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INTRODUCTION

This report presents the final performance evaluation of Missions
1044-1 and 104L-2 of the Corona Program. The purpose of this report is
to define the performance characteristics of the J-41 payload system and

to identify the source of in-flight anomalies,

The performance evaluation was jointly conducted by representatives
of Lockheed Missiles and Space Company (IMSC) and ITFK at the facilities
of NPIC and AFSPPF, The off-line evaluation using Corona engineering
photography acquired over the United States was performed at the individual

contractors plants,

The quantitative data used for this report is obtained from govern-
ment organizations. The diffuse density data, and MTF/AIM resclution
are produced by AFSPPF, The vehicle attitude error values, frame correla-

tion times aré made at NPIC who also supply the Processing Summary reports

Computer programs developed by A/P are utilized to calculate and plot
the frequency distribution of the wvarious contriﬁutors to image smear to
permit analysis and correlation of the conditions of photography to the
information content and quality of the acquired pictures. Computer analysis
of the exposure, processing and illumination data provides the necessary

data to analyze the exposure criteria selected for the mission,

This report contains certain data summarized from

Processing Smmary,—and from A¥SPPF TERO Report
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SECTION 1

SYSTEM PERFORMAIICE

A, MISSION OBJECTIVES

The payload section of Mission 10LL, placed into orbit by Flight
Test Vehicle #1639 and THORAD Booster #513, consisted of two panoramic
cameras, two Stellar-TIndex cameras, two Mark 5A recovery capsules and
a space structure to enclose the cameras and provide mounting surfaces
for all equipment. Figure 1-1 presents an inboard profile of the J-4l
payload system, This Corona "J" system 1s designed to acquire search
and reconnaissance photography of selected areas of the earth from
orbital altitudes. A seven day -1 mission and a seven day -2 mission

was planned.

B, MISSION DESCRIPTION

The payload was launched from Vandenberg Air Force Base (VAFB) at
2131:192(1331:19 PST) on 2 November 1967. Ascent and injection were
normal and the achieved orbit was within nominal tolerances. Tracking

and command support was effected by the Air Force Satellite Control

Facility consisting of tracking and command stations at-

central control of the Satellite Test Center at Sunnyvale, California,
Mission 104k-1 consisted of a 6 day operation and was completed by air
recovery on 8 November 1967, Mission 1044-2 was completed with an air
recovery on 11 Novemter 1967 following a 3 day photographic operation.
Tne very short -2 mission was precipitated by a potential failure in the

lifebtoat system,
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The comparison of the planned and actual orbit parameters is tabulated

as follows:

ORBITAL PARAETERS

Orbit 110
Parameter Predicted Actuals
Period (Min.) 90, b7 90.333
Perigee (N.M.) 99.876 99.531
Apogee (N.M,) 223.750 219,940
Inclination (Dég.) . 81.5 81.539
Perigee Iatitude (Deg, N.) 19.24 33.816

Eccentricity 0.,017191 0.01673

A single OAS rocket was fired on Rev 4, Rev 17, and Rev 113, These

rocket firings produced the following results:

OAS ROCKET PERFORMANCE

OAS Rocket Velocity Gained
#1 + 16,2 FPS
#2 + 15,7 FPS
#3 + 17.5 FPS

C. PANORAMIC CAMERAS

Both instruments operated satisfactorily throughout both missions, and
produced good image quality except for minor bands of image smearing near
the takeup and on many frames. The imagery was very sharp, and verified

the validity of the new focus settings.

3.
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D, STELLAR-INDEX CAIERAS

Both the "A" and "B" S/I's operated satisfactorily and most Stellar
images appear as points rather than the usual odd shaped stars.
E. OTHER SUB-SYSTEMS

The clock, instrumentation, pressure make-up, commznd and thermal
control subsystems performed satisfactorily.
F., COMPONENT IDENTIFICATIONS AI'D SETTINGS

1. MASTER PANORAMIC CAMERA

a, COMPONENT ASSIGN-ENT

Component Serial Mumber
Main Camera 202
Main Camera Iens 2042435
Supply Horizon Camera ' 308-G6
Supply Horizon Camera lens 12889
Take-up Horizon Camera 318-G5
Take-up Horizon Camera Iens 12886
Supply Cassette SC-50

b, CAMERA DATA AND FLIGHT SETTINGS

Main Camera.:

Lens | 2kt /3.5

Slit width 0.225"

