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FOREWORD

This PET Report includes an analysﬁslof Hiss;one 905@.

. 9057, 1001<1, and 1002-1. These Eligﬁts oocurred_on 26 June,
18 July, and 2u August 1963, respectxvely. The several '
qlsSLOns are ﬁ;oorgoratedllnto one repqrt.lp order to,oompare
one with another and to look at factors which are not’

universally present,in a11 miésions. For example, Mission

9056 had a yaw progra r and a Txtanxum/Invar Drum. and Hlssxon
1001 1 had a hxgher in trument temperature than the others. -
analysxs 1s .concentra ed on this mzsslon, but loss of . the Index
caﬁera on’ ‘this mlssxon precludes an analysis- of system mappxng
. capabxlxty on thzs mxss;on. System mapplng‘ggpabxllty was .
therefore analyzed by ACIC usxng Stellar-Index photography from
Hxsszon 1002-1.,
It sﬁoqld‘be-noted that this oeport is to some degree aTter
the fact aﬁg system changes have since‘beeq incorporated which
:influencelihe tean's recommendations concerniﬁg éysteﬁ
improvements.

Il o H15310n13057 1s con51d red to be “typlcal' and the .bulk of the’
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. -ABSTRACT

J f T ) “

. . An evaluation of‘the‘éorona M/J System was made using
data from'Hission 9056, 9057, -1001-1; and 1002-1. The bulk
of the analysis is concegtrated upon Hlsszon 9057, - _
: Comparlsonsxéf one system with another were made, and 1soleted
N 'Afactore ‘pertaining to_lndlv;dual missions were analyzed. . k
The evaluation was pecformed by. representatives of . \
AFSSD, LMSC, and ITEK assisted by bersonnel of the National
Photographic Interpretatlon Center, Army Hap Seyvice, .
‘Aeronautical Chart _and Infornat;on Center, and the 659ch Test
Squadron (AFSPPL) (AFSC). . _ e ; _
CoIte 15 concluded that the photography collected by the.HlJ
Systenm is suxtable_fop eearch lntellzgence and that it has
corisiderable cepability fot nepbing burpoees. - )
Average grdund reeolotions were-estinated-to be Zu.feet
v (12 foot object size) for Mission 9657, slightly greeter than .
24 feet for Hissxon 9056, and approxlmately MO feet (20 foot
object 31ze),for Hlssxon 1001-1. _
The varxat;one are attrxhuted 10 temperature effects and
to a light leak on Mission 9056. The Stellar-Index malfunctions
appear to have been corrected by the changes made on the iater

: -;ac;ons.

i ’ Reconﬁendatlons are included to further optip;ze the syaten

. perforng*ce. ’
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» TEAM OBJECTIVES ) .
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The objective of this evaluation is to ahalyz.e Mural

System performance and the degre‘e to which the syétem meets
design objéctive-s. The PET *evaluation iﬁcludes an anal&sis
.of system malfunctions, attempts .to correlate_.perfprmance
indicators with the \_rarious degr;.a.ditng factors; azigi makes

recommendations for system.improvements.
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! .+ SECTION I o
o " MURAL SYSTEM' DESCRIPTION

) The payload. section of the Mural (ji\System consists of

the camera subsystem, space structure subsystem and recovery

subsystem g The payload sect;qn is boosted %nto orbit by the

_ Thor or Improyed Thor with second stage'proﬁulsion and orbit
1n3ectzo _performed by the Agena D vehlele.

1. Camera Subsystem-

The M/J Camera System consists of two high-acuity
panoramiC'eameras aligned for 30 degree_conue;gent--
stereoscopic photography (Figures 1, 2, and 3). Each camera
incerporates a,constautly rotating; 2%-inch focal length,

_.fIQ;S, Petzval lens system, tﬁe veloeity‘of which is matched
to a reciprocating scan head'during filn'expssure. The basic
operation of both cameras is the-saue,‘uith one camera acting
as a "Haster";instrument and the‘other as a "Slaﬂi." The
Master camera carries the double frane canera programner and

- the V/h programmer, and ls the forward-looklng 1nstrunent in
operation.

The power to operate each of the cameras is supplied-
by three motors; the supply and cassette torque notors, add
the camera drive motor, all of which are energlzed -
simultaneously upon receipt of an "operate" signal. The

M-System supply torque motor-maintains constant film tension

_ FOP-SECREF~ CORONA  tancte vis R
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on the supply- sxde of the transport system by atteuptlng
rotatxon in a d;rect;on counter to film transport, and the,
cassette torqué motor maintains constant film teénsion through
the camera system beyond the input metering roller and'
_prevides the power.reﬁyired to take film out of the éamera. .
and onto the take-ﬁp spools. Power for all dther camera ’
functions is supplied by the camera drive motor. '
When the camera drive motor is energized, the leng

begins to rotate (one lens rotates in counter-direction to .
the other), the metering roller feeds fiip into the camera,
and the sceh arm begins its reciproeating noéion (Figure 4).

A tlmlng be1t~11nkage to the camera drlve notor rotates the

lens. 360 degrees about the lens vacuum nodal poxnt at a

camera drive motor supplles power to the scan ara through
sector gears, a cam and cam follower, and another timing belt
linkage. ‘The scan ‘arm cam, which-provi&es the proper posit}on *
and velocity.rele;ibnehips between the lens and the scan arﬁ,
is accurate td within 0.25 percent. While t;e lens is

rotating and the scan ara oscxllatzng, uneprsed film is fed
fron.the supply Spools into the camera throqgh a system of _
’neter;ng, pressure. idler, Lnd shuttl rdllers. Camera drive
motor power is transmitted to the 1nput metering roller

through a ;1ming belt 11nkage and one of two alternate gear
" trains.  The resulting tension on the fili_up to the input

' constant veloc:.ty (for a g;ven V/h). At the ‘same time, the

Z -'E@-P—S-EE-R-ES-T- - C'OI:Q-ONA Handle'Via-

Pamnbeals Mut,
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- ?\:eri‘ﬁg roller is applied by the supply torque motor, which

is energized at less than. full voltage throughout the

-Operatmg cycle (the complete film path is shorm in Figure §).

rhus,/len is metered mto the systen vhile tension is
mntamed. Contmuous J.nput -etermg. as well as confmuous
film take-up. is made possible by the f:.ln shuttle Syste-,
H'h:l.‘ch stores a "loop".of incoming f.l].. while giving up a
"loop” of exposed film.. The film 1_5_9p is adjusted by engaging

one or the other of two gear trains which drive the input

_ nterin'g roller. The two gea.r train values represent an mput

fx.J.- speed of exther 99 or 101 percent of the nounal f.‘l.].l
speed of 31-3/8 inches per lens revolut:l.on, a value establ.l.shed
by the frame -eter:.ng roller, By altemat.mg gear traxns as a
function of shuttle posxt;on, the requxred average film speed
is maintained thfoughout operation. -
~ The frane letermg roller is driven by the camera. dr:.ve
motor through a timing belt 11.n.lr.age and a "star-wheel” d.rxve.
This roller -eters film through the gude ra:l.ls, the fila that
is given up hy the frame metering roller is transported through
the remainder of .the film path by the action of the take-yp
motor. The “star-wheel" drive imparts an intermittent rotation
to the frame metering roller to li-it-roller rotation to the
n:cn-'photo:p'-a;mie porticn of lens rotation. Slightly before,
during, and.slightly after the exposure portiu‘l of the cycle,

. . JOP-SECREF- CORONA  sance vio I
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- the dwell period of the intermittent drive is in effect so

fthat no film is metered- during this périda film clamps

located at elther end of the film guide ralls are actlvated
\

to ensure that there is no film "Efgep over the rails.

