MISSION 1201 FILTERS
3,11, 1 Introduction
Mission 1201 was flown with a Wratten 2E Filter on-the Forward and Wratten 12 Pilter on the Aft
Camera. The principal difference between these filters is that the Wratten 2E has a eut-off wav:(zlength.in
the biue region of the spectrum approximately 80 nanometers lower than the cut-off wavelength of the
. Wratten 12, .
The basic design of the KH-8 System filtration was delermined on the basis of SG-380 Film and
an atmospherie motdel contained in the Perforipance Specification (SP-621-001-C). The opticn of 2
selection of any specific filter was included in the design by means of a ground (preﬂig_h_t} interchangeable
filter. Thus foy Missions 1201-1206 the {inal selection of the flight filters is a preﬂigi"nt.decision. The
decision to change from a Wratien 12 to a Wratten 2E filter was based upon two considerations. They are:
A, Mission 1201 was flown with Film Type 1414 instead 01; 80-380-as originalty planned.
Since 1414 has less sensitivity in the wavelength region of 400 to 500 nanometers and an effectively faster
film speed, a filter change appeared desirable., Another benefit of the change of film type is the decreased
curvature in the focal plane.
B. Chamber A acceptance testing showed severe cross-track smear on the Forward Camera.
The r_ii__rn and camera manufacturers conducted studies which dealt with atmospheric attenuation versus
smear tradeoffs and concluded the Wratien 2F Filter would be more beneficial for overall perf_ﬁrmanée.
Subsequent testing in Chamber A-2 with the Wratten 2E filter was reported inthe SN-003 Flight Readiness
Report. This report conciuded:

" genéral the performance of the Forward Camera, particularly in the cross-track
direction, hzs improved since the original Chamber A acceptance tests, This improvement in cameéra
resolution is probably attributed (o the use of a Wratten 2E Type Filier which allows use of shorter
exposure tines than the Wratten 12. It should be pointed out that servo électronic box changes were miade
in the {ield which algo have been shqwn on subsequent flight models {o improve the cross-track smear.™

3.11.2 Cimera Performance Analysis

The predicted camera performance is based upon optical performance, image motion, anmd dynami
focus. The optical performance {5 obtained by testing each optical bar interferometrically at a single
wiavelength and computing 2 polychromatic response. The speciral sensitivities for each filter/Hlm
combination are given in Figures 3-41 sind 3-42. Based upon this computation the expected tribar
resolution for each of the camera’filter combinations is oltained by intersecting the optical bar modulation
function with an aerial image 'mdd_matiun {ATM} curve. The results of these compuistions are shown in
Figures 3-43 and 3-44. These plots show tribar resclution as 3 function of féeus position, They also
present the resolution change as a function of target contrast at the entrance pupil of the camera. The

interesting thing {0 note is the difference in performance with the different fiiters. It shows an axpected
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FORWARD CAMERA STATIC RESOLUTION PREDICTIONS
WITH WRATTEN 12 FILTER
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FORWARD CAMERA STATIC RESOLUTION PREDICTIONS
WITE WRATTEN 2E FILTER
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koss of 10 ¢ycles/mm as one changes from a W:_fatten 12 Filter to 4 Wratten 2E for the same target
contrast., This 18 trie only at the position of best focus,  The difference decreases with defocus,
‘These plots eontain no image motion. The effect of 2 fixed amount of image motion on camera per-

- 'formance 1s shown :in-Figu:e 3-45, Here the polnt to be poted is that as the amplivde of smear
increases, the difference between periormanece decreases for the same target contrast, Finally the
change from a Wratten 12 to 2 Wratten 2E Filter results in a decrease in exposure time or the amount
of smear the camersd would see during an exposure. Fipgure 3-46 shows the exposure recommendations
implemented on RV-2.

If the contrast at the entranee pupil of the camera is esgentially the same for each filter and the
smear amplitude is large, then the Wratten 2E performance will be as good if not hetter than the Wratten
12 Filier.
3.11.3 Mission Flight Resulis

Several technigues were used to. measure ceontrast, This data is reported in more detail in

paragraph 3.4.8. Table 3-35 is.an entract from the compléte set of data. The purpose of showing this
particular set is not to show thé absolute magnitede of contrast but to show the difference between the
contrasts obtained with the Wratien 12 and Wratten 2E filters. The conclusion is that the contrast
resulting from both filters is virtually the same.

TABLE 3-3)

TRIBAR CONTRAST FROM GRAY PANEL

N Frame Contrast

Rev Cperation Fwid/Alt Wratten 28 Wratten 12

6 5 ' 028/029 1. 65 1.51

18 5 048/048 1.66 LT

az 11 608/008 1.83 2.13

32 17 055/056 1.48 1.48
129 120 018/018 1. 87 1.79
129 120 825/0268 1.178 1.73
128 120 028/027 1.69 1. 70
145 145 012/012 1.87 1,63
435 384 002/003 1,62 1.53
484 409 001,/002 1.73 1.5%7
484 409 001,/002 161 1.71

1.70 1. 68 Averages
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Paragraph 6-1 of this report contains an analysis of line targets from which the smear for
Mission 1201 was deterinined. It is estimiated that the Forward Camera average in-track asd ¢ross-track
smear for the samples analyzed is approximately 4 microns and 6, 5 microns respectively. Table 3-36
shows the predicted smear for a Wratter: 12 Filter, This table also shows that there is better performance
with the Wratten 2E Filter than with the Wratten 12 Filter.

TABLE 3-36
PREDICTED SMEAR
Mezsured Smear 1mage Compuied Smear Predicted Resolution
Wratten 2E Velocity Wratten 12 ‘Wratten 2E Wratten 12
Direction {microns) {inch/sec) {microns) {c/mm} {c/mm)
In-Track 4.0 i ki : 4,8 154 149
Cross-Track 6.5 .2 1.5 108 i03

3.11.4 Subjective Analysis

in subjectively analyzing the dupe positive it was determined that the tmagery appears (o be
essentidlly the same {rom the two different camera fitters. There are lotal areas wherd one recard séem
to produce more contrast than the other, however; these are minor considerations when compared to the
total mass.of similar responses.

The oiie area of noticeable contrast differenee is found in the recording of vegetation. Tree-to-
background contrast is slightly higher for the Wratten 12 Filter, The cut-off for ihis filter is higher tn
the response carve for vegetation whichk resulted in a small increase in contrast.

‘Having broad band spectral coverage has decided advantages in reconnaissance photography, i e.
ohjecls are rebdered in a miore natural tonal relationship. Inelision of the blue and biue~green bands
provides a bonus in recording vegetation and illing in shadows which normally are veld of significant.
detail. There were no differences in the photographic resolution which could be directly atiributed to
gither filier being used,

3.11.5 Conclusions

A. Estimates of smear cbtained {rom Hne analysie indicate that the Forward Camera benefitted
[rom the use of the Wratten 2E Filfer,

B. There is very iittie i any contrast loss due io contrast attenuation by haze between the
fidtere.
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3.11.6 Recommendation
hﬁsgiﬁn'lzo_l demonstrated that use of a Wratten 2E Type Fiiter on the Forward Camera with
parrow siit widths does. not deteriorate operational photography. In fact, the real possibility exists that
some performance improvement can be gained with shorter wavelength cutoff filtration, especially with
wider slit widths. Mission 1201 is scheduled for flight in the winter with low solar altitudes requiring
‘wide gl widths, TIn ordeér to be cerialn that the baseline Wrattern 12 Type Filter can be replaced by the
2E Type without loss o the operations) image quslity, # is recommended that for Mission 1201 the Forware
Caimerg be-fitted with & Wretten 12 and the Aft with a Wratten 2E Type Filfer.

3.12 INTERFACE SPECIFICATION EVALUATION
3. 12, 1 Introduction
‘Tke conformance of the sssociste contractors to the Interface Control Document (ICD) require~
ments was evaluated, The Hmitaticas on diagnosiic Instrumentation and the loss of some flight TM data
has restricted this effort to'sn évaluation of the more contentious areas of the past four years and has not

permitted a polnt-to-point comparison of every ICD, In particular, the following group of ICDs were
addresaed:

A. 1420304  SBA/SS Flectrical Power
1420358  SS/RV Electrical

B. 1420316  SBA/SS Thermsl
1420357  SS/RVY Thermal

C. 1420314  SBA/SS Structural Environments
1420381  SS/RV Structural Envirenments
1420318 BV Allgnment

D, 1420313 BBA/SS Mass Properties
14206358  8S/RV Mass Properties _
1420317  SBA/SS Attitude Disturbance & Control

The purpese of this review was to determine if the ICD limitations had been exceeded, and to

determine If the ICD requirements were unduly conservative and should be relaxed.
1.12.2 Elecirical Power (ICDs 1420304, 1420355}

In order to determine the on-orblt electrical power eonsumption of the Sensor Subsystem (SS).
during the mission, Satellite Basic Assembly (SBA) bus voltage and eurrent dats was retrieved and
‘anatyzed for 11 of the 19 available data tapes. In general, the data obtatnied from the tapes was exception-
ally good during the 'phoio mode but in most cases the start-up or shutdown sequence data was not on the

tape. Since the stari-up snd shutdown datas was not available, comparison of sensor power consumption
with ICD values was not posaible in all eages. The power requirements were determined by answining
that the SBA load remiained constant dux?hng- camera operation and was equal to that which appeared on the
5BA electrical bus fust prior to Measurement Filter Assembly (MFA) turn on, This value was then

3110
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subtracted from the SBA bus load during BS operation. Some dicrepancies sceur in the reduced data,
1t is believed that the diserepancles are cdue primarily to fhe fact that the SBA loads are probably not
constant during S5 operation.

The primary variables affecting 83 power requirements are scan angle and amount of film on the
Supply Unit (SU) and Take up Unit {TU). Since data was not available'for all possible combinations of the
above parameters, the data shown in Table 3-37 was analyzed in an effort to obtain a representative cross
section. The effects of SU and TU load were obtained by reviewlng the 60° sean angle data from
beginning-fo-end of the mission. One run of each of the.other 3 sean angles was analyzed to determine
power consumption as a functicn of scan angle. The maximum allowable power ¢onsumption limits
specified in the §5/SBA power ICD 1420304 is specified at.a Vx/h of . 052; therefore, -the power cohsumptit
in all cases is Jess than the maximum speciled in the ICD.

TABLE 3-37

FILM/SCAN ANGLE COMBINATIONS

Sean Angle Take Up

Rev (degrees) Unit
ET) 0 1

49 80 1

90 30 2
160 . B0 2
242 &0 3
478 80 4
484 &0 4
4083 Op 1 120 4
493 0p 2 B0 4
493 Op 3 80 4

Bus voltage maximum, minimem, 85 ripple currest, and SBA ripple voltage are given in Table
3-38. The peak and aversge power consumed by the BS for the various uperating modes are given in
Table 3-39,
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TABLE 3-38
BUS VOLTAGE
Parameter Rev Condition Value iCp
SBA Only 30, 81 33
MFA: On 30,79 33.
Voltage _ _ _
Mazimuem 484 OB Accel, 30,11 a3
Ovserved FT Accel. 30, 11 33
P Mode 30. 06 33
Voltage 5BA Only 30.5 no.req
Minimum 493 FT Accel 23.4 24, p%
Observed P Mode 28,0 24,0
Ripple _ | .
Current 1€ P Mode 10, & amps 25 ampe P-P
Maximuim P-P
o . 484  8BA Om .05 VP-P 3250 B-P
Maximum Bus . Y o
Ripple (85 Not 478 SBA Only 3,5 Amp P-P  not specified
Operating)
¥ Including ripples.
TABLE 3-39

ON-ORBIT ELECTRICAL POWER REQUIREMENTS

‘Sean Angle ‘Watts Peak Watte Average
Condition/Status {degrees): Rev  Mission  ICD{max}  Rev Mission  ICD{muax)
~ PNU, MFA _
Environments 478 89 204 476 30 134
Start 30 o0 788 1587 - - 1300
80 478 891 1634 40 848 1340
50 18 975 1664 - - 1380
120 493 838 1710 - - 1440,
Operate 30 258 973 1638 258 801 1380
80 476 904 1713 476 787 1440
80. 18 1076 1728 18 817 1480
120 483 805 1820 493 776 1551
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TABLE 3-38 ({CONT'D)

ON-ORBIT ELECTRICAL POWER REQUIREMENTS.

_ Scar Angle - Watts Peak ~Walis Average
Condition/Status {degrees) Hev Mission  ICD{max) Rev Missicn ICD(max}
Stop- 30 258 873 1389 - - 1542

60 40 1031 1888 - Ti0 1547

8- 16 1115 1888 16 887 1564

120 493 891 1943 - - 1588

Standby - 453 T8 1135 - NA NA.

Since avzilable data was not suffigient to compute peak and average power for both bepinning amd
end of mission, available numbers are compared with the maximum ICD values only. All measured values
are within the ICD and therefore no violations of the ICD af maximum values of Vx/h aeourred,

3,12.3 Interface Specifications (ICDs 1420316, 1420357)
A cheek of telemctry femperature data in reg_ax_-d_s to compliance with the thermadl interface

specifications was conducted at several sélected points in the mission.

Table 3-40 compares flig_h_t data resulis and interface terpersture requirements for a typieal
day during the mission. The table shows most of the temperature requirements are being satisfied
with marging considered more than adequate. ‘The spatial variations of temperaturés in the Two Camera
Assembly (TCA} Forward bulkbead and SU zones 1 and 5 were close to and in some cases exceed the ICD
values. These slight violations of the YCD are not considered to be significant,

Figure 3-47 ploks significant Mid-section ftemperat’i:res occurring during a 30 'day' period.
The thermal environment provided by the SBA to the S5 was very close to a mean temperafure of T0-F,
tlie nominal value, throughout the mission. ‘

3.12. 4 Structural Environments {ICDs 1420314 and 1470361)

The evaluation of the structural load resulting from the ascent environment, pyro shock at
shroud separation, and take up separation and recovery was severely eurtalled by the lack of useful TH
data. As a result, only a qualitative asgessment of the questionable areas rould be accomplished.

The absence of any ilm path problems which could have had any eonrection with {flm path
alipnment ;- and the lack of pressure or light leaks i3 substantial evidence that the structure was not over-
siressed.

The supply and supply steerer p_erin'rm_ed prupi'erly’ throughout the migsion,

The survival of the Take up Beryliium shafts through both air and water revovery has alleviated

the concern whether or not the shafts would stand the Teécovery stress.

Handle via Swhewiitepiohe | 3-113

Controls Only _
Approved for Release: 2022/03/03 C05132845




Hondie via™N 1ole

TCS 354016-71 Conirols Oaly

POST FLIGHT ANALYSIS REPORT
1201 =

TABLE 3-40

THERMAL INTERFACE COMPLIANCE

REV 189.9
Interface
Requirement Margin
Item. Zone {°F) Flight ¥
Trea ™ Tsu +6 2.0 4.0
T - T _ ’
(T +20 2.5 17.5
Trca G+ 21 72,1 18.9
Variation of Mean 1-4 9 4,9 4.1
Temp Between Zones 2-3 & 4.8 1.4
1-2, 3-4 4 2.2, 2.5 1.8, 1.5
Blk'd to Blk'd i z. 8 3.2
Variation of Average 1,4 11 7.8, 4,1 3.1, 6.9
TCA —|Temp Within a Zone 2,3 9 5.4, 5.3 3.8, 3.7
Fwd Blk'd 5 4.4 0.8
Mid Bik'd 17 12.9 4.1
Peak to Valley Time 1.4 45 ) A 3, 158.0 34,0, 31,0
Temp Variation z,3 20 2. Q_, 2. O i8. 0, 180
Within a Zone: Fwd Bik'd 5 4.0 22.0
- Mid Bik'd 57 17.0 40.9
1-3U 70 + 23 74,1 18.9
Varialion of Mean. 1-4 57 33,7 23.3
Temp Between Zones 2-3 30 19.5 10.3
1-2, 3-4 g 5.8, 8.4 8.2, 7.6
Blk'd to Blk'd 4 12 2.8
2-5, 3-5 - 16 9.8, 9.7 6.2, 6.3
Variation of Average 1,4 19 20.5, 2.5 ~1.8, 16. 58
SU -4 Temp Within a Zone 2,3 11 6.1, 2.1 4.9, 8.9
5 1 0.2 0.8
Aft Blk's 35 22.1 12.9
Peak to Valley Time 1,4 128 4.0, 4.0 84.0, 64.0
Tenp Variation 2,3 47 3.0, 8.0 44.0, 39.0
Withina Zone 5 ig 1.0 15.0
- Aft Blk'd 83 13. 6 40.0
T _ -
FS a0+ 23 T4.6 18.4
Max Variation of Mean _
FS —Temp. Between RV 4-3{RV-4) 50 8.4 4D, 6
Zones
hax. Path AT 12 0.2 118
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3.12.5 Mass Properties and Attitude Disturbances (ICDs 1420313, 1420317, 1420358)

The flight diagnostic data allows an evaluation of three areas of concern under the general topic
of mass properties and attitude disturbance. These areas are the Take up film load, sensor generated
disturbances, and SV altitude conirol. The details of the analyses are conizined in the following sections
with the result that all performance is well within the ICD reguiremsents.

2.12.5.1 Take Up Film Load Accuracy

The amount of film on each Take up was predicted prior to recovery both by monitoring the
Take up radius measurement, and by integraling the footage moved by the metering eapstan. The
predictions were compared with the film fogtage and weight removed from the Take up afier recovery.
The valies are given in Table 3-41 which shows that the ICD velue of 14, 3 poundds was not met in one case.
The "as measured” weight is suspect as several individual weighings are required to determine the film
weight, Further a procedural error is suspected for RV-2.

3.12.5, 2 Sensor Generated Disturbance

The obiective of this analysis is to compare the performance eriteria epecified in the
disturbance ICD for mechanically induced disturbances, with equivalent disturbance calculations made
using TM performance data, Specifically the disturbaxice criteria checked out in the ICD include the
mechanical disturbance characteristics that can be checked cul using TM records over the limited time.
range of the test sample. The calculated disturbances are assumed to be caused by the five Iargest
momentum producing system components and are categorized for ICD comparison PUTPOSES as fu_liow_s:

A. SU disturbances
B. TU disbarbances
C. TCA disturbances (Optical Bar, Platen, and Liooper)

These disturbances are caleuiated using assumed mass property characteristics for each
component, and rezl time TM data on the velocity history of each éumpo_nejnt diring the test sample. This
is done uslpg the Vehicle Disturbance Program {(VDP! which calculates for each component and the sum
for the Forward and Aft Cameras, pericdic force and torgue, acceleration torque, and torque zbout the
Ceﬁ&er of Gravity (CG) caused by the periodic forde. From these calculations of the ICD specified
eriteria for steady operation; L e. , unbalanceéd momentum flugtuations, periodic torque and momentum

fluctuations for stari/step operation.

3.12. 5.3 Selected Performance Tapes
The data selected for analysis is listed in Table 3-42
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TABLE 3-41

fpugy sposuosy
—fOUbD i, T)5 SIPUOH

TAKE UP FILM LOAD ACCURACY

TM Data Radius Radbus Pred Measuced MC TM Data MC Pred _
Take up Measurement Wetght Welght Error, Length of Fllm Welght Efror
Czmera {inches) {pounds) fpounds) {pniinda) {faot) (pounda_) tpoundi)
RV-1/Fwd 15. 18 180.0 161,0, “1.0 20,489, 180. 4 -0, 8
RV-1 Aft 14. 99 155. 8 158.0 -2.4 20,033 156, 2 -1.8
RY-2 Fwd 18. 60 208, 4 207.0 0.8 26,094 204, 5 -2.5
TRY-2 AT 18, 58 205.0 2110 +8.0 26,184 204.0 . -7.0
RV-4 Fwd 12. 88 99,5 104.0* -4.8 13,044 102, 2 -2 1
RV-4 Aft 12. 89 89,5 100.0 -0.3 12,758 99,5 -0.3

“Measurement procedures are suspect:
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. TABLE 3-42

DATA CYCLES FOR DISTURBANCE ANALYSIS

Tape Rey ‘Fake up Cyeles Description
MT1181 18 1 1-30 Btereoscopic start-up with
photographic mode.
039_9= 487 4 270-292 Monoscopie shutdown,

The distirbance data obtained from these runs is compared with the ICD specification for mono and
stereo periormance shown in Tables 3-43 and 3-44,
” TABLE 3-43
ICDREQUIREMENTS FOR STEREQSCOPIC OPERATION

. _ _ ICH ICD Requirements
Mode Description (Units} Paragraph Roll Piteh Yaw
STEADY Unbalince Momentum (£ 1bs sec) 3.2.2 & 32 20
Momentum Flux (it Ibs sec) 3.2.3 1.4 16.5 22
" Pericdic Force SU (1b) 3.2.4 - - 2.06
Periodic Force TU (ib} 3.2.4 0. 96 - -
Periodic Force TCA (ib) 3.2.4 2,50 - 0.42
Periodic Torgue SU {ib %) 3.2.5 1.44 8. 67 -
Periodic Torque TCA (Ib It) 3.2.5 3.85 0. 80 -
Low Frequency Torque {Ib #t) 3.2.8 0.02 .12 4.02
START Total Torgue {Ib it 3.2.6 0.5 2.5 1.8
Torque SU {Ib ) 3,26 - 2.5 .
Torgue TU {ib i) 3, 2.6 - 0.3 -
Torque TCA {1b i) 1.2.6 0.5 - 1.6
STOPR Total Torgue {1b ft} 3.2.6 16,8 2.5 4,1
Torque SU {Ib ft} 1.2.6 - 2.5 -
Torque TU (ib it} 3.2.6 - 0.3 -
Torgue TCA {Ib It} 3-{2. 8 16.8 - 1.1
START/ Momentum Flux SU {ft tbs sec) 3.2.8 - %3 -
STOP Momentura Flux TU {ft Ibs sec) 3.2.6 - 6.6 -
Momentum Flux TCA (R ths sec) 3.2.6 1.2 a 0.2

NOTE: Al start/stop mode values are speciflied within 2 0. 6 second interval.
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TABLE, 3-44
ICDREQUIREMENTS FOR STEREQOSCOPIC OPERATION

ICD D Reguirements
Mode . Description (Units) Paragraph Roll Pitch m
STEADY Unibalance. Momentum (ft 1bs sec) 3.2.2 55 280 10
Momentum Flux (it lbs sec) 3.2.3 1.6 8.2 T 11
Perizdic Force SU {ib) 3.2.4 - 1,09
Periodic Foree TU (1o} 3.2.4 0.48 - -
Periodic Foree TCA {Ib) 3, 2.4 1. 25 - 0. 21
Periodic Torque SU (1b ft) 3.2.5 0.72 7.186 -
Periodle Torgue TCA {Ib &t 3.2.5 3.15 0,40 -
Low Frequency Torgue (Ib ft) 3.2.8 0. 03 0.10 6.12
START Total Torque {I {t) 3.2.6 5.0 20,0 1.0
Torque SU{Ib ft) 3.2.6 - 20.0 -
Torque TU (b ) 3.2.8 - 2.5 -
Torque TCA (1 1t} 3.2.8 5.0 - 1.0
STOP Total Torgue (Ib 1t) 3,2.6 18.8 20 3,0
Torgue SU {Ib-1#) 3. 2.6 - 20 -
Torgue TU {Ib it} 3.2.6 - 2.5 -
Torque TCA (1b ft) 3. 2.6 16. 8 - 3.0
START/ Momentum Flux SU (it Ibs sec) 3.2.8 - 1.3 -
STOP Momentum Flux TU (ft 1bs sec} 3.2:8 - 8.0 -
Momettum Flux TCA (it lbs sec) 2.2:8 0.8 - 0.1

NOTE: All stirt/stop mode values are specified within a 0. § second interval,

3.12.5.4 Mass Property Characteristics

Table 3-45 lists the ageumed mass property and alignment characteristics. Path
characteristics for both cameras ave assumed ientical with the spin axis misalignment for the Forward
and Aft having cpposite signs. Table 3-46 lMats the vehicle OG and TU location where TU-1.and TU-4 are
used in the test.
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TABLE 3-45

ASSUMED FORWARD AND AFT CAMERA MASS PROPERTY CHARACTERISTICS

i Component ]
_ _ Supply Take Up Optiecal _

Deseription (units) Unit Unit Bar Platen Looper
Mass (1b sec”/ft) L& 0.8 17.18 0.758 0. 077
Ine¥tia Principie {ft Ib seczi 2.05 0,35 16.7% 0.08. -

Product (it Ib sec_z} 0. 802 0.01 0. 018 0 .0
Mass Offset Radial (inch) G. 025 0. 025 0. 006 0. D015 -
Offset Axial (inches) 3.3 3.3 L0 0.01 0.5
{Raference Axis)
Spin Axis Misalignment _ o .