Filter Type Wratten 23A

Film Type Eastman Type 3404

s



Supply (Port) Horizon Camera:
Lens 55 mm £/6.3
Aperture Setting £/6.3

Exposure Time 1/100 seccnd

Filter Type Wratten 25
Take-up (Starboard) Forizon Carmera:

Lens 55 mm £/6.3

Aperture Setting £/8.0

Exposure Time l/lOO second

Filter Type Wratten 25
2. SLAVE PANORAMIC CAMERA

a. COMPONENT ASSIGNMENT

Component Serial Number

Main Camera 203

Main Camera Lens 2162435
Supply Horizon Camera 299-G6
Supply Horizon Camera Lens 12903
Take-up Horizon Camera 297-G5
Take-up Horizon Camera Lens 12883
Supply Cassette SC-50

b. CAMERA DATA AND FLIGHT SETTINGS

Main Camera:

Lens
S1it Width
Filter Type

Film Type

6

a2h"t/3.5
0.175"

Wratten 21

Eastman Type 3404

zeeczcrer o



Supply (Starbcard) Horizon Camera:

Lens 55 mm £/6.3
Aperture Setting £/8.0
Exposure Time 1/100 second
Filter Type Wratten 25

Take-up (Port) Horizon Camera:

Lens 55 mm £/6.3
Aperture Setting £/6.3
Exposure Time 1/100 second
Filter Type Wratten 25

3. MISSION 10kL-1 STELLAR-INDEX CAMERA

a. COMPONENT ASSICGNMENT

Component Serial Number
Camera D-99

Index Reseau 122
Stellar Reseau 120

b. CAMERA DATA AND FLIGHT SETTINGS

Stellar Camera:

Lens 85 m £/1.8

Exposure Time 1 second

Filter Type None

Film Type Eastman Type 3401
Index Camera:

Lens 38 mm /4.5

Exposure Time 1/500 second

Filter Type " Wratten 21

Film Type Fastman Type 3400

T

roe-ceonmn-c N
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MISSION 10L44-2 STELLAR-INDEX CAMERA

a. COMPONENT ASSIGRIENT

Component . Serial Number
Camera D-10k
Index Reseau . 132
Stellar Reseau 131

b. CAMERA DATA AND FLIGHT SETTINGS

Stellar Camera:

Lens 85 mm £/1.8
Exposure Tinme 1 second

Filter Type None

Film Type Eastman Type 3401

Index Camera:

Lens 38 mm £/k.5

Exposure Time l/SOO second

Filter Type Wratten 21

Film Type Eastman Type 3400
8
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SECTION 2

PRE-FLIGHT SYSTI'S TESTS

As a standsrd procedﬁre, the J paylcad systems are subjected to a series
of tests which demonstrates a satisfactory level of confidence that the systems
will indeed perform as required in their respective missions. The tests include
and operational-type exposure to sirmulate thermal/altitude environment, a light-
leak evaluation, and a dynamic measure of the photcgraphic performance capabil-
ities. ©Significant baseline levels and ancmalies experienced with this systenm

during the pre-flight testing are as follcws:

A.  ENVIRONMENTAL TEST

The J-U41 payload system was subjected to an environmental HIVOS Chamber
test from August 15 through August 19, 1966, and from August 27 through September
1, 1966. The interruption was caused by the actuation of a camera failsafe
control during the cut and wrap sequence.

Except for some minor acceptable corora marking, the panoramic instruments
performed satisfactorily. The Master camera failsafe was activated at the cut
and wrap sequence vwhen the film Jammed in the felt seal preventing take-up into
the "B" SRV. The failure was attributed to a ccmbination of a misaligned "B"
take-up cassette, and the vertical attitude of the camera system during the
sequence which permitted the cut film to fall back and jam in the felt door
opening.

The clock accuracy was satisfactory, except for one correlation thet was

outside of the accepted tolerance range.

The pressure make-up system cperated normally. During P4U operate, internal
pressure increased to 37~39 microns. Gas consumption was as high as T7.L45 lbs/min.

during -2 portion of the test.

9
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The command system functioned properly for both bucket tests with no

evidence of any equipment malfunctions.

B. RESOLUTION TEST

Initial resolution and theodclite tests were performed on 20 September
1966. Results of the thru-focus resolution tests of pan instruments 202 and
203 show the following characteristics:

Master Pan Instrument No. 202

Maximum high contrast rescluticn 175 lines/mm at -0.0C2
focal position.

