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o ABSTRACT - SO .

An evaluatiqn was made of the Lanyafd Migeion 8003 based

’

on examlnatlon and analv51s of the!flight mission product. The

-evaluatlon was performed by the Director of ‘Special. Projects -

Performanqp Evaluation Tedm, assisted by personnel of the Natlonal

Photographic Interpretation Center, AeronautiealApharf and
gnformation Center, and the §594th Test Squadron (AFSPPL)(AFSC).

"It was concluded that the objective to achieve anfaverage

. ground resolutlon of five feet was -not met. The system d1d

demonstrate in & few instances that 19 has the potentlal of

achlev1ng the stated goal of flve feet from 110 nautlcal mlles.

It is’ belleved that the major cause for the nonachlevement of

system performance geoals is that the deSLréd temperature of the °

lens and the pldaten support tube was not attalned on orblt

"This produced an adverse'envzropment for the optiés and may_have-

caused a lens element to shift in its mountings during Orbit 9,’

which ccould account for tﬁe sudden doﬁhward shift in RES values

-
LN

The cause for the payload fallure after normal operatlon
for 22 orblts has been established as a faxlupe "in- the . 1nter--

valometer system controlling the ma1n panoramlc.camera and ‘the

.
stellar-lndex camera. Corrective measupes_w;ll be taken before--

the next flight.
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The phy51ca1 condition of the film was generally excellent
throughout. A few minor deficiencies were noted and 1nvestlgat1ve
‘action init;ated to correct these before the next launch.

Geoposifioning was within acceptable limifs,.and the-
obﬁéctive to obyain mono and stereo photos of specific targets
was achieved. TherAgena D and .the roll join;} wﬁiéh points the
camera; functioned.satisfactorily. The clocknébqpchy'was within
ha mllllseconds.‘ . . |

The index camera falled after three frames. The stellar
-camera eﬂhablted erratic meter1ng hut ooerated for the duration

. of its mlss1on.
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SECTION I
MISSION 8003 HISTORY

-
b

Mission 8003 was launched from Vandenberg Air Force Base.

oooo~17z on 31 July 1963,
= . .
The satelllte vehlcle consisted of the "L" Panoramlc camera

with the supportlng Stellar Index (S/I) camera, the recovery

]

system, and the Agena. The pax}oad-qa% mated to the Agena by an
electro-mechanical roll joint to obtain increased target coverage.

This satellite was boosted into orbit by aniimproved.Thor,

.
——

Ageoa D'oombioation. ‘Tﬁe orbit achieved had the following f' e
.parameters:
Actrual ' . - * Nominal
Ipclination 74.94° _ . ' | : T 15,0
s Period 90.59 min. | . 90.72 ¢+ .15 min.
| -Perigee - 9187 nm at $2.9R° N. Lat. 93,0 + 3.5- 5:nm at
\ _ 50° N. Lat: :

Mission 8003 was programmed foo\\ Five day operatlonal

mission. The prtmdry objective was td demonstrate the system

potentxal for obtalnxng high quallty. large scale photography of
selected tergets. This involved mono an stereo operations in
roll angles of -30° -15°, 0°, +15°, +30°, 'rh; design goal isl
five foot ground resolutlon. '
Upon injection 1nto orbit. the 1nstvument operated for one
burst as- programmed to verify leps lock releaee and otherwzse

demonstrate proper electric nechanical operatton.

FOP-SECRET— CORONA /LANYARD .|
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The orblt attained was very close to the desired orblt and l“ux
the pass Z\ephemerls was demonstrated to be adequate for m1331on
plannlng. . 7

Rev 9 felemetry indicated fhe ﬁain‘sipera to.be operetiﬁg
normaliy but: the S/I camera, to be metering eicessively. It was
alsa noted that the desired thermal env1ronment for the payload

had not been attalned.

\ . . .
. The roll joint was left caged until Rev 16 to have a comvarison

of photography before and after uncage, On Rev 16 it was_uncage&

as progermed and operation wes normal. ' _' - . .

Roll mane uvers “to ‘obtain photogranhy were successfully ' -;

executed 13 times. The 1nstrument was rolled back to zero at the

end of each pass. S .

Functional T/M indicated essentially normal operation of the

-

main camera through orbit 25, witht the temperatures still high "
and ‘the 5/1 cemeralmetering excessivelys - - ) .
On orbit 25, no operation'was indicated in response to

tracking station real time commands. Also, an ipereased power

drain on the Agena batteries was noted by'T/M.' y

No further operation of the main instrument was indicated

- I -
in respohse to real time_ commands given on subsequent orbits

and the.increased power drain persisted.

L)

LY
.

LOP-SEERET- CORONA /LANYARD siortevell
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The decision was made to recover on the next appropriate

orbit. Recovery was accomplished on orbit 33 at 02502,

2 August 1963. . : .

The photographlc product recovered con51sted of 308 frames'

(approx. 1900 ft) from the maln_camera,_SOO'ft from.the index
- camera, and 250 ft from the stellar camerad. “About 60% of the

main camera coverage was in stereo.

R S
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SECTION II -. -
PERFORMANCE EVALUATION TEAM OBJECTIVES

The Performahce Evaluat1on Team was assembled after the

-

recovery to compile a oonsolldated evaluatlon of Mission 8003. «
The report was made under the management of the Prop a-

from Space Systems Division monitored the mission and participated
$

-in the evaluation.

. ' The team compilgd data from ahgivgis of the thtogranh§ for
inclusic‘an in a final report for the—_
This.. ana1y51s covers the fields of command. peoposition, angd . '
phoxopraphy. In all cases the record was studied to deternxne '
how well the results compared with the planned ﬂ#ssron. " Tor \
examﬁl%} the command summary Shows thét the caﬁera was operated

at a_specified time'tp obtain a.-ophotogranh of a tarret, the Sesf~'
fit ephqmerish}oqgt95°the actual nqsitibn of the sqtellite at |

that system time ahd obseévation-from the photographs indipateé"
the actual.Feograppic 9ositisn. Further analysis compared actual
and commanded camera speeds and burst times. Finally._an‘ -
analysis of the film itself indicated how well the camera svstem
opefated in producing hipgh resolution and écceptable'film
densities. Where available, telemetry was used to confirm system .
operation. The preliminérv evéluationhwas submit;éq'to the ‘
associate contractors in the form of tabulaéeﬂ data and some

e

pertinent commentary. ' . «.' ' e

:ep-see&a CORONA/ LANYARD "'“JJSF
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' ' The Aeronaut;cal Chart and Informatlon Center (ACIC) performed

geoplot of the m1551on coverage and related pred13¢7d versus actual

coverage and qua}lfled dlfferences with their knowledge of map

-

.

accuracies.