{radians} +0. 0043 +0. 0043 +0.00174 0, 00147 +0, 003
Orathoponal to _

Spir Axis (radians) +0,0029 +0. 0029 0,174, +0. 174 20, 003
TABLE 3:4%
CENTER OF GRAVITY AND TAKE UP
REFERENCE AXIZS POSITIONS
- Vehicle Axis Positions Test
Description X ¥ Z Rev
_Veha'ci_e CG Posn {TU-1) 1@3‘- -0_;__2 2_ g ?
TiU-1 Location A 1676 -4.55 24.9 16
TU-1 Location B 16%6 +4.55 24.'9 16
Vehicle CG Posn (TU-4) 2024 -0.4 1.4 487
TU-4 Location A 1871  ~4,55 24, 8 497
TU-4 Locaticn B 1871 4. 55 24. 9 497

3.12.5.5 Analysis Result.

The analysis results for the Eteréoﬁcqpic and monoscopic cases referenced. in Table 3-42
are presepted in Tables 3-47 asd 3-48, 'The tables show the test resulis and are keyed o the ICD reguire
ments shown in Tables 3-43 and 3-44. The test cycle column shows the beginning and end of the analyzed

section of data.
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A. Stereoscopic Stari-up
Because the model bas assumed equal Forward and Aft Camera jnertias, the
disturbanée properties in geneéral are lower than the requirements as shown .by_.T_a]_ale 3-47. The values.
noted by an asterisk deésignate those. properties which calenlated as lower, e. g., the total torgque for roll
snd pitch during start-up is lower, and reflects the product of inertia effect on start-up. The total yaw
torque, however, is dominated by the rate of change of the uabalanced OB yvaw mo_mgntum:vectﬂz_'; This
yahie i8 near the ICD stated value.
B, P Mode
With reference to Table 3-47 the P mode terms show essentially the same results.
The acceleration torques SU, TU, and OB are reduced small values, and the disturbance torque ton-
tifbutions are cansed chiefly by the product of inertiz and mass unbalance forces acting about the center

of gravity. _
TABLE 3-47
REV 18 TEST RESULTS OF SENSOR START~UP
AND STANDBY OPERATIONS
_ ICD ICD Requirements Test Cyeles
Maode :Description {(anits) Paragraph Rall Pitch Yaw Begin Eﬂ.‘.id

STEADY  Uabalance Momentum (£t lbs sec) 3.2.2 .30 8.12 145 14 18
‘Momentum Fhag {ft lbs med) 3.2.3 .08 2.01 .14 14 18
Periodic Foree SU (Ib) 3.2.4 - - .15 14 18
Periodic Force TU (Ib) 4.2.4 L0651 - - 14 18
Periodic Force TCA (th) 3.2.4 02 - .10 14 18
Pericdic Torque SU {(ib #) 3.2.5 .06 80 - 14 18
Periodic Torque TCA (1b ft) 3.2.5 . 10= . 30 - 14 18
Low Frequency Torgue {1b ft) 3.2.8 0 ] 0 14 18
START  Momentum Flux SU (it lbs sec) 3.2.8 - 025 - 5 12
Momentum Flux TU {it Ibs sec) 2.2,6 - .48 - 8 12
Momentum Flux TCA {ft lbe sec) 3,26 , 42 < 1.2 2 4
Total Torgue 3.2.8 .06 .9 - 8 12
Total Torque 8.2.8 = - 1.8 2 4
Torque U {Ib £t) 3.2,6 - .82 - 8 12
Torque TU {Ib £t) 3.2.8 - .38 - 8 12
Tarque TCA {1b &) 3.2.8 .30 - .92 2 4
Handle via TolenT = oyinsie— L . 3-1
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. Monoscopic Shutdown

The monoscopic cases shown are shutdown with the Aft Camera operatignal while

the Forward Camers is shutdown, see Table 3-48; These cases show 10% to 20% higher total pitch torque
contributions than the specification allows. This conclusion is the result of caleulations and not direct
inflight méasurement and 18 known to have been within the capability of the Attitude Control System (ACS)
to aecomodate. The momentum fiuctuation terme inthis case were difficult to neeess because of the
large ‘absolute value, and re_pre’sent the best estimate. away from the nominal shutdawn'traimlenf value,
In general, the vehicle disturbances caused by mono aperéiion were much lower than expected.

TABLE 3-46 -
REV 497 SENSOR SHUTDOWN

ICD ICD Requirements Teast Cycles

Mode. _Descriptian funits) Paragraph Rolt Piteh YEE ‘Begin Eﬂg
STEADY  Unbalance Momentum {ft I sec)  8.2.2 32 22.4 6.0 270 270
Momentum Flux SU (ft ibs sec) 328 - 3.0¢ - 278 282

STOP Momentum Fhex TU (ft 1bs-sec) 3.2.6 - .8 - 278 282
Momentum Flux TCA {ft Ibs sec) 3.2,6 1.3* - 1. 0% 278 282

Total Torque (Ib &) 3.2.6 8.9 29.4 1.6 278 282

Torque SU (1b ) 3.2,8 - 28, 4 - 278 282

Torgue 'TU (b f) 3.2.8 - 2.1 - 278 282

Torgue-'TC'A {1t £} 3, 2.8 B. B - 1.6 278 282

3.12.6 Satellite Vehicle Attitude Control
The abillty of the ACS to maintain the vehicle attitude within the required bounds was evaluated

for both monoscopic and stereoscopic operation. The ICD values and the largest errore of the orbits
pvaluated areé given in Table 3-49, All megsurements are well within the ICD vonstraints.

TABLE 3-48
BATELLITE VEHICLE ATTITUDE CONTROL

Fine Atfitude Control

Attitude Bpec Values Monoscople Sterecacopic
Error {degrees) I Rev Measured Value | | Hev Measured Value
Roll 8, 70 487 0.118 493 (Op 2) 0.325
Piteh 0. 70 - Horizon Sensor 484 C. 168
Ot
Yaw +0. 89 487 D.1385 484 0,718
Handle viafoiem=itephwion B o 317
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'TABLE 8-485 (CONT'D)
SATELLI-T_E‘ VEH_IC'LE' ATTTTUDE CONTROL

Satellite Vehicle Rates

A;:tzi':f:'e (ggg:ég:j:i) I Rev Méﬁ:z:s?izdfvalue_ l | Rev .Ster?\.‘d}::.:zi;d Value
Roil 0. 021 497 ¢. 009 16 0. 6077
Pitch 0. 014 497 0. 009 493 (0p 3) 0. 0056
Yaw 0. 014 497 Date Days Out 484 g.o112

‘The stereo rates were evaluated for 4 operations (Revs 16, 484, and 493-Ops 2 and a)..

3.12.% Conclusions

A.  Although some insignificant viclations of requirements were cbserved specifically in the
thermal area, the general result was that the ICD requirements are conservative..

B. With fow minor exceptions, the data indicated that all 8S thermal interface requirements
were met.

3. 12. 8 Recommendations

A. It 15 recommended that the film load weighing technique be monitored and modified if
necessary to improve accuracy of deriving the measured weight of the film load.
B, Although it was determined that-the ICD reguirements were conservative, no change fo_ the
ICDs. is resormended because future flights may experience more severe envirenments than those
encountered on Mission 1201.
€. It is recommmended that a detalled analysis be undertsken to evaluate the Attitude Control
System data to deterining; {1} If the ICD Bmils are top stringent; and {2} What the misslon duration would

‘be if there were requirements to run the system for extended periods in the mono mode,
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SECTION IV
PROCESSING AND REPRODUCTION

4.1 INTRODUCTION

This section, prepaxed by the BRIDGEBEAD Processing Facility and AFSPPF, discusses defilming,
processing/cptical titli'ng, and reproduction of the Mission 1201 original negetives, Defilining, processing/
optical titling, and all Priority. 1 and 2 rtepmducﬁun requirements, excepi those for Target Complexes,
wére accomplished 2t BRIDGEHEAD, AFSPPF accomplished 21l Priority 8 rvequirements as well as the
Priority 1 and 2 Target Complex requirements.

4.2 RECEIPT AND DEFILMING
4,2.1 Mission 1201-1
Tﬁe'shipping confainer and -RV/TU arrived at the processing site in good conditicn on 21 June 1871,
The back end of the RV ahowed the eHect of some heaﬁng, but the ahlaﬁ_ve-. heat ‘Bhield maintained the
canister temperature at legs than 100°F. Ome of the flapper doors was not-latched and allowed some

hot gas to leak around it. The second flapper door catchen were pulled loose from the RV. Two loose
RV shims were found in the canister. There was some sakt water in the recesses in the base of the RV
ard mortar canister, bt the film was dry.

The TU hub electronics were not damaged and the film stack was very good, allowing a rapid
defilming cperation. Minor anomalies were noted during defilming, A bump was present inthe Forward
roll about 8,400 feet from the tail, but it disappeared in.a few feet. At the end of the Forward rolt
defilmiﬁg cperation, the film was pulled loose from the takeup core and the core pin engaged. A smaill,
triangular-ahaped piece of film was miseing from the tail cut of the Aft roll. No static was ncted during
the defiinmiing of either roll,

The. Forward-looking Camera Record weighed 161 Ibs. and the Aft-loocking Camera Record
welghed 158 1bs, Predicted weights from TM data were 160, 8 1bs. for the Forward and 155.5 1be. for the
Aft,

4.2.2 Miesion 1201-2

The shipping contziner ard RV/TU arrived at the processing site in good cordition on 27 June
1971, ©Oue of the flapper door latches had been removed., The TU hub elactronics were undamaged and
the film stack wag very good. Biatie discharges occurred freqiently throughout the Forward roll,
necessitating & siower than normal defiiming rate, No static was observed while defilming the Aft roll.
A gritty substance was feit on the base aide of both rolls. This occurred at approxdmately 8,600 feet
from the tajl of the Forward roll and at approximately 15,000, 20,000 and 22,000 feat {rom the tail of the
Aft roll. Similar to 1201-1, there was 4 small triangular-shaped plece of film missing from the tail cut
of the Aft roll.
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The Forward-looking Camera Record weighed 207 Ibs. and the Aft-looking Camera Record
weighed 211 Ibs. ‘These weights may be incorrect because of a suspected error in the weighing operatior
for RV-2. Predicted weights from TM were 204, 6 Ibs. for the Forward and 204.1 Ibs. for the Aft.
4,2, 3 Mission 1201-3

Not recovered.
4,2 4 Mission 1201-4
The shipping contdiner and RV/TU arrived at the processing site in good cordition, with enly a

small dent in the shipping;:container,' on 17 July 1871. It was necessary to clean foreign material frorm
the holes. for one of t_ﬁg guide pins on.the A skde, -X axis. ‘Three emall pieces of film were found in the
cutter seals, and scored and torn film was encountered at the tafl cuts of each roll, ‘The Aft roll tears
were similar to those on the Aft roll of 1201-2. The core-locking pin on the Aft side would not lock out a
the jamming nut oo the core~locking tool was used to hold the pin. Both film stacks were good with only ;
few wraps sticking out stightly {rom each roll No static was noted during the defilming of either roll.
The Forward-looking Camera Record weighed 104 1bs. and the Aft-looking Camera Record

weighed 100 Ths. Preditted weights from TM were 101.8 ibs. for the Forward and 88. 8 Ybs. for the Aft.

4.3 PROCESSING/OPTICAL TITLING
4.3.1 Mission 1201-1
4.3.1.1 Processing Data
Irregular tears and emulsion pickofis occurred on Op 64, Frames 004 and 005 of the Forwsa

Camera Record as the film wag being despooled from the transport dolly into the processcor. Two convo
tions of film were stuck togethier as a result of contact with moisture during defilming. The moisture
apparently originated from ‘external recesses of the RV at the start of the defilming ¢peration. Al
other processing was accomplished without incident,

TABLE 4-3

PROCESSING DATA, RV-1

Forward At
Processor Yardlelgh 5 Yardleigh 6
Developer Dual Gammal18DN) Tial Gammal{16DHN)
Operational Frames
‘30° Scan i2 12
80° Scan 802 501
80° Scan 1,085 1,085
120° Scan 346 © 348
Totals 2,045 2,044
Handle via=belemitboyholon
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TABLE 4-1 (CONT'D)
PROCESSING DATA, RV-1

Forward Aft
Footage
Thread-up ] ¢
Preflight 1,730 1,295
Opérational 18,584 18,602
Manufacturing Splices C 12 15

4.3.1.2 Optical Titling
' The Optical Titling System operated successfully on both records and over 99% of the frame:

were titled completely, Some spuricus and early frame marks were encountered but they did not interfer
with optical titling. '

The reinforcing tape that is dadded to manufdctiring splices durlng the defilming cperation
caused titles to be partially obscured on one frame and- inhibited on another. In each case, the titling was
corrected manually.

4.3.2 Mission 1201-2
4.3.2.1 Processing Dala,

A processor-induced emulsion gcrateh occurred on the Aft Camera Récord, beginning with {
64, Frame 612 and -ending, after corrective action was taken, on Op 87, Frame 057. No other difficultie

wers encountered during processing,
TABLE 4-2

PROCESSING DATA, RV-2

Forward Aft
Processor Yardleigh 5 Yardleigh €
Developer Dual Gamma(16DN} Dual Gamma(l8DN)
Operational Frames’
30° Scan 879 979
697 Scan 739 739
20* Sean 1,751 i, 751
120° Scan gic _ 84
Tetals 3,583 3,564
Fogotage
‘Thread-up g ' o
Preflight 0 (E
Operational 25,830 25,878
Manufacturing Splices 2 17
Handie vio Fohmwkeitepbole
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4.3.2.2 Optical Titling

The Optical Titling System operated successfully on both records and over 99% of the frame;
were titled completely. Spurious and early frame marks wefe encountered, however, and affected titling
in seviers! instances. On one frame of the Forward Record and six frames of the Aft, early {rame marks
otcurred during the first five frames of an op. Titling; was inhibited for one frame in five of these
instances because the full capability of the software to ignore spurious and early frame marks {s not esr-
tablished until after the first five frames of each op. The other two early frame marks cecurred in con-
secutive frames and caused the titling of the second frame to be 'm'{spiaced. Whenever titling was inhibite
or misplaced, the appropriate title was added manuaily. The dther instances of spurious and early frame
marks did not affect optical titling, _

The first frame of the Forward Record was Frame 008 of Op 84 rather than Frame 003 as
expected. Conseguently, all nine frames of Op B4 received incorrect frame numbers which had to be
erased and mancally added, A similar discrepancy was anticipated on the Aft Record, so the frame
numbers were inhibited during optical titling and added manually later, '

The reinforcing tape added to manufacturing splices caused titles to be inhibited or p:x.r&%llj
obscured on eight frames. In each case, the titling was corrected.

4.3,3 Mission 1201-3

Not recovered.
4,3.4 Mission 1201-4

4.3.4.1 Processing Duta,

Processing of both camera records was accomplished withouf incident.
TABLE 4-3

PROCESSING DATA, RV-4

Forward Aft
Processor Yardieigh § Yardleigh &
Developer Duat Gamma{18DN) Duzl Gamma{18DN)
Operational Frames
30" Scan 24 24
60° Bcan 409 403
#0° Scan 510 424
120° Sean 01 459
‘Totals 1,344 1,310
Footage
Thread-up c 0
Prefiight 0 B
Handle via T . _
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TABLE 4-3 (CONT'D)

PROCESSING DATA, RV-4

Forward Aft
Footage {Cont'd)

Operational 12,945 12,687
Manufacturing Splices & - %

4,3,4.2 Optical Titling .
The Optical ‘Titling Systern operated successfully on both records and-QQ%_:of the frames were

titled completely. Spuricus and early frame marks were encountered, but.only a spurious frame mark.at
the start of Op 384 {Forvward) :x.t_f'e_cted optical titling. Titling was inhibited on three frames ami later adde
manually, One frame was incorrectly titled because an ‘gp not called for in the roadmap was present. 1t
was corrected mamially, Several {fames of the Aft Record wers either not titled or only. partially titied
as synchronization was reestablished in the porticn affected by the ESD, Again, the titles involved were
completed manuaily.

The reinforcing tape caused tities to be inhibited or partislly obseured on five frames. In
each case, corrections were made, On seven frames of the Forward Record, the binary data block is
missing from the title because of a hardware problern. These binary blocks were not added manually.

4.3, 5 Bensitometry

Sensitomelric exposuires a_re'used_ {o establish and mainfain process control. In the case of the
original camers filras; fight roll film samples are evaluated prior to mission arrival so that process:
conditions can be adjusted, U neéessary. This technigue is followed to obtain the optisnum photographic
speed with reascnable fog for the particular batch of flight film involved. The mission records are then
processed under these adiusted conditions with additional flight roll gensitometric strips attached. Sensi-
tometric: curves from these strips are shown in Figures 4-1 thru 4-6 for each RV and are most represen-

tative of the sensitometry of the flight film.

4,4 REPRCDUCTION AT BRIDGEHEAD
4.4.1 Breakdown

After processing, the original negative was "broken down™according to the Geographic Area
cowered. For Mission 1201 there were 18 Geographic Areas designated in the world and the coverage
(ops frames) for each area was apliced together to form composite rolls {aprx 450 feet long). Duplicate
copies {or each customer were then prepared according to their requirements for each Geographic Area.

4.4.2 Regular Duplication
4.4.2.1 Duplicate Positives

All of the regular duplicate positive coples of compléte composite rolls for customers in
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1201-1 FORWARE; CAMERS SENSITOMETRIC CURVE FROM MISSION MATERIAL
FILM TYPE 1414-8-18
[zl
ed
bl
£
B
1]
(=}
-]
EXFOSIRE
Eensitomatér 1R
Filter Daylight
Exposure Time L/25 sec.
Iog Ell 1.z22
Camns 2,08
Fop .18
Speed Point .
.60 2.97
Groes Tog + 0.3 1.00
Speed Values )
AET 5.b
i 15.0
e -
1.%2
FIGURE 4-1
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. 1201-1 AFT CAMERA SENSITOMETRIC CURVE FROM MISSION MATERIAL.
i
FILM TYPE 1414-8-8
£
J
)
£
2
L
=]
EXFOSURE
Sensitometer 1k
Filter Daylight.
Bxposure Time 1/95 sec.
Log E | 1.0z
Gemmd: 2.00
Fog .18
Speed Foint. _
0.56 2.98
Gross Fog + 0.3 1.00
Specd Values
AEI 5.5
AFE 15.0
© —— ;
Z.72 o T.72
LOG EXPOSURE
FIGURE 4-2
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1201-2 FORWARD CAMERA SENSITOMETRIC CURVE FROM MISSION MATERIAL
FILM TYPE 1414-8-19

m
4-—""’."
E4'
&
&=
=
Py
—
EXFOSURE _
Sensltometer iw
Fllier Paylight.
Expesurs Timo -1/25 sea,
Log B, 1.a2
il
GCamma 2.4
Fog .18,
Speed Point .
0.60 o
Gross Fog + 0.3 1.01
Speed Values
AEI h.g
AFE 1h.7
[ |

i
]

R+ _
LOG EXPOSURE

FIGURE 4-3
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| 1201-2 AFYT CAMERA SENSITOMETRIC CURVE FROM BISSION MATERIAL
FILM TYPE 1414-8-3

™
i
b
‘é |
fu
&
Ll
EXFOSURE.
Sensitometer 18
Mlter Daylight
Fxposure Time  1/25 sec.
Log B 1.2z
a8 §
Cemma 2.13
Feg .18
Speed Foint -
0.66 1.03
Gross Fog + 0.3 1.01
Speed Values
“HET hut
AFS 1k,
(=
FIGURE 4-4
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1201-4 FORWARD CAMERA SENSITOMETRIC CURVE FROM MISSION MATERIAL
FILM TYPE 1414-:8-'19
]
™
>|.
G
-
.
]
ey
EXPOSURE
Sensltometer 1B
Filter ) Deylight
‘Exposure Time ;'L_/ 29 8ec.
Log Ell .27
Gamee ' .15
Fog 218
Speed Foint -
0.64 3-01
Groes Fog + 0.3 1.0l
Speed Velnes
AET L.g
AFS .7
= - '
1.7

FIGURE 4-5
Handle viam _ _ |
Controls Only O SECRET U 4.