Maximum low contrast resolution 115 lines/mm at -0.002
focal position

Slave Instrument No. 203

Maximum high contrast resolution 176 lines/mm at +0.001
focal position.

Maximum low contrast resolution 112 lines/mm at +0.001
focal position.

Additional Boston investigations indicated that optimum focus position
would be attained by adding 0.002" shim to the scan head of the Slave instrument,
and 0.001" shim to the Master instrument. The modified instruments were retested
22 October 1967, with the following results:

Master Pan Instrument No. 202

Maximum high contrast resolution 183 lines/mm at -0.0025
focal position.

Meximum low contrast resolution 120 lines/mm at -0.0020
focal position.

Slave Pan Instrument No. 203

Maximum high contrast resolution 185 lines/mm at -0.0015
focal position.

Meximum low contrast resolution 118 lines/mm at -0.0020
focal position.

The final test data for both instruments is shown in Figures 2-1 and 2-2.

Both instruments met the system requirements specification.

10
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C. LIGHT LEAK TEST

The J-41 system was tested for light leaks on 12 August 1966, revealing
major leaks at three of the four H.O. boot installations and at the Agena
interface cover. Photomultiplier sensing techniques were used to verily the

validity of repairs made.

D. FLIGHT LOADING AND CERTIFICATION

Loading of flight film was accomplished on 24 Octoter 1967, and final
pre-flight acceptance tests performed 25 October 1967. Ail functions were
nominal, with né indications of 1light leaks or other scurces cf performance

degradation.

13
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SECTION 3
FLIGHT OPERATIOIS

A. SUMMARY

Ascent through Agena ignition was nominal. The Agena engine "coughed"
at approximately 128 seconds after Agena ignition and combustion chamter
pressure was reduced during the last period of engine burn. The engine turned
approximately S seconds longer than nominal. A hard e:gine shut-down wvas
confirmed.

The achieved orbit parameters were low, but were within the three (3)
sigma dispersions.

Both panoramic cameras operated satisfactorily throughout the flight.

Both Stellar/Index cameras operated satisfactorily throughout the flight.

The instrumentation system, clock system, and the yaw function generator
performed normally for the duration of the flight.

An intermittent anomaly in the Lifeboat system developed in the -2
mission, with the possible initiation of an unplanned recovery sequence. As
a result, the mission was intentionally terminated as early as possible.

Several commanding problems were encountered during this flight while

. commanding in the repetitive mode.
B. PANORAMIC CAMERA PERFORMANCE

Both panorsmic camerass operated normally throughout the flight. Camera
system dynamic operation, 99/101 clutch operation, start-up, shut-down, and
film transpcrt functions were normal on all monitored passes. |

The cut and wrap operation and transfer to the -2 system occurred as
programmed utilizing the KIK-ZORRO 38 command (early A to B switchover) on

Rev 88,

1L
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~~POR-SEGREF~

The panoramic film was exhausted on Rev 140 frame No. 25 and frame No.
60 on the Master and Slave cameras respectively.

Panoramic Film Consumption -

Actual Frames

Master Slave

Pre-Launch : 137 137
-1 Mission 2898 2880
-2 Mission 3011 3030
Total 6046 60LT

FMC Match
The V/H ramp to orbit match was acceptable throughout the flight.
The following settings of RIC 6, 8, and 10 were utilized to obtain the

optimum FMC match during the flight.

RTC Commands REMARKS
6§ 8 10
RTC Positions 7T L 6 Launch thru Rev 3
7 2 9 Rev 4 thru Rev 12
6 3 9 Rev 13 thru Rev 16
T 3 9 Rev 17 thru Rev L4k
8§ 2 8 Rev 45 thru Rev 65
T 3 9 Rev 66 thru Rev T5
8 2 9 Rev T6 thru Rev 91
T 3 9 Rev 92 thru Rev 11k
T 3 10 Rev 115 thru the end

of the mission
However, the design of the 1000-series ramp progremmer limits this
optimun FMC match t0 a nominal band of latitude defining areas of primary
interest. The extensive cperations over a wide raenge of latitude
experienced in this mission (Ref. Figs. 5-5 to 5-10) increzses the

statistical deviation, as is evident in Figures 3-1 through 3-k.