L "N

While a frame of film is bexng metered, the scan
arm moves in'a direction counter to continueus lens rotation.
when the scan arm reaches ehe "start-scan" position, the

. ;
shutter oﬁens, and the arm reverseé’di;ection. The scan arm,
which is now moving in the same direction as the lens,
accelerates until it.reaches the "starg-exposure eosition";
the scan arm and the lene reach this position simultgpeously.
At this point, the scan arm and lens, the velocities of which

are now identical,*are r*chan_ica.'lly coupled through a latching

system. iThe'coupled scan arm and gené then Sweeggtat a -

- *

constapt veiocity, to expose the film which is being held
. - . : ) , .
motionless, until the "end-exposure”™ position is reached. .The

\

resulting exposure time is a func;ibn'of'the sceh-velocity‘;e

the camera contains a single, fixed slit., At the end of scan,

2

the, lens is, uncoupled and the scan arm decelerates to the
"end-scan® position. Lens rotation ¢ont;ﬁu5é at* a constant'

angular velocity, film frame meteﬁing resumes, the scan arm
reverses direction and returns‘to the "start-scan" position; (

and the next ¢ycle begins. " s

The f11m belng exposed is supported in sen;-czrcular ,'*

guxde ralls which approxxmatq.the sweep of the scan head. The
Y '
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_radius- of this semi-circle is 0,010 to 0.012 inches lees ; ’
than the lens’ focal length. Ball bearing rollere’{;'the scan .
ﬁ% head 1lift the film slightiy.as,the head scan and positions
the film such that the film is at the exact f?cal distance
durinp exposure. |

Camera cycle rates are a function of t¥e exact-V/h. h
) which is matched through the selectlon of pre-programmed ramp
functions for the expected vehxcle orb;t 121 non-lxnear ramps
are provided to cover a wide spectrum of POSSlble orbit

v

i charactertstics} Operational cycle rateot?ange from 6.0

. éeconds pé} cycle to 2.15 seconds per cycle; a orograﬁm;r

\
llmlter circuit assures that the cycle rate will be no greater

than 2.15 seconds per cycle. The V/h programmer and transducer

~are set such that woltages to the camera drive motorn maintain

.camgra cycle rates to within 5% of the requzred rates; for a .

.\ given command, cycle rates of the two cameras are within 3% of
. ot ]

. each'Other.7'

Image mption compensation is achieved through ‘the IMC

: P . .
- cam, whi&h 1s attached to the lens shaft; this cam is accurate

&

. to q;thznln 25‘. Lens shaft notatxon causes the cam to
- ) ve

translate the lens along the 11ne of flxght axis., Durlng the

exposure ‘portion of lens rotation, the cau_tranalates the lens

‘at a changing velocity as a function of scan angle in a

»

. direction counter to the direction of flight. During the film

i

. e

I I v
» .
-
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transport period, the cam completes its revolution and:feturns
the lens to its originai position. Translational IMC velocit?

is directly proportional to the lens rotational rate, and

therefore, to the requigeﬁ V/h, ' .

The momentum of the oscillating scan arm and its'

associated components is of sufficient magn:.tude -to affect
vehicle flight characterzstxcs in the event that one
‘Lnstrument is operated while the other is not, or in the event
that the two scan arms are not in exact synchronization.
Compensation is achi eved through a balance wheel in each
instriment, the Is product of which is equal to that of the )
scan;assembly. ﬁofion is transmitted through a‘éeap train |
which changes rotational direction and velgcity sé that the Ia
préducf of the balance wheel is equal to and in the opposite -
dzrectzon from that of the scan arm’ assembly.. -

Exposed film is taken up and stored in the cassetts.l:
which is capable of storing 7800 fget‘of 70mm film on each of
"its main take-up spoolé.' The expdsed film is puiled into the
cassette with approximately the‘sane'tension at all times
regardless of the diameter of the film wrap on the take-ué
spools{ Take-up tension is mai tazned at a constant value by
varying torque to the spool as’a function of the spool core .
radius, [The take-up motor is provided with an anti-back-up

mechanism to prevent reverse rotation of the spool. This

FOR-SECREF - CORONA  Handle via
11

Controls Only




1

Y a ; . v
. 1 ' ‘\\ : N, i 1. Ly
Handle Vi —Fop-steret- CORONA. IR
Controls Only < o . O f
RAL PET |REPORT/84 \" B R R
. . ' te oo

1nta1n; ‘the tension-in the f11m uhxle the camera

mechanlsm

is not opeﬂatlng and therebJ\prevents the formati%ﬁ?of slack

loops in the take- -up eystem. . i'-" : l .
Data recorded dh the fxlm 1nc1udes clock readout “
tzme (relat;ve to the start of the mission), camera serzal
number, start of pass indicator, 200 cps timing {ack, film
shrinkage markers, center of format marker, and Stellar-Index
camera operate-indicator (Figure 6).
Time relative to the start of the mi;sion 15 imposed

directly on the film by the camera bipary'deta iampa, which

are energized by a series of bulses from the vehicle c}ock°

at the same time, the camera Ser1a1 number is exposed on the
film. The 200 cps tlmlng track makes it possible to check the.
ihstantaneous scan velocity rate in effect during each exposure.,
‘The tlmlng mark projector is mounted in the scan head so that
its light strikes the edge of the format; the marker is
energized and de-energxzed at the same time as the film clamping
solenoids. 'Because the pulse rafe is a known.constant (200 cps),
the number of pnlses 1mposed on a frame 1nd1cates scan head and
lens velocity, The f:.lm shmnkage markers and center of format
indicator are exposed through small v-shaped cutouts on the
inboard film guide'track. The light transmitted through the
lens is masked féon the edge of the film except where the cutouts

allow it to pass through., Since the distance between the markers

FOP-SEEREF- CORONA  hanaie vil ]I
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oﬁ the film guide frack is known, the measurement of tQé‘
distance between the markers as developed on the film will

iﬁdicate any shrinkage that may have occurred between.time of

" exposure and'{he time of measurement, Each time the Stellar-

- - -'-
.

Index camera shutters are fired, a 20 milllsecond pulse is
31mu1taneously.transferred to the master panoramlc caqgra s
frequency lamp, thereby producing.é smear on the Master

camera film at that point.