Approved for Release: 2022/03/03 C05132845



Approved for Release: 2022/03/03 C05132845

m Meandie v
Lodfrol Tie
TCS 854016871 osntrols Only
POST FLIGHT ANALYSIS REPORT .
1201

1201-4 AFT CAMERA SENSITOMETRIC CURVE FROM MISSION MATERIAL
FILM TYPE 1414-8-3

[er)
o
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=
g
H
o
ot
Sensltometar is
Fllter Deylight
‘Fxposure Time  1/25 sec.
Iog Ei_l L.ge
Gartgd Mle
Fog S20
Spesd Point _
GeéG ] l,‘QQ
Gross Fog + 0.3 1.00
Speed Values
HEL b, 8
AFS 5.0
=1

.12

o |
X

106G EXPOSURE

FIGURE 4-8
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Priorities 1 and 2 (NPIC, DIA, CIA/IAS and SAC) were prepared wsing Kodak High Regolution Aerial
Duplicdting Film {Estar Base) $0~192. This film was processed to a low contrast i the viscous mode to
provide 3 systern sensitometry suitable for reproducing entire composite rolls, see Figure 4-7. Niagara
Printer settings were selected to return the original negative densities of each op/area part between 0, 40
and 1.75. When the input density range was too gréat to be returned between the desired limits on a singl
“medium’ print, two or three levels were utilized,: generating "multiple prints” {"light”, “'medium”, and/
or "dark” coples). Muitiple prints were required as follows:

Percentage of Parts*

Mission Muitipie Printed
1201-1 L2
12012 3. 8]
1201-4 0.0

NOTE: These percentages are lower than expected beeause of the generally na¥row density range en-
eountered on the 1201 original negatives.

4,4 2.2 Duplicate Negatives

All duplicate negative copies of the mission records were prepared using Kodak Direct
Dupliciting Aerial Film (Estar Base) 50-239, processed in the spray mode, see Figure 4-8. Niagara
Printer settings were selected to return the adjusted minimum densify {average of three lowest Dmms for
each op/area part) to 0.40. If the Dmax for the part then exceeded 1. 70, a second "light” print was
provided to reduce the density in areas of ‘heavy exposure. Li‘ght prints were required as follows:
Percentage of Parts®

Mission "Printed Light
120631-1 2.5
1201-2 8.5
1201-4 0.0

*Excluding Ares 54 {Noforn} material which i5 not multiple printed.
4.4.5 Single Light mplit‘.‘atés

To provide duplicate positives for PFA and NPIC Team evaluations as quickly as possible, “sing
light" copies were provided, These copies are printed before each "machine -cut” of approxiroately 1,30
feet is hroken down into Geographic Area parts. Each entire machine-cut was printed onto 50-192 at 2
single printer setting, see Figure 4-T; thus, the terminology of “'single light". Alter the PFA and NPIC
Teams were {inished with these copies, they were shipp‘_e:d to NPIC and TOPOCOM, respectively.
4.4.4 Specialized Duplication

Specialized duplication technigues were employed for selected low contrast target areas of
particular tnterest as identified by the NPIC "Tiger” Team. Two films, providing different contrast
levels {or expanding the original negative density range, were used; Kodak Minicard Film 6431 and Koda!

“High Resplution Aerial Duplicating Film S0-182 {spray processed to high eonirast). 'The system sensi-
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TONE REPRODUCTION QURVES

80-192 OUTPUT DENSITY .
1,20 1,553’ 2,00 2’,tm

0, 80

8,40

B | :
Do piup 0.80 120 1,80 2 oo 240 280
' 1414 INPUT DENSITY (0. N.)

‘NOTES:

1. Niagara Prioter settings 0.0 to 1.5.
2. Input data Film Type 1414,
3. Outpul data Film Type SO-192 (viscous processed, low contrast).

FIGURE 4-7

Hondia viaebemlleapirelam .
Controls Only TorSroRe U 4

Approved for Release: 2022/03/03 C05132845



Approved for Release: 2022/03/03 C05132845

FOP-SEGREF-RIE— Handle via TalENr=ioyhole—
Controls Only
TCS 354016-71
POST FLIGHT ANALYSIS REPORT
1201

TONE REPRODUCTION CURVES

2,00 2ha

1

8(-238 QUTPUT DENSITY

ﬂkm

B
b 0,40 0. 80 120 1060 2\ om 2lyp 2le
1414 INPUT DENSITY {O.N.).

NOTES:

1. Niagera Printer settings 0.0 to 1.5.
2. Input data Film Type 1414.
3. Ouiput gata ¥Flim Type 80-238.

FIGURE 4-8
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tometry for this application is shown in Figures 4-9 and 4-10,

Most of the specialized duplicate coples are shipped to customers in 8. 8" x 12" clear sleeves 5
zlthough some requestors reguired the entire op/area parts. Table 4-4 summarizes the amount of
specialized duplication done on Missiom 1201,

TABLE 4-4

UNITS OF SPECIALIZED DUPLICATION

Single Prints (6, 8" x 12"}
6451 3 4 LH
80-192 {High contrast) 20 732 20
Complicte Op/Area Parts
S0-192 (High Contrast) 2 32 L

A copy of each single print and each part were shipped to NPIC, DIA and CIA/IAS. In addition, one each
of 6 single prints ot 1201-4 were shipped to the ARMY,
4.4,5 Total Footages

The total duplicate footages shipped {rom BRIDGEHEAD were as followa:

Regular and Specialized
Mission Single Lights Dugplication
1201-1 536,592 459
1201-2 758, 640 19,749
1201-4 415,425 2,476
Totals 1,711,157 f&. 22,684 ft.

4.5 REPRODUCTION AT AFSPPF
4.5.1 General

Reproduction at AFSPPF eonnisted of dupileating both Target Complexes and Geographic Areas,
Target Complexes are smaller areas of major interest within the Geographic Aress, Select frameés froy
operations over these complexes were identified try the Expleitation Subco:ﬁmiﬁee of COMIREX
(EXSUBOOM) and reproduced by complex number. BRIDGEHEAD prepared three inter-negatives on
S0-239 at different density levels for all coverage over each complex. These inter-negatives were
forwarded to AFSPPF for reproduction on the established priority system. After Priority 1 and 2
reproduction requirements were completed at BRIDGEHEAD, the original negative was sent to AFSPPF
for completion of the Priority 3 Geographic Ares requirements,
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TONE REPRODUCTION CURVES

2,00 2,40 2,80

1,60

80-182 OUTPUT DENSITY

0,40

B
“lm D49 D80 1:20 1.60 2o 2,90 2.8

1414 INPUT DENSITY (0.H.}

NOTES:

1. Kiagara Printer pettings 0.0 to 1. 5.
2. Input dats Film Type 1414,
3. Cutpwt data Film Type 80-182 (spray processed, high contrast).

FIGURE 4-§
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TONE REPRODUCTION CURVES

1,60 2,0 2,40

‘645] QUTPUT DENSITY

120

o1

o
=
ut
F'm ol%0 o8y 1.20 1.60 a'om 2.0 z 80
1414 INPUT DENSITY (O.N.)
NOTES:

1. Niagara Printer settings 0.0 to 1.5,
2. Input data Film Type 1414.
3. Output data Film Type 6451.

FIGURE 4-10

Handle vic ToleNT=Hephelan 4
Controlz Oaly TOF SELRET RUT™ -1

Approved for Release: 2022/03/03 C05132845



Approved for Release: 2022/03/03 C05132845

TCS 354016-71 Controls Only

POST FLIGHT ANALYSIS REPORT
Fi13 |

4,5, % Target Complex Duplication
AFEPPF evalunled the thies densiy printings produced by BRI

GEREAL il salected the best
for subseguent reproduction. Operations over the same target complex were assembled together In com-
posite rols up to 2 maximom of 150 feet. Bach composite roll containg only one mumbeted target
compiex. Customer coples were reproduced as third generation duplicate positives on Kodak Fine Gratn
Aerial Duplicatiog Film (Estar Base} 2430, Special BO-239 to 2436 reproduction system .smsaﬁnmetry
{Figure 4-11) was veed d the 2430 was spray provessed to the normal standard,

4. 5.3 Regular Duplicaticn

4,8.5.1 Duplicate Pogitiven

Geographic Area duplicate positives for all Priority 3 customers were prepared vsing

2430 znd processed in the spray mode to provide the system sensilometry sliown in Figire 4-12. Niagara
Printér sellings were selected o retuin ﬁw-.ariginﬁ_mgatim densities of sach op/area part between 0. 40
and 1. 80 with appropriate tolerances {or sybtem m%ﬁ%y, Mo wnltiple printing was reguivad.

4.5, 3. 2 Duplicsie Negatives

| A1l duplicate negative coples for Priovity 3 customers were prepared using Kodak Direct
Duplicating Aerial Film {Estar Base} 80-238, processed in the spray mode to provide the system
sensitometry shown in Figure 4-3%. Miagava Printer seitings were selected to return the original negative
densities of each op/ares part betwesn . 30 and 180,
4.5 4 Total Foolages
.Tkw'mmi duplicate fortuges shipped {rom AFSPPT were as follows:

Biisatom Target Coraplex Aven Coverage
19043 87,018 324,140
12012 ¥5, 402 591,194
12014 84,855 268,474
Totale 217, 213 1,117,798 £t

4,5, 8 Customers
“Toe following is a listing of customers for 1301 material divided into those whe reguired Area

COVETREE

needed Target Complex coverage.

4 ARWEY /MTD
NRYSC S48TH (PACAYF)
FICPAC A07TTH (USAFE)
FICEUR FICLANT
U. K. AUST.
ATIC CONTIC
480TH (T4C) 85C {Domestics ouly)

Handle vie™
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TONE REPRCODUCTION CURVES.

1,20 1,60 | &, 00 2,40 2,@

2430 QUTPUT DENSITY

B0

8 Nten
Bl i%0 Dl 1.20 1.63 2.0 2.5 260

50-238 INPUT DENSITY (D.N.)

NOTES:

1. 'Niagara Printer settings 0.0 lo 1.30,
2. lnput data Film Type S0-238,
3. Output data Film Type 2430 {spray processed).

FIGURE 4-11
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TONE REPRODUCTION CURVES

(Y

3430 QUTPUT DENSITY
1,20 1,60 zl.m 2,40

0, &0

0,40

vl 0.60 ila 1,80 2w 2,40 2.90
1414 INPUT DENSITY {©.N.)

o
8

NOTES:

1. Wiagaras Printer settings 6.0'to 1. 50.
2. Input daia Fiim Type 1414,
3, Ouipst datz Film Type 2430 (spray processed).

FIGURE 4-12
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TONE REPRCDUCTION CURVES

2,40

2,00

ool

1'3'20

50-239 GUTPUT DENBITY:

0,40

&0
8|

T oo 1 20 1,60 2'm 240 2 80
1414 INPUT DENSITY (O.N.)

NOTES:

1. Niagara Prirter settings 0.0 to 1. 20.
2. Inpul data Film Type 1414,
3. Ouiput data Film Type S0-239 (spray processed).

FIGURE 4-11
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SBECTION V

EXPLOITATION SUITABILITY

5.1 INTRODUCTION

This section, prepared by the Natlonal Photographic Interpretation Center (NPIC), reviews Mission
1201 as esploifed by the Center, This exploitation takee the form of subjective {interpretation) and
objective (mensuration} readouts to satiefy specitic Infelligence Community reguirements,

“The complexity of analyzing Mission 1201 from = user's viewpoint has prompted the use of geveral -
technigues. At this time, the valldity and medniag of these can only be estimated, As subs_;eéuent
missions are reviewed, many of these will change o1 be modified,

5.2 INTERPRETABILYFY .

Although the interpretability of a mirsion’s imagery is the best measure-of a total syatem’s per-
forméance; it is alse the least cbjective technigue. Many factors aifect the interpretability of a photographi
image. These range from resolving power to local weather conditions, from the position of an object
within its surround, to such subtle differences as the degree of target activity at the time of photographic
acguisition. 'The experience of the individual interpreter alsg affects the suitability rating of 4
particular image. '

5. 2.1 Terminology

In order to clarify the meaning of the subjective terms used o deseribe mission interpretability,
readout techniques, and readout requirements, the pertinent terms are defined in the Glossary,
Append_ix A. Although some may conflict with previously caneéived'definitions, these are the ones used.
by the NPIC interpretsrs,
5.2.2 Readoul Analysis
The majarity of thé data presented and analyzed within this section is-drawn from first phase
readouts. The specific targets read out for the OAK, from which this data bas been extracted, change

from mission to misslon: Therefore, data from different buckets and/or missions does not in the
‘majority of cases perfain to the pame targets,
5.2,2, 1 Interpretation Sultability Summary
Since the interpreters give a quality r;tmg that is in most cases based upon stereo viewing,
quality ratings cannot be examined by camera. Table 5-1 summarized the percent interpretability
‘ratings for the three recovered buckets of Misgion 1201, A total of 581 targets was read out. After
considering the conditlons under which each bucket's imagery was acquired {focus, weather, etc.) no

correlation appeacs to exist between the known image quality chenges {i. e. , forus adjusts) and the.
suitability rating given the three biuckets,

Hondle vioFolemiiteyinohe -1
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TABLE §5-~1
SUMMARY OF QUALITY RATINGS
(percent)
Ratings RV-1 RV-2 RvV-4 Msn Avg

Excellent 0.8 1.8 0.5 i.¢

Good 20,8 27.8 10.4 22.4

Fair 47.8 45.8 50.5 47,7

Poor 21. 6 25,5 38. 6 28.9

‘A8 for overall mission quality, an snswer cannot be obtained direetly from suitability ratings, since no
equation relating excellents, goods, fairs, poors, and photographic quality exisis. An attempt to give the
reader some indication of the interpreters subjective tmpression of the lsterpretabiiity of Mission 1201
imagery is presented in paragraph §. 2, 2, 3, 1

5.2, 2.2 Interpretation Ratings Within Format

Several factors affect mage guality diferences within a frame's format, I the geographic
area covered is considered and it targets were randomly distributed around the world, then twice as niany
targets would be bmaged at the +60% scan arex as compared with 0° scan, However, since these
conditions do not gxist, and since some effort is made to place targets near zers scan, the interpretability
versus scan angle and fleld position question is not easily answered. It can be gaid that if the image
quality decreases, information is lost and in general interpretability decreases. A more complete study

' of Pl suitability ratinge as related to its location within a frame format ean be found in pardgraph 5. 8.
5.2.2.3 Interpretabllity of Mission 1201 Imagery

Many attempts have been made to assess the quality of a2 particular missions’ imagery by
examining the information extracted by the interpreters. Experiments have been conducted comiparing
photographie quality (resolving power, tone reproduction, etc.) with the Information contained within an
image, However, these experiments presuppose that intelligence is present within the image. The real
world of photographic Interpretation does not have the exact location of information established prior to
its extraction. Nefther does the interpreter have the option of using only imagery of eptimum gquality. |
The majority of the interpreters surveyed were satisfied with the interpretability of the Mission 1201
imager}';l Most of the requirements for first phase veadout were satisfied, The larger scale of the:
imagery aided the Interpreters in most cases.. The increased quantity of film was significant in that 1t not
cnly gave many interpreters multiple coverage of their target areas, tat provided coverage of areas not
previously avatlable st ground resclution of better than five or six feet.’ The 10° convergence angle and
5 percent stereq overlap, althmg;ls different than that of previous systems, presented no problems to the
interpreters. First and second phase readouts toncentrated on order of battle, Although the first missic

Hondle vic delenlitayheion | B
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 of this series did cover many different fargets, only one set of acquisition conditions was samplied. Other
seascnal conditions of weather and Hghting will hisve to be sampled hefore a definitive answer as {o order
of battle and the KH-§ can be given. The order of battle readout was satiafactorlly accomplished relative
to premispion predictiond. Some diffienlfies existed with the determination of ground order of battle,
particuiarty armored vehicles. This eltustion 5 2asily understood when one realizes that thése types of
questions are answered with eriteria such as the type and length of the gun barrel. Some camera
operations permitied the entire air order of battle for a particular couniry to be read out. Thie is a major
source of inteiligence to:those who must estimate the military posture of a particular country. Perhaps
.the._gr.e'atest- disappointment of the mission was the loss of RV~3. I contained & large quantity of needed
coverage,
5.3 MISSION INFORMATION POTENTIAL (MIP) RATINGS

5, 8.1 Wiassion 1201 Ratings
The MIP ratings for Mission 1201 are presented in Table 5-2.

TABLE §-2

MISSION 1201 0P RATINGS

Mission Camera Ratings
1201-1 Forward-looking 125
Aft-looking 140
1201-2 Forward-looking 135
Aft~looking 135
1201-4 Forward-looking 145
Aft-lopldng 140

A comparison of the six MIP chips indicates that they are ranked properly by their i\ﬂP values,
There is s greater differsnce in image qualify between the 125/ 135 chips thap between the 135/140 and
140/145 chips. The comparison of the two 135 and the two 140 chips indicates that the imiage guality
of these identically rated chips Is approximately equal.

A comparigon of the MIP ratings with resolution data from PFA CORN target readings shows
very Hitle er no cuz’.re’la,ﬁm between the two. For comparison purposes the best in-track and cross-track
readings and thelr mapeetive' means are listed for each mission and camera fu Table 5-3,
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TABLE 5-3

COMPARIBON OF MIP RATINGS AND CORN RESOLUTION

Best Mean Bost Mean Geometric Mean MIP

Mission/Camera  In-Track  Is~Track  Cross-Track  Cross-Track All Targels Ratihgs
1201-1 Fwd 2.2 2.8 3.2 4.4 3.6 125
Aft 2.5 2.8 3.1 3.9 3.3 140
1201-2 Fwd 2.4 3.3 3.4 4.3 3.8 135
Alt 2.3 2.8 2.8 3.3 3.0 . ~ 135
1201-4 Fwd 2.0 2.8 2.6 3.9 3.2 145
Alt 2.1 2.4 3.8 3.8 2.9 140

Since the ptandard MIP chip:; will eventually be replaced with KH~9 imagery, NPIC has evaluated the 1201
chips to determine if they might meet these requirements. Of the six chips, four are being considered;
however, NPIC {eels that one or two more missions are needed to adequately fulfil] this reguirement.
THustrations of the 1201 MIP Areas ave shown in Figures 5-1 thru 5-6.

5.4 MENSURATION ANALYSIS _

An error analysis investigation of Mission 1201 was conducted to determine empirical acouracy
statements for mensuration. The analysis consisted of measuring distances, heights, geodetic positions,
and azimuths in seven domestic and five foreign ground truth areas. Thé rnensuration sample included
‘data measured from a variety of scan angles and from each of the three buckets, The accurdcy statements
given are valld only for Mission 1201 and are not the final KH-9 Bystem accuracies, Fuature -mersﬁuratiﬁn
of KH-8 nuaslons may or may not {all within these stated accuracies, NPIC will provide mensuration
statistics on future mipsions to efther villdate or change the present KH-9 accuracy statements,

The reaglis from Mission 1201 are as follows:

A. KH-9 monoscopic mensuration at 4 two sigma (25%) confidence interval,
(1} Horizomtai distapces - £1.3m {average) for all sEan.ang;es
+1, 4m crose-track
1. 2m in-track

MOTE: The monoscopic horizontal distance errors appear to be uniform from -60° to +60° from nadir,
No systemstic error has been determined for Mission 1201, as it generally’ requires a détailed
study of data from severs] missions before a statistical determinaﬁun can be made,

{2} Vertical distances - The errer is determined by propagating the horizontal distance erro
This could vary with the method used to measure the height, the
location of the measurement on the fllmn relative to padir, and the:

sun elevation.

Hondle via TR reiCepiele _ 5-4
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{3) Azimiuth - The error ig computed by the formulz % (105.3 + 0. 05)
: MD
degrees where MD is the measured disiance in meters

between the two end pointa.

{4} Geodetic coordinates - The error varies ag a function of scan angle. The
90% circular error can be detérnuned from the
graph presented as Figure 5-7. Figure 5-7 shows
that the computed latitude and longitude for a target
imaged on the format belween <36° and +60° of scan
will be within 800 meters on the ground from the
actual target 90% of the time. This {s a preliminary
aggegsment based on a-limited sample, NPIC is
reviewing their 'data reduction programs dand this
figure may change reflecting program modifications
and more test analysis.

B. KH-% stereoscoplc mensuration two sigma (95%) confidence interval.

{1) Borizontal distances - The error varies as a function of scan angle and can
be determined from the graph presented as Figure
5-8.

(2} Vertica! distances - ’ The error varies as a function of scan angle and can

be determined {rom the graph presented as Figure

5-8.
(3 Azimugh - It is determined from mono only.
(4} Geodetic cmrdinate;s - 1t is determineéd from mmono oaly.

Comparigons showing the KH-9 accuracy statements-with KH-7 and K¥-8 are shown in Tables 5-4
and 5-5.

The NPIC did not experience any major problems in the mensuration of Misajon 1201, No differences
were found between RV-1, RV-2 or RV-4. There were no individual frames which gave erroneous
mensuration resulis. The out-of-focus imagery at the beginning of the migsion was noticeable in that it
affected the ability to point edges and corners, however, it did not effect the final mensuration resuits.
Using the mensuration comprrators set dat the best magnification for the given imagery, KH-8 corners
and edges are sharper than KH-9 corners and edges.