15
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C. STELLAR/INDEX CAMERA PERFORMANCE -

Both the -1 and -2 Stgllar/Index cameras operated satisfactorily on
all monitored engineering passes, Telemetry data indicated the programmer,
metering functions, and shutter monitors performed satisfactorily.

D. INSTRUMENTATION AND COMMAND SYSTHEM PERFORMANCE

The instrumentation system performed normally throughout the total
mission,

The command system performance was satisfactory for both missions.
However, numerous command anomalies were encountered during the mission
when real time commanding (RTC) was performed in the repetitive mode,
Analysis indicated that the RTC commands issued at the—

-showed erratic command duration times. It was recommended that
the commend generation equipment be verified for proper operation,

One RTC 9 was missed on Rev 56-while transmitting in the
repetitive mode. The A/P stepper also failed to advance on two correctional
commands and a third command was required to place the A/P stepper in the
proper position, Analysis indicates that the stepper failed to respond to
the issued command, A specific cause of this anomaly could not be deter-
mined from the available data. However, this command box was checked prior
to shipmeat for proper command response time to command durations of 65 milli-
seconds an;i. the system functioned normally.

E., CIOCK SYSTEM PERFORMANCE
The clock system operation was normal for the entire mission, Satisfactory

time correlation between the flight clock and the—

was obtained. The ratio of clock time to system time was 1:00000026563.




F. PRESSURE MAKE-UP SYSTEM PERFORMANCE

The.pressure make-up system perforrance was normel for the duration of
the mission. Average gas cénsumption vas ecrproxirately 8.4 A PSI/min for the
240 minutes of total operate time. The system hed a reserve of ¢20 PSI ai the
end of the flight.
G. THERMAL ENVIRONMENT

The thermal control pattern on this paylocad system was modified prior to
launch to produce a thermal environment of TS~i lOoF.

Temperature data from the.a.cquisitions ere included in Tables 3-1 and
3-2. The average instrument temperatures ranged from & high of 850F. and 86OF.
to lov of 68°F. and 68°F. on the Master and Slave instruments respectively.
H.  YAW PROGRAMMER

The vehicle Yaw Programming functioned properly througnout the mission.
However, because of pre-flight progremming error which placed the function
start pulse epproximetely 800 seconds late, the Yaw attitude schieved was
approximately 55 Degrees out of phase with the desired profile. A more éomplete
description of this function and its effect on mission performance is

presented in Sections 4, 7 and 8.
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1. RECOVERY SYSTEM

An early switchover from the A to the B Recovery systems was performed
on Pass 88, with all functions appearing normal. The 104L-1 recovery cap-
sule was successfully recovered by air-catch on Rev 97 at 1608 PST on 3 Nov-
ember 1967, Capsule impact was approximately 50 N,M, south of the predicted
impact., All available data has been analyzed and all functions appeared to
have occurred normally. All re-entry events apreared normal and close to
the predictions except for deceleration chute deployment which occurred

0.12 seconds late,

Latitude Longitude
Predicted 250 56,41 N 165° 51,08 W
Actual 259 06! N 165° Lot w

The intermittent failure of a relay in the "Lifeboat" system electronics
during the 104L-2 mission resulted in several cases of inadvertent lifeboat timer
starts as well as one case of power being applied to the primary recovery system,
Because of the possibility of an uncontrolled recovery, the 104k4.2 mission was
terminated early. The 1O4L-2 recovery capsule was successfully recovered by
air-catch on Rev 14L at 1509 PST on 11 November 1967. All re-entry events
appeared normal and close to tﬁe predictions except for parachute cover off

which occurred 1,97 seconds early. Capsule impact was close to nominal,

Latitude Iongitude
Predicted - 21° 0.56' N 15L4° 28,11
Actual 21° 5.0' N 154° 33,0t W

2k,
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J. RADIATION DOSAGE

Each recovery system flown on a Corona mission contains a sealed
packet of Eastman Type 3401 and Royal X Pan emulsions to determine the
total radiation received at the take-up cassette., Both film types
have been irradiated by IMSC at various levels and the basebplus fog
densities recorded after controlled processing.

Following recovery the film dosimeter packets are removed at A/P
and processed with a pre-flight sample of the same film type and sensi-
tometric control film, The resulting base plus fog density measurement
of the dosimeter strips is used to ascertain the total radiation level,
The table below presents the base.plus fog readings for the dosimeter

strips and the radiation level equivalents,

Mission 104L-1 Mission 10L4-2
B+ F B+ F
Buoulsion Density Radiation Density Radiation
Type 3401 0.22 0.9 R 0.25 1.3 R
Royal X Pan 0.27 0.5 R 0.30 0.6 R

These levels$ are below that which will degrade the photography.