The National Photographic Interpretation Center provided a .
subjective image evaluation with respect to its suitability for
I -

. intelligence purposes.,

The 659uth Test Squadron (AFSPPL) prov1ded photometrlc data,

admlnxstratlve and reproductlon support, and was host to the team

during the evaluation, , . ‘

The associate.coritractors and system engineering organizations ’

fqinished team members and -performed the system and payload

analysis.

4
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SECTION IIi
N .
COMMAND AND GEOROSITICONING vi
A, Qommand Structu(e

The Lanyard Command system is, comprised of .the Type 8
Orbital Timer, a V/H:Programmer, and a command decoder, The
basic type 8 programmer is loaded before flight with the COhﬁands-
as’'a functlon of elapsed tlme to turn the camera system on and
off, and to control certain system functzon The timer may pe
periodically reset by real tlme commands-from the pround to eqshﬁe_r
that desired operatlons are obtained. Real time commands are .
also used to seleet programs, V/H ramps; and’ s1m11ar functlons,'

A complete descr1pt10n of payload real time and orbital timer

commands follows: :

REAL TIME COMMANDS .

4 Command Operate
Applles power to decoder, pulls lens cell retaining .
pin, executes a stereo pulse operation '

No A/P Command

8 A V/H ramp selector,
An 11 position switch is stepped to select any 1l of
11 ramps

9 B Program 1, 2, or 3 selector
A 3 posxtlon switch is stepped to select ezther orogram
l, 2, or 3.

10 ¢ Ramp start-time selector .
An 11 position switch is stepped to select any 1 of 11
stored start times for the V/H .pROgrammer

FOP-SEERER CORONA /LANYARD wroev- i
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D Operation Enable/Disable. Intermix deck selector.

Stereo override, A 4 position switch orovides the

following command posszbllxtles'

Position 1 - Enables stored program commands for panoramlc
instr operation, Selects intermix sequence
from Deck 1 ' :

Position 2 - Disables all stored program commands for

. panoramlc instr and roll joint operatlon
unless in intermix mode. Selects intermix
sequence from Deck 2.
Position 3 -~ Override all stored program stereo commands‘
. to mono operation. Intermix on Deck 1

Position 4 - Override all stored program stereo commands

to mono operation.’ Intermix on Deck 2

E Orbit ON/OFF irftermix start point selector
An 1l position switch is stepped to the desired starting
point to set up an automatic sequence of operation enable/
disable commands for succeeding orbits. " Switch is stepped
through sequence after setup by one punch per orbit in"-
orbital timer track l4., There are 2 decks on the. swltch.,
Selected by RTC 11, wired as follows: St

P Y Wl T c H POSI -

"1 2 6 B 9 10 11 : .
Deck 1° 0 1 1 0 1 1 1=0n for Orbit-
Deck 2 1 0 00 1 0 0 0:=0ff for Orbit

F Program ug 5 selector., Fixed roll angle selector.
Stepping AEf home posztlon 11 disables operation in
Progs 1,2,3. An 11 position switch is stepped to provide
the followlng control:

SWIT C H PO'SITION
1 2 3 ] S 6 7 k:| 8§ 10 11
~+30¢15 0 =15 -30+430 +15 - 0 -15. -30 Home
PROGRAM -4 P ROGRAHN 5

o R BITAL TIMER COMMA V D S%

X Function . .

lk. Orbit counter for intermix, V/H prog start and yaw program

reset _
k4 Roll to zero all programs -
17 Clock-interrogate, telemetry enable - continuous channels
27 V/H Programmer start . .
28 - Instrument on-program 4-(roll selected in fllght)
29 :  Stellar/Index cameras on.

.-.30;

Stellarlindex cameras off T : ' A

' F@P—S-EGRE-T—-CORONA/LANYARD n,m

7




i W CORONA/LANYARD-_
S

‘31 Roll execute-programs 4 and §
32 Instrument, off - program 4
33 Instrument on.- program 5 ~{roll selected in flight) -
y Instrument off - program 5 ?
ENABLE EXECUTE .

s 36 37 38 39 _Program 1 - Stored roll pfogram
40 41 472 43 44 Program 2 - Stored roll program
w5 4B 47 48 49 Program 3 - Stored rocll program

Roll to zero position _
Roll to minus 15 degree position
Roll to minus 30 degree position

oo

Roll to plus 15 degree position

Roll to plus 10 degree position

(Binary matrix checkout)

Temp sensor, power off

Panoramic instrument on stereo pulse

. Panoramic instrument off continuous mgde
Panoramic instrument -on stereo continuous.
Temp sensor power on s '
Panoramic instrument on mono pulse

Reset panoramic instrument

Panoramic instrument on mono CONTinuous

s e
R OO O
OO O
= e b bt e e e s

et e b P O OO0 OO0OO0

L]
-~ OQOO0O0
OO MO
—~O0OHOKOK
DOOO'ODQ

50 Yaw progran
51 Tape recorder read 1in
52 Tape recorder off _ -

** Varies. 15(FTV '11867), 26(FTV 11683, 16(FTV 1172 .+ Sub§quent).

NOTTELS
1. An S/1 camera 0peratzon preceding the first panoranlc
instrument operation pulls the lens cell retaining pin.
2. Rell joint 1s uncaged by flrst zero roll command in
progs 1, 2, or 3

SEPARATION C@®R®MMAND
Inflight reset Eject instrument doors (Main and S/1I)

GUIDANCELE TIMLR COMMANDS

+28V to SS/L Eject instrument doors (Redundant), Apply
power to decoder, Unstow lens cell
Arm Slew S/I payload .
Transfer - Actuate water seal . .
Separation

»

FOP-GECRET - CORONA /LANYARD ..;:;’
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B. Tracking and Control Response

. - L. L
1. The nominal orbital parameters achieved on FTV-1167

L-3 resulted in an ideal control situation! _Progfah l,-baged on

the nominal orsitai perioa, was used'th;ouéhéut the 22'ofbit-
operation. The IMC centrol settlngs used’ durlng the mission

were the nominal settings establlshed prlor to launch A ramé

change was made on orbit 23 to compensate for a sllghtly faster

than nominal cycling rate determlned on data :cquaredrgn'orb;t

16. Illustration 23 shows.the quality of the pbfaiﬁéd fit. The . -
only-payload‘commaéds used during the 22 Brbit.mission‘wgre forﬂ_;
"intermix"'qéntrol; for selection of the gctive orbits within _ Lo

»

the ffight program. v ' ’

2. The tracking network provided ea}iy convergence on
the achieved orbit, This resulted in accurate gredigtion‘of.
coverage block locations from the initial prediction based on’
tracking data acq;ireq through orbit 2. Updated tr§cking data
"(through orbit 9) wa;.uépd for tﬁe-prediption of Klock ;oéatibns
for oriSts 13 th}ough 22, - P .