The sc¢an angle maiks on the Hiled gide of the frame were cut-of-foris and not eircular, This had
no-discernable effect on menguration. The miesing time words did not effect mensuration because. all of
these frames were titled, If the frames are not titled, and the time word cannot be read, NPIC would be
unable to associate the vehicle parameters with the frames. The instrumentation used at. NPIC for KH-8
Hondle via rimmeimniie N o 5-11
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FIGURE 5-B
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mensuration 18!
Manan 821 Mono Comparator
Maan 12190 Mono Comparator:
Mann 880 Mono Comparator
Optomechantsm Point Transfer Device Stereocomparator

‘TABLE 5-4

COMPARISON OF MENSURATION ERRORS FOR'KH SYSTEMS IN MONOSCOPIC MODE

System KH-D (1201) KH-8 KH-7
Horizontal +1, 3m {average} for all H Bm + 1% MD) (1. 6m + 1% MD)
Distances gecan anglen) whare MD > bm
Verticai errer. determined by mathe- error is propagated error is propagated
Distances matically propagating hori- same a8 KH-9 same as KHE-Y

zontal dlatance error (varies

with method)
Aztmuth error in degrees is: error in degreses is: +3° {22° having

105, 8 + 0..05) {46 + 0,57} stellar reduced

MD MD vehicle attitude)
Geodetic error is 2 function of not determined for ot deterniined for
Coordinates scan angle this system thip system
TABLE 5-5

COMPARISON OF MENSURATION ERRORS FOR KH SYSTEMS IN STEREOSCOPIC MODE

System KH-§ {1201) KH-8 KH-7
Horizontal 18 & function of scan (0. 8m + 1% MD) not determined for
Distances angle, see Figure 5-8 where MD > 5m. this syatem
Vertical is a function of scan #1.0m + 1% MD) not determined for
Distances angle, see Figure 5.8 this syatem
Azimuth determined from mono error in degrees is; not determined for

culy t{éﬁ + 0,57 this system
MD
Geodetic determined from mono not determined for not determined for
Coordinates only this system this system
NOTE: All mensuration errors given at a two sigma (95%) contidence level.
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5.5 VISUAL EDGE MATCHING (VEM) CORRELATION WITH PI SUITABILITY RATINGS

This study wag conducted to-determine whether a eorrelation exists between the photolnterprefer's
sujtability ratings and 2 VEM analysis of selected targets of Mission 1201,

5.5.1 Correlation Procedures

Approximately 200 targets were selected from the QAKX reporis. The selection was limited to

those targets available in stereo coverage, since the PI suitability ratings would be baged upon a stereo
readout to minimize any camera differences. These targets were examined for appropriate edges ang
wealher restri;:tions. The following targets were rejected from the anaiysis::

A. Thoge with erroneous coordinates,

B. Those for which no suitable edges were avallable.

‘C. Those completely obarured by elouds..

D Those partially off.the format,
Edges of the selecied targets were then matchied against the VEM matrix. The analysis was roade in both
the flight and scan directions. An effort was made to Include a repreésentative sam_pl'i'ng_ of ﬁarg’e’t types
{L ., missile sites, airfields, naval bases, ete. ) and the Good, Fair, and Poor Tatings.

5.5.2 Analysis
Table 5-8 fllustrates the number of targgés used for each bucket, and thelr respective suitability

ratings: TABLE 5-8

NUMBER OF ANALYZED TARGETS BY SUTTABILITY RATING

Ratings RV-1 RY-2 RV-4
Excellent ¢ g 0
-Good 4] k3] 14
Fair 35 24 35
Poor 4 "8 8
Total 64 - 83 57

The percentages of these figures are shown graphically in Figures 5-9 thru 5-12 plotted against the VEM
Dupe Matrix #3. No obvicus correlations are evident from the graphs, This result is not entirely sgur-
prising since by definition the fundamental criteria for aseigning a PI suitability rating may be feduced to
(a) the scope of the photographic -coi.*e'rgge, &nd (h]-the. degree to which a PI may extract useful and rellable
information from the material, an obviously different rating technique from visually matching edges. This
difference can be geen more clearly in the case of four targets found to be common_.t'c all three buckets.

The targets are lebeled A, B, C, and D. For Target A, the auitahi__lity rating wags Falr for each bucket,
However, the VEM Team read progressively better edge sharpness for each suecessive buckst in both the

Hight {in-track} and gcan {cross-track) directions. TFor Target B, the sultability rating again was Fair for
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each bucket. 'The VEM Team now read the same edge sharpness for RV's -1 and 4, and better for RV-2.
For Target C, the suitability retings were Fair, Poor, Poor, for RV's -1, 2, and 4 respectively. The
VEM readings improved, however, for each successive bucket. For Targef D, the suitability ratings wers
Poor, Fair, Fair, for RV's =1, 2, and 4 respectively, In this case, the VEM readings indicated a de-
crease in-edge sharpness for each successive bucket,

5.5.3 PI Suitability Ratings Versus GRD (VEM)

A sm‘aﬂ- sample of targets (168) was selected to Investigate the pomsibility of correlation between

VEM analysis converted to GRD and the PJ suitabilify rating. The GRD values were obtairied by conyersion
of the VEM edge values to lines per millimeter as defined by a system calibrated VEM matrix. These

values were then converted to thelr corresponding GRDs.
5. 5.4 Conclusions
A. There is o obvious correlation between the P11 gidiability r_at‘ixig_s and direct VEM readings.
B. A correldtion was indicated for all targets between Good and Poor PI ratings when VEM edge

values were converted to GRD.
8,5.5 Summery
The Pl is more concerned with & quantity readout, while the VEM is concerned primarily with
edge sharpness; neither of which is 8 complete indication of image quality. The PI sultability ratings
could posaibly be expanded to be more indicative of image qualify, and still satisfy the basic readout
-requirements. The VEM could be improved mechanically, and 2 broader range of calibrated edges would

help. A more extensive study of the VEM is currently being done. 1t has, however, been apparent in this
study that edge sharpness {8 not a complete Indicator of {mage quality.

5.8 ASSESSMENT CF SPECIALIZED DUPLICATES
5.6.1 Introduction
Several studies have been conducted to investigate the contrast of target images from reconnais-
sance camerd aystem film,  Although 2 search eystem will acquire some targets that need this Epecizl
printing, specialived duplication is most beneficial to images acquired from a target orientated system,
it has been demonstrated that the two factors that most affect image contrast are exposure and

scene weather conditions, Additionally, some unlque environmertal conditions, i.e., sand, snow, atc.,
also affect image conirast, In an altempt to recover the scene contrast lost by these effects, special
prints are made on high contrast duplicating materials. Fllms 50-182, processed to a gamma of 2. 5,
and 6451, processed to 8 gamma of 8.0, are used to produce these duplicates,
5.6.2 Image Selection
As = standard procedure; interpreters nominate to the NPIC "Tiger Team", targets they feel
could benefit from spe.cial_prin:jng.- The Team inapects the original negative for arear that they feel
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require special duplication, and aliminates Bome due to repetitive coverage or especially clear or poor
weather conditions.
The photointerpreters submilted a total of 129 targets a5 candidates for specialized duplication,
Eighty -six of thege targets were acquired on _M_issiqn_'_l'zﬁi. Of these, sixty~-two were specizl printed.
5.6.3 Observations

The interpreters rated most of the special prints superior to their standard reproductions.

High contrast reproductions of 20 camera operations over low contrast terrain in the Middie East did aid
the interpretérs over that area. Generally, however, they felt that the standard reproductions were
satigfactory for first phase readout. The urﬁque best case acquisition conditions of Mission 1201 did
provide 2 set of Imagee very uniform in density and contrast. This condition makes it exiremely difficult
to define the role of high contrast _reproduction‘a with KH-9 exploitation. It will require numercus samphet
from several mirgsions to definitively answer the guestion as to the . value of spec_iai printing of KH-%
imagery.
5.7 ORIGINAL NEGATIVE (ON) VERSUS DUPLICATE PFOSITIVE (DP) IMAGE QUALITY

5.7,1 Introduction

As more pophigticated and higher quality photographic reconnalssance systems are designed and

flown, there is a need for a corresponding increase in quality of the reproduction process. It is of utinoal
‘importance that the information content of the original acquisition material, which the photeinterpreter
does not have the opportunity te e.valuate_; be transierred to the duplicate positive.

A study has been conducted to determine if 4 loss of information is apparent between the
original negative and the second generation duplicate positive of Mission 1201, Both gubjective and
objective evaluation techniques were used. Subjectively the materials were evaluated by reading the
mobile CORN target displays and comparing infermation content in the highiight and shadow areas of the
two _maxgrials. The object_i_ve_ evaluation technigues consisted of an anaiysis-.‘oi' the acutance and granu-
larity for the reproduction system by the use of microdensitometry.

An analysis of tone reproduction was planned ag part of this study. Due to circumstances beyond
the immediate control of NPIC, this study could niot be accomplished,

The duplicate positives used for analysis were those prepared by the prime processing contracto

5.7.2 Resolution

Resolution is not 2 complete measure of image guality, but whei used with other evaluation
techniques, it can be a useful tool. Resoclution 18 an sttractive measure since it correlates with those
properties of an image which permit the distinction between small, similar, closely-spaced objects.
Ground order of battle, an important portion of photographic interpretation, straine the resolution capa~
bility of a photographic sysiem. Rows of vehicles, equipment, and supplies must be counted and identifie
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The best resolutioh possible is often needed for-this difficult task.

It must be recogrized that the ability to distinguish pairs of small objects is not necessarily
related to the photographic quality of single, isolated objects. _Sharpness and regolidion are not zlways
related. The resolution of the ON and DP has been compared and analyzed.

5.7.2.1 Evaluation Parameters

.Ail-xfesalutiOn readings analyzed are from 51/31 tribar mobile CORN digplays. Both the

ON ‘and DP were read at 100X magnification vwying Wild microscopes.

Experienced readers were used, with the same observers reading both the original
negative and the duplicate pogitive. Both the individual readers and the number &f readers changed ’
between buckeis with a total of nine individual readers participating,

RV-1 contrined seven cloud free CORN displays, the second bucket six, and the fourth
bucket three, Th_e_targeté were read in both the flight and scan directions on both cameras making a-total
sample 8ize of 66 images for evaluation.

5.7.2.2 Evaluation Variables

Readings ‘of regolution are gubject to sevéral sources of variability, The reliability of the
results can be lmproved by minimizing the effeets of these sources. Several procedures were used in.
this study to ellminate some of the variability.

‘Dlfferences in scalée due to slant height were corrected by converting ground resclution ic
Hnes/mm. Variability between readers of the eame target was reduced by calculﬁt_ing -a mean resolution.
for each target {or the original negative and the duplicate positive. The difference beiween intervals over
the 14 bar group range of the mission was equalized by determining the percert of change between the ON
-and DP. The mean and standard deviation were calculated for the percent change of ail the targets. The
following lne graph shows a comparison of relative percentage change and resojution differences
{ines/mm} between bar groups:

[ ®9) 105,12 114 416 17 ;20 ;22 25 |28 | (Ines/mm)
12.3 12,7 11,8 12,3 12,5 1L.8 12.4-12,2 122 12,3 (%)

For a sixth roct of two target, the average change between bar groups is approximately 12 percent.

By treating the mean percent of change for the mission as the averdge difference between
the ON and DP pair for each target, & “Student t” Test was performed toc determine if the change in
resolution {rom ON to DP is significant. Assuming that the distribution of resolution readinge {rom the OF
ts normal, the ‘1" test will determine, with a certain level of confidence, if the difference between the
means of the ON and DP readings is erough to indicate that they came {rom two separate populations,

The mean percent change in .res;o_lut;ibn between the ON and the DP lor the mission 8 -0, 7
percent {- denctes a loss) with a standard deviation of 9.5 percent. This change {& not statistically.
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signiificant with a 0.05 alpha risk (i.e. » 2 five percent risk of saying the two.means are from different
populations when they are not), Therefore, with 85% confidence, it car be stated that there is no signili-
-cant gain or Joss in resclution for the DP from this mission. See Figure 5-13 for distribution of percent
lost or gained for targets from this mission. The relatively small number of samples (16 framés out of a
total of 6,883) prevented any meaningful coraparigon between buckets.

The range of percent change for all targets ig from -18. 6 percent to +25.1 percent throughot
the mission. Figure 5-14 shows the mean percent change for each bucket and for the total mission within
plug or-minus two standard de‘.viailions of the mean.

For some targets Lhe regolstion reported by five readers varied by four bar groups (a changy
of 48 percent). Within some targets, the readers differed as to whether the resolution increaged OF
decreased. For one target, one reader indicated a.gain of 41.4 percent while another indicated a Ioss of
12.6 percent. Figure 5-15 ghows the mean percent change between the ON and the DF for each bucket,
for the eatire mission, and plus or minus two standard deviations of tha! mean.

In'this study, compensation wag not made for possible variance introduced by the dupe
emulsion batch, printers, or processing. Some forms of image degradations may lend themselves to
enhantement by the duplication process more than otherg. Indicdtione are that the greatest source of
variability in resoluticn seems to be from diff?rences i eriteria between individual readers, since the
range of percent change in resolution between targets ¢m 43,7 percent, while the range between readers is
54 percent. These differencés reduce the reliability of the resolution evaluation process and the ability
to'detect gmall changes.

5, 7.3 Acutance

Acutance is an objective measute of sharphess, and i determined from the average slope of the
microdensitometer trace of the edge. B indicates how well an edge has been reproduced J-i.n the image,

Ten sample edges were gelected from the three bucke_té of Mission 1201, The: gamples consisted
of roof tops and roof edges with an adjacent Fhadow area, The regulting change in density iz 0.4 or
greater, The regions on -elther side of the edge were examined for any chaiges (n density level, The
edges were traced on the Mann Trichromatie 1032T Microdensitometer with 2 1 X 80 micron glit. The
acutance was calculated using the normalized mean sguare 8lope formula with increments of 2. 08 microns
For each edge, the difference of ON-and DP acutance was {ound and a mean and standard deviation of the
differences calculated. A atatistical ‘t" test was performed to determine if 2 significant change in the
mean difference between ON and DP had taken place,

The mean acutance for the ON i 0. 0074, For the DP the mean i8 0.0108. The mean difference
between ON and DP 15 0. 0032 with a standard deviation of 0.0026. This difference is stattatically
significant and corresponds o an increase in DP acutance of 59 percent,
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Ag a point of -comparisoq_,- a special study was perforreed on Mission 1102 (’1%(:‘8-—:2002-1/69) which
fxlicated an average increase in acutance of 20 percent, ¥ was determined that the inerease in sharpness
onthe 1201 material was directly due to the edge-enhancement in processing,

5.7.4 Granularity
Granularity is the objective guality of an image associated with the non-uniformity of :a uniformly

exposed and processed drea. Granularity limits the magnification to which an image ¢an be viewed without
serious effect on the appearance of the image. In a sense, granularity sets a limit to the detectability of
a signal. Any additional granularity of the duplicate positive over that of the original negative may lower
the signal-to-nolse ratio of the image and 1n some cases could be responsibie for 2 loss in information
content,

Sixieen areas of apparently consistent density were chosen {rom operational imagery for a.
gramularity analysis. These areas were building fopa, airfield runways, and bodies of water. An
attempt was made to ¢choose areas with a range oi'méan density values. Bdth the ON and DP were traced
using 2 Mann Trichromatic 10327 Microdensitometer with an effective aperture of 10 microns in diameter,
The data. was computer analyzed using an ensemble averaging technique, This technigue was used with a
sub-sample of § over approximately 300 samples and an alpha rigk of 1.0 X 10;5.

‘Figure 5-16 15 a plot of the relative root mean square (RMS) granularity values ior the two
materials versus gross density of the materials. Due to the fact that the areas traced were not uniformly
flashed areas, the absolite values of the RMS granelarity may not be valid. The _plo't for 80-192
represents the comblned granularity of the two materials, A direct comparison of differerice.in granularit
of the two films at & given density cannot be easily deterinined due to the same subject on the ground
having a different density on the DP than on the ON. An arez of high density or the S-192 has the granu-
larity characteristics of the S0-192 at that density plus the low density granularity from the 1414 original
negative,

§, 7.5 Conclusions

A, On the basis of the sixteen targets evaluated, there is no significant charige in resolution as a
result of the duplication procesa,

B. There 15 an indication based on the ten sample edges that there is 2 significant increase (59%;
in acutance in the DP.

C. The 16 samples selected for granularity analysis indicate an increase in granularity in the
duplicaté. An area of 0.9 density on both materinig shows 2 noticedble increase in graininess on the
duplicate positive,

D. Based on the overall eveluation of the photo quality measures, 1t has been determined that the
Plreceived Mission 1201 DPs which are similar in image. quality to that of the original negative.
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5.8 INTERPRETATION SUITABILITY VERSUS SCAN ANGLE
5.8.1 Introduction
The objective of this study ig to determine the variability of interpretation suitability along the

format of the 120 degree gcan mode imagery in elght 15 degree scan angle sectors.. Scan sectore 1-8 in
a 120° scan mode are defined ag follows:
-§0°  -45°  -30°  -15°  Q° +15° +30° H5°  480°
1 ) 3 4 5 k] 7 8
Special attention is directed toward the first (-60 to -45 degrees).and the last {(+45 to «60 degrees) 15

degree scan sectors. As this ig the first KH-9 mission, 1t should be noted that this first look analysis
of the problem is based on a limited amount of data,
5.8.2 Procedures
To determine the PI suitability ratings versus scan angle of Mission 1201, all data in the OAK

and OAX Supplements through Supplement 19, was obtained for the 130 degree scan mods operations,
‘This resulted in 272 targets which were then divided into three main sets; CAK and OAK Supplements,
Order of Battle, and Weather. Table 5-7 presents how thege fargeta fell proportionately acrosg the

eight scan geclors.
TABLE 5-T
PERCENTAGE OF TARGETS BY 5CAN SECTOR

Sean Sectors Percent
11,9
12,5
11.0
8.1
11,8
15.2
18,4
18,0

D -3 O o g €I B b

As illustrated, each of the eight scan sectors contain approximately the same percentage of target ratings,
The following discusses how the eight scan angle sectors vary in interpretability by OAK and OAK
Supplernent readoits, Order of Battle, and Weather,
3,8.2,1 OAK and OAK Supplements
The OAK Report presents the results of first phase exploitation of satéliite imagery, while

the OAK Supplements contaln second phase exploitation results. Both reports contain the basic information
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needed to examine interpretation mxitability';w::sus scan.angle. Each target gtudied and its related data
were extracted from the data base and tabulated into one of the elght scan sectors from ~80 to. +80 degrees
The Weather rating was used to segrepate clear targets from those chscured In any way by weather. Once
the targets were segregated by weather, they were further separated by their quality ratings. Of the 898
frames acquired, 83 containing 272 targets were reported in the OAX and OAK Supplements, ©Of thease
272 targets, 113 were in some way obscured by weather, leaving 159 clear targets. Table 5-8 presenpts
the 272 targets divided by PI suitability ratings, and totals and percentagg_s of totz] clear and obscured
targets,

TABLE 5-8

SUMMARY OF TARGETS BY WEATHER CATEGORY

PT Percent of Checured by Percent of
Ratings Clear Total Weather Totalk
Ezcellent 1) G a B
Good 63 40 3 ‘5
Fair 81 50 57 50

Poor 15 10 53 45

It should be noted that no Excellent ratings were given for clear photography, however, Good and Fair
rafings outmumber Poor ratings §:1, see Figures 5-17 and 5-18. The aixth scan gector contains the
greatest number of Good ratinge with the firat sector containing the least, "The. Poors, in the elghth scan
sector outnumber the Goods by 20 percent, When PI suitability {5 observed for other than ¢lear weather,
nearly the opposite i noted, see Figures 5-19.and 5-20, ‘Approximately three percent of the fotsl number
of targets were reported to be Good. This compares to 'neaﬂy 46 percent reported as being Poor. There
were many more Poors reported in the first and eighth scap sectors than Googds. By comparing PI
sujtability with weather conditions for each gcan sector, the results suggest that weather is a major facto;
in determining the interpretability of target imagery. This conclusion is further supported by comparing
the Poor ratinge at acan sectors one and eight for all weather conditions with the ratinge for only clear
‘weather conditions, Bee Figures 5-18 and §-20.
5.8.2.2 Order of Battle (OB) Interpretability Ratings Versus Scan Augle

The Order of Battle for Mission 12061 was divided into three separate categories, Air,
Ground, and Naval. The Alr OB was further divided into aircraft and missiie , because of the large
rumber of targets sampled. In an attempt to show a relationship between interpretation sultability of a
particular target type with ite location in the format, the OB targets along with their suitability ratings

are tabulated by frequency of occurrence in their corresponding one thru eight gean. angle sectors, see
Figure 5-21. Examining OB in terms of guantity, we find that scan angles to the right of nadir contain the
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most targets, Missile OB has the highest total with naval OB the lowest. Turning aftention to sultability,
¢ ig found that aireraft OB bas the. highest' percentage of Goods in the aixth scan sector but very few are
found in other scan sectors, see Figures 5-22 and 5-2_3, Most of the elght scan sectors produced targets
of fair interpretability with the first and eighth scan sectors containing the most Poor ratings. Looking at
missile OB we find most Good ratinga in the fifth and sixth Scan sectors with the most Poor ratings falling
iri the seventh and eighth scan sectors, see Figures 5-24 and 5-25. As with atrcraff and Missile OB,
ground 8 has more Good ratings in the sixth scan sedtor, see Figures 5-26-and 5-27, Poor ratiogs are
generally confined to the outer seéan sectors. The naval OB category contained so few targets that no sludy
of these targets was possible. Reviewing Order of Battle in its entirety, some general observations can be
made:

A. Few targets wera recorded at 0° scan.

B. Most targats were recorded at the outer scan angles with 23 percent. of the total
targets recorded falling in scan sectors one and eight.