25
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SECTION k4

PHOTOGRAPHIC PERFORMANCE

A minimum of payload system photographic anomalies occurred during
Missions 104k4-1 and 10Lk-2, thus providing one of the most trouble-free
flights to date. The image sharpness attained was considered equal to
any previous Corona J-1 photography, permitting most imagery to be viewed
at 60 x magnification, The overall image quality was judged to be gener-
ally good where not degraded by atmospheric attenuation; however, there

was a predominance of cloud cover over the highest priority targets.

A, PANORAMIC INSTRUMENTS

The Master Camera produced 2898 frames (8049 feet) of photography
during Mission 104L-1, and 3011 frames (7951 feet) during Mission 104L-2,
The Slave camera produced 2880 frames (8009 feet) during Mission 104k-1,
and 3030 frames (7963 feet) during Mission 1CL4-2, The quality of the
photography produced by the two cameras was very similar, and was rated

comparable to Mission 1035. The MIP Frames were rated 85.

The array of fixed resolution targets at Holloman AFB, New Mexico,
vere recorded during Mission 1O4L-2, The average system resolution of
these targets was judged to be approximately eight feet for both instru-

ments,

——— |
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Both instruments exhibited characteristic anomalies, most objection-
able of which was an appreciable build-up of emulsion particles. This con-
dition was apparently accentuated by the very long operate times commanicd
during Mission 10LL-2 so as to facilitate an early recovery. However,
there appeared to be no significant reduction in information content be-
cause of this condition.

All auxiliary data recording functions operated normally throughout
the flight, with the exception of missing binary data blocks on six occasions
randomly over the missions. (Four occasions were on the forward camera, two
on the aft), ‘In each instance all of the other auxiliary data was present,
This behavior was observed in pre-flight altitude testing, but was not
considered detrimental so corrective action was waived,

The quality of the photography was adequate to readily identify inter-
mittent bands of smearing near the takeup end of format caused by film
flutter as the scan head eriters the photographic format area, This anomaly
is characteristic of instrument operation, and should be reduced considerably
with the CR concepts.

It must be noted that this system was the first of the 1000-series %o
have the revised focus settings for a more precise compensation of the
vacuum focal shift charactefistics of the lenses used. Although there are
many factors influencing the photographic quality achieved, it is reasonable
to assume that the desirable performance of Mission 104h4 verifies the validity

of the new peak focus positions,

27
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B. STELLAR/ YITIEX CAMERAS

The Stellar/Index film recovered consicted of 449 frames of thoto-
graphy from each film path of S/I D99/122/120 (iissicn 10hk-1), and 464
frames from each path of S/I D104/132/131 (iissicn 104L-2). The comeras
orerated normally throughout the respective mission., There were 15 to 30
or more stellar images detectable on rmost frames despite a level of {lare
which affected approximately 50 percent of each frame, ost of the stellar
inazes were good, and were point-fype Imases. There was an appearance of
Corona static marking cccuring intermittently throughout the llission thh;2
stellar record.

The index cameras produced goocd cquality imagery through each of the

re

vective missions, The reseaus were sharp and well defined in both

471

instruments., Several instances of dendritic scatic were recorded on the
preflight, postflight and the last eight frames of the Mission 104L-2

index film,

c. OBSERVED DATA

Detailed evaluation of the engineering materials available at A/P
indicated that the smearing effects from the V/h and yaw steering errors
(see Section 8) did indeed create a detectable limitation to system per-
formance in many instances in the mission, As predicted in the smear
analysis, frames obtained with a large yaw steering error show a distinct
disparity in quality between the forward and aft photography directly

related to the difference in %their exposure vimes,



(@]

When the ground smear contributions drop below scme apparent thresh-
old value (estimated to be approximaiely five feet Tor this systam) on toth
instruments, the resulting forward 2nd art photcgraphy beccmes very com-
parable and very gcod in quality. The !lollcman AFB targets rhotcgraghed
during Pass 126 indicated approximately eight feet ground resoluticn for
both instruments with a calculated theoretical smear of about h% feet
(which corresponds %o a theoretical ground resolution limitation of €} feet).
In comparison, Pass 63 photography had noticeable disrvarity between lforard
and aft performance corresponding to relatively high smear values for the
forward looking imagery (approximately 8% feet theoretical smear induced
ground resolution limitation).