3, Block location predictions are based on H-timer
control s¢ that the timer is maintained in'perfect synchronism .

with the orbit. " Deviations between the predicted block locations

and the.actual block locations are due to imperfect H-timer

-i;ontrol. : . : : : .

- <
" FOP-5EEREF - CORONA /LANYARD iinsiev{i IR
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{ the early portions of the flight'due to lack of precise ' sy

determination of the orbital parameters

M  CORONA / LANYARD —
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‘4. One gross t'img'r misma.t'ch occurred during the
rni,ssiorlT _-on'or'bit £. 'I‘hi‘s miématqh,_was a result of timer
adjustments 'given based on orbit 2 tracking data which were in
éffect until the next tracking sitati'o.-n'acqui,s_it:i.‘c;n at orbit 7

1}

-.A This mismatch resulted in a g’l milieAlatitude error in

. ope';atiph 6 DM 1, essenti-all.y missing ore-half of the mono block

5. This type of timer mismatch was ‘anticipated 'dur'ing'

. 6 The reset command given at orbit 16-5:&5' N
in“effect until orbit 22 - Time mismatéh during this .
period was essentially constant and amounted to approx:tmately“
a3 S_to 4 seconc_ls bias. in all operations dur'ing this pemodA
This is considered an.exce_s'sive bias td be 'pr'es'ent in the timér
system after the orbit has béen determined; aﬁd the c-a\use- for.
the bias requires further investigation. The average latitud.
bias.‘.of. all ;:perét_ions that were availabl-e)for evaluat;ion was
14 15 nautical miles cor an equivalent. timer mism_a.lt?)_'of. 3 -53
seconds - . . o

7 The performance estimat¥, ‘computed and issued
15 hours after recovery, provided-an acc.u'rate summary of the
actual block locations The average latitude ‘differ-ence .
between the performance estimate excluding the known fi_rner"
error and the actual center of block locations as detei'm:i;ned

from maps (cons:.derzng all error sources) was 5.0 nautlcal

TOR-SECREE - CORONA /LANYARD B
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. - ’ - b " * . .
miles. Long¥tiudinal errors were generally 2 nautical miles or
‘less. - ¢

’ ’ N .

: + 8, In summary, the orbitql'defermination, block ‘=
-¢entér_5rédictionsr and pogf flight Perfornance LCstimate were
°Sa;isfactoryf ‘The need for better H-timer control or alignment

, is indicated, based on the somewhat limited data obtained on

.this mission

- ~ . .

-9+ Image mbtion compensatidn control was adequate.
o - . : ) . .
hImﬁrouémeht in

instrumentation or techniques is in-order to

imprové- on the response time to non-nominal cycling.
characteristies - ' ?

-'.} ' ) ) e . R } . .

© 10 ... Orbital Tracking Performance . .
4 . -

. I's . : i .
The actual orbital parameters were determined

» .
]

very eah;y_in the mission, as seen Qj the tracking data

"?gsidual;" ?hése‘résiduals.rebreseﬁf thefapparent error of
"any set of tracking.péints when combined into the pre}iqesly'
- . : . v

processed, tracking data. As seen in Table I, Suﬁmary of’

- Tracking Residuals, the actual parameters were conveﬁged_upon:-

by orbit 7 This is due in part to the fact that the actual

orbital parameters were essentially nominal. = T .

. .

11. Mo degradation in tracking perfbrm;nce is in,
evidence due to the lowep heights over the tracking stations

on the descending side of the orbit.

.
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flié%t. basically due to the Iack'cf_precise‘aetermination of the
actual Ol"blt This prediction was essential@ confirned by the

timer mlsmatch that accumulated between orblt 2 and orbit
T-and. is 'e'vide_nt by‘e la;ge latitude targeting error on _
orbit 6. The error was rehoved by timer reset at orbit. 7- -
‘The H—tiﬁér confrci.after_orbit'{s wes not as good as had been .5
expected,-particula?i} considering the early convergence of the

actual orbit. - The alerage H- tlmer mlsmatch to the a;tual ‘orbit f”

between orblts 16 and 22 was h 3 seconds‘ A rev1ew of the tlmep
b

performance data‘ggiflned during the fllght (reported by wa)wdoes=

Y

¥

not lndlcate any timing errors greater than I second.‘-A post

flight analysis of.. t1mer performance as 1n Process and should n .
NI § : ‘ 3
prov;de more prec1se determlnatlon of the actual tlmer performance '

iy, Based on 33 pJotted block centers, the average latltude

error as compared to the original deslgnated p01nts was 12.6 N., 'aii'

mxles. The maximum error was 57 m;;es on O;blt 5,_due_to tlmer;.'fﬁ'
‘settings based on eerly'onbital data. 2 fj  [ - . ‘;_\; o
15. Pitch and roll angle data ha;.;een revie#ea fép'the“-
possxble ‘targeting errors due to uehlcie att&tuseb The"uehitle
was generally stable, wl;h roll angles averag;ng approxlmately 20'
’ . Ye ’

\of arc, and pltch excursions approxlmately twlce as much. ;The.‘

maxzmum pitch angle at block center was -1°53' resultxng 1n a,-3

*

mile in-track aiming error. A ro\l angle cf 0.5 degree at, 3de .
roll posxtlbn at 120 Na mzle altltude would‘result ;n ‘a 1 4 mlle | « 1
’ .t

cross track almxng error. ' : o 1 T
A

- mr CORONAXLANYARD "“'&f&!
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l16. A tabulz\;oh of the dénter of hlock d{ffare

the planned and'actual atltudes is- gzven in the Geoposxtlo

»

' Tabulatlon Tabie No 111, pages 23 to 25

f- 17, Look Point Prediction EvaLuatlon -

-

.ot .: Lobk.Points for the center of each blpck were pre;?,

"dicted_ at. intervals, throughout the mission.