C. The greatest number of {argets were recorded in the sixth and geventh scan sectors.

D. The higheat percentage of Good ratings fell in the sixth scan sector with very few in
the seventh scan sec_i.or.

E. The highest percentage of Poor ratings fell in the outer scan gectors, notably the
eighth.

5.8.2.3 Weather
A comparison of the weather readowt conducted by the NPIC "Tiger” Team with the data

cotlected to study target interpretability by scan sector supportis the suspected effect that weather has on
target interpretability, This observation is consistent with the resclution as a function of scarni angle
analysis. reported. in Section I,
Scan gectors that contalned a high percentage of Geod suitability ratinge were the clearest
while sectors with high levels of cloud cover réceived Poor suitability ratings.
5.8.3 Conclusiona .I

A. Table §-8 represents a ranking by Interpretability of the eight scan sectors of the 120 degree

‘scan mode,
TABLE 5-9
INTERPRETABILITY RANKING BY SCAN SECTION
Interpretabllity Scan Bector

Best &
5
4 &7
|
2&8

Ponrest i

Controls .Or;ﬂy

Hundle via Feimmilempimie o 5-31

Approved for Release: 2022/03/03 C05132845



" Approved for Release: 2022/03/03 C05132845

TCS 354016-71 % Handle via ® i
POST FLIGHT ANALYSIS REPORT Controls Only
1201

SCAN SECTOR VERSUS FREQUENCY OF AIR OB
¥OR CLEAR PHOTOGRAPRHY

[y -
=
'

FREQUENCY OF OCCURRENCE
=]
]

_ 8CAN SECTCOR
FIGURE 22

SCAN SECTOR VERSUS. % OF TARGET
SUITABILITY RATINGS FOR AJR OB

PERCENTAGE

5 8
SCAN SECTOR

FIGURE 23

Hondle viu ' B34

Controls Only b L am vy 8 B A

Approved for Release: 2022/03/03 C05132845




Approved for Release: 2022/03/03 C05132845

e TOP S PERERUEE. Handle via y .
TCS 354016-1 Contrals Qnly
POST FLIGHT ANALYSIS REPORT
1201

SCAN SECTOR VERSUS FREQUENCY OF MISSILE
OB FOR CLEAR PHOTOGRAPHY

T
1 3 4 5 8 7 8 S
SCAN SECTOR
FIGURE 5-24 '
SCAN SECTOR VERSUS'% OF TARGET SUITABILITY
RATINGS FOR MISSILE OB
20 FAIR
% _
%: 15+ [_] poor
g i0
ISR
=
n!.
5..
1 2 3 4 5 8 T 8
SCAN SECTOR .
FIGURE 5-25
Handle vio Selemi-itrpiroee _ _ 5-3!
Conirols Only s R

Approved for Release: 2022/03/03 C05132845




Approved for Release: 2022/03/03 C05132845

S 35401671 FOP-SECRETRUPT— Handle vio ceyim
0 | | Controls Only

POST FLIGHT ANALYSIS HEPORT

1201

SCAN SECTOR VERSUS FREQUENCY OF GROUND
OB FOR CLEAR PHOTOGRAPHY

¢
Lok
SCAN SECTOR VERSUS % OF TARGET SUITABILITY
RATINGS FOR GROUND OB
20+
=34
2 15-
™
i
0 104
[+x4
B
5-
3 4 5 8 T B
_ BCAN SECTOR
FIGURE 5-27
Handle via Sriemritephohe o 5-3¢8
Controls Only TOPSECRET-RUP

Approved for Release: 2022/03/03 C05132845




Approved for Release: 2022/03/03 C05132845

TP SPOR -t Honadle vin

TCS 354016-71 - Conirals Only
POST FLIGHT ANALYSIS REPORT

1201

The following, in order of signi.ficance.,- are some of the inferrelated factors that eontributed to the.
ranking of these targets at the 120 degree scan mode:

(1) The greatest effect upon the ‘interpretation suitability of a target is weather. Forty-five.
percent of all phdtagra_ph}_' obscured in some way by weather was rated ag Poor, while only nine percent
of clear targets were rated as Poor.. Conversely, only three percent of all targets obscured in some
way by weather wére. rated as Good

'(2) Scan sector Bix hag the largest number of clear targete and containg the most targets
rated Good. This is also the sector that contains, according to'the VEM analysis, the highest overall -
résolution cn the Forward-looking Camera.

{(3) 0° gcan 'Imager_y contalned the least number of read out targets.

(4} The cuter scan angles contain the highest nimber of Poors, due mainly o weather,

(5) Very few naval OB targets were acquired.

{6} Twenty-ithree percent of a1} OB targeis are located within the first and eighth scan
gectors.

(1) Thirty-eight percent of the total targets acquired on the mission in the 120° scin mode
were lotated in-scan sectors one thru four. Ten percent of these targets were rated Good and three
percent Poor. Sixty-two percent of the total targets were located in scan sectors five thru eight: Thirty
percent were.rated as Good and six percent as Poor.

B. This represents the first attempt to angwer the interpretability versus scan angle question.
The resulis thus far are based On one mis_sio_n under pear fdedl acquisition conditions. A much mdpe
representative sample will have tc be taken on subsequent missions to more definitively answer the
guestion: Factors such as solar elevation, weather conditions, and lower altitudes (larger average
scales) will no doubt.affect the average mission's interpretation suitability versus scan sector profile.

. Mission 1201 imagery from the high scan angles did provide useful information to the
photointerpreters. Although the imagery did not contain the detall of that acquired near zero scan,
interpretation taske related to area search could be performed:

D. BSome OB targets could be read out at the outer scan angles, however, not to the
completeness of imagery toward the center of format.

E. Figures 5-28 thru 5-35 represent examples of PI suitability ratings of selected frames
located af gpecific angular positions (center and two extremes) acrops the format of the 120° sean mode,
All lmagery was selected from the Forward Camera of Mission 1201 and the photographs enlarged 20
times {20%).

Handle via Feteriicopivolon .

Conieols Only ORI

Approved for Release: 2022/03/03 C05132845




TCS 354016-71

POST FLIGHT ANALYSIS REPORT
1201

3.3(b)(1) |

L et L s 5-38

Approved for Release: 2022/03/03 C05132845



Approved for Release: 2022/03/03 C05132845

TCS 354016-71 T
POST FLIGHT ANALYSIS REPORT
1201 ,
3.3(b)(1)
5-39

Approved for Release: 2022/03/03 C05132845




TCE 354016-71

POSET FLIGHT ANALYSIS REPORT
1201

3.3()(1) |

5-40

Approved for Release: 2022/03/03 C05132845




Approved for Release: 2022/03/03 C05132845

TCS 354016-71
POST FLIGHT ANALYEIS REPORT
1201 '
3.3()(1) |
§5-41

Approved for Release: 2022/03/03 C05132845




TCS 35401671
POST FLIGHT ANATYRIE REPORT
1201
3.3(b)(1) |
542

Approved for Release: 2022/03/03 C05132845




TS .354016-71.

POET FLIGHT ANALYSIS REPORT
1201

3.3(b)(1) |

5-43

Approved for Release: 2022/03/03 C05132845




TCS 354016-71

POST FLIGHT ANALYSIS REPORT
1201

3.3(b)(1) |

o-44

Approved for Release: 2022/03/03 C05132845




Approved for Release: 2022/03/03 C05132845

TC8 354016-71 '
'I_"OS’I‘ FLIG}'{_T.ANALYSIS REPORT
1201
3.3(b)(1) |
545

- Approved for Release: 2022/03/03 C05132845




Approved for Release: 2022/03/03 CO&%%S#_W Handle viaFerieminilowl
TCS 354016-171. Controls Only

POST FLIGHT ANALYSIS REPORT

1201

5.9 SPECULAR REFLECTIONS
8,9.1 Introduction

‘Bpecular reflections {halation) oceur when highly reflective objects are photographed with the solar
and ground azimuth aligned and the solar elevation is equal to the angle of view., These conditions
cause the worse case of cocurreénce. Visually, the effect obscires objecis in close proximity to the
reflection, produces unsharp edges, and bloomed oﬁjects.., thereby reducing the detectability of edges..
5.%.2 Evaluation

The pecurrence of many specular reflections on '{;‘nis mission indicated the possibility of an
occurrence pattern. Preliminary investigation of CRYSTAL BALL data indicated the worse case of
aceurrence would b in the area of +20° scan on the Forward-looking Camera, CRYSTAL BALL is a
photometric orbital aequisition-model which includes computations of most geometric.quantities of
interest. Data also indicaled that the ‘worse case should occur at approximately 38° latitude. This is
illustrated in Figures 5-36 and 5-37 of Worden, Diinois, and Figures 5-38 |

Bgth are. in the area of _'predicte’d worse cise at aprx 39° latitude and +20° sca.nsné(b) ( 1)

the Forward-looking Camera. The Increased severity of the specular reflections at theee two locations as

compared to that experienced at scan on the

Forward-lovking Camera s clearly evide‘nt, Bee Figures 5-4C and 5-41. This type of subjective data shows.
the reliability of CRYSTAL BALL as a means of predicting occurrence. A measure of the severity may
ke possible by -relaiing_ four parameters as output from CRYSTAL BALL using the {ollowing equation:
Cos BIDEC = Cos | AGR-SA | *Cos | LHEAD-AZ
Where BIDEC is the angle of mterést, a8 it becomes smaller the severity increases.
AQOR 18 angle of reflectance.
SA is solar aliitude,
LHEAD is look heading.
AZ is ground azimuth.
A CRYSTAL BALL run was made for 15 frames from Op 115 of Mission 1201, A cbmpa:ison of the:
severity of the reflections and the prediction of severity using the BIDEC angle seems to indicate agree-
ment. The BIDEC angle is minimum on Op 115 at aprx 38° N latitude; however, a definite statement
cannot be made about the area of worse case, That is because no reflections were evident ai the ground
image consisted primartly of forest lands which are not of a highly reflective nature. Flgures 5-36 and
5-40 show the aeverity at 38° N latliude and are in agreement with the BIDEC angle predictions.
Reflections Imaged irom the Aft-looking Camera seem fo occur much less frequently and with
much less intensity than the reflections on the Forward-looking Camera imagery.
Because specular reflections were not associated with any particular type of target but with scan
angle position and latitude, all statements relating o the effect on interprétability are of a general nature.
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SPECULAR REFLECTIONS AT WORDEN, ILLINQIS

‘MISSION 1201-1  FWD CAMEHA OP 034 FRAME 027 10X ENLARGEMENT.
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WORDEN, ILLINOIS

MIBEIGN 1201-1 AFT CAMERA  OP 034 FRAME 028
FIGURE 5-37
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Isolated instances oceur where specular reflections are a problem but the total complainis are few.

| Epecular reflections on stereoscopic coverage are not.as serious a problem to the interpreter as
those on monoscopic coverage, Stereo 'é_werage glves two different looks at a target with the degradation
being more severe on the Forward coverage.. The readout of Forward monogscopic coverage near plus 20°
of gcan would be.severely affected by specular reflections.

As a result of the sun synchronous orbit and the Iaunch time for Mission 1201, there is a pre-
dominance of specular refiections at 35° to 40° N latitude on the Forward-looking Camera at plus 20° gean.
The severity decreases with higher Northern latitudes, "

A CRYSTAL PALL Tun based on.a two houy earlier lavnch time indicates that in the area of worse
case on Mission 1’20.1,_ specular refleptions would be much less severe than those experienced. Some.
occurrende of reflections might be expected in the area of 40 to 45° N latitude st +40° sean, -but the severity
would probably be less than that experienced on Mission 1201,

As shown on the target complex map, Figure §-42, there ie a heavy beit of targets from 35 to 40°
N latitude which encompasses the area of worse case, I difflevlties become evident due to.specular
reflections, a change in launch time would change the position of worse case taet this would be possible
only during the summer monthg, I a thenge ip launch time is considered, some thought should be given
to shifting the worse case area to fall in the region between 40° and 45° N iafitude, QOceurrence in this
axea would probably affect fewer targets than at ita present location.
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SECTION VI
SPECIAL-STUDIES

6.1 LINE TARGET ANALYSIS TECHNIQUE
§. 1.1 Background
Experience gained with the line fpcus/motion analysis for KH-9 acceptance testing indicated that

the samé type of image motion anzlysis would be useful for an.a.lysis_ of the oparaiional photography. The
technique employed for Mission 1201 was to use specizl line targets included in some mobile CORN

- deployments, These lines are effectively narrower than the camerz optical spread function on Qme ground
and constitute an effective line impulse energy distribution. The line paints a signature of the one~
dimensional system spread futction when scanned h;,_r the camera slit. This-ima.ge.' is traced witha
microdensitometer and processed mathem_a.t'i_ca.ljy_-_tﬁ yield both an estimate of the system transier function
and a plot uf the image motion during the exposire,

6. 1.2 Target Description
The Line Target designed for KH-2 analysls consists of a 150 it % 50 ft nylon panel coated to a

reflettance of approximately 4%, and a 150 &t lopg, 12" wide white strip with a reflectance of approximately
90% which 5 laid over the black panel. The contrast of this target Is approximately 18, 5:1, The line
width was chosen to piovide enough image-forsming énecgy for an adequate signal-lo-noise ratio in the
developed image. Figure 8-1 shows a typical CORN display. -

8. 1.3 Random Lines

In an effort {o expand the line data base, a search was made of the 1201 NOFORN material for
runway centerlines ‘which might be of adequate quality for tracing. Lines chesen were of high apparent
contrast, usuaily on large airports where the middle of the runway would contain minimum tire marks.
Other lines were chosén on small airporte with black asphalt runways. Line widihs were assumed to be
one foot for basic runway markings, and three feet for instrument and all-weather runway markings.
Fipire §-2 shows & representative all-weather runway.

6. 1.4 Data Acquisition dnd Handling

6.1.4.1 Microdensitometry

. Tracing was accomplished on two Mann-Data Micro-Analyzers, one at BRIDGEHEAD and one.
at AFSPPF. The optica! configuration of the BRIDGEHEAD machine uses a micro-slit attachment where
the scanning aperture is projected on the film, and Hght is collected by a condensing system below., The
AFSPPF mach'.l;ne_ uses the standard configuration of an {1luminating preslit which overfills the ccllecting

a_pe'fturr:_, and o séanning siit in front of the photomultiplier which generates the scanning aperture on.
the collecting side. Al tracing was done using a 1 % 80 micron B_ﬁt with .5 micron sample spacing. Both

organizations corrected the specular density putputs of their machines to equivalent diffiuse densities by
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TYPICAL CORN TARGET DISPLAY
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ealibrating against a mission process control step wedge which had been read on 2 diffuse densitometer.

8,1.4.2 Data Handling
The PFA Team identified those CORN line targets which were traced from each mission

segmeni. The BRIDGEHEAD personnel performed the microdensitometry, processed the data through a
program which calibrated the microdensitometer. ¥alues and performed a preliminary edii, and prepared
header cards. The datz deck was then sent to AFSPPF via data lnk and processed on-an IBM 360/40.

A printer-image cutput tape was returned to the PFA via data link for analysis. Up_c_m; receipt of the ON,
AFSPPT traced all CORN and selected and traced the random 1ims from the antire mi’ss’io{n‘ -

6. 1.5 Line Analysis Program Theory
#. 1.6.1 General
“fhe Hne motion analysis program {PFALINES) represents the latest in an evolutionary

series of line analysis programs. It consisis of'two' major functional divisions and a number of smaller
logical sections, The first division converts the data to effective exposure, edits for bad traces, ‘and
generates the system MTF. The second division performs the motion analysis on the MTF data,

6.1. 5. 2 Sensitometric Conversion

Since the primary objective of this program is to analyze the camera performance, the
effects of the recording film must be removed. This is done by converting the density data to Veffective
exposure” by projecting density values-"ﬂiraugh.the process P log E curve, However, dueto the dual
gamma process; an additional computation is neeessiry in order to obtain a more reason;ab'le conversion.
Due o adjacency effects, the effective contrast of images inéreases with decreasing image size, finally
approximating the Trenton-Full characteristic for imagés less than 10 microns wide. In an attempt to
compensate {or non-linear behavior, the program modifies the density-exposure conversion table by
finding the maximum gamma point on the process D log B curve and extends thig slope as a straight line
from that point,

6.1.5.3 Data Editing

To suppress the effects of noise, multiple non.-oveﬂapping traces are made. Due to miero-
densitometer alignment difficulties, each line may not be in the same place in the data block. The pro-
gram performs a cross-correlation between individual traces, based on the method of least squares,
to determine optimal alignment, In addition, this technigue allows individual traces to be teated against
the others for relative error, and allows those traces which exceed a presel error to be rejected, After
the proper alignment is achieved and bad traces are rejected; the effective exposure data traces are
averaged. To further--reduce noiee and lmprove accuracy, several additional edit steps are taken,
including removal of the density pedeatal upon which the line sits, and a weighted smoothing of the line
packground data to suppreas high frequeney grain noise.
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6.1.5.4 Fourler Analysis
The Fourler Transform of the edited exposure dzta is caleulated using Fast Fourter Transform
‘techniques, and further émoothing is aceomplished on the resultant data. This data represents the MTF

of the system combined with the film response and effects of the target. 'The program now divides ocuf a
film MTF. The filta MTF in vse at this time was derived from line-irace data during KH-9 acceptance
testing. It represents the most reascnable estimatE_to-date of the film-process-microdensitometer re-
sponse {or narrow Hnes.
€.1.5.5 Lipe Target Removal
The technigque which permits the calculation of the MTF of an optical system is based on the

system respense to 4n impulse, which can be represerted in one-dimension as an infinitely narrow line,
Since the line target has a finite width, the transform of this line must be removed {rom the composite
MTF. This transform takes the form of a “sine” function, or sin{mwf)/swi. The known line width is
combined with the apparent scale factor {o give the line widih on the film, The sine function 15 caloulated
from this value. Dividing by a sinc function can cause problems because of the periodic zero valoes, so
a variable width averaging fechnique is emploved to avoid these zeio values. ‘This met'hod tends to
suppress output variations in the region of the zero values, tut such effects usually appear only at the
higher spatlal frequencies whese such loss is not critical,

6.1.5.8 Image Motion Analysis

The resultant MTF cf the camera system consists of two major components; (a} The response

of the optics,. and (b} degradations due to irnage motion (smear). If the MTF of the opties is known for a
given focal position, field angle, and orientation, it may be removed from the system MTF by div_iaion,
leaving the transfer function of the residual image motion. This motion may have constant velocity
(linear smear), in which case its transfer function is a sine function, It'may algo change its velocity with
time in 2 non-linear fashion, which gives 4 complex transfer function. The program, therefore, divides
out the lens MTF for a given platen setting, field angle, and orientation {ii or crosa-track). The resulting
transfer function is compared to a large “lookup' table which contains transfer functions which would be
generated by varying amounts of linear and non-linear image motion. The best fit between the two is found
by the least squares method, The results are presented as the amount of apparent smear in microns and a
time history plot of the image motion that could have ccourred during the exposure,

6.1.5.7 Smear Model

The present program assumes i Dok-linear fmage motion model of the form s(t) = alt + aztz.

This model contalng & Unear term with coefficiont Bss and a non-linear term with coefficlent Ry The range

of values of the coeflicients determine the relative lnearity of the motion described, e. g, H a._l

and a, some value, the motion would be entirely non-lnear, whereas if a, were zero amd ay some value,
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the motion would be entirely linear. This model describes motions of 'a-(;u‘a’dra.tic‘ natura, Other types of
rotion might gecur, however, and not be described by this mo__c_lel_‘. The types of smear seen on the KH-0
Bystem Kave ranged from purely linear to random vibration. Linear smear is defined as a constant
difference in speed between the film and. the image. Random image motion {vibration} occurs when the-
relative velocity.of film and image changes suddenly several times during the exposure,

§,1.5 B Smear Présentation

The original method was to caleulate the position of the image at the end of the exposure time,
using the motion from the bés’t- fit case, and record the difference between the initial position and the final
position as smear. It was chosen to attempt a correlétiq_n with other smear medsures wsed during
acceptance tes_ting, This method was suspected of being unsatisfactory because it ignored the instantaneous
motion of the image during the exposure interval. The current method asswhes that the visual effect of
vari_ou'_s non-linear image motions may be characterized by a function which m_ovés-smoothly away from
zero relative motion at some time during the exposure. This model appedrs to be more satisfactory than
the previous methed, but research and testing are continuing, Figure 6-3 shows examples of the smear
presentation for both the gl and new smear models,

6.1,.6 Smear Data Analysis

6.1.68.1 General

‘For the sake of comparison, and to incorporate program improvements, all CORYN line trace

dati were processed several times. The various condifions are presented in Table 6-1.
TABLE 6-1

CORN LINE DATA PROCESSING SPECIFICATIONS

Motion Film Al
Case Data Soiution MTF Curve
E 1 BRIDGEHEAD Old Acceptance Spec.
! 2 BRIDGEHEAD New " Acceptance. Spec
' 3 AFSPPF New Acceptance Spec’
. . The dkd-and new raotion solutions are discussed in paragraph 6. 1.5, 8. The random line data was pro-

cessed the same as Case 3 above. Dueto uncertainties in the data and processing technique, all the above
cases are considered to be estimates,

6,1.6.2 Smear Characteristics

The Forward-looking Camera exhibited the greater variability of smear during the mission.
This fuct was expected from results of the acceptance testing. The smear in the sean direction showed
great variability, belng very evenly spread from values of 1 to greater than 10 microns in essentially

random order. The flight smear was more normally distributed, with an average value of aprx 3.5
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SMEAR MODEL PRESENTATIONS

QLD MODEL
EMEAR = .0 BOCRNS
‘COEFFICIENTS ARE -4, 88 AKD 16376, 81
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FLOT OF IMAGE DISPLACEMENT YEIRSUS TIME ¥ MILLIEECONDS. MOTION IS TH MECRONS AND DESIGNATED .

NEW MODEL
SMEAH = 3. 300 MICRONS
COEFFICIENTS ARE 0. 98 ANTI 2308.30
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?
S
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FIGURE 6-3
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mwicrons. The Aft-looking Camera was better behaved threughout the flight, with both flight and sean
smear approximately normally distributed. Missi_'cn-avera,ge CORN smear data is presentad in Table 8-2,

TABLE 6.2

LINE SMEAR DATA

Camera Direction g Pt Worst
Fwd Flight g4 3.5u 2 6y
Fwd Scan 2 By 24 gy 7 Oy
Al Flight c} 254 dtysp T 4p.
Aft Sean WA AR 1T YN TR 6L
NOTES: _
1. X = Average of a_b_s’olute value of smear estimates, 5 .
2. 5 =5Standard deviation using small sample, <

Figure 6-4 shows the simear frequency distributions for Case 2. The other two tases showed similar
-distributions, although not exactly of the same shape. The reported smear valusg are averages of the
estimates from all three cases. One should also remember that the smear values were measured over
a one millisecond exposure time, creating uncertainties in the data due to a short sampling period.