-

."The two Horizon camer;s are mouﬁted at either end of
'the'fi;ﬁ guide.rails so as to focus on the port and starboard
horizo&s when fhe vehicle is in the correct operational
attitude. The.cameras record the horizons on alternate frames
.durlng the mlSSlon, and this 1nformat10n is subsequtntly '
evaluated to -determine the vehicle att;tude at the time of eaé
exposu;e. Each of the two horizon cameras contains a 55am £/6
ﬂerotér; wide-angle 1ens‘:ith a self-cocking shutter. Apertur
aﬁd shutter speed can be. varied and then set for optimum expos
prior to flight., A Wratten No, 25 filter is used to penetrafe
haze and to improve contrast. Fiducials ghilt into each camer

'expose pin-hole images at the ends of the two major axes of th

horizon format, These fiducial markings, which are imposgd'on

the film each time the horizon exposure is made, chilitaté

evaluation of the Horizon information. Power to nergize the

Horizon cameras is series-connected through two. switches such

”~

¢

. . . .
-
-
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that the ‘cameras operate every other cycle. 'The‘shuttefs ‘
are flred through a spring connectxon betueen the shutter
- release lever and cam-energized sole;oxds. The exact
.relatlonshlp between the 'Horizon camera optlcs and Panoram;c
‘camera optics 13 detefézned through theodolite’ calzbratlon.
For these missions, the Stellar-Index camera has
been calibrated fo?adisiortion and glignment:of ;he optieal
axis by photographing a stel%;p field'énd naking‘precise_
measuremenfq'of the ﬁbsitign of the recorded stellar images.
This calibration is difficult and is dependent upon local
weather conditions. . ’ : B - _ . .;;
Itek is developing a goniometer technique to-.
accomplish camera calibration. This approach has the vir;ge
of providing measurement points at criticai areas across.the
lens field'and.should-resuit in improved distortion data.
Cameras calibrated by the goniometep method should be~availab1e
in March 1964. - C
-In‘this ?andbamic camera the_focal distance depqnds':
upon the length of the scan arm and the distance the film rises
above the scan head rollers during the scan cycl;. This
" necessitates Fonsideration of the dyngmig effects of the scan
arm rollers on the film. A te;hnique (called the Dr. Aschenbrenner

~o_

Test) has been developed which produces a contour map of the
film posit%on with-relat%onship'{o the field flattener during the

'~
exposure scan.

FOP-SEEREF- CORONA . nancte vi- IR
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The field flattener (optical‘élenent #6) is replaced

with a glass plate quingv? transparent 25 micron wiﬁe lines

" in the direction of lens ;caﬂ. A l?aif of bulbs are moynted -
apprqximately 3 inqhes apart;'aﬁd 4 inches'belou the glﬁss .
ﬁlate, and’ thus prodqpé on the film a pair of line images .
correspondihg fo eacﬁ line on the glasézplate. &he separation
of this 11ne pazr is directly proportlonal to the height of

- . the fxlm above the field filattener. A caIIE?Efiﬁﬁ—standard~se%———~

of exposures - are made on glass at .010 inch ‘and .000 let above

, the film lift rollers, Heasurements are then made at.1/2 inch

\uintervais;of the spac b each pa;r of lines on the ) lines

foﬁ'eagh format develo the acggal_contour.- The fundanental' -

_ ~0 . _ i ‘ : _ .
concepts of ~this technique are-depicted in Figure .7, Aschenbrenner

Test for ?11m Pogaﬁlon. \\}\ - .

2. Space. Structure Subsystem™

-~

The space structure ﬁﬁ\tuw::\bf the Aft com.c
the Age

adaptor provxdxng the interface q&:§“‘ Q\:fhxcle. the
barrel section uhaqh provxdes the housing for the Panoramic
camera, and the conxc fair;ng_wh;ch provxdes housxng for the
Stellar-Index camera and the ;:hxtqg cI;ck, and nouptxng
attachment for the recovery cApsule} “The space sfqyétﬁ;f also

‘ coqtaind:cabliﬁh and junction boxes}fﬁ supply eiectficgllpouer

- andj&bmqands to the payload subsystem. Iﬁé‘digi;;i‘clgck which

provi@es.ﬂ}sgg? time to the Panoramic cameras ié‘a part of the

~ -~ . : - -
- . . .
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.space stru;:ture. This clock ig, aécuraté to one liilisecdnd
in a 12-hour period and is ';-elqted to real ‘time by comparing
tel'enlsete.réd_ system time to clocks at.the tracking sta_ti'o;xs.

" The sp;ce structure a}so pr'ovidgt the signal conditioner to

. c_on've'rt pay'lo_ad s:..nbsyst';n *Eelemetryj pickoff ls:i.gnals into the
propet signal- !.’q'r" the Agéna D telemetry systen. and/or tape

recorder. Other major functions of the space structure are

to provide‘the'rl'ﬁ.,l_ control and light-tight housing for the ~
J . .. ’ . s )
cameras. _ T 4 22

)

-

3.. Recbvexl'y §f1bsy§ten . .

L.
-~

'nié. }ecgve_r-y sub_syﬁ:‘en J;.l the standar:ci Mark SA _
satellit'e 'x:eco{re,ry ?el'l.:iCIe. u;ed througi-xwt‘lssz-and 1963, It
proviées -a light-tiéht “container fo.r the 'fih t&ke;.up‘ ca#settes
recovery aids J;n the Jorn of tracking beacons and Evedt
felenetry. a.pai'a'chpte. and a d_e-oz'-biti._r;'g’ rocket motor systesm.
It 'a.lso'__ptovides an ah].;tive shield to prq,;:egt the inner

‘container fi*op re-entry heat.

4. Vehicle Systea _ T

The orj.bi.finé vehicle consists of tt’:'e payload 'seét}én
and the Agena D vehicle modified to carry Progrn-po::nhars
The Agena D provides the second stage tWt 'tc.: ’atta.in o.x;bit‘:.
.on orbit attit;:de control, 'electr:i.cal.power to op‘er_.ate the\-
vehicle“and. payload on orbit, and of-orbit pro&raning of the

payload on orbit., Initial thrust to attain the required attitw

.

. FOP-SEEREF- CORONA e viJJR
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and ,velocity to attain orbit is provided by the Thor or - .

J.lpxmed Thor.

/"

The .atntude of the Agena velu.cle is naJ.nta.Lned by

an inertxal reference platform. The drift -in the pl.tch and *

‘1-

rol]. platform gyroscopes is cont:mually corrected by mfra-rtd

horxzcn scan(nxls

'I'he yaw gyroscope is couple;l to ‘the roll'*

attituce control segmnt honever, the. -dr:.ft cannot be

actively cor'rected.

-

e

'rhe error tolerances for the resultmg attitude

control-at the ti.n of Mission’ 9055, 3051' and 1001—1. ba.sed L 3

on a 90% ;arobabmty, uere°

b )

Pitd&i-or :

Roll Error

Yaw Error
- 'Pitch Rate

Roll Rate

Yaw Rate

[ 14 )+ |¢ |e

|+

1.5%° '
1.6%°
2.19°
+ 80 /hr

160°/hr

{

: 160'/hr'

.\\ s

Subsequent modifications and :.-pme-enta to the Agena

attitude coatrol syste- have reduced to the allowab].e error.

tolemees, based on a 90% pmbabxhty. to:’

_Pit?l‘: Error
" Roll Error

Yaw Error

-
.

Is |+

|+

1.0°

"0.5°

1.1°

!
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Pitch Rate

|+

10°/hr . . - )
‘Roll Rate

I+

'30°/hr

- Yaw . Rate + l10°/hr

5. Normal Expected Performance . .

When the camera is considered without regard to
vehicle or natural parameters, the camera-film (type UkOH)
combxnatzon :hould be capable of performzng dynamxcally w;th:n
the range shoqn in Fxgure 8. -Thxs flgure also 111ustrates the

dependence of resolution 1mage contrast.

i, -
. g

The capabxlzty range was arr;ved at by noting the

-

). -

relatzonshxps between static lens bench tests. static 31nuIator

»

tests, and dynam;c 51nuletor tests. while” taking into account

the degradation by the sxmulator colllmator of the onxg;nal

.tazjget contrast. -
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l" . | o | SECTION II .
o _7. 7 COMMAND SYSTEM .

i .