The mission processing summary indicated a major disparity in
original negative development in several instances throughout the mission,
Evaluation of engineering pass 125 indicated that the aft-looking record,
which was processed at the primary development level, had a significant
loss of detail and image quality when'compared with the corresrvonding
forward-looking photography which was processed at the full level, There
was excellent cloud highlight definition in the aft photography, but the
important ground and culture imagery was suppressed to the extent of a

distinct loss in information content,

D.  PERFORMANCE MEASUREMENTS
A summary of MIF/AIM resolution values measured by SPFF is
tabulated below, The microdensitometer slit used was 1 micron by

80 microns,
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Mission Camera Cycles{mm Az Pozolution
0kh-1 Fud 78

70 157
10hh-2 Fud 61
104h-1 Aft Tl

78 135"
0kk-2 ATt 8L

#*Samples from portion prccessed Ly Jdual gomma metiiod

The details of the measurement and computing techniciques, targets
measured and target locations are fully reported in the evaluation report
rublished by AFSPPF and are not included in this report. These values
were determined by using the "Interim MTF/AIM Program’™ technique.

{ should be noted that the value shown for 10:kL-2 Fwd cemera
includes one reading oi only 32 cycles/mm. The reading may be accurate,
but does not represent The nominal level of system performance, In com-
parison, visual resolution targets recorded ten passes after this reading
Jocation indicated an effective ground resolution of approximately eight

feet, which corresponds to an MTF reading on the order of 130 cycles/mm.

30
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SECTION 5

PANORAMIC CAMPRA IEXPOSURE

The Master camera contained a 0.2ZCO inch s5l1it and 2 Wratten 23A
filter. The Slave camera had a 0,150 inch. s31it and a Wratien 21 filter.
These conditions placed the nominal exposure tetween the full and the

intermediate processing curve,

The frequency distributions of the solar elevations and solar
azimuths encountered during the photographic operations are shown in

Figures 5-1 to 5-4,

The rominal exrosure times of the [Master and Slave capmeras are
shown as a function of latitude for rasses D-25, D-70, and D-116 in
Figures 5-5 to 5-10. Superimposed on these plcts are relative distri-
butions of camera operations for the portion of the mission represcnted by
each plot. These distributions became very uniform with latitude 2s the
mission progressed because of the extended operations programmed in ovder

to reduce mission duration,
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The diffuse density measurements mods by AFDPPEF were comm
2t A/P to permit analysis of the density range

levels of conventional processing 2nd

ment.

for the

of this

ToDR SO RED-

‘S

SFCTICH 6

ELSITY IZEASUR

-— :

DIFFUSE D
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PR TORA

LS

2
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1z¢ece

The sorting technique util

conventionally processed mate
are considered as having rnca
Intermediate, and zbove 0,17

material that was

processed at each

rig
ived Primary precessing, 0,10 %o
density as Full.

The rercentage

lovel, basod on the computer

sort, is tabulated below with the predicted and reported rrocessing per-

centages,

Mission Camera, Primary Internediate ull Transition

1041 mad Predicted 0 13 87 -
Reported 0 6 88 6
Computed 0 8 92 -

10401 Aft Predicted 0 19 81 -
Reported 2 12 71 15
Conputed 0 23 1T -

wchh-2 Fud Predicted b 16 80 -
Reported 0 L4 92 4
Computed 0 7 93 -

1044-2 Aft Predicted 8 oh 68 -
Reported 5 17 63 15
Compated 0 28 T2 -

b
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Approximately 30 percent of the total mission original
negative was subjected to a "dual-gamma" processing experiment, The
results indicate a very effective reduction in the maximum cloud and
snow densities with only minor influence in the normal range of terrain
densities.

Graphical computer plcts of the sampled density distribu-
tions are presented in Appendix A, Pages A-1 through A-18, UINote the
variation between the conventional processing plots and those for the
dual gamma process, The differences in the cloud Dmax are very distinct.
There is, however, a more subtle distinction that should be emphasized;
namely, the incidence of lower terrain Imin densities with the dual gamma
process than with conventional processing. The réasonsvfor these varia-
tions are obvious upon comparison of the corresponding sensitometric
curves, Figures 6-2 through 6-13.