6, 1.6.3 Emepar Pata Trends

Figures 6-5 thru 6-7 show z chronological plot of smeat values by camera operation taken

{foin random line data. Vertical dashed lines indicate where changes in operational focus were made.
The apparent tread in both cameras at both orfentations is one of decreasing dverage smear and variability
as the inission progressed. There.are at leasi three possible explanations. for-this:

A. Camera smear performance improved throughout the mission.

B. There is an uncertainty in optical MT¥ application.

€. The possibility that the current method of modeling smear does not aceount for all.
motion combinations.

6.1.8.4 Smear Correlaticn with CORN Tribar Resolution

Figares 8-8 and 8-9 show Case ! smear estimates versus CORN tribar resolution unchrrected
for apparent contraat, Smear values were _deier’mined from line targets in the same display from which
tribar-targets were read. The correlation is generally good, with the data spreading somewhat at low
smear high resolution values. This spread is expected because as smear decreaser.to small values
(appmxim'aiely 1.4 m_!crms}, other degradations and variations in ¢amera pérformance cause more
stgnificant effects on image gquality, Figeres 6-10 and 6-11 show a similar plot for Case 2, which
employed the new motlon description, see paragraph 6.1.5.8, The correlation and pattern are similar,
with the major difference being that the new mode! does not predict very low smear values at moderate
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resolutions. Figure 6-3 ghows a typical csse wherein the old motion solution allowed the'time history
plot to double back, caising the reported smear to be small, even though the model indicated that the
image had moved much farther. One may conclude that the smear model is at least approximately
correct for the majority of cases observed on this mission.

B.1.6.5 AIM Intercept Corrvelstion

Figure 6-12 shows the correlation between the uncorrected read CORN resolution values and

the resolution predicted by the PFALINES MTF/AIM intercept for Cases 1 and 2. The dashed lines

represent = one bar group resolution. The correlation is good with two exceptions: (a) it shows a slight-
tendency for the program to predict high; and (b) the data is very noisy at high spatial frequencies, The
first problem indicates that the film MTF used is not accurate enough. The second is a result of the
noise present on the calculated MTF at h&gh spatial frequencies, where it intersects the ATM curve ata
very small angle, This will cause & large variation of predicted resolution for small changes in MTF
value. The Case 3§ data traced at AFSPPF shows the same slope and scafter characteristics, but
Indicates that the AFSPPF data tends to predict even higher than the Cases 1 and 2 data. This is most
likely due to differences ln microdensitometer opticsl performance, which is partly compensated for in
the film MTF. One may therefore conclude that the line target technigue will be useful for accurate
performance analysis when reflinements are made in the curve whith compensste for the film ard micro-
densitometer responses.
6.1.7 Data Anomalies
6. 1. 7.1 Microdensitometry
There were two sigm’iéant problems apparent from tracing theé same datd on two different

microdensitometers. The most obvious contributor to the disparities is the difievence in optical con-
figuration. This would yield very different microdensitometer MTF's, -and to date neifther machine has
been characterized with sufficient acenracy to allow compensation in the analysis program, Thé second
major difference was that the BRIDGEHEAD machine produced peak line densities on the average of . 2
to .3 d'enslty units less than the AFSPPF machine, As g firther {est, AFSPPF {raced geveral lines on a
machine which has optical characteristics known to be different from the Mann-Dats instrument. After
conversion to equivalent diffuse density, the other machine produced values within 4. 03 deasity units of the
AFSPPF Mann-Data machine. One must therefore conclude that there is a fundamental difference in the
catibration techniques used by the two organlzations.
6.1.7.2 Film MTF

One of the key input parameters is the film MTF., The cuxrent method for determining the
{ilm MTF comhines._efiects._tﬂ;ﬂle microdepasitometer and the #ilm. The Blm MTF is only valid when
applied lo data gathered by the same microdensitometers that was uséd to derive it. For future
improvements in precisicon during post flight analysis éither one machine must be used for all tracing, or
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separate film-raachine response characteristics must be found for each machine,
6.1.7.3 Random Lines

The attempt to use random lines has shown that the technigue has great promise as a
diagnostic zid. However, target line wiith has been shown to be a very significant factor in the accuracy
of the output. To successfully employ this technique in the future, a catalogue of accurately-known lines
must be assembled for areas of frequent use in engineering operations.

8.1.8 Conclusions and Recommendations

A. The line trace analysis method shows a good <deal of potential for generating useful system
diagnostic datz, However, faorther refinements are reqﬁired before the technigue may be congidered
operational.

B. Recommend the following tasks be accermplished before the Mission 1201 evaluation:

{1} Improve the film MTF e¢stimate,

{2} Standardize and measure the optical configurations of the microdensitometers,

{3} Reiine and improve the present smear model.

{4} Investigate itiprovements in the use of camera lens MTFs for conditions of large defocus.
{5) Select and document a catalogue of random lnes.

£.2 CRYSPER PERFORMANCE PREDICTI®NS
8.2.1 Introduction

Preflight and postilight perfermance predictions were made for each mission segment using the:
CRYSPER computér program, CURYSPER simulates the on-orbit performance of the camera system in its
predicted pperating environment. The prediciions are two sigma low estimates of veschtion in both
eyeles per millimeter {c/mm) at the camera and ground resolved distance (GRD} infset of the image.
There i3 also a capability to compute the mean resoclution that is used nccasionally for special test
‘evaluations. The program has the {ollowing three basic sections, each describing a major aspect 'bf_ the
final systemn resolution:

| A. An orbital model which uses s input data the grbital elements for the mission and
specifie characteristics of the targets. The cutput of this section of the program i ordered by taiget
-access and consiste of the solar ephemeris as well as the geometry of each access,

HB. An atmospherie model which uses the data generated in the previous gedtion and computes
the apparent contrast of sach target accessed. 1§ uses an extensive data bank of stinospheric measure-
ments which has been collected-over the past five years. This data bank eénables this wection of the
program to estimate the haze levels on a geographic. and seasonal basis,

C. A camera performance model which is a mathematical description of the performance

characteristics of the camera sysiem and flight vehicle. This section uses the outpit from the previcus
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sections z8 well as the film characteristics and camera smear/optical performancs data under the vations
operating conditions. The calculation of resolution is obtained by intersecting the optical system modu-
lation transfer function {(MTF) with an aerial image modulation {AIM) curve that describes the film
characteristies under the-exposure/ conirast eonditions prevalent during exposure.

CRYSPER has three primary cutputs: '

A. A target listing which provides the predicted resolution (GRD.and c¢/mm} for both cameras
for each target accessed. This data is listed in sequential order and also contaios thé revolution, date,
time, obliguity, altitude, slant range, solar glevation, dnd assu'med.target' reflectances. This u_utp‘l.’st is
useful for correlation of system performance with other estimates of mission performance where a point-
{or-point comparison is desired.

B. An esatimate of resolution {GRD and c/mm)} sampled over the entire format. [t i5-in-the form
of a table covering 2 120° scan angle format in 10° scan angle increments and computed for a range in
solar gltitudes from 5° to 50° increments. Although it is computed for the specific conditions. for a
sinple access (i.e., altitide, Vx/h, target refléctances, etc,) the representation across the format for a
range of solar altitiudes makes it a very usefu] table relative to generalizing camera performance during
the mission. |

C. 'The third putput is a plot of the cumulative frequency of GRD predictions for a given set of
tarpgets. This is necessary for correlation in a general sense where one must rely upon a large data base
to find a pattern. It'is particularly useful for postilight predictions where an actually acquired target deck
can be employed.

CRYSPER has been used for éstimating mi"ssion_péﬁormance-foxf- the KH-9 Systém for the last two
vears, During this time moest of the components of the program have been tested as individual uhits.
The basic camera equations, for example, have been successfully related to the camera operations during
chamber testings. The atmosphere section has been verlfied on numergus gireraft tests .m well az with'
KH-% missions: The orbital mathematics and targeting acgaisition dees'have heen tested on KH-4
messions, Finally, theimiportant film characteristics have been ém_pirica.ll_}" determined during KH-9
drceptance testing. Until Mission 1201, however, ihere has been no opportunity to test the entire
CRYSPER package as 2 single unit.

in an effort to carry out 3 correiation between actual mission results and the CRYSPER gir_edi.ctions_,
two different tvpes of comparisons were made. The two measures of performance used for correlation
to CRYSPER were: (3} photointerpreter suitability ratings, and {b) CORN tribar readinps. These
measures provide a completely different estimate of the mission's performance. Each measure hag’
certain characterislics that provide for x usetul correlation, howaver, esuach isi also lacking some of the

churarteristics necessary for a complete correlation to CRYSPER.
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6. 2.2 PI Suitability Correlations

The most useful correlation, from a practical point of view, is one that involves the ultimate user,
the photolnterpreter, In order to carcy cut this correlation, the PI quality ratings for ail targets were
nsed. The ratings were made on the following four level scale: Excellent, Good, Fair, and Poor.

The eorrelation addresaed with this measure of mission peﬁorm;anc'g wag intended to dscertain whether
or not CRYSPER worked in a general sense. That g, do the targets considered Good by the photointer-
preters have better-predicted GRD's than those considered Poor? .Fur'thér, do the CRYSPER predictions
for the targets rated as Fair fall between the predictions for the Goods and Poors? ‘

Thers are certain characteristics of the acguisitions that have a Si_gnificant”inﬂuence on the PI
rating that are exte_mai‘ to the camera system, and therefore are not programmed in CRYSPER, l.e., 2
target partizlly ohscured by clouds will probably evoke 4 Poor mating regardiess of how well the camera
periormed. The photointerpreters indicate, on a target by target basis, some of these influencing
characleristies, However, there are still conditions that, while having an influence on the rating, are not
recorded in any way. An exampie of this is the poor guality photograph taken at 2 low solar altitude that
containg excessive smear from long expogsure time., The target, though, could be rated as Good beeause
the Pl may have discovered the shadow of a2 newly constructed radar antenna againgt.a backg_rt’mnd of snow.
It was for these kinds of reasons that a substantial amount of scatter in the data was anticipated.

In order to make a fair comparison of CRYSPER to PI suitability, steps were taken to avoid data.
influenced predominantly by the chance sccurrence.of various eircumstances, rather than actual system
operating performance, The target ratings were sorted by PI corament and not used in subsequent analysis.
unless the photointerpreter considered them to be in cne of the following three general categories: (a)
clear, (b) hazy, or {c} poor obliguity. I

The remahxing targets ware then sorted by target category and then fukrther separated by their
suitability rating.. At this point, thére were only three turget categories with a sufficient number of

samples {or a comparison, sée Table §-3.

TABLE 8-3
TARGET SUITABILITY RATINGS BY CATEGORY
Complex Target Number of Targets

No. Category Good Fair Foor
1A | Misatles 489 362 112
20 Atrfields 255 273 38
73 Military Complexes 458 788 115
All Categories 1,886 1,876 380

6. 2.3 Data Handling/Pregram Operation
The normal mode of operating CRYSPER is to inpit a target deck consisting of the geographic
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coordinates of each target to be accessed and an estimate of the target's ground reflectance. The
program arranges these targets in a time order of aceess and then computes the sean angle at which the
taijget will be apquired and its. apparent contrast, It then computes the ground resalved distance that
should be attained for that particuiar position in the format. CRYSPER presently does not have the
capability to compute the field angle of acquisition becanse there is no way. of ipputting camera on/off’
data befors flight. Therefore, for correlation to Pl suitability It was assumed thai the targets, on the
average; fell within the center of the field, Since the correlation intended was géneral, it was felt that
this was a minor .so{ur_s_:e'af error., Fora speciti_c one-to-one gorrelation this error would have beena
significant variable. For this study the reflectance chosen to represent intelligence targets was 10 to
20 percent. This is qﬁﬁe unlike the CORN targets used for engineering purposes where the reflectance
Tanges ii‘om Tt 33 percent. U_u!ortunately__, each target category, as well as individual elements within
targets themselves, will vary markedly from the nominal in an unknown fashion. Therefore, for this
correlation, the nominal 10/20 percent reflectance was agsigned to every target.

The target deck used to drive CRYSPER for this correlation consisted of the agquisition falling:
into ane of twelve groups (3 ratings times 4 target categories). The cumulative frequency graphs for
theése sels of data aré shown in Figures-$-13 thru 6-16, These figures show that an excéllent correlation
exists between P1 ratings in the Good and Poor categories and the GRD values computed by CRYSPER.
There is a clear differentiation between the cumulative frequency distribution 'be_twe_e_n the target rated
Good .and Poor up to the 85% level. Beyond that level the ratings appear to be uncorrelatable with GRD.

The Falr choices, in general, are grouped with the Good category, with the exception. of the
ICBM raflng_s whieh correlate with Goed ratings at small GRDs {less than 6 feet), and the Poor category
at larger GHRDs, In fact, the Fair quality rating in this case excends the Poor rating-'_in terms of GRD and
in most cases occurs at smaller GRDs than the Good ratings, These observations do not necessarily
suggest that the Falr category i poorly related to the predicted GRDs, but perhaps that the tagk given to
the Pls of assigning a three level rating {5 not a reasonable subjective task, This is particularly true
when considering that paired comparisons were not made.

Table 8-4 liats the zerc frequency, 50% frequency GRDs, as well as the ratios between the 50%

values,
TABLE §6-4
STATISTICAL COMPARISON OF GRD BY CATEGORY
GRD at 50% Cuinula- Ratio Between Threshold GRD at
Target tive Freguency Point Good & Poor 0% Frequency
Category Good Poor at 50% Good  Poor
ICBM Deployments 4.8 16.4 2,167 20 KX
Alrfields 5.6 8.4 1.68 2.8 2.8
Military Installations 6.0 7.3 1.22 2.4 3.2
All Categories 8.2 8.8 _ 1.85 2.8 2.8
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CUMUELATIVE FREQUENCY BISTRIBUTION OF CRYSPER
PREDICTED GRD FOR ICBM DEPLOYMENTS
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Notice that there is an orderly rélationship between the Good/Poor 50% cumulative frequency points,

As the Good values go up in terms of GRD, the Pobr values decrease. This gives some indication of the
quality sensitivity associated with the varicus target types. It also may suggest the ranges in size of
objec_ts of interest for the _térge_t types. It also generally indicates that the t_l;reg;huld GRD values have a
similar relationship when using targets at either end of the scale. For some reason, the cumulative
frequency distribution.for the -a.ircm.ﬁ.data has an unusual shape at the low values of cumulative {requency,
and does not fit in the lafer relationship. The Poor 50% frequency GRD values are of particular interest
since they suggest quality limits which may be applicakle to acquisition decision miaking logic. That i8,.

it appeared to be difficalt for the PIs to distinguich Goods from Fairs, when the system was performing
veasonably well, However, when the system produced GRD values worse than some certain level, it
meant the target would indedd be inzdequate for his needs and rated as Poor. It appears that this certain
GRD value 15 & function of the target type and perhaps also of the current requirements for readeut. More
work needs to be done on future KH»Q ‘misslons in order to cledrly define these relationships so that
“take/no take decisions'' can be aided by estimates of the performance relative to the readout require-
ments.

§, 2.4 CORN Target Comparisons

Mobile and fixed CORN tribar targets are acquired for engineering purposes on KH missions.
These targets provide direct estimates of GRD and take into account actual camera operation as well
as scale factors and atmospherics. Although fribar resclution readings are somewhat subjective, they
are not as subjective as the PI ratings. The locations of the usable mobile CORN fargets, target
reflectanice, and field angle were used as input to CRYSPER. These are significant acquisition
characteristics that are necessary to obtain a point-to-point correlation with actual results. During the
course of the mission,several changes were made in the operating mode that had. a Dearing on the flight
performance. An exposure change of . 2 Stop {06 log E} was made for acquisitions above 10° solar
altitude and three focus changes were made, ong to the Aft Camerz and two to the Ferward. In order to
arcurately simulate the CORN iargets these input parameters were changed at the appropriate times
during. the CRYSPER run. '

Fignres 8-17 and 6-18 illustrate s comparison between the CRYSPER predictions and the facbile '
CORN target readings. There appears to be a2 very strong gorrelation between the two values in the
in-track direction. In the crose-track direction, the correlation is fair in that it appears as though the
camera experienced more smear than preflight teats had indicated. This correlates with the findings of
the line target analysis.  There 18, however, one very interesting fact that must be considered, CRYSPER
predictions are {or the 96% probable resclutions, i.e., worse case, Ordinarily, one would expect the
correlation to be gtronger with mean predictions. This hai been typical of predictions made during pre-
flight testing. I has been a perplexing phenomenon sinee the beginning of KH-% testing Over & yEar ago.
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However, it is a consistent bias In that what is actually achieved eobresponds to the predictions as we.
currcently perform. them

6. 2.5 Conclusions

A. The CRYSPER Program can be used 1o compute reascnable approxzimations of system
performance.

B. The two sigma low resolution predictions correlate well with the actual results achieved
from the CORN tribar targets in the in-track direction but are low in the cross-track direction.

€, CRYSPER predictions relate on a statistical basis to the Good/Poor photointerpreter ratings,

D. The CRYSPER Prograin has a potential for aiding in prefligh{ and on-orbit take/nc take:
decisions. It should be noted, however, that it will not-necessarily work on an individual target-by-target
pasis but will work well statistically.

6.3 VISUAL EDGE MATCHING {VEM)
6.3.1 Background

Image quallty evaluation of reconndissanee photography has 2 long history of variocus attempts
te quantify camera system performance. Performance assessment has always been accomplished
primarily by microscopic examination of a miiesion's operational photography by exparienced image
analysts. Memory, -perception, and preferential fudgment ave the variables used fo probe the causes of
disturbed imagery and to decide which operationdl parameiers might optimizé the product. -Of all the 4
iechniques d_eveloped and applied, only the tribar resolution method has achieved general community-wide
acceptarice. The fact that ground targets are required for the application of this evaluation method
preciudes its use in denied aren photography, * The purpose of the VEM technigue is to mieroscopically
examine cultural detail and characterize its edge sharpness in terms of equivalent standard fribar
resolution.

Not all of the {ilm footage refurned from a mission is amenable to image guality andlysis, Cloud
cover and gross density patterns contaih no détadl information. Potential target areas are all man-made
urban’ industrial/military complexes. This is the type of imagery utilized in the analysis leading to-a
.system performance assessment. Edges constitite the elemental sfructure of this type of imagery. Most
evaluation techniques historically have been centered about mathematical analyses of micrwensiti)metri'c
edge traces. In terms of practical ntilization, these approaches have not provén useful.

In 1963, a study was made to determine whether a visual evaluation of edges, akin to normal
-phmoinlerprem.t;ion-tasks, could be of practical use. After several years of work this feasibility was
demonstrated, Basically, the technigue lavolved comparing an operationd] edge with an array of standard
edges in 2 split-field microseope. Subjective judgment produced a matehed pair so that some psycho-
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physteal quality value could then be assigned to the previously unmown edge. In 1968, a workable
preadboard model of & VEM Comparator was completed which utilized a two-dimensional simxdaxﬁd
array of edges (VEM matrix} varying both in sharpoess and contrast, The first operational test was on
the ONs from Mission 1105. This mission was the one and only KH-4 ‘System which utilized a full ioad
.of ultra~thin base {(UTB} film and ita resultant photography was characterized by an extreme degree of
image quality variability. Not only did the VEM daty relatively quantify the degree of variability, but
also revealed the time-haged quality trends identified by the evaluation team’s experienceéd image
analysis.

With the success of the experiment on Mission 1105, the development and production of four
operationz]l VEM Comparaters was authorized for use on the KH-8 Program. VEM technology continued.
to develop utilizing the breadboard model for KH-4 missions. At this time, the XH-4 System instituted
& two-position focus adjust capability. As part of first bucket engineering operations photography was
acquired at both focal pogitiona, Tests were evaluated during the breakdown to select which position to
use for the subsequent bucket. VEM data gathered at these exercises always agreed with the subjective
assessment as to which focus position was better. Algo In 1989, the VEM technology waa. developing
through regearch on the KH-9 Program. Thra focus chamber test runs were being VEM analyzed and
good correlations were attained between edge guality and tribar resclution trends,

The VEM technigue was implemented by the PFA Team as an analysis procedure for Mission
1201. This analysis was performed at BRIDGEHEAD in the Mission Amalysis Area (MAA}. The results
were that subjective analyses of focus adequacy were confirmed with the VEM, and the amount of
resclution {alloff from center to edges of formit was sampled. In addition, #n exlensive VEM resolution
data baseline was established at AFSPPF by 8SC and AFSPPF personnel. The first phase (VEM/MES)
of this work produced VEM resoclution values for incorporation into the calculation of Mission Evaluation
Score (MES). The second phase (VEM/PAS) produced replicate samplings designed for performance
assessment (PAS).

6. 3.2 Equipment and Procedures
8.3.2.1 VEM Comparator

A VEM Comparator is basically a split~field comparison mieroscope on & carriage over
-a light table with power rewinds, see Figure 6-19. The:frames are scanned using normal scanning
procedures. When a polential target cluster is found, the vertical microacope Is centered over the area
amd clatches activated. Hand eranks then _pr‘eciaely' eontrol ¥~ and Y- movement. A fiber optics bundle
beneath the microscope objective provides adjustable {lluimination, Medlum power magnification {40X)
is used to locate a particular edge sultable for maichﬁig. :Rotaﬂng prisms in the mieroscope head permit
allgnment to the horizontal méﬂ edge regardless of its orientation on the film, A switch is made to
high power magnification (100X} and the field is then split to bring in the horlzontal microscope at 100X.
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VISUAL EDGE MATCH COMPARATCR
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8.3.2.2 Edge Matching

One half of the field fixes the edge to be measured, while the cther half views a standard
hoawn'” . ¢dge in the VEM matrix. Longitudinal matrix movement and horizontal microscope iHumination
adjustments permit selectlon of a reasonable contrast and density match. Lateral matriz movement then
allows a match in sharpness. Upon completion of the mateh, the previcusly “'uoknown’ edge is identified
in terms of ‘an eguivalent tribar resolution qualily leével in tycles per millimeter,

6.3.2.3 VEM Matrices

When matehing this array of controlled edges to unknown edges in the mission photography,
the Comparator operator decides if the best match is with a particular edge or would fall between two
adjacent edges. In this way, measurement capability is quantized to 15 possible levels. That these
levels constitute just m:latice_able-differences- is evidenced by the following two facts: {a) reader variability
is en the order of +1 guantum level; and {b} thru focus a’.n'a_ly_sis- work done on'a norimal matrix and repeated
with an experimental matrix of finer progressions produced statistically equivalent means and Stand#rd
deviations, With reticle test edges, VEM resolution has the sarne or perhaps even better measurement
accuracy as tribar resolution.