. e "-f . . Prediction Schedule v
;iiraQEing'Data Through Rev. _ Look Poi
e L ,. =3 . ) I . Orbits -
o S 9 .- : : 7 Orbits A
o~ i' . o ¥25 . . - Orbits‘27 to 81 -
[ . ’,. . L H . .

r&sulted xn géod accuracy starting with the 1n1L1al predlctl n. based

~on data acqu;red through rev 2 sing data acqu;red through

ade between the predictions
4made dt orblt 2 and orblt 9 Thzs indicates that an average erryr

' ¥
in the latltude of thée block center

29 as a standard. a comparlson is

1)

Updatang. Look Poxnt Predxctlons ar made agssuming that’ the H-tlme'

is preczsely matched to the orbit at 1ned? Deviations between the

.
predlcted look points and the actual Llock'center are a result of .

mxsmatch between the orblt and the actual timer performance.
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(Photographic Physical Characteristics Evaluation)
. . .

This.section bound'seoarately and must
accorpany ‘this volume for the complete
- system evaluatlon
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SECTION V

TECHNICAL DATA

- -
L]
-

A. Scope of Data

by AFSSD'peésoﬂnel-gnd\PE’ meﬁberg is contained within this
section, ‘ ’ s " : | .

2. Thé édqplusiohs reached by PET members are, for the
‘most part,rbaséd on this data; howg&fr,.additidnal'info:mation
. -and calculations agf equi}ed prior to tEe completion of the

evaluation effort. <

4

8,  Data Presentation

Illustrations 7. through 13, nages 3u thr&gkh ub. -
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SECTION VI } g
PERFORMANCE EVALUATION TEAM GROUP OBSERVATIONS

A, . Camera Performance

1. Panoramic Camera ‘-

. Functional T/M Data indicates that the instrument

operated normally through Rev 22. T/M showed no operaticﬁ after .

2. A frame-by-‘rame analysis of the film was accomplished
by SPPL and\ié_given-in Sectiou-IV .Howcvér, the'ébsence of edge

wr;nkles. tearé- and scratches xndxcates normal lnstrument

operatlon in fllm transportlng There was no ev1dence -of Coqbna

EJ

discharge. Thére was an indigation of‘'a l1ght leak of minor

significance which occurs on t flrst and next. to last frame ot .0
. . :

each pass This may have been a plnhole in the fazr;ng or cbu;d

k9

possxbly be associated with the “"Pad of Pass” 1nd1cator }amp

:anes»tlgatlonf -

| “Rev 22 and the recovered photographic product confirmed this.

- Both possible causcs require furthe

3. All of the auxiliary dat block lamps apPeared to »:

be operating ngzng spots of’ adequate size and denglty un;form;ty

to be easily machine read The data blo k's pos:.t:.on on the f11m

relative to the format was consxstent except when ‘the camera

- -

was runnzng at max;mum speed .. Thxs effecn id not occur.at the

_s$lower speeds. Thxs movement of-the. Data ‘B10 k w1th respect to
the Format has occurred' in high speed ground ts" when there is - ¢

ectxveractlon

. TOPSEERET - CORONA/LAN Roﬁmg'

a worn clutch in the meter;ng tnansnxss;on. -é‘r
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may‘involve replacing the ciutch.after a epecified'life time which
the camera contractor will Be asked to estéblish;

4. All funct{?he and circuits whose output wae recorded
in the Data Block appeared to operate normally with the exceptien‘
of the indication of roll steering position.. There were seven
cases qheée the binary indicated 0° roll when a roll actually-was

accompliéﬁeq as verified by T/M and recovered photography. The -

. decoder command circuit is the suspected component and is being

investigated.

5. On Orbit 0 there was - 1nd1cat10n .of severe lmage
motion and band1ng. This occurred when the camera IHC was not
synchronized with grouhd motion and during the yaw around the
Agena. This was expected since the burst was solely for
verification of launch survival. On orbit ‘Al9, there wae also

evidencé of banding when the camera was running at a low scan

_hveloeity correéponﬂing to 1/133 gec. exposure. Banéing was less

obvious at the lowest scan speed used, however, which was'-1/118 .
second exposufe. |

g 6. Analysis of tﬁe'photographic material fer image
quality shows that focus was never optimum and that it varjed
throughout the mission. Qual{ty ;as generally better early in
the mission: RES measurements were mgde'in seven areas of each

frame (see SPPL Technical ﬁepor_t -, Illustration 30,

page 8l1). RES measurements were averaged for each frame and are

‘ FOP-SEERET-- CORONA/LANYARD n.;:\:”
' _ LA : ’
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presented 1n Illustration 94 page 36. Exceot for 1solated
H t' "'

znstances, RES values drop after Rev 9 and stay lqyer thrpughout

* 6’

,_.r.-

the remaining. orblts. .;,5

i

7. It is pOSSlble to hypothc51ze= i; iff ';;ccuses for.

a focus error.  Some of these have bcensexaq}ned ané'dzscArdad;
' I R SRR
a. Change of Focal Dlstance wath Altltu‘ef

The Shlft in fpcus between the two extremelh_'
altitude has been calculated Con51dering mlnlhum and maxlmum L‘

._')’.

altxtudes of 90 and 1. nautzcal mlles, the computed dlffereﬁce & .
i.n focal distance is .000300 inches..r Thls_, 5h1fn 91:1‘ foca;:’ d}lataiace

is well within the depth of focus fbr thls Jens s0.we. §an ruiq
ou;,altltude change alone as a cause of degocn51ng.~g;f%{{“ B

' b. Variation of the F11m Dur;ng.Exposure. ;i;

' t e ;
This p0551b111ty was con51dered and checked A
J i R .
The best method. of checklng f11m posxtion durlng exoosure 1s

"r -" 3\

the Dr. Agchenbrenner test. Thls consxsts of Dlaczng a; %ow of N
i

slits at some distance 1n front of the film and two 11gh&s at

i .,"

of -axxs positions so that each slit exooses two oarallel Ilnes

as the exposure slit is oassed across the format.k The separatlon

between these lines is a sensitive indicator of the dzstapce .@.' :

.between slit and film and ylelds an entlrely 1ndependent check i:

-

of film flatness. During the past week, thls test was conductea 'f

on a flight unit at the contractor's plant. 'The tests results

indicated a deviation of less than +-.002 inch on any portlon of e

the format. This also is within the depth of focus of the lens. '

FOP-SEEREF~CORONA / L ANYARD %
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’ . . o ) . .
to unpredicted'and high temperatyres at critical points.in the’

kthig’is completed, a more complete correlation with image quality

.(from RES measuremenf) can be acoompliehed,‘ FIight instrumentation

— N— —— iy
- T
.