The sensitometric curves also illustrate the distinct devia-
tions of the actual flight material processing from the standards and from
the R-2 day samples, Obviously, there is need to maintain exposure control
based on actual effective processed film speeds rather than on the standards,
This will be especially true for the dual gamma process if future deviations
continue to be as significant as was experienced in this case. As the dual
gemma process becomes operational, it is anticipated that reliable processing
controls will be attained. Likewise, it is anticipated that as additional
progress in target density analysis is made a corresponding reliable exposure

criteria will become a reality.
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A summary of the processing and ~xiscoure analiysis for,the con-
verntionally processed material is sheun n Iable 6-1, The tovrain
D-ilin criteria, (range) for prorer exposure and processing is 0,40
to 0,290 density units, The area mcacured for D-iiin 15 selzctzsd sub-
jectively and is not necessarily the sbcolute D-Min in the rhotograthy.

The terrain D-Min criteria has beun Jound to be an inaiequate
indicator of optimum target exposure, Iuimum intelligence Is derived
from specific target densities meeting this criteria; which, in jereral,
results in overall terrain D-ilin values reraatedly below the 0,40 Jensity
level, It is therefore apparent that the more desirible missions will,
most likely, be reported as significantly underexposed by the present
terrain D-Min criteria,

A density range chart,.Figure 6-1, is included in this report,
This type of chart for Missions 1004 to 1031 is included in the A/P
final report for Mission 1031,

These charts are produced from the same density mezsurements
previously mentioned in . this section. The ceompiter producsd the nmean,
median and range figures for the various processing levels used, The
chart includes the number of frames (samples) in vhich the density
measurements were made. These measurements ave made on approximately
every tenth frame throughout the mission, It should be noted that
the density figures shown for Missions 104lk-1 and 1O44.2 include both
duzl-gamma and conventionally processed materials, thus tending to
artificially enlarge the apparent range of densities, es@ecially

t'or the cloud D-Max values.
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SECTION 7

VEHICLE ATTITUDE

The vehicle attitude errors for both Mission 104k-1 and 10kL-2
were derived from tine reduction of the Stellar camera photograpny.
This attitude date is supplied to A/P by NPIC.

The attitude errors for each frame and the attitude control rates
are calculated at the A/P ccmputer facility. The computer also plots
the frequency distribution of the rates and errors. Figures T7-2
through 7;7 show these distributions for Mission 10L4k-1 and Figures
T7-8 through 7-13 for Mission 10L4k4-2,

The summary table below lists the maximum attitude errors and
rates that were experienced during 90 percent of the FWD camera photo-
graphic coperations, excluding the first six frames of each operaticn,

anG the total range of the errors and rates,

Mission 104L-1 Mission 10LL.2

Value 90% Renge 90% - Range
Pitch Errcr (°) 0.30 -0.35 to + 0,02 0.37 -0.62 to + 0,10
Roll Error () 0.15 -0.28 to + 0,46 0.37 :0.57 to + 0,06
Yaw Errcr () 3.42 -1.20 to + 3.80 3.31 -0.40 to + 3,60
Pitch Fzte (©/hr.) 14,53 -85 to +85 23.64 -65 to +T5
Roll Rete (©/hr,) 26.22 -58 to +76 30.62 -85 to +50
Yas Rate (°/hr.) 51.28 -98 to +2b 29.78 -80 to +10

The yaw engle error r=presents the difference between the actual
vehicle yaw attitudc and thz ideal yaw angle that would provide correct

ground imagc motion, Because of & pre-flight progremming error in the




- S

placement of the function start pesition, the yaw progremmer was
approximately 800 seconds out of phase with the desired performance. The
large yaw engle error indicated reflecis this condition. Figure 7-1

graphically depictis these relationships. The effects on image quality

ere discussed in Sections L4 and 8.

s -
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SECTION 8

IMAGE SMEAR AUVALYSIS

The frame correlation tape supplied to A/P by NPIC contains the
binary time word of each frzme of photography. A computer program has
heen assembled at A/P which calculstes the exposure time of each frame
and ccmpares the cazmera cycle rate with the ephemeris to calculate the
¥/h micmateh (Secticn 3), which is then combined with the vehicle
attitude error and rate values of each frame and the crab error caused
by earth rotation at the latitude of each frame., The program outputs
the net IMC errcr and the total along track and cross track limit of
sround resolution that can be acguired by a camera regardless of focel

lenzth and system capabilities,’

The computer rejects the first six frames of all operations as
“h2 large V/h error induced by camera stari-up is not representative
cf the ovorell systea orerations. The freguency distribution of the
TC errors and resolution limits ore computer pletted and are shown in
Tisures 8-1 through 8-12,

Tae suninary tsble 8-1 presents the maximum IMC errors and reso-

Tution limits that existed Juring 905 of the photographic operations

and the tot~l range of values during all operations that were computed.