1. Command System Descr;ptlon

l . The Mural Command System used on HJ.SS.‘I.OI’I 9057 was
2/ the Type 7 Orbital Timer and a V/h Programmer controlling
<

—

camera cycling rate. The Type 7 Orbital Timerﬁai loaded
-before,flight with commands as a function of..elapsed time to
turn the camera system on and off and to cohtpol certain
system functions'. The timer may be periodically reset by real
time command transmitted by raqéé from the'ground tracking
stations fo assure that desired operations are obtained, ' Real
time commands are also used to select alternate programs, V/h
ramﬁs o adjust_for orbit pafaﬁeters, active lifeboat recovery
mode, and similar functions. )

"Missions 9056 and 1001-1 were flown with the Type 8
Orbital Timer which replaqes.thelrype 7. The same principled
of operation are employed : but more-timer tracks are provided
"on the tape which allows more alternate programs to be stored.
This capabxlxty is particularly. reqqlred for Corgha J Missions
-where the second operation may occur a considerable t;me after
the first operation resulting in shifts of the orbitga

_parameters. .‘ _ “

Inasmuch as Mural or J4Systens are primarily employed -

for broad are{_covqrage. targetting is not too difficult a

FOP-SEEREF - CORONA  wandie visJIND
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problem. After selection of orbit paramefers and aesignafion’
of the areas.to be photographed, the timer tape is prepgred'to
\ _xurn the camera on at tﬂe pfoper time. It is standard prﬁctice
to add a zsiseqond béd to both on and off times yyich fe@uces
the neéd‘to make adjustments to thé command.systen during
flight. Recently the off time pad has been reduce@ to-;s_
secondf.- '

2. Command Sggte£ Response' .

An examination’ of post'flzght records of Hxssxons

9056, 9057,.and 10011 showa that’zn all cases the command‘and
controi systems functzoned satxsfactorzly and that desired :
'openatzons were obtazned. “In the case of chszon 9057 ‘a periﬁée-
shift of i8 degreea occurred wh;ch caused some dxffzcult;es in

[N 7 - ~ .

._matchxng V/h ramps._ Despzte th;s, norma} coverage was obtained.

N L ’ ‘
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SECTION III .
ON-ORBIT OPERATIONS

The assurance of optimum satellite reconnaissance
photography zs dependent upon the acquisition of a qual;ty
1atent 1mage on the photographlc emulslon and the ebtlzty
to know where the photographed object is located on the
surface of the earth. Some‘of the more'paramount variables,
beyond proper equipment operatxons, are exposure selection,
1mage motion compensatzon and therwmal control. These facets
of the system as well as attitude determ;netzon are presented
herezn. '

l .. .1. Exposure Selection

The exposure time for .each frame of photography. is.

. as noted in Sectxon I, a dxrect function of the camera, scan
velocxty. 'The width of the camera slit is eelected beeed upon
the rahge of .solar angles that th€ system utll be expecfed to
be operat;ng. Bxperlence has shown that a 0.200 anh wide
711t 1s optimum for operations during the major part of the
year with a 0. 250 inch dee 8lit used during operetxons near

the winter solstice. o
The camera scan velocity is eontrolled by -the V/h

ﬁrogremmer. hence, this velocity is eseentxally proportxonel

to the latitude of the vehicle, since the vehicle altitude is

usually h;gher over the poles than for the lower sunlxt latituc

499—5{-9}54— CORONA | Haml..-
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for the Mural missions. The solar elevation for the day and
time of launch is known for each terrestial latitude;
therefobé,.the ephgmeral'péramerers and launch time are
selected fo result in'q best match of exposure_time to solar

Veievatioq'for the mdésion. .

—Has published cdurves which
provide the optimum exposure time vs. solar elevatién for
various f;lter/emulsibn bonditiohg at three levels of
processing t?ﬂe: Primarg. Intermediate, énd Full. The slit ¢
selection is based on the Intermediate_procesaing curve ‘to
gllow the underexpPSed and oggrexposed‘areas, resﬁlting from
exposure time -.solar_elevation mismatches, éo receive prop;r
processing. o . —_—

2. Imggg.ﬁotlon Compensatlon

J— .

The creation of qual;ty photography made with a moving
c;mepg systgm pequlrea some technique to stop the motlon of the
image durihg the time that the exposure occUr§; This.technique
is called Iﬁage Motion Compensation (IMC). 1In Section 1 the
method used wiihip‘she-camera system to accomplish IMC is
described to,C9mpen;ate for the forward motion of the vehicle.
This teéhnique is predicted to correct IMC to a 90% probable
error of 3%, A

Cther motion effeFts are, in some cases; bompensatéd

-

by airborne hardware. Mission 9056 contained equipment that

<
. %
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would‘induce a programmed'ya 'error (hor;zontal deviatzon of
the vehicle center line witl’i reepect to the orb:.tal plane) to
compensate for the veloczty.vector induced to the image by
earth-rctation. ‘This feature &aslnot been preseet on any
mission since ﬂission 9056, \ EN ‘

., . M v

3. Thermal Control . \ . o ~

Temperature variations’ of 30° to MO°F fron nonu.nal

\

have been experxenced dur:.ng these mss:.ons. These changes

from normal dlsplace“the f:.lm plane from the .lens focal plane

-~

-.far in excess of the depth of focus. See I-':.gure 9._Image
Plane Sh:.ft with Temperature Change. The poor unagery was-

determned to be caused by the exp :.on or contraction of the

magnesxum d\rum-scan arm assembly. it An ] ar titam.um drum-ecan

\

arm assembly has been mcorporated 1nto the caQera and now
permits. greater therma'l var:.atxons before ‘the fxim plane is
-

dxsplaced from optimum: focus. R Ny

n v ‘-

P

4

« .
The effedt of temperature varia ; n on -t\%*relolutxon

~. .
is ;hopn oh Figure 10 Lens System Therma ponse:.

\ : -
N -

"'\ 4,

e
post- flight deterqinat:.ort of the geograph;ca]:\ :

-': \\\
location of the enter of each photograph:.c' frane :.e an .

Attxtude Determnanon ._‘* .

established mission® requirement, 'rhe Hural Syetem conta:l.nl .
' . " . ..,
Horxzon canerae as a. p}r of each” panorini.‘c in trunent al
~. 4

deecribed in Sectxon I, \‘l‘he;Horuon canerae photograph the ‘

. . .
. N .
-

v
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" port and starboard egnh-s?ate-’interféce during every other
cycle of the Panoramic cinera. Coupléd with pre-determined
allgnment data the pltch and roll pos:.tlon of the system can
:be determned. - 'The center of format locatxon of each frame
is then det’emn_ed with this attitude data and the normal
trackin‘g information. |
| A double frame (Stellar-Index) cauefa is i.nst_alled
in these gystenms which provides éery accurite pitch and roll

data and also permits measurements of the system yaw error.

¢, _ W' CORON A ' ﬂa:de.a-
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DATA PROCESSING AND MEASUREMENT

| -
| | |
I . e o * . SECTION IV - | . |
- The quality of the intelrli.genee information gathere&
l by a system’ during operation is lnghly dependent upoe the
. proper processing of t;ie original negptiﬁve as v _;s
l performance of the camera systen. The evaluation of mission
_perfomnce to ascertam the causes of mductxon in
mtell.xgence gathermg capab:.h.ty pnesents a d:bff:.cult

mensurarion problesm. Several technigues are, now used to

perfora this evaluatcaL,

“1. _‘EnLl__gatnre Process_g ‘ - =

L The control.of the processing level imparted to the

.

original negative is ae,co'nplished by a variable speed

proeessor to ‘achieve either the Pri-ary. Intezﬁediate, or Full

processmg cond.u:uns estab].:.shed ‘as non.nals by— :

- The onp.nal material is pvea Pnnry processing and
manually viewed inth mfra-red equipment to ascert:nn the degre
of further processing Tqured to- opt;uze the densxty range of
the ground imapges.