' ;housandths of an 1nch is ordbable, Wh1Ch could reduce the oeak

,resolutxon by -one thzrd. ‘These facts support-the concru91on

I tlme. It 13 concelbable thax a refleetion from the f11m to the;

: CORONA /LANYARD

. s *

8.. -Another possible source of defocusing is a shift due

4

-

optloal system. Analy51 emperature date m the "on board™
tape recorder is contlnulng to establlsh the prec\Be time history

of the thermal conditions which ‘existed durlng flight. When

lndlcates that the lens was not in opthum focus due to the =~ 1

on-orblt temﬁerature condltlons. The most orobable causa of

*

qualxty degradatlon after Rev 9. is a’ Shlft of the lens elements ‘f

-

. o

at the hlgh temperatures experlehced on. orblt.-‘Attempts were_ljrf T

made to correlate the on-orblt measurement wlth laboratory. T

+ - .

'.o-‘ .

results ‘which” 1ndxcate that a total Shlft of-approxlmately elght

L]

oW’ .
that the thenmal condltlons uere the cause "of . the overall

oftness“ 1h Lmage quality. L ' : -'7 T

.91 There is an 1nd1catlon of posszble douhle 1£7ges

e

occurrxng in a few eases in small locallzed areas of ‘the: format.

TheTe 13 not a defin1t1ve explanat1on of thle phenomena at, this

bagk o' the slit and then back to the'fllm may have caused thlsj.
effect houever,.tests indicate that thls 1: ‘not probahle; »I; is

. ]

possible that thxa problem may be related to ‘the™ focus problem

-%

since all cases observed anolve-airereft or other obgects with - .

F@P—S-E-CREJ— CORONA/ LANYARD
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bright refleCtions Analys1s and tests are contlnulng to see lf

this phenomenon can’ be duplxcated 1n the laboratory, or accounted

L]
*

for. ‘
’ _10 £he exposure ranged frem 1/118 sec to 1/233 sec.

It 15 not evident that the image qualxty is better at the higher
- shutter speeds However, 1f the- overall quallty had been hlgher,

-

a finer check on. this point ‘could have heen made
. . . ._j L. : P
. 11 Prior to flight, this instrument produced 83€l(mm
perﬁormanceﬂuﬁth the flight slit when assembIed in the flight

. contiguration ‘Although no direct eorpeiaiion between RES and

L

1/mm is pbesible; and therefore a pregiSe relationship cannot be
- .

.- ) . - .

estéblxshed.'itfls es{lmated that the overall séztem resolution
J;; degraded by qaﬁrox;mately a factor of two belowNthe expected
}capab111ty ’
12 ' The tollowinﬁ comments pertain to the camera .

sfdﬁpage a‘ter crbit 221 . : ' . '

3 A V/H ramp ehenge was attempted on orbit 23
Command was sént to charge ramp 5 to ;: Automatic cdﬁmand
sequences at tracking station sent szgnal to step'}o posiklon Y
but V/H ramp ended on p051t1dn 6. Another 51gna1 was ;enf to
correct this and stepper went to position 4.

b On drbit-?S'two commands were sent to change
from program 1 to program 3  No operation indicated. Increased

power drain on the'Agena batteries was noted by T/M.

. FOP-SEEREF-- CORONA /LANYARD
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c. 6n‘o?bit 26 two peal.time commands were sent in = :
an_atfempt to byﬁass the decoder and comﬁagd the'cémqra tQ'ogyrate,A:’
No response.’ . ' .

| d.- On orbit 31 ?ecovaff enable command Qas,sent:
* . e. On orbit 33 air recovg:y.aééomplisheé: e .

f. On orbits 27‘throuéh;§£‘selecteg_commands for

. _ Y
failure analysis were.sent. These commands caused the @irror'td

. . - . . & v
change position upon command. - In addition, these commands

indicate that the decoder was responding eorrectly and that the

operate signal was getting to the decoder. _ s

13. -Possible'Trduﬁle.Areas o . T - L

a, Investigaéipn-of the L-3 failure has been
concentrated principally in the intefvalometer ‘area. The e

’ : ’ v . '.'--_. v
intervalometer motor could have failed. The motor tould have

..

been stressed by the !fﬂ commands béing inserted while. the motor
was running. Failore of the metering -amplifier wou}d a¥so:have_

caused the instrument to cease operating. - Other areas that

could cause this failure are: .~ v

(1) A shorted capacitor in the integyalometer

motor input. . L ‘ - | .

(2) . A failure in the T-1 transformer that -

. supplies 26 volt AC to the intervalometer'théhameter.

(3) A relay failure. | ' : o , : P

(4) A broken wire.

FOP-SECRET - CORONA /LANYARD " ussev SN
- T82" ' Yo ControlyOniym




m CORONA/LANYARD ‘ N
T L N

- . s . - -
. . v
e . X

- .