-

The relatively high values obtained in Mission 10LL refiect the
combined effects of imperfect V/h énd yav steering matching as discussed
in Sections 3 and 7. The apparent discrepancy in resolution limit values
betuween the forward and aft-lccking instruments is, in reality, a dramatic
illustration of the relative influence of the difference in exposure time

when coupled with smear contributing V/h and attitude errors.
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SECTION 9

SYSTE{ RELIABILITY

Relisbility calculations for the payload are based on a sample begin-
ning with M-T. Ience both the major rart of the Mural program and the "J"
program are covered in the calculation., For certain auxiliaries, i.e., the
stellar-index camerz and the horizon cameras, the sample size is changed to
recognize incoryoration of modified cauipment or new designs where relia-
bility was one of the principal reasons for the modification. However, for
primary mission function, the sample size is consistent with reliability

revorting for the vehicle,

The religbility estimates of this cection deal exclusively with the
vayload, Failures to achieve orbit or vehicle induced failures are there-
by excluded, Recoveries before a complete mission has been completed are
ccnsidered as full missicons providing that early termination was caused
by vc2s30ns not connected with jayload operation, Film quality is not

considered in the roliebllity estimabte czlculation, Hence, only electrical

The reliabizicy estimate is also divided into primary and secondary
funciions, “Yhe primary funciions are opcration cf the panoramic cameras,
mzin cnmera dcor creration, operation of the payload clock, and recovery

or:rations, The zecondary missicn Tunctions are horizon camera operation

crcluding catastrophic cpen shuticr fzilure mode, auxiliary data recording,
271 si2llar-index camera cporaticn, A sxumary of estimated reliability is

choun ia Tuble 921,

82
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Fanorariic Camera Reliability

Sample Size - 195 oprortunities to operate,

Two failures - S/I Progrsmmer on System J-19

Film Transport on System J-42

Assume - 3000 cycles per camera per mission,

Pstirated Reliability = 98,6 at 50% confidence level
1ein Camera Door Reliability

Sample Size - 62 vehicles x 3 doors = 124 opportunities to operate

Estimated Reliability = 99.5 at 50% confidence level,
Payload Command and Control

Semple Size - 11,524 hours operation in sample

Two failures

Estimated Reliability = 96.1% ot 50% confidence level
Foylerd Clock Reliiability

Cemple Size - 11,424 hours operation in sample

Estinated Reliability - 99.0% zt 50¢% confidence level
Dovimated Relizbility of Puyload Tuncitioning on orbit = 96.5% at
50% conficdence level
Rrcovery Cyctem Reliability
g2 opgoriunitics to »ccover

1 failure - improper cep2ration due to water seal - cutter failure

s vl rms - - - Y
Sstimated Reliasbilicvy - 03.25 at 50% confidence level

%




Ctellar-Index Camera Relisbility
Sample begins with J5 {Does not include DISIC units in 1100 series
systems)
Sample size = 28,480 cycles
Four failures
Estimated Reliability = 93.3% at 50% confidence level,
forizon Camera Reliability
Szmple begins with J5 - 115,000
Estimated Reliability of Single Camera - 99.1% at 50%
confidence level
Estimzted Reliability of Four Horizon laneras at a Pzrallel

Redundant System = 99.9% at 50% confidence level,
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SECTION 10

SUMEIARY DATA

The comparison of the operating varameters zand the performance
acihieved by previous missicns has been difficult due to the large

volume of data that resulfis from each mission. Scme of the pertinent

choracteristics from prior missions have been summarized in Tebles 10-1
Through 10-3.

The summary dzta was started with Mission 100k as the J-05

cooera s

ystem was the first to incorporate the major modifications

titanium drun and scan arm, four roller sczin head and Corona

T copobilities.  Only those nissions that culminated in the recovery

(9] ~—

ol come photograrhy have boen listed, therefore Missions 1003, 1C05 and

102Z are deleted.
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