The operator of the processor is usist’ed.by the

" estimated exposure tine. and solar ellevation at the start and
end of each camera operation. ‘l‘h';":s data is 'pnep_ared and -
tr'gns-itted by TdX .to the pr;eessing fac;ih:.ty prior to the

L

receipt of the flight material. ' .

', FOPSEEREF- CORONA nanate via |
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\ 2. Mission Information Potential

Satellitelphqtograbhic ggconﬂaiésanCe missi&hs are

launched to record intelligence ihformation{ The determinatior

of the degree of success of any gzven miss;on in‘recording

1nformatlon is a controversial toplc and may vary dependlng

- -

upon the user, or evaluator, hls‘objectlves. equrzence and

.expectations. However, NPIC recdéniies the need for some

-

.subjectivé meashre for determining and expressing the "success"

of a m;sszon. Based upon the experience ga;ned from a number

‘of Mural mxssxons, certain feasible expectatzons have been

]

estab11shed. and a set of arbitrary values adopted to éxpress

-

.
. - » .
p
. .
ry
. . .
. .

~ the relative "success" of each mission with respect to
| S . . _ ST _
" pﬂotographic quality, not the "success” in regard to targets
cdvered.
l
The Hlsszon Informatxon Potent1a1 (MIP). value; are
determlned subjectxvely and reflect th‘ best apparent

: photographzc qual;ty found within the m;sszon, even though this

a'om om am

‘,qualxty may be lxmzted to_a few frames. Thxs is considewed the

-

naxlmum potential of the m;sszon, hence the Mission's Informatz

(Pbtentzal. These arbitrary values are not limited to g_termlnc

vglue of 100, but c;n be increased as the'system improves. Whe

plotted, these values provide a graphic picfure of the potentic
of each ipdividbal mission® as well as the relative pot;;;jal or

. " - ) R .
"success” of various missions.

- | } I S - . ) ’ )
- AOPSEEREF - CORONA  waraie vl
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3. Reclprocal Edge Spread

. .  The determ;nat;on of image qualzty by AFSPPL.zs

accomplished’ by an alternate-technlque called Reclprocal Edge
Spread (RES). An ihage subject is selected which hae well-

def:Lned edges, parallel and perpendxcular to the l:l.ne of

fl;ght. Cultural features are selected where pcssxble; however,

natural features are used as secondary selectxons.

.0
..

) The subject is vxewed w;th a m;croscope contalnxng
" a preclsxon F;lar macromd%er. The retzcule edge is located on
}Q:h:dge of the subject, The retxcule is then moved across the

7 width of the spread or "fuizy" area adjacent ;to the subject,

'Th;s width is measured in millimeters and the reciprOcal of this

-

;measuremeat is ‘the recorded RES value, * . 3

oy > . ) "

- The mission.material is examined thr®ughout on an every
. ) L]

-

tenth frame sample. Originally the sample started with the first

frame of every pass, as was' the case for all missions through

'.10q2:1;'howévep; this procedure has recently been changed to

" . ® start the sample with the fifth frame of all passeq. Each frame
R . ' . ' ' .
iS'divided into five equal. areas and a measurement made in each’

area, thus fgr each frame, with no_ cloud cdver, a total of ten

*

. . 01‘
measurements are- made (
T

.. e -. L] ‘ .
'}, S chro-Analzzer ' ' '-J_ﬂk

aSeveral of the best 1mage§ in each mission are selected

’ ¥
* afor macro-densxtomexer traces to prcv;de addxtlonal Lnformatxcn

< szon cpearr CORO,NA nandte vis [N
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. - . e



B e v S SOP-SECRET- CORONA IR

Controls Onfy
\\-VHURAL PET REPORT/64 .

about these subjects. .AFSPPL uses a Hiero-Aﬁalyisgq;q perform

this measurement.

hY - I

The equipment uses a l1.58 micron round e{ﬁt td scan
the subject. This spot 1s created by a 40X reduction of a

0 0025 lnch aperture. The subject is scanned at a speed of

+ 0.5 mllllmeters per minute and a chart speij/gg,lﬂl s.

m;lllmeters per minute gzv;ng a final scale of one 1nch on the

- plot equal to 25 microns.: The informational output equals -
. -+ . \ N

1620 bifé,péf millimeter feeofdeg from hiéﬁ resolution film.

‘Samples of selected areas and the ﬁicro-Aﬁalyzerz/?

tnaces are in Appendix E tﬂtoughhﬁ, - (A

- ?S. 'Density Measurement

Macbeth ?D-lOG Densitometer in the‘same frames where RES values
,have been recorded-'however, one set of values is obtained for

. the ‘entire frame rather than five sets in each frame.

The instrument is equlpped with a 1,0 millimeter
aperture and uses a white 11&2’ source, .Receptly, after Missic

: 1001-1; the spot size was‘redﬁced to 0.5 ﬁdllimeters and a
\
Wratten 39B blue transm;ttzng fxlter added by AFSPPL, as their

przme massxon ls to produce dupl;cate positives whicli are made

)

with a blue light sourée. In each selected frame values are

obtaxned for the minimum and maximum zmage dens;ty. the mex;mur

density of the cloud areas and the base plus fog densityi.

-
-

l ) ‘ » The measurement of diffuse density is done with a

. FOPSEEREF: CORONA ' wancie vis] I}
33
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SECTION V
PERFORMANCE EVALUATION

The overall system performance has been examined ang evaluated

for Missions 9056, 9057, and 1001-1. Some areas could not b

evaluated in detail due to the lack of pertinent daxe; Discrete

. portions of other missions have also been evaluated in order to

present a more cpmplete appraieaI of‘the_Mural system.

l. Thermal Effects
. . -h‘\ )

The -available in-flight temperature data from sensors 11 .

and 13.(stove and drum) bas %}amined for cdbrelation-with RES = -

measurements sxnce two of the three mlssxons exceeded the des;gn

objecxxve for camera temperature. Two missions (9057 and 1001-1)
. e .

-emple}ed magnesium scan arms, while 9056 employed Titanium/Invar.

Laboratory data shows that significant defocussing should occur
over the temperature ranges encountered onJiOOl-l with magnesium
scan arm; -

All tfu*ee missions showedl marked differences in '-tempejrature

between the brum and stove on Forward and Aft'cameras immedietely

after launch (Pass,0). This difference, due to exit heating,

.dropped rapidly even when the temperature at both'positions}rose

sharply as it did in 9056 and .1001-1 by Pass 9. The following
table shows the temperatlre of drum and stove impediately after
launch far al} phree Hﬁsiions: L | :

.
-~

FOP-SECREF - CORONA g vis [
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Sensor 11 _ Sensor 13
- (stove) ‘(drum)
Mission Instrument _after Launch after Launch Difference

9056 . Master (Fwd) 130°F 60°F | 70°F
: Slave ({\ft) y 110_°F _ * G4°F . 4BOF
3057 ML 110 72 38
S No Data 73 , =--
1001-1 M : 88 62 26
S 8 T = 62 . 2

Althqugh'the drum and stove temperatureq are markedly

-different throughout the first few passes, "RES data does not

'show any 51gn1f1cant improvement as this difference is reduced.