N ) b. Power sthchlng fallure is not the I;kely cau!e -'f .u'

-sxnce this could not explain the power 1nqpease observed after
the failure in L-3. _ : f‘ N S L .
: c. Under aggr}vated env1ronmen§j§‘condltlons, a: .

meterlng servo was operated’ in: the 1ntervalomlter mode fov three, Q.

days contlnuously Durlngfgggs Derlod everv leteen mlnutes the
V/h programmer sw*tch wa; steooed through a series of p051tlon§¥

glv1ng the neterlng servo commands alternatlng between GOQlBVh

and 120% V/h. Thls test produced no malfunotlon.. ”‘-=' ' o

" - [
A - el

.d. In.= 1ater test the steoper was cycled-just af\
e '_the instant of eoollcatxoﬁ‘tf S/I command Thls produced even

€ s b . , e

milder eranSLents than the nrevious test and -did not produce a; .
malfunctlon. The servo amoll‘ler has beﬁ; extens;vely fésted .

under simelated env1ronmental.c0nd1tlons and excepnt for the éi
possxhzlity ‘of a comoonent Fallure. is ‘ndt expected tg be the 72

cause of the ‘allure '( -

e. .A test was conducted in which ;he tachometer ':.‘ :
feedback of the meterlng servo was removed. .This cause?rthe
metering servo motor to ;un at.13$000 rpm; correspondipg?tp a

. Vlh‘rate of 270% of.nominai' iear %he end of this teét; the

q:;or stopped rotatxng and the current.drawn. by the unit

1ncteased by approximately $ amperes., .; , )r. -
e - A
- ot f.-'Inspection of the metering drive servo showed
that the motor pzn:.on, mating‘ gear, and theocoupling to the _' o

flywheel were damaged ‘to such a degree- -that they caused the

T'GP‘S‘EGR'E-?- CORONA/ LANYA!?D ' _'
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" voltage to the tachometer wasg the cause of .malfunction, the
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motor to jam. On the chance that the transformer subplylng'thc

.

tachometer excxtatlon transformer is now being tested under

aggravated envirqnmencal conditions, .
B Examiﬁ;tion'qf the typc:of tachometeﬁ used on -

this drive reveals a potential source of mélfuﬁcfioni The leads

emerge from the tachometer through a hole hav1ng a sharp edge.
P
Sleeving put on to Drotect at this DOlnt was found to have

worked up cut of the area to be Drotected. A short or open cn

the tachcme;er leads is con31dered to be the cqusé of the . .

malfunction. - : L d

h. Tﬁe-fpllowing are'ihe details of the analysis

» TNt

uhlch concludes &Hat the tachoreter leads failed,

T

/™ on channel 10, S/I shutter and Stellar and ) v

. L

Index, Commutators showed that.the S/I did not operate on_ the .

urn-on that occurred over the -stat:l.on

sts run on the SII unit show that at the Jhigh . {

programmed.S/I

pulsing rate cue td.a run-away panoramic metering serve, the

S/1 unit does not meter film, Therefore, it is possible that-
¢ * PR i} " *

the run-away cohdition existed at.thet time. .

i. Correctzve actlons ‘being taken are:

(1) Deszgn of g hylon bushing or sleeve that.can

be anchored in a posz;xon that will protect the_leads on existiﬁg

‘units. . . ' ‘ . .

~FOP-SEEREF CORONA / LANYARD'%
: S . . : o, ™




-

’

]
A
- Q
v |
O
Z
>
——
—
>
Z
>
x
)

PERTORMANCE EVALUATION fpaM .-
REPORT NO,
’ -

o (2) Vendor (Kearfott) contacted and ordered to

improve his design in this area. He' pointed out that latest

deliveries of these tachometers have a'ﬁhshing'for lead protection.

(3) Investigatién started to see if this‘typg
tachometer ;E availagle from other vendors. |
1y, Stellar/Index Camera

StellarfphogographS\yere obtained on approxiﬁately
1400 frames. All frames recofdeq had_pormal.backgroun& fog
resulting from earfh shine reflecied froﬁ the baffle And door.-
Approxlmately 1/4 of the format is vignetted hy the baffle ahd
door’ as predicted by Dre-fllght testlng.: Stars were recorded 1n
all areas of ‘the format except thls vignetted area. Densitv

. )
reasurements of the fogged area have not yet been made, but

subjective opinion is that interference will:be minimal.

] ,
f ‘Index photography were recorded;.
. e _ 7

15. Only three frames
rona was noted on the, . R

* these were normal. .Sohe very light
unexposed film;
16. Erratic metering produced»approximétely 1000 extra

formats. The Stellar portion did not run out .of film before

recovery, | ) : X

17. The cause of- failure on the Stellar/Index unit
cannot be ifntified at this writing although it is possible
that the higher than normal temperature contributed to the

- - e

failure.
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B. Photographic Quality

1. Examination of the Panoramic camera f11m 1mmed1ate1y"
shows that nominal system performance was not achleved durxng
the mission. Extensive quantitative data has been acquired ;n
an attempt to asceftain the causes of pe%forﬁance‘redugtion;

2. The RE-S valués show a sigr‘iificant'.downward shift
during the initial operatlon ‘of Pass D09 (Illustratlon 9,
page 36). The cause of .hls change xs presently unknown. A
corresponding anomaly in system operation has not been located.

C. Exposure Time - | | -

1. The diffuse density measurementsﬂar; nominal .
throughout the mission (see SPPL Technical Report- .
. Illustrations 8 throﬁgh 13, pages 18 through 23), Density
values were measured in aréas 1 throﬁgh.s in every frame (see
SPPL Technical Report- Illustrafion 30, page B1).
Area 3 was a combination of areas 3, 6, and 7 for d;;Bitf
measurements only. _
| 2. The majority (90%) of the panoramic photography wis
made.at sun angles from 36° to 3:°, No correlation was found
tb exist between the‘&énsity &ata and: : . :
a. " Sun éﬁgle {see SPPL Technical Repo'rt—
Illustration 14, page 24) o
b. Pan angle ) . 3
c. Stereo angle .

T d. Exposure tipe

-FGP—SEGR-E-I-.CORQNA/LANYARD ,..:::;9
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‘members consider any further underexposure would have resulted

was 3.25 which is significantly higher than anficipateé (see

PERFORMANC ION TEAM - | | N
REPORT NO. - . .
Vel : .
- 3. The exposure time utilized during the mission

followed the alloweble:curve for "full" processing according to

pre-~flight prediction (see Illustration 7, page 3u). The PET

in loss of inforhation content as the original negati@e was
slightly thin. |

4. The brightness ratio for each frame was calculated
based on the actual characteristic curve provided by the.

processing facility (see SPPL Technical Re'por-

Illustratibn 2, page 7). ?he'everage mission brightness ratio
Illustration 8, page 35). . The average briéhtness ratio per'.'
frame is plotted in Illustration 9, page 36. |, .
D. Performance Heaserement R ’
1, The level of.ﬁerfor@ance of the.ﬁenoramié camera.
was ascertained by the Recieéocal,tdge Spread‘(RES)'measurement'
technique. Deteils of this technique are contained in .Section IV,
2. Extensive measurements (in excess of u000) were made
in the seven Drescrzbed areas of each frame as shown in oo
Illustration 30, page 81, of SPPL Technical Report—
It was recognized that prescrlbing a large number of areae Q
within the format would 51gn1f1cant1y reduce the average mxssion
RES value; however. PET members considered the detalled evaluetion
of the system to be paramount. . 'iff?'_ \.
.FTOR-SECREF - CORONAY/LANYARD
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3. The high degree of variation in RES measurements
shown in Illgstration 9, page 36, is not considered higﬁly
significant with the exception of the dowﬁward shift in Pas# D09.