The VEM matrix is a two-dimensional 64 element array of standard “known™ etdges, see
Figure 6-20, For each column in the matrix, sharpness is constant and contrast ranges in 8 steps from -
high to low. For each row, contrast is constant and sharpness progresses in 8 steps from high to low.

1t is essential that the graininess of the matrix edges be the same as that of the mission
target edges. To assure this condition for KH=8 mission applications, ON matrices wére produced
directly on 1414 Fihn and processed by dual gamma. Similarly, TP matrices wers dup_ed onte BO-192
Film using Niagara Printers and viscous processing, All af the matrix production procedures simulated
operational parameters, Therefore, a matrix capability now exists to work with "e_it".her Ps or ONs, In
addition, the comparators have been modified with phenallic rollers to aceept ONs as well as DPs,

§,3.2.4 Matrix Celibration

Each matrix comes supplied with individual calibrations for resolution, These resoluticn
values are unique to each matrix and reflect the averages of actual readings made {fom 2:1 contrast
tribar tarpets exposed with the edges during production on z defocusing microcamers, For relative
measures this is perfectly adequate whes :_l,pplied to image quality assessment of a camera system’s
product, Bui because of user’s camera spatial frequency, mpdulaticn transfer characteristics are unlike
those of the manufacturer's microcamera, interpretation of VEM results in an absolute sense would be
incorrect. To be a more poweriul analysis tool in the KH-9 program, calibfation was carried aut in
four phases. First, procedures were defined and methodology established using SN-0G2, Chamber A,
Test 14, thru focus ONs and DPs. Secomd; dbsolute values were determined specifically for 8V-1 using
SN-003, Chamber A-2, thru {ocus ONs 2nd DPs. Third, calibration was verified with mobile CORN
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FIGURE 8-20
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tribar target acquisitions on Mission 1201 ONs.and DPs, Fourth, cross-calibrafion between matricea was
done during the VEM/PAS data baseline buildup.

A test reticie was used which contained a 2:1 contrast tribar target, along with an in~track
and crogs-track series of seven edges tilted through the normal plane of the reticle iteell, see Figure 5-21.
Onily the one edge closest to being in the game plane as the tribar target was utilized for matching purposes.
Because the image motion velocity profﬂes acrogs the target reticle were unknown, the lateral separation
of the cross*trﬁck.edge fromo the tribar target precluded its use in the calibration work. Thus, calibration
was limited to the in-track direction.

The basic procedure was to read the in-track tribar targets oo the ON and then match the
corresponding edge on {ts DP. By poth replicating and exploring different focal positions, variation in
the apparent quality of & DP edge is related in a funetional way 1o tribar resolution re_m_:lifion on the ON,
taking into account quality degradation {nherent in the duplication process, It was found that three readers
and three replicates at each focal position produced the minimum adequate statistical sampling for both
resolution reading and edge matching to establigh correlation confidence. Becanse only seven focal
positions over a fairly nafrow range were available and because the largest tribar element available was
71 e/mm; the entire matrix sharpness range could not be calivrated directly. There was sufficient data
to establish some confidence in the raid-range, but both extremes had to be calibrated via extrapolation.
Actua) data polnts {rom sequences, K1, X3 and L3 of the Chamber A-2 test are plotted in Figure §-22 for
the Forward-looking Camers and Figure 6-23 for the Aft-leoldng Camera: In comparing the two sets of
‘data, -it is evident that there is a callbration difference between the twe cameras, although why this
ghould be 80 is not yet understond, The calibration check carried out on Mission 1201 photography with
moblie CORN tribar acquisitions revealed that whéreas the Forward Camera data clearly gorrelated.,
the Aft Camera data was more scattered. In mddition; most of the data polnts fall below the calibration
curve, indicating an error in calibration. Investigation is underway to determine the influence of eiposure
level on the calibration procedures, In any event, the advantage of working with DPs and being able o
fake reliable inferences regarding resolution on the ON is a significant advancement.

In grder to avercome the ealibration limitations described above, a new reticle has been
designed and ls being fabricated. This reticle contains both orthogonal edges (in and croge~-track) and a
2:1 contrast 12 V2 tribar- targei witlch wiil image in collimator camera tests a dynamic range of 25 to 17
cimm. 1o conjunction with a wide range of platen positions, this is expected to satisfy the VEM calibra-
tion needs of the KH-9 Program. _Untsl this new reficle 18 completed and the calibration data formulated,
the following data {rom three DP fatrices 1a being uged, see Table €-35,
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EDGE AND TRIBAR TARGETS IN TEST RETICLE

21 CONTRAST TRIBAR TARGET
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SN-003, CHAMBER A-2, SEQUENCES K1, K3, & L3 DF EDGE MATRIX CALIBRATION DATA
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TABLE 6-5

PRESENT DPF MATRIX CALIBRATION DATA

Forward Camera. Aft Camera
Matrices.
Edge 1 2 4 1 pa 4

1 270 263 252 305 305 2817

215 239 228 250 276 261

2 470 215 200 200 250 233
140° 181 167 165 208 200

3 115 150 140 137 17T 165

100 124 110 121 145 129

4 88 97 81 103 114 95

18 74 69 92 91 80

5 66 54 55 B 65 87

50 38 3 60 48 48

B 35 27 25 44 a3 31

28 23 : 22 38 29 27

7 23 20 18 28 25 23

18 18 17 23 23 22

8 16 18 16 21 21 21

6.3.2,5 VEM/PAS Data Collection

Approximately 5,000 edges {rom Mission l-zﬁi were matchied for the quantitative assess-
nent of the camera system performance. To facilitate this effort, three VEM comparators were utilized
fuli time during th‘i_s operation. The search {or edges in cultured detail was restricted to VEM cells,

Thene cells, covering an area of 8ix inches by one half inch on the format, were centered at each 15° of
scan and at 0. ¢1.0and 2.5 inches of field. With these cells; edge population densities could be
conveniéntly grouped togéther to produce statistically stronger samples than purely random point samplings.

As readers scanned through the photography, ceils were located containing cultural
detail. Edge matchings within these cells were simply recorded and passed _.cn ta data control. Here the
edge readings were combined with pertinent identification and pperational datz for storage in-computer
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memory. Programs were writlen to retrieve, provess, and print this data. The types of analysis
duestions addressed were:
' A. What {8 the overall comparison of performance between the two cameras ?
B. What was the effect of operationzl changes in the platen position?
€. What are the minor and major axiz format resolution profiles?
D. Whatds the quanptitative characterization of the thru focus rung?

It is the intent of the PFA Team to utilize this approach not only in the analyais of upcoming
missions, bul 2180 to maintain an accumulative data bage from which mi_ssi_dn performance trends can be:
eatablished.

The prime difficulty with the VEM/PAS data is the fact that replicate variability is far
greater t'_han. it was with the laboratory test data. The excessive noise level reduces the reliability of the
VEM analysis done on this mission. The average standard deviation for a group of six edge matchings in
one cell i5 1TE of the mean value in lines/mm. Although VEM analysis in fine inérements along the
format major axis suggests possible camera variability within a cell length, it could slsc be attrilwted to
variability in the st'ructu'n'_a of the edges themselves. A study is underway to more adequately define the
nature of edge suitability to minimize thie potential source of error. If is hoped that we can learn how to
establish guidelines for operational edge selection to decrease VEM/PAS variability.

6.3, 2. & Conclusions _ _
A. The VEM technigue was used suceessfully in the analysis of Mission 1201 and shows

promise of becoming a primary analysis tool.

B. The VEM z_‘*es'oluticn_c'al'ibration-ne‘eds to be performed over a wider .res_oiufion range
and in both the flight and sean directions,

C. Tmprovernent ih both the VEM Comparator accéssories and matrix striacturs. would
enhance the uiility of the technique,

D. More sophistication in the VEM/PAS software would redice analysis time.

E. Work should be undertaken to define the sultability of edges to be used for VEM.
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SECTION VI

CONCLUBIONS AND RECOMMENDATIONS

7.1 CONCLUSIONS/RECOMMENDATIONS
The following conclusions and recommendations are -mé.de by the PFA Team:

A. Camera pericrmance on Mission 1201 was good and the camera system met all launch
objectives,

B. The KH-9 Camera appears capable of meeting design goals for resolution and coverage.

C. The majority of requirements for first phase intelligence readouts were met, Interpretability
was considered good by the NPIC photointerpreters.

D. Area-search requirements were met at all scan angles, however, in many instances order of
battle readout was 'd;iifi_cul‘l beyond.plu.s;or rmimas a_is.d_e'g_re'es. |

E, The Aft Camera performance was superior to that of the Forward Camera throughout most of
Mission 1201,

F. The cause of the large initial out-cf-focus condition ¢n the Forward Carmera is not'ﬂnderstood.
Possible ¢auses identified include errors in collimator forus and/or the difference between collimator

iight Bource spectrum and daylight. It is recommended that the light source and collimator focus settings

at both test facilities be evaluated and modified;, U necessary, before Mission 1202.

G. The eng‘lneering thru Iocusms-prqved 1o be extreme_iy useful in optimizing camera perforin-
an¢e-on-orbit. ‘There were some inadequacles with these tests, however, i, e., some were run over aveas

of little cultural detail, and suificient focus incremenis were not employed, For Misgion 1202, greater

-attention must be placed to the planning for the thru focus engineering tests.

H. DBased on on-orbit assessment and post mission evaluation of the telemetry data, 1t4s con-
cluded that the XH-9 functioned as designe_c__i' and correlated quite closely to the electromechanical signa-
tures. established during ground testing.

I. The line target analysis technique {5 a new appmach to quan_tify image smear from {light
photogitaphy. Line analysis indicated a higher average smear than expected, particularly oo the Forward
Camera, inthe cross-track direction. Based on the line analysis the Aft Camera performed as expected.

J. Reduction of smear appears to offer the greatest potential for short term improvements in
camera system performance. _S!_ar’tir_xig with the 8V-3 cameras, modifications are being incorporated which
will enable an on-orbit assessment of smear by an ability to ineremently adjust the film synchronization,
i re't_:om_n_:ended that the command software be modified to allow {or the Rill advantage of this capability
to be realized..

¥. The photography and TM indicated an excessive in-track smear on one first {rame of the
Fc’mr;;.‘rd—lookmg-(:amera. The camera was vperating in a negative scan sector and a short scan angle. A
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logic error was identified in the sensor sequencer that improperly generated the skew angle correction

when both cameras were operating at negative sean centers and short scan angles. Iids recommended

that the mapaitade of hardware modifications to the sequencer be defined in order to trade-off costs

versus operational eonstraints,

L. Pendritic-like: electrostatic discharge plus-dengity markings were observed an the Aft Camera
phiotography. Operational imagery, however, was not seriously degraded by these markings,

M. No loss of contrast or image quality was noted due to.the Wratten 2ZE Type Filter employed
on the Forward Camera. Further flights utilizing the Wratien 2E are recommended, b

N. Some mission lmagery from the Forward-looking Camera was seriously degraded by
specuiar reflections. This could be particularly harmful with monosgcopic operations. It is réecommended

that mission planners examine the effects of specular reflections before sckeduling launch times for

future flights.

©. Evaluation of ICD conformance indicates that most ICD requirements are extremely conser-
vative. MNo changes are wdarranted at this tirme,

P. The camera exposure, after a reducton of . 2 Stop (. 06 log B}, was optimum for the mission
for photography acquired above 2 solar altitude of 10 degrees, Sparsity of acquisition at low solar
altitudes precluded a thorough exposure anzlysis of that fmagery.

Q. Post recovery original negative handling and reproduction were accomplished without difficulty.

R. Accurate camera performiance TM data permitted very successful operation of the Cptical
Tilling System and the elficient breakdown/reproduction of the original negative.

§. Although specialized duplication aided the photointerpreters, in most insiances the standard
50-182 reproductions were found to be satisfactory for first phase readout.

T. The image quality of the SG-192 dupllcate positives delivered to the photointerpreters were
comparable to that of the original negative.

U. Good correlation exists between CRYSPER ground resolved dlstance_pmdictioﬁa,_ CORN
readings, and PI suitability ratings, '

V. Visual edge matching (VEM) offers promise as an effective plioto-evaluation technigue.
However, further work with miatrix calibration and the natitre of edge suitability is Fequired. IL-_iE
recommended that Mission 1201 photography be further evaluated {o resolve some of the unanswered
guesticng and give a further ingight to the applicability of this techrique, its '-calibration; and its measure-

ment ACCUraAcy.
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Aft

ACS
AFSPPF
AT

aprx
AUGIE
BRIDGEHEATD
BY

[

C+

CG
Chamber A
Chamber A-2
c/mm
CORN

cv

OIu

D log E

DN

op

EM

ESD

ESO

FP

FPA

FP-A
FP-B

FT

FIF
Forward/FWD
£

OMT

GRD

Handia via
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APPENDIX 4 .
GLOSSARY OF TERMS

Afi-looking Camera and Associated Filni

Attitude Control Bystem

Alr Force Special Projects Production Facility

Aertyl Image Modulation

Approximately

Acronym for Data Compression Technique Used for RTS to STC. Data Trans mission
Prirary Film Processing and Immediate Post Flight Evaluation Facility
Booster Vehicle

Camera Power Off Command

Camera Power On Command

Center of Gravity

Photographic. Vacuum Test Chamber Located at East Coast SSC Faellity
Photographic Vacuum Test Chamber Located at West Coast Faeility
Cyecles Per Millimeter

Controlled Range Network

Constant Velocity

Data Interface Unit .

Sensitometric Response of Denslty to :Lng,arithm of Expoesure
Duplicate Negative

Duplicate Pogitive

Electromechanical

Emergency Shut Down

Emergency Shut Down Override

Focal Plane

Flight Profile Addendum

Focal Plane - Forward Camera

‘Focal Plane - Aft Camera

Film Transport |

Fileld Test Foree

Forward-looking Camera and Assopclated Film

Gravity

Greenwich Mean Time

Ground Resolved Distance (bar plus space)
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| APPENDEX A-(CONT'D}
GLOSSARY QF TERMS:
Hz {veles Per Second (Hertz)
HOPE Computer Program for Evaluating TM Data
ICD Interface Control Document
19 Imput Drive Capstan
ips hlfh(_ea} ‘Per Second
ISFS ‘Latera] Separation Focus Sensor
MAA Mission Analysis Area
MC Metering Capstan
MCSE Metering Capstan Summed Error
MES Mission Evaluation Score
MFA Measurement Fliter Assembly
MIP Mission Information Potential
MONG Monoscople Operation
MOP Manual Operation
MPH Mission Performance Review
MTF Modulaticn Transfer Function
NM Nautieal Miles
NPIC National Photographic Interpretation Center
0A Orbit Adjust
0B Optical Bar/Order of Batile
oD Cutput Drive Capstan
O Original Negative
OP/Op Camera System Operation
PAS Performance Assessment
PCM Pulse Code Modulation
PFA Post Flight Analysis
P-MODE ‘Photographic Mode
PMU Programmable Memory Unit
PH/PNU. Preumatics '
PN Plus {+} Pneumaties On
psi Pourdds per Sguare Inch
rad/see Radiaris Per Second
A2 | Handle vio-Feteriayhalon
Approved for Releasemmr_ Controls Only
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APPENDIX A {CONT'D)

GLOSSARY OF TERMS

REV Orbital Revolution
RMS Root Mean Square
RTE Remote Tracking Station
RV Reentry/Recovery Vehicle
BRWC Rewind Constant
RWV Rewind Velocity
HAL Scan Angle Length
SBRA Satellite Basle Assembly
sC ' Scan Center
sCC Systems. Command and Control
SCF Batellite Control Facility
Seq Sequérice
SLC-4E Space Launch Complex - 4 East
SOF Start of Frame
Sola Bystem Engineerfing Test after Fourth RV Separation
SPEC Specification
58 Sensor Subsystem
58C Sensor Subsysiem Contractor
5TC Satellite Test Center
5 Bupply Unit
sV Satellite Vehicle
SvT Satellite Vehicle Time
T Sit Width Teets
T Mean Temperature
TCA Two Camera Assembly
TN Telemetry
TU Take Up Unit
TR Ultra Thin Base Film
VAFDR Vandenberg Air Forcde Base
VHE Variable Block Erase
vor Vehiele Distarbance Program
VEM Visual Edge Match
Hondle vigek

Controls Only
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APPENDIX A {CONT'D)
GLOSSARY OF TERMS
Vs ' Coarse Film Path Veloclty
Vx/h Orbital Angular Rate, In-Track
Vy/h Orbital Angular Rate, Cross-Track
WCFD West Coast Field Office
WCPO West Coast Project Office
DEFINITIONS
Acutance: Acutance i5 an objective measure of sharpness. It is determined {rom the averape
' stope of a microdensitometer edge trace.
ANDING Logic operation with two or more inputs, all of which must be TRUE {or the output
to be TRUE.
Crystal Ball This program {5 a photomettic orbital acquisition medel which inctudes computalions
of most geometric quantities of interest.
Defilming This cperation consists of despooling the original negative from the RV and preparing
it for processing.
Exploitation _Explbit"afi_cin is the act of extracting from Imagery the full meagure of information that

can be.derived which-is of value to {inisked intelligence producers and related
activities, at any given polit in time. It is also considered the act of .converting
images as a result of imagery interpretalion, into useful information about the
ohiscts, installations, activities, add areas which these images represent.
Expleiiation is divided intothe following threé phases:

(1) First Phase - The preliminary, rapid inferpretation of newly acquired
imagery for the purpose of extracting, organlzing, and communicating information
to satisfy immediate priority needs,

{2 Second Phase - The systematic review of newly aequired reconnaissance
imagery for the purpose of providing a suceinet, organized, comprehensive summary
of the information extracted, or available {or exiraction, from the tmagery obtained
By a misgion.

~ {3) Third Phase - The in-depth exploitation of reconnaissance imagery for.the
purpose of extracting and coherently organizing the accurate, detailed, and compre-

. hensive information required in the production of intelligence. This analysis may
involve more than one mission and is oriented toward specific {argets and functional

categories.
Granularity G_ra.nularity iz the objective quality of an image assoeiated with the nen-uniformity
of 'a uniformly exposed and processed area.
Identification Identification 'qualifiers are used by photointerpeters to designate varying degrees of
Qualifiers ‘confidence in the identification of targets and their functions, The qualifiers listed

below are on the sufficiency of evidence.
{1} Firm ~ The evidence is sufficient to permit a definite identification.

(2) Probable ~ The evidence for the identification is strong.

A-d Hondle vie TarSnT=evhoie
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APPENDIX A (CONT'D)
GLOSSARY OF TERMS

{3} Possible - The evidenge indicates that the identification i reasonable and
more Hkely than others eonsidered.

{4) Suspect - The evidence is insufficient to permit identification with any
degree of certainty, but photography or other information provides seme indications
of what the function may be.

Interpretabliity Interpretability is defined as the suitability of the imagery for answering reguire-
ments on & glven type of target. Some of the factors that affect interpretability are_
camers performance, natural and man-wade atmospheric cmuiitions, scale, and
lighting conditions during acquisition. The_ iollowing are the four 1eve_ls of inter-
pretability:

{1) Ezcellent - Suitable for interpretation to anewer reguirements on a given
type of target in complete detall.

(2) Good - Suitable for interpretation to answer requirements on 2 given type of
target in considerable detaill.

{3) Fair - Sultable for interpretation to anawer requirements o a given type of
target, but with only average detail.

{4} Poor - Unsuitabie for interpratation to adequately answer reguirements on a
given type of tarpet.

QAK An OAK is an NPIC publication that preseats the results of the first phase exploitation
of gatellite imagery,

QAK Supplement An QAK Supplement is an NPIC publlestion that presente the resuits of the aecond-
phase exploitation of satellite imagery.

Order of Battle Order of Battle is an inventory or count of milltary 'capabiiit’i&s which fall Into three
basle categories, Alr, Naval, and Groumi.
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APPENDIX B
BASIC ORBITAL PARAMETERS
Ectcentricity Period Min Alt ‘Perigee Lo
Day Rev x10~3 {min/sec) (M) (°N Lat)
Case 103F Ref 9, 051 89:22 89, o 21
Injection 0 9. 076, 89:22 99.8 20
1 16 9. 210 88:22 98. 7 18
2 53 9. 149 89:20 98, 4 %
3 49 92,118 89:18 98. 2 20
4 85 9.055 89:17 98, 1. a1
5 81 8,970 89:15 98. 1. 35
6 o8 8. BGY 89:13 98.0 39
7 112 8.828 89:12 98.0 43
0A 127
8 128 10. 042 89:20 98, 1 48
8 145 g, 910 _ 89:18 98. 2 50
10 182 9. 788 89115 98, 3 54
11 178 9. 848 89:14 98, 4 58
DA 130
12 192 8. 869 89:18 89,1 56
13 209 8. 700 89:16 89,5 81
14 223 9,710 89:14 89,5 B4
15 242 9,948 BS:11 89. 9 68
16 254 9. 370 89:09 89. 6 71
0A 256
11 270 8,789 89:19 g9, § 20
18 288 a.718 89:17 89, 2 25
18 . 303 B. 863 B9:16 8.8 28
20 319 8.582 89:14 98. 6 33
0A 338
21 338 8. 785 B8:15 88. 6 36
22 352 8,713 8913 8. 4 40
23 368 8, 824 88:11 88.4 43
24 384 8,510 89:09 93, 3 47
04 - 285
Handle vlu-ﬁ-ﬂ—ﬁqh&r _ . B-1
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APPENDIX B (CONT'D).
BASIC ORBITAL PARAMETERS
E.ecen.t.ﬁacit?' Period Min Alt Perigee Lot
Day Rev xi0 " {min/sec) {(NM) {°N Lat}
25 400 10. 140 8921 98.6 50
26 415 - 89:20 98.9 . 54
27 432 g, 88 89:17 9B, 9 58
28 448 9, 749 89:14 9%. 0 61
29 484 9, 584 89:12 99, 2 85
30 480 9,424 $9:10 88, 3 69
3% 496 3, 240 89:07 8%, 4 12
B-2 Handle via Tarr=ieyhala.