Instead, 31gn1f1cant correlatxon does appear between RES values
and average temperature, pnrt1cu1ar1y on 1001-1 (magnesxum 'scan

arm) where average temperature rose ‘from.75°F on Pass 0 to
b

105°F by Pass 9 (see Figure 13). Over the same period, RES
Aropped from about 80 to 50, Reference to the Lens System.

[ ]
Thermal Response data (Figure 10) shous that- a 30° temperature

»

rise causes a focus error of about ,008", sufficient to account

for a 50% drop in resdlution.

Mission 3056 (Flgure 11) experienced a s;mllar temperat

. rise from 90°F to 125°P by Pass- 10. 'However, the Titanium/Inva

EJ

scan arm shows about a .002" shift in fobug for a.35°F ‘rise in

temperature which is insufficient to reduce even low contrast

resolution below 110- 1/mm from a peak of 150 1/mm (see Figure ¢

" The RE!data for this mission shows no signif}.cart‘t ‘ohange’ durir

' . N . -

FOP-SEEREF - CORONA  +anate vl
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the period when.temperature ;ose sharply, apparently Substantiati:
the effectiveness of the Titaniuﬁ/lqvar materials.

Mission 9057 employed a magnesium scan arm, as did 1001-1.
However, temperatures throughout gtayed close to design
objective, rising only briefly after launch to 94°F on the
Forward éamera, B6° Aft. This mission also was raged as one of
the best in. both MIP ratxngs and in RES readings. There is a
wide spread in RES'readlngs (see Figure 1l1) which cannot be
explained an the ba51s of temperature fluctuations. .

v In examiﬁing the data shown in Figures 11, 12, and 13,
'it:mdst be remembéreé that iémﬁeratﬁ?s data is';ot évailablg'on'
each pass, that fhere is an unceftain?y bf about + 59F in each
reading, and thé degree of anq?Qah?ty in the RES evgluation

technique is not.fully understood.

-

’ ~—
-2, Static Dischargs

- } ¢

,Tabie 1 summarize the occurrence .of statzc dischanges

((déndritic and corona) ich were severe enough to produce-a
photographic record. | |
Dendritic static occurred on less than 0.1% of the
total number of frames in the panoramic instruments for all.
three missiéns. |
. Coron; was reported as noticeable only on ?he aft

looking camera on Mission 1001-1. starting with Pa%s’Asu and

lastzng from Frame 3 to Frame 8 on each pass until the end of

\W CORONA Handle Vi
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the mission. A possible factor which could xncrease the tendency:

toward corona_on start-up in the Aft camera is its closer
proximity to venting. Thus, a lower pressure might prevail on

-r

‘start-up until several frames;have trahsported. A second

-

' factor could be variations in rdller resistivity.

Generally, corong is'more .apt_to be encountered on the ,

S,
initial frames of later passes, and thzs is assoc1ated with

the general trend toward a lower pressure env1ronment as the
equzpment'xnternal to the vehicle outgassgsvand dries out.
The fact Fhat start-up cérqna persisted tﬁrougﬁfthe seventh -
or EIghth frame- in Mission 1001-1 is'éxplained by-nsring that
- the J configuration has a EOnsiderably.ioaéer film path between
the supply spool and the camera than that in the M systemn.
During environmental test phases, thése cameras dld.sot

- show any tendency to dendrititc discharge,ugut it has been

- . . N ~~
. .observed when the dry material is unspooled fo rocessing.

It is likely that the discharge of this type reported urred
at this time rather than during operation.
3. Horizon Camera Operational Histor§

7 . N ‘
The Horizon'caderas on Missions 9056, 9057, and 1001-1

‘all employed $0mm f/s 3 lenses wzth wratten,25 filters. The

shutter speed was 1/130 se€cond.” ", ‘¢ ‘ .

Table 2 summarizes br;efly\the netlonal hxstory “of
057, apd 1001-1.

the Horizon cameras for H;sszons 9055

S
.-F@-P—S-E'-"‘E_'R-E’-’f-CORONA'L .
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COMPARISON OF CAMERA JEMPERATURE
" WITH RES READINGS

/ MISSION 9056 (TITANIUM SCAN ARM)

shosens FWD (MASTER) NOTE: POINTS ARE AVERAGE OF
=== AFT (SLAVE) o + SENSOR 11 AND 13 READINGS i

PASS NUMBER

’ ‘, 10 'I . 1'
PASS UMBER )

' . FIGURE 11
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COMPARISON OF CAMERA TEMPERATURE

FOR-SECREF- CORONA -

WITH RES READINGS

MISSION 9057 (MAGNESIUM SCAN ARM)

© veerres FWD(MASTER)

NOTE POINTS ARE AVERAGE OF

v AFT (SLAVE) " SENSOR 11 AND 13 READINGS |
| s -
0 0w ® . B W 0. o 1
. PASS NUMBER .
> S
[ ] .' .-.
. ‘; .: *»
...... i« FWD
0 10 \zo R 4 0 e -
. _PASS NUMBER FIGURE 1
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: COMPARISON OF CAMERA TEMPERATURE

WITH ‘RES R’E_ADINGS

MISSION 1001 (MAGNESIUM SCAN ARM)

FWD (MASTER)

NOTE POINTS ARE AVERAGE OF

T e AFT (SLAVE) .| . SENSOR 11 AND'13 READINGS |

o

RES (AVE FOR PASS)

= 8B 8 8.8 & = -8

O I SR, mss(nuuscn

CORONA' '

- FIGURE 1.
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Y MISSION

INSTRUMENT

OCCURRENCE

9056

8057

.No Corona
Reported

<

&

(MAIN - FWD
¢
(
(MAIN - AFT

STELLAR

INDEX

MAIN - FwD [

MAIN - AFT

STELLAR
INDEX

MAIN - FWD

MAIN - AFT

STELLAR

INDEX:
-

A

Dendritic static occurred on
* Pass D25, Frames 140-152; Pass
AS50, Franes l4-31; Pass DSS,
Frames 52-71. _
Dendritic static on Passes D35,
Frames 10, 36, %0, 49, 84, 85;
Pass D02, Frames 3,5, 32, 34;
Pass D37, Frames 12, 21; 28, 46,
.71, 8%, 121 144, 154; Pass D23,
Frames 19 26 64, 7#.

* Dendritic stat1c occurred on

Frames 385, 386, 390, 3391, 40l-

¥D9.
None, except p0331bly on edge
of Frame 398,

7
Dendritic statxc occurred qp
Passes A0l, D23, D24, DSw,
Dendritic occurred znternit-
tently  throughout mission,
occasionally extending into
format,
None,
Dendritic static occurred
xntermzttently on both edges,
more intense in last 35%

Dendrxtzc static occurred on
Pass Au4, Frames 1, 10.

Corona appeared on Pass Déu,
Frames 4%, §, 35, 37.

Corona is present on Passes A3M
through D84, starting in 3rd
frame, disappearing by 7-8th
frame, Static discharges occur
in horizon format on Pass D3is,
Frames 43-45, Slight dendritic

.- static occurs on.Pass Dsu,

Frm 37. -
Few static discharges randoaly
located., . -

}nfreqﬁent edgs statlc, not
-extendlng into format.