4. Tﬁe validity of the RES techniQuélin establishing a ]
performance level is unquestipned when the spfead measurement is
made in areas of known contrast ratio since diffraction_theory'
is based on.contrast variations. In or?er to best utilize the
RES'measu:emeqt, it should be normali2e§ with the ‘contrast ratio
and other factors at the point of measurement.

5. The best known method presently availaplh to
simultaneously measure the image spread. function and'tﬂe contrasf'_-_,i
ratio is the “Hicro;Analyzef“. For this'reasﬁn, all of tﬁE;Micra-
Aﬁalyzef traces made during the mis;ioh evaluation aré included
in this Treport for further analysis by the partiéipating. )
contractors:. : ..‘5

a. Illustrations 12 throQgh'17; pages 39 through 4
b. SPPL Technical Report-nlustrations:' ..
‘ 19, page 36 = o ’ . .
7/ .

?0, page 40

21, page 9u
- ) 22, page 47

25. page 51 -

35, Appendix 3, page §

.. . . . . 3i,-A§pendix 3, page 9
TOP-SECREF-- CORONA /LANYARD
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6. The RES data summaries are shoﬁn in SPPL Techﬁical

Report‘- Illustrations 1"5 through 1.7, pages 25 through 31,

Various approaches were Jaken to achieve correlation of ‘the RES

data ﬁith other mission variables (see Illustratione.ld‘and 11,
[}

pages 37 and 38, and SPPL'Technical Report-Illlustration 18,
page'32); however, no correlation or relationship could be found

between RES wvalues and: A

a. TFormat areas
b. Sun angle

Cue Temperature changes

d. leferentlal temperature measurements -

e. 'Brightness ratio
» ) L]

' f. Vehicgle attitude errbrs and rates

g. Mono 4nd stereo operation °

h. Caged er uncaged re¢ll joint’

i. Roll angle. . |
7. Ffunther attempts at correlation will be conducted
as soon as all of tﬁe mission data is available. Particular
‘attention will be given to the thermel and attitude control -

areas.,

B. The absence of complete attitude error-data precluded

the incoérporation of the desired IMC error Znalysis in this
report. This analysis will be conducted d%¥ soon as the complete

data is available.
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e .. :
| NATIONAL PHOTOGRAPHIC INTERPRETATION CENTER e
OBSERVATIONS ' .
' .
INTERIM SUBJECTIVE EVALUATION OF MISSION 8003 (L-3)
. ;" . “y
1. Suitabi}it§ for photo interpretation varies wweatly
throughout the mission. The best image quality appears in the

fi§§t portion of the mission, with Pass D08 having the greatest
“information potential. Image quality is not consistent witbfn
~a frame. Areas of best quality appear along the edges and in

the louer right hand corﬁer (as viewed facing direction of

fllght) or

degraded areas anpears soft w1th no dlrectional streaklng
observed at the magnl;xcatlons used in photo lnterpretatlon.

No degradation is observed that could be attrlbuted to pass
duration or mode change within a pass, There-ls no apparent
quahty Vstlncnon related to mono versus stereo or vertlcal
versus roll operation. The smallest ob]ects dlscerned by photo

interpreters in the preliminary scan of the mission include:

al
b.

diareter,

. trucks 8'

c.

d.

.corona/LanvarD- g

SECTION VII

-

end of 'scan area of the frames. Imageﬁy in ‘the

.‘

Unidentified swept wing.fighter aipcfaft (Paés.p@3?.
Small-Suildings 18' X 1s5', ;foiage tapks 15 in
vehicles }dentified as sedan or bus type, pa:ked
X 25' (Pass DO08), . .
Circul&i aperture 20' in diameter (Pass D09). 2?.

Railrecad cars (Pass Al18).
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e. Small buildings (Pass Al9). _
f. Large trucks 30" X.9' (Pass D20).
2. Overall mission cloud cover was 53.7 rer cent.- The

foliowing tab;e is based on five categorles of cloud cover,

namely.

Category 1 less than 10%

) 2 10% - 25% -
3 25% - 0% . . -

/ ‘ - : -
L 51% - 99%
s 1304 3
b
-
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' _ ) Per.ce;l:‘i.]:age of Cloud 'C'fov‘e_'r-._ by C_!ateg‘g_ry and Pass: . / R
l Pkéé" ‘ S ' CLOUD' COVER
. NUMBER 1 2 © 30 - TW 5. & PER PASS
' 1D o.'q'-“ 0.0 "b';o-j.' 75,0 i gs?o ' "'s;.a L
ST 8.3 58.3 , 29.2 . u.2 0.0 24.9 )
l_ 3D 0:0 12,5 31,37 56,2 0.0 56,3
.- 6D 0.0 0.0 6.2 $ai4 . 3w,y 81,4 -
m 6.2 12.5  18.8 62,5 oo 56.5
l e 450 7.5 27.5 20.0 . 10"."‘0_; IR )
“gp 0.0 30,0 w25 27.8" 0.0 w1,
' " 133- 0.0 g 0.0 . 0.0 sd.o_.,-. so..'o' avs )
l 1D 25,0 722.9 35,4 16.7 0.0 31,3,
| 18A 0.0 6.3 - 6.3 ° 87,4 0.0, :
l © 18D 0.0 0.0 37.5 62.5 0,0
19A 4,2 29.1 0.0 As's.lv‘ © 0.0
l 19D 0.0 -0.0  50.0 50.0 . - 0.0
' 200 | 8.3 8.3 12,5 ©70.9 0.0
21D 0.0 0.0 9,u 30.6 . 0.0
l 22D 12,58 0.0  .0.0 87.5 . 0.0
10.2%  13.8%# 20.2%  51.0%  4,B%
l :
' ’ *Average percentage by Category for mlssmn.‘ .
#%0verall mission cloud cover pgrcentage.
|
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3. The q%/“tlon in nautlcal mlles of the Dlotted center
/