Approved for Release: 2022/03/03 C05132845% : Conlrols Only



= i i Handle via :
: TS 3 pproved for Release: 2022/03/03 C05132845 Controls Only

POST FLIGHT ANALYSIS REPORT

1201
APPENDIX C
CAMERA OPERATIONS SUMMARY

RevOp Misslon Sean -Angle Scan Center Forward AR

Rev No. Op No, {degreas) (degrees) {irames) {{ramnea)
RV1 8 T -—1_" 80 0 6 8
8 2 2 307 ~15 8 6
8 3 3 60 30 6 6
14 1 4 g0 o 50 50
18 1 5 90 0 58 58
20 1 £ 80 15 28 26
21 i 7 90 0 52 52
22 1 8 80 0 58 58
23 1 g 120 0 102 102
24 1 10 60 0 6 . 8
24 2 11 a0 0 13 13
25 1 12 90 0 18 16
26 1 i3 80 ] 27 27
29 1 14 80 0 28 28
31 1 15 60 0 11 11
31 2 16 120 0 §0 o0
32 1 17 120 0 75 75
33 1 18 80. -1§ & 6
36 1 19 80 e 53 53
a7 1 20 80 -15 &7 4%
38 1 21 80 0 22 22
38 2 22 90 0 32 32
38 3 23 50 -15 62. 62
39 1 24 80 0 3 23
39 ) 25 80 67 87
£0 1 26 60 8 6
) 40 P 27 0 ki 37
41 i 28 60 15 67 67
42 1 2g 80 0 22 22
42 2 30 120 0 17 17

Handls vic TEEm-Kephele— _ . C-1
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APPENDIX C {CONT'D)
CAMERA OPERATIONS SUMMARY
Rev Op Misgion Scan Angle Span Center Forward Alt
Revy Ng. Cp No. {degrees) {degroes} {frames) tiramesi

RY-1 42 3 3t g0 o 21 21

46 i 3% 60 15 8 $

47 1 33 &0 15 8 6

47 Z 34 80 0 55 55

48 1 35 120 0 T2 72

49 1 38 60 30 6 &

51 1 3% 80 -30 8 8

52 1 38 30 6 18 18

53 1 39 80 -15 47 47

54 1 40 50 e &7 47

54 2 41 80 _ o 33 33

&5 1 42. 80 15 18 16

55 2 43 60 15 27 27

55 3 44 90 ] 72 72

56 1 45 &0 15 41 41

57 1 48 90 -15 27 27

57 2 47 60 15 12 12

58 1 48 80 - 15 18 18

58 2 48 80 0 16 1€

61 1 50 60 6 11 i1

2. 1 51 60 15 8 8

63 1 52 60 15 & 8

83 2 53 50 15 38 98

96 1 54 90 0 T 77

0 2 55 60 -15 47 47

7 1 56 60 15 47 47

71 5 57 90 o 51 31

T2 1 58. 60. 15 29 27

92 2 58 60 15 . 42 42

73 1 60 80 v 8 [

Cc-2 Handie via Folew=itephelo-
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APPENDIX C (CONT'D)
CAMERA OPEHATIONS SUMMARY
Rev Op Mission Scin Angle Scan Center . Forward Aft
Rev  No. Op No. (degrees) {degrees) {frames) {frames)

RY-1 1 3 81 %0 “15 Y 17

74 1 62 90 0 37 37

75 1 63 4 1§ 6 6

RV-2 77 1 B4 60 15 17 17

84 1 65 80 0 8 8

85 1 66 30+~ 15 . 6 6

8s. 1 67 90 o 57 57

86 2 63 80 -15 21 21

87 1 69 £0 -15 22 22°

87 2 0 30 -15 12 12

87 3 71 30+ 80 T 7

88 1 72 B0 o 6 6

88 2 73 __ 90 o a7 87

88 3 74 30 15 17 17

39 1 75 60 15 41 41

90 1 76 30 -30 i1 1

50 2 77 80 0 37 37

80 3 78 20 0 27 27

50 4 79 90 0 33 - 33

80 5 ‘80 30 -30 22 22

81 1 81 30 15 il 1}

93 1 82 | 20" 30 26 26

B4 1 83 90 0 14 17

95 1 84 90 0 5 5

06 i 85 80 -30 46 46

160 1 86 o0 0 43 42

101 1 87 80 0 11 11

102 1 88 90 ) 107 1067

102 2 89 80 15 22 22

102 a 90 ___3”'*?/ -30 22 22
Hondle vio Seteyiitoyiroe c-3
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APPENDIX C (CONT'D)
CAMERA OPERATIONS SUMMARY .
Rev Op Mission Scan Angle Scan Center Forward Aft
Rev Nao. Op No. {degrees) {degrees) frames) itramest
RV-2 102 4 91 80 0 53 51
103 1 92 90 0 37 37
103 2 93 30’ 30 27 27
103 3 94 ag” 30 7 7
103 4 95 30 0 57 57
103 5 96 30 30 ag 32
104 1 97 60 g 8 &
104 2 98 80 15 36 38
104 3 99 90 0 97 97
106 1 100 %0 0 21 21
106 2 101 307 15 6 6
108 3 102 &0 15 32 32
106 4 103 ‘50 0 17 17
107 1 104 307 ~15 11 11
109 1 105 307 30 1 11
109 2 166 30 K[+ o 21 21
110 1 107 90 0 21 21
110 2 108 307 ~30 B3 13
113 1 109 30~ 30 6 6
116 1 110 307 -30 42 42
118 1 111 90 0 42 42
118 2 112 90 0 107 107
119 1 113 90 0 87 87
119 2 114 0 0 87 87
120 1 115 90 0 202 202
121 1 116 50 i 8 6
121 2 117 90 g 92 92
122 1 118 90 0 48 45
123 1 119 60 15 18 16
129 1 120 90 15 33 33
C-4 Handle vioFetmriiepheole
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APPENDIX C (CONT'D)
CAMERA OPERATIONS SUMMARY

Rey Op Mission Scan Angle Scan Center Forward Aft

Rev No, Op No, (degroes) (degrees) {frames) {frames)
RV-2 133 1 123 60 -15 37 37
134 1 122 30~ -30 57 57
134 2 123 307 30 16 16
134 3 124 30~ =30 8 .8
135 1 125 80 i} 25 25
135 2 126 307 30 12 12
135 3 127 30~ 30 16 16
135 4 128 3a- -39 12 12
135 5 129 30~ 30 17 17
136 1 130 30 30 18 16
136 2 131 a0~ 15 22 29
136 3 132 60 15 BT 87
136 4 133 30" -30 27 217
137 1 134 60 0 6 6
137 2 135 S 1 -30 11 11
137 3 136 30 15 12 12
138 1 137 0. 45 16 16
138 2 138 60 -15 11 11
139 1 139 30- -15 13 13
139 2 140 3 0 21 21
139 3 141 30 30 S 6
139 4. 142 30° 30 16 16
143 1 143 30”7 15 1 &
143 2 144 a0 15 6 6
145 1 145 80 15 34 34
150 1 148 30 0 52 52
151 1 147 90 G 16 16
151 2 148 30 -30 26 26
152 1 148, 367 1§ 11 i1
152 2 150 307 -30 22 22
152 3 151 80 0 5% 52
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APPENDIX C ({CONT'D)
CAMERA OPERATIONS SUMMARY
Rev Op Miseion Scan Angle Scan Center _-F’brWard Aft
Rev No. Cp No. (degreea) {degrees) {irames) {frames;
®y-2 152 4 152 20— 15 22 22
153 1 153 &0 6 8 8
153 2 154 30~ -30 32 32
153 3 155 307 -30 & M
154 5 156 90 E: 31 31
154 2 157 307 30 8 8
154 3 158 30 -30 11 11
155 1 1592 &0 -15 ] ' 8
155 2 160 30" ~30 17 17
155 3 161 60 1% 17 17
155 4 162 80 15 11 11
159 1 163 307 -45 6 6
160 1 164 30" 30 7 7
160 2 165 60 -30 2% 28
165 1 166 a0” -39 16 16
165 2 167 60 ~30 38 36
166 1 ‘168 307 -39 21 21
166 2 169 307 -30 23 ©23
166 3 170 0 , 0 55 55
167 1 171 50 -15 42. 42
167 2 172 120 o . 52 52
- 167 3 173 80 15 46. 46
167 4 174 60 -36 32 32
168 1 175 60 15 36 36
158 2 176 &0 30 37 37
169 1 197 50 0 8 6
169 2 178 80 30 38 36
169 3 178 90 -15 13 13
169 4 180 a0 15 18 18
170 1 181 307 -30 11 11
C-6 Hoandle vio=telewijtayivole
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APPENDIX C (CONT'D)
CAMERA OPERATIONS SUMMARY
Rey Op Miszgion Sean Angle Scan Center Forward Aft
Rev E& ' Op No. (degrees) {degrees) {irames) {frames)
RV-2 ;'}E 2 182 o0 -15 27 27
190 K] 183 307 15 1z 11
171 1 184 30" -15 11 11
171 2 185 a0~ -30 8 6
17 3 186 120 0 42 42
172 1 187 30~ 30 37 37
RV-3 180 1 188 30-° -30 6 8
181 1 189 30- 0 1 11
182 1 180 30° 0 8 5
183 1 181 80 g 37 37
183 2 192 30" -30 27 27
163 3 193 60 -1% 57 57
184 1 194 30~ -30 a7 47
184 2, 195 kiizg =30 42 42
185 1 196 60 o 8 5
185 2 197 307 30 21 21
186 1 188 30° 30 6 5
187 1 189 307 30 11 i1
188 1 200 W 30. 8 &
180 1 203 307 15 B 8
192 1 202 307 =30 8 8
193 1 203 30" ~30 6 6
197 1 204 307 30 21 21
198 1 205 80 0 32 32
198 2 208 30" -45 18 16
$99 1 207 80 0 52 59
196 2 208 307 -39 16 18
195 3 209 80 ] 48 48
200 i 210 30 30 & 8
200 2 211 30’ -30 18 18
Handle via=Fotemiliepvelo _ _ .
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APPENDIX C {CONT'D}
CAMERA OPERATIONS SUMMARY
Rev Op Mission Scan Angle Seao Centeér Forward Aft
Rev No, Op Ne. {degrees) {degrees} {frames) {{rames)
RV-3 200 3 212 30 15 13 11
201 L 213 60 0 8 6
201 2 214 " 90 0 26 26
202 i 215 96 0 31 31
203 1 216" 30 30 6 6
205 1 217 30 -3¢ 8 B
208 1 218 K1t a0 8 8
200 i 219 30 -30 13 13
213 1 220 80 15 21 21
214 1 221 g0 ] a2 a2
215 1 222 60 15 77 77
915 2 223 90 0 46 486
216 1 224 307 -30 16 18
218 2 225 30~ 30 11 11
216 3 226 30 30 26 26
217 1 227 50 0 8 6
217 2 228 90 0 67 67
218 1 229 8¢ 0 27 27
218 i 230 30 30 16 16
219 2 231 30’ 30 11 11
218 3 232 30¢ 30 11 11
220 1 233 60 -15 21 21
291 1 234 30 15 18- 18
225 1 235 307 15 13 13
228 1 236 60 30 47 47
229 1 237 30/ a5 18 18
230 1 238 W 15 8 8
231 1 239 g0 0 42 42
231 2 240 60 -15 46 48
232 1 241 40 0 27 27
C-8 _ Handle vidTaimeieopirole
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APPENDIX C (CONT'D)

CAMERA OPERATIONS SUMMARY

Rev Op. Mission Scan Angle Scan Center Forward Aft
Rev No. Op No. {degrees} {degrees} _{irames') {irames)
RV-3 232 2 242 30~ 506 16 18
232 3 243 60 15 7 7
232 4 244 £0 15 11 11
233 1 245 307 ~30 ' 62 82
233 2 246 60 -15 12 12
234 1 244 80 0 & £
234 2 248 60 0 i1 11
234 3 249- a0” 45 12 12
234 4 250 80 0 27 27
235 1 251 60 -15 i1 11
235 2 252 £0 0 80 80
236 1 253 80 15 6 6
237 1 254 80 15 12 12
242 1 255 60 15 26 26
248 1 256 g ~30 22 22
248 2 257 80 15 22 22
249 1 258 307 30 26 26
249 2 259 80 -15 21 , 21
250 1 260 80 0 & 3
250 2 261 30”7 -30 26 28
250 3 262 30", - 66 66
251 1 263 5o 30 31 31
251 2 284 30 ~15 11 1
251 3 265 307 -15 .8 6
252 i 266 80 -15 B 7
258 1 267 30 -15 T 19
262 1 268 30 15 8 8
263 1 269 60 -1% 26 26
264 1 270 60 15. 31 31
264 2 271 80’ 0 18 18
Hondie via TERT=Hryhoian s c-8
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POST FLIGHT ANALYSIS REPORT
1201
APPENDIX C (CONT'D}
CAMERA OPERATIONS SUMMARY
Rev Op Mission Scan Angle Scan Center Foprward Alt
Rev Ne. Op______l_ﬂii {degreas) {degrees) {frames} (frames]
RV-3 264 3 272 30~ -30 32 32
264 4 273 30 ] 17 17
265 1 274 80 -15 8 §
266 1 215 50 0 8 &
266 2 2776 30" -15 13 13
266 3 277 80 --15 i1 11
267 1 278 60 15 62 62
268 1 29 307 ] i1 11
269 1 280 30° 30 8 6
271 1 281 30/ 30 6 8
274 1 282 60 : -15 20 20
278 1 283 30 -15 B 8
279 1 284 90 0 22 22
280 1 %85 307 30 31 a1
280 2 286 30~ ! 18 ig.
280 3 287 307 3¢ 36 36
280 4 288 30~ 30 7 7
280 5 289 307 K I 37 37
280 B 290 30 ] T2 12
281 L 291 3¢ -30 23 23
261 2 292 90 0 16 18
. 282 i 293 &0 g 6. 8
282 2 294 80 15 17 17
283 1 205° 90 0 82 82
283 2 296 30° 30 17 b3
284 1 297 80 -15 17 17
285 1 298 30" -30 8 - &
286 1 293 307 30 11 13
287 1 300 307 -30 11 11
260 1 301 30” -15 21 21
C-16 ) Hondle vio™Trterr=itovhalo
L, . gy oy o Contrels Only

Approved for Release: 2022/03/03 C05132845
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APPENDIX C {CONT'D)

CAMERA OPERATIONS SUMMARY

Rev Op Missgion Scan Angle Scan Center Forward Aft

Rev No. Op No, (degrees) {dﬂgﬂgrﬁgg_) {frafnes) {frames)
RV-3 293 1 302 30— ~30 8 g
285 1 303 80 -15 16 16
296 3 304 ac” 30 a7 37

266 2 305 307 15 11 ¥
295 3 308 307 -30 7 7
296 4 307 30" 30 17 1%
296 5 308 307 15 & 8
296 ) 309 80 0 12 iz
297 1 310 60 -30 17 17
298 1 311 80’ 0 8 &
298 2 312 307 -15 8 8
299 1 313, 90 g 17 L
29% 2 314 £0 0 25 25
300 1 315 80 o 11 11
301 1 316 36~ -3 & ]
302 1 317 30~ ~30 11 i1
303 1 ;318 307 30 68 2
304 1 319 30" 15 6 6
305 i 320 60 o B 6
306 1 321 60 0 29 29
310 1 322 30.- 30 18 18
311 1 323 30~ -15 8 8
312 1 324 80 0. 39 37
312 2 325 307 ) 11 11
312 3 326 80 0 7T 77
313 1 327 30 -30 8 18
313 2 az8 307 ~45 12 12
314 5 328 B0 0 8 5
314 2 330 307 30 31 3t
314 3 331 307 0 7 7

Hondle via Swhevwlitmplerie ' C-11
Controls Only FEP P p -

Approved for Release: 2022/03/03 C05132845
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Handle vie“foemi=iteyhala. A i o o .
Controls Only TCS 364018-71

POST FLIGHT ANALYSE REPORT
1201
APPENDIX C (CONT'D)

CAMERA OPERATIONS SUMMARY

ReviOp Mission  Scan Angle Scan Center Forward Aft
Rev.  No. Op No. {degrees) (degrees) {irames} (frames)
Rv-3 314 4 332 10" 30 7 7
314 5 333 30 -30 (ESD CAM B)
323 1 334 850 0 8 8
327 1 335 80 -15 7 7
328 1 336 ] -1§ 22 22
328 2 337 90 0 72 77
324 1 338 90 0 16 16
330 1 339 60 15 %1 21
330 2 340 60 15 11 11
331 1 341 50 0 8 &
331 2 342 50 - -15 8 6
332 1 343 0 15 27 27
332 2 344 60, ~15 11 11
333 1 345 96 0 i a1
435 1 345 90 0 & 8
344 1 347 80 0 57 57
345 1 348 60 15 11 11
45 - 2 349 60 0 27 27
345 3 350 80 15 18 16
346 1 351 60 ¢ 8 8
346 2 352 60 -15 11 11
346 3 353 -~ 80 -15’ 18 16
347 1 354 80 15 11 11
348 1 355 0 o 11 11
348 1 356 90 0 37 37
360 1 357 80 -30 11 11
361 1 358 50 0 153 11
361 2 358 60 -30 7 7
363 1 360 80 i 8 6
363 2 361 80 -15 8 6
C-12 © Handle via=hekekitoniolo.
Approved for Release: ZOW Controls Only



=S E SRk Hondle vie ToTenT - Reyi o
TCS Approved for Release: 2022/03/03 C05132845 Controls .Oniy

‘POST FLIGHT ANALYSIS REPORT
1201

APPENDIX C {(CONT'D)

CAMERA OPERATIONS SUMMARY

Rev Op Miszion Scan. Angle Scan Center Forward Aft
Rev No. Op No. (degrees) {degrees) {frames) {frames)
RV-3 364 1 363 T 15 11 1
365 1 363 80 o 72 92,
368 1 364" 60 -15 8 ]
376 1 365 60 -15 _ 36 36
377 1 366 60 C 16 18
ae 1 3sT 60 G i1 11
379 1 368 60 o 8 &
379 2 369 60 -15 11 i1
381 1 370 80 i} 67 87
392 1 an 80 t 26 26
383 1 372 0. -15 21 21
393 2 373 60 15 11 11
394 1 k17| 60 -15 8 6
386 1 375 80 15 B
397 1 376 90 0 39 38
RV-4 420 1 377 60 15 10 10
423 1 378 60 15 6 8
425 1 379 80 -15 186 16
426 1 380 0 -30 8 6
427 1 381 80 15 36 36
420 1 382 60 15 8 6
429 2 383 80 g 48 48
435 1 384 &0 0 8 8
441 1 385 80 0 52 52
441 2 388 30 30 11 11
441 3 387 80 0 37 37
442 1 388 60 -15 11 11
443 1 389 80 8 26 26
144 1 380 50 30 12 12
445 1 381 - 30 -15 6§ 6
Hoandle vic fotemr=iterhobe C-13
Conirols Only “TOPSTCRETRUP—

Approved for Release: 2022/03/03 C05132845
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Handle violaiasialouiabam RS RETR =
Controls Oaly TCS 354016-71

POST FLIGHT ANALYSIS REPGRT
1201

APPENDIX C (CONT'D)

CAMERA OPERATIONS SUMMARY

Rev Gp Miszion Scan Angle Scan Center Forward Aft
Rev No. Op N, {degiees) {Qegroes) _ {Irames) {framen)
RV-4 445 2 392 307 30 7 7
445 3 393 &0 0 12 12
445 4 304 80 0 {ESD CAM B}
470 1 395A 60 ¢ 8 o
472 1 396A 90 e 26 0
472 2 3978 60 o 0 6
493 1 398A 90 0 26" 0
473 2 3894 90 c 42 D
473 4 400A 9 0 53 6
474 1 4014 80 o 8 0
474 2 4024 90 ¢ 25 G
476 1 403 60 0 § &
476 z 4044 60 0 39 ¢
477 1 405 90 o 45 45
477 2 408 120 g 51 51
478 1 407 60 15 16 16
479 1 408 60 15 13 11
484 1 409 60 '- o 9 9
488 1 410 69 15 11 11
489 1 411 60 -1§ 27 27
489 -2 412 60 ~15 14 14
489 3 413 90 0 53 53
490 1 414 90 0 55 55
450 2 418 120 0 127 127
481 1 416 50O 30 18 16
492 1 417 60 15 36 38
482 2 418 120 0 1 0
{ESD BOTH CAMERAS)
492 3 ESD 80 15 ¢ 0
452 4 419 80 18 12 12
C-14 Handie vio Yolemwitephoie—
e DT D L, Controls Only

Approved for Release: 2022/03/03 C05132845
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POST FLIGHT ANALYSIS REPORT
1201

APPENDIX C (CONT'D)

CAMERA OPERATIONS SUMMARY

_ Rev Op Mission Scan Angle ‘Scan Center Forward Aft
_iﬂff N;o; O No. {degrees} (degrees) {({rames) {(frames)

RV-4 483 1 420 120 0 132 132
493 2 423 60 ~15 28 28
493 3 422 60 -15 - 3% a5
483 4 423 B0 : -30 & 6
494 1 424 120 0 9. 9
494 2 425 120 0 82 82
494 3 426 S0 o 2-1 21
495 1 427 B0 15 6 &
497 1 4288 120 0 -8 58
487 2 4298 80 0 g 84
49% 3 430B 60 it 61

Handle via Fotrrlcopbaion _ C-15

Coantrols Only OV STORE =R

Approved for Release: 2022/03/03 C05132845
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