TABLE 1:

..

.

. 0éturrence of Static Dischargeﬁ,‘-
. for Missions 8086,°9057, and 1001-1

M CORONA E m~arsie J 2
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_ + 0. CAMERA - OPERATIONAL STATEMENT QUALITY
Z.
1/ — T - :
f ofs6 Kaster fort - lio lmagery due to. . Ho
. Serial ) shutter nalfunctloﬂ' Imagery
I * Eo. 112 $tbd - Functiomed preperly Good
- N - * .
l $ o Slave Stbd -:Functioned properly Good
Ser do. 113 _Port - Intermittent dgping \
l . Mission . Good
. \ .
g . 59%1 Master. . Port < Functioned properly Good
' ) Serial T .
} ‘Ho." 120 5tbd - Functioned properly Poor
- » . .
l b Slave Stbd - Partial shuttér -
L N malfunctidns . Poor, *
. - ' }\ Port - Partial shutter'
_ zalfunctions’ -Good
. . (The mailfunctions noted
' ol were due to a faulty
l ‘ triggering switch)
. . .« ¥ 4
1001<1 Master " Port -‘Ffailed oper. Pass
l . Serial ° A34% thru D64 Good
, : do. 11s Stbd - Functioned properly Good
l : Slave Stbd - Functioned properly | Good
‘ Serial |, .
' .do. 115 Port - Functiongd properly.] Poor
- " J
] } 2

- —FSF-SEEREF - CORONA

IABFE 2: ‘dorizon Camera Operational_Sunnﬁry
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The notes on. quallty refer td image sharpness rather than to

the effects of exposure or development._ In those cases where‘

~ ——-—

image quality is noted as poor, it represents a verj marxed

-

loss. Laboratorj attempts to simulate. thls poor lnage qualxty
show that a focus error of at least 1l/4 1ncr lS requlred
howevé¥ the appearance is not attributable to an put-of focus

condition, - A-damaged glass fllter (Such as the stratlfled
layers tﬁht occur Wwith a severe thermal shockD produces an |

. -

tlmage whxch has a s:.mllar' aopearance as those seen 5:1 Mission /

9057, Forward camera, Starqpard'side, and.Aft can A Starooard

. i ) - v . Ceoe
side. . . o L -

Even in cases of poor hérizon imaée.quaiity, the

" . &
posztloned durlng exposure. - _ 7 s

Several changes have been 1ncorporated 1nto the

.

v
‘Horlzon camera system since these mlss1ons. S1md1ated launch

e,
envzronmental testlng at AIP by Lockheed established that the

Horizon cameras were subJected to larﬁe forces along the-
-~

optzcal axis during ascent. . ‘This was due to the hzgh

differ nt1a1 pressure across the 11ght-tlghx ‘boot whxch

tonnects the Horxzon camera to’ the'%eh;cle. » e

There is a pOSSIblllty thatitha stra1ns produced by
these forces caused bxndzng in the plunger-t;pe shutter actuat1

then in use, "and could be at least part1ally responsxble for -

L] -
]

PO

' flducials have been ‘sharp. .This indicates the film is properly

-'T‘e'P_S'EGE'E’E - .CORONA -;' Handle ';’:a.-

d3-. -~ = . Canmtraie |
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the.shutter malfunctions occurring during 6peration.h & light
leak which occurred Aufing'ﬂission 9056 has been traced to the

. Horizon camera area. Separaticn of the boot from the camera, '

. tearing by a broken plunger actuator, or shearing of the

| acthator mechanism away ffom the Horizgn camera are possible
causes: Additional ventling has been added te’ the boot to

* « reduce eeressiﬁg of the Hopizon camera in the future. |

+ The camera itself has been modifiEG. The lens has

-
-

" been changed to a SSmm f/6.3, the wider field coverage providing
x greager angular segment-of the horizon. The shorter focal
-Iengkﬁ provides and%her advantage since it is further away (by-
35mm) from the vehlcle skin and less susceptible to flare and
thermal effects. The shutter actuation is now accomplished
.through a tension spriﬁg which allows consfgerayie tolerance
in the alignment of shuffer trip lever and tripping “solenoid.
. Further: the actuation mechanism is ‘now placed ﬁhe it.gill'
not be stfessed during ascent., r‘\\\
S All of the changes noted above were anorporated in
' the lasx operation (9062). No mechanzcal malfunctlons occurred
and the qual;ty of the Horizon images were considered to. be the

best ever obta;ned. : * . _ .

An enalysis of calibration procedures epplied to the‘

Horzzon instruments has revealed that all collimator posltions

are detenmxned to plus or minus € seconds of -arc. Three

~FOR-SECREF-- COR&NA  tanate vio R

Namérale LT
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colllmators composing a bank are coplanar to + 6 seconds, and ,

the angular radlus of the banks can be regulated to *+ 6 seconds.
The center of format calibration image locatlon is

determined.tO'iils seconds of arc in the track direction;

fdge of formqy.definitiqn ds the prime factor infleencing this

mensuration. Modification of the dimensi;m for temperature

dlspar1t1es is unnecessary because of the compensatlng

structure. .

i

The p051tzon of the prlnczpal ray of an aulelary
camere is determlned to + 20 seconds.

4. Center-of-Format Switch Fazlurei_nission 9057 .

During on-orﬁif operations, telemetry showed-that the-
+ . center of format switch on’ the Slave camera was not closing.
5pls prevented the advance of the Slave camera’ cycle counter
and xnterrogatxon of the elock for serial readout. This also
precluded clock parallel outputs for data block recording on
ithe film and operat;bn of the Horxzon optics on all cycles
where the failure, occurred. Examination of the leﬁ confirmed
* these conclusions. However, outputs on the'Haster camera were
normal which permitted recoyery of both time and vehicle ‘
Attitude data. Since this.failure, the center-of-formaf
switch has been modified to be parallel redundant which should

_reduce this type of failure to a very low probability of

occurrence.

_FOR-SECREF- CORONA Handte via
: 4s e Contr _
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5. Exposure Time; Mission 9087

- The opgraiiqnal exposure time is, ds_pfeviously noted,
selécted to folloﬁ the interméﬁgate processing curve. ?igure 1
plots_the actual exposure times. versus solar elevation.for the
beginning and end of each OperAte c}tle for Mission 9057, This
piot is representative of Hﬁral program operations. The figure
does show that the majority of operate cycles vere exposed
within the range of the Intermediate cdrve. The.origingl
negative, however, received full processing for the majority
of the mission which i¢ excessive based upon thé'qulished
processing data, Those few areas that d;d.receive interquﬁate

processing are well below the nominal Intermediate curve.

as published in the Performance Estimate is very low and well
within the envelope of each processing curve. Figure 15 shovs
that the percentage error in exposure time is less than léﬂz

or about a one-eighth of a stop, 90% of the time. Piéhre 16
shows the freqqency distribution of the prediction errof: Bott
figures are cohsidered representative ff Mural system operatibr

6. Haze Attenuation - .

The performance of a photographic system is, as shown
in Figure 7, a function of the object contrast as presented to
the optics. The examination of the mission results suggested

the postulate that the low light réflectivity range for the

L
-~

l The prediction error of the operation exposure time

: ' ( N ' . -
) ~FOP-SEEREF CORONA *  vandie vio [
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MISSION 9057 - :
OPERATIONAL EXPOSURE POINTS .