',,of "burst" from the predicted position is given in the table

below.,
) ) DEVIATION OF
\‘ PASS BURST MODE PLOTTED POSITION
D- 01 1 Mono 38§ 5 E
D.-D1 2 Stereo No .Plot Available
D-02 1 Mono 2 S 7E
D 02 : Stereo ) 2.5 . 0 C A
-G H !fono - 1N T W .
D—DB 1 Qono' No Atcurate Plot Awaiiable
D-06 2 tereo 21 N 9w :
Ded 3 Stereoc Ho Accurate Plot Avallable.
D-07 i tereo 1N 0 E - o
T D07 2. Stereo 0 H - 1w St e .
\\ ) v D-G3 1 Stereo 0N 2 W
D-06b 2 Stereo 1N - 3w 3
o-08 3 Sterep. 3 S 0L - .
u-JB “ Stereo 0N 3 L
5-035 5 -Stereo 3 N oW
D--09% 1 Stereo f 5 1w
D-09 i Stereo 5 H 2 W
.09 3 tereo i N I W
D-09 L . ¥dno 35 1T i
A- 18 i Stereo. 58 1w
A-18 Fé Stereo 0 N 2V
Dearo ) L “ono 3 N 1 E °
A-19 1 Stereo 2 N 3 E
A-1 Z Stereo 2-N 1 E
A-19 3 Stereo No Plet Available
o-19 1 Stereo 3 S 7 W -
D-20 1 “cno No Accurate Pls+ Available
D-20 2 Stereo S S 2 W ’
D=2 1 ¥ono ‘4 5 8 E
D-21 2 Stereo 2 S 0 E |- .
=21 3 Stereo 78S S E 4 '
-22 -1 ¥ono ' No Accurate FPlct-Available v
D22 2 Meno No Plot Available
D-22 3 Stereo 2 S 1 W
D272 u Mono 5 N 2 W

. FORSECRET- CORONA/ LANYARD
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4., The data block Qas.elear fhroughout the ﬁission with a
dengity difference‘of aeoéoximately 1.60,; There were no apparent
light failures. Whlle well wrth1n the requirements for machine |
reading, the Data Blocx Reader was unable.to read because titling
and fiducial marks on the edge of the film.eausad“false-scanning, .

thus the data'block was hand read. All of the data agreed with

programmed data .except for the roll position values- when in a roll

"

"position  This is still being studied. Bjinary time was correct
fhroughout the mission. . Ajtitude will bé campared with that )
obtainedlfrom stellar redurtion The - scaq rate light- d1d net -
light indlcatlng less than in per cent error, wh;ch ‘has not. yet "_

" been completely cheﬁked in summary the data block functloned well.

5. thﬁe cniy trree franes with imagery_were,obtaine§ from *
the 1ndex.camera, the‘da:e b;eck functioned.throughout <he mission

Lights for pesarticns 26 and 27 remained on for the entire time

causing several gr*ss errors vin ?he time velues A spare was used -

for DOSl{loﬁ 13 be a:se Jf light fa;‘ure An automatic reader was

n available for data tlock -ad-Out. There was considerable
. : N _
_“light leaking into uri.t tinzry cositions which wculd have caused

-

a serious protlem for a.tomatic reading. A thorough correiztion

‘of time has not been c::a;e.ed to determine any cliock faiiure.

- & A compariscr, test was nade of photo measurements versus
reliable ground d;eténees Unfbrfuﬁateﬁy, the photqgrapﬁy.over
the area of knewn ‘ground d:istances was of poor quality. The. |

"softness” of the phe?o irages made accurate pointing difficult.

FOP-SEEREFR- CORONA /LANYARD
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N
The per cent of error for various size measurements ls presented
in graph form. Whlle these results are not conclusxve, 1t 15
indicated from the graph that measurements of eb]ects under . .
. about 60 feet are ‘in error by 10 per cent or more, the error

inereasing as sng of objects decreases (see Iliustration 20,

page 66). g .. o -

. .. - _ ' S
7. Pitch and roll as recorded in the data blocktéhave been

piotted ‘Four samples are included 1n this report.- Th;y'
reprcsent the best (DOS 1), ngrmal (D0B=2), worst pitch (D14-2),

and worst roll (D21-2) condxtions (see Illustratlons 21 through

24, pages 67 through 70) - .

-

' - . .
. ‘
]

.,
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_aoross track and 16 n.m.

“CORONA /tanvARD Y -

SECTION VIII

suMMARY . L o - -

A, It should first be recégniied that this nerformance
evaluation effort is just a first-fime-through the first available
data, and that ana1y51s efforts are contlnulng which can
significantly affect the team's conclusmons.

B. It should be noted that in the NDIC renort the word
"discerned"” means "identified", and the smallest detectablg
object.is smaller than the objects listed by NPIC.

T C. The targeting accuracy céﬁ bé_summa?ized as followsgfz'.'”_"ih
1. The diffefence betwégn the actual igék Point and tﬁé'
sre-launch designated Look Point averaged ansroximatelv 5 nlm.
in-track The worst case was pev &
whe*e timer error built up to 57 n.m. The differénce between . .
the actual Look Point and thq last computed Ldok Pqinf averaged
antroximarely-2 n.m _acfoss track and 6§ n.m:;in track.

2. Pointing cdispersions due to vehicie attitqdé
variayions were generallg 1es§ than the maﬁierrdrs.and we;er.
negligible. There were né errors due to the roll joint.

2. The system performance can be suﬁmarized as follows:

1. Thé’systgm resolution is estimated to be degraded by
approxi;ately a factor of 2 from pée—flight p?edictéd values

probably due’ to an out of focus condition.
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2. There appears to be a signi}icant downward shift

in RES values after Rev 9 (reason unknown at present).

L]

3. RES values were not -significantly different from
positioh to position'within the frame.’
4. No cbrrelation was observed from plots of RES values -

as a function of sun angle, brlghtness ratio, temperature,

’ -

vehlgle attitude rates, mono and stereo operation, and ;/;/féged
- - - -, . /

or uricaged roll joint. Additional’correlation efforfs must be

made in the temperature and vehicle attitude-rate areas.
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