-500 : v
- -———'— .
' 400 ,ﬂ;"”—" .
\ ! -
oon vegve
m ﬁ#
/,”"——— i3,
v .
v '33y91
. ve |* v eV,
° 00 we
200 o wfl -

Exposure time vs, solar
elevation for first § last -
frame of each operate cycle
1{ 1 of both main instruments..

s;[ *° 'Lines indicate nominal
exposure time vs, solar
» elevation for processing
: levels noted.

// R v Exposures which received
full processing.

o Exposures which received -
intermediate processing.

0 0 0 ) ™ 50
SOLAR ELEVATION { DEGREES)

FIGURE 1
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. significant.

atmospherie attenuation and should, therefore, vary inversely

-that precldded its use in the system evaluation. The

'malfunctlon is characterized by the appearance of a boot
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neeorded values ofiDmin was.ve;b shall in all fremes.due to

the vast area that is examined in each frame.(approximately
2000 square miles). If this\were correct, then the value for
the minimum density would vary as a direct function of the

with the RES value. Pigure 17 displays the variation in the
minimum density values and RES values.for Pass D&l of Hissien

9057, It shows only one isolated operation; however; the

. 4 o
correlation with the reportes RES values is considered

7. Stellar-Index Camera -

In Missign 9057 the Index camera showed a malfunction

shaped flare sp the center of eaeh format. Camera metering

appeared.to be normal, and the failure is .thought to be

f ] R .
associated with. the shutter trip mechanisms. Since this

mission, the gtellar-lndex camera has been modified to include
new shutters and improved shutter‘rewznd and tripping
meehanlsqs. These modified cameras have worked successfully
since their introduction on Missions 1002-1 and 9062. An
unmodified camera on Mission 1001;1 showed shutter failures
traceable to the shutter rewznd meehanlsm which caused loss

of approxzmately 50 per cent of the poss;ble take. For this
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reason; Stellar-Index photography from Mission 1002-1 was chosen

- w

for evaluation. _
-{ - Iﬂ cases examined in Hissionstsos? 1001-1 ~§nd'1002-1,
= the Stellar camera functioned and produced usable Stellar
1magery. The.pa3or degrading factors noticed in the Stellar
fphotography are corona discharge and the appeafance of flare
llght in the format area. The corona discharge effects are
helg?tened by the fact that a hlgh speed emu151on, Type 4401,
is used, De$p1te heavy corona dxscharge on Mission 1002-1, ;
suffiéiént Skellar images have been fdund to permit using the
" Stellar camera photography for attxtude determination.,
' The flare from ﬁ:rth light reflectlng from theffazrxng
onto the end of the baffle matches pre-fllght predlctlons and
d1d not cause sxgn1f1cant loss of Stellar imagery. Stars to

approxxmately the 7th magnitude are lmaged. Continued review -

length) before evéry mission will be necessary-Fo insure that
' acceptable.photography is obtained. In the case of Mission -
9056,_the Stéllar baffle failed to deploy properly r?sulting
in vignetting most of. the field. Deéign changes to the
deploy;ng mechanism have been made to SSsure proper extens;on.
A detailed descrapt;on of the usability of the Stellar-
Index.photography and,Panoram;c photography for cartographic
pufposeé may be found iﬁ Abpendix A and Appendix B prepared.
FOP-SEERET— CORONA Handle Vi
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by ACIC. A short statement of cartographic suitability of -
Mural photography prepared by Army ﬁap Service is also included'

in Appendix C. °

7

8. V/h Ppégyammina

The performance of the V/h programming accuracy for
Mural system operations was evaluated for the Forward camera
of Mission 9057 only, as no other reduceﬁ data was available,
The mission data for passes up to D06 was dzecarded as the
20°‘northuarJ latitude perigee‘éhift caused a sigoifieant-Vlh_
mismatch from the pre-launch expected values. Pats' fDOB ﬁas
the fipst actlve pass folloulng a’ ground statlon cootaot where
the in-flight V/h program selectxon uas pev‘ormed.

The evaluatlon of V/h programmlng errors was divided
xnto two areas as 51gn1frcant errors were found dur1ng the
first six to seven frames of photography of each operate cycle. -
Figure 18 shows the V/h error envelope for the‘first'ten frames
of all operate cycles for Mission 9057, Forward camepa. These
large errors are due to the camera system start-up ancd the time
required to achieve - ‘proper operating speed. Hominal operatxng
speed is reached bf the_sixth te seventh frame which normally
is with the 25 second time pad aliocated to the systen; '

The V/h errors for Frame 10 to the end of the operate
cycle are. shown in. Figure 15. This plot showg that the V/h

error was 3,85% or less 90V of the operating time. This

FOP-SECRET - CORONA  taacte vis [N
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exceeds ;ﬁe pr:sioted v/h error af 3.0%‘(§0t probabilitf) and
exceeds the oormell observed V/h programming error of ‘other
Hural_éperations. ‘§Zgure 20 shows the frequency distribution .
of the programmihg error.

9. Flight Program Analysis

Hission 9057 flight ooerations were specified by orbit
num.ber, latitude on, and latltude off. The program conai?ted
.of 181 programmed operatxons. of which 122 were in program one
and 59 were in program two. Of a total of Uy opera&ions taken,
27 were in program one and 17 were in program two. The totai
number of frames faken_per the card'eohemeris was approximately
_0.5% lower than indicated by the performance estimate.- o
Time pads (on and off) were of 25 seconds duration
consisting of:
a. Six seconds allowance for stereo lead.
b. Three seconds allowance for possible timer error
due to tape deck n;salxgnment. ~ - L L |
- Ce Balance\- anlrwance for orbital dispersions -
especially per:gee latxtude.
Latitude on/off data in the performance estimate and
}rame ephemeris oompared favorably. Actual performance data
indicated generally that iatituoe on 3Fe‘one degreé early and
letitude off was over one degree late as programmed, indicating

that required steéereo coverage was achieved on all *operationg in
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11, Vehicle Yaw Erro _ .

- ‘The accuracy of :\luvqhzcle yaw attztude control
system was examined in Missions 9056, 9057, and_1001-1. In
addifion. the crab error resulting from the ea;th rotation

. velocity vector was plotted for Mission 9057." The probability
curvé of this crab error is plotf;d in Figure 27 and shows
that the‘crab error was 2.63° or less 303 of the opeéating time
This érror is nofmally-d neéﬁtivé vélue for the Mural missions.
This curve is consxdered representatzve for the majority of

Mural missions. ) ' ‘“L

The yaw error probabilzty for Mission '9056 is plottec

dﬁring 90% of the mission operatioﬁs. This yaw exceeded the
 predicted: 90% probable yaw error of + 2.19° by a szgn1f1c29z
amount. The yaw error by frame for some of the passes. of ///
Mission 9057 is shown in Figure 29. The sum of th crag,and f
yamerror for this mission is plotted in Figure }(@S{ncé the
yaw error was biased negative and the crab error ié/negative
| for de;cending operations, the total error is quite 1arge: The
plot shows a.S.?gf or less yaw plus crab error during 90% of
the mission operating time. :
The sum of the yaw plus crab error for Misssion 9056

is shown in Figure 31. As noted in Section I, this mission hac

yaw steering which places an intentional yaw -bias into the

l . in Fig\ire 28 and shows that the yaw error was -3,77° or less
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65

Controis C



Controls Only
MURAL PET REPORT/64& .

 Hanat vw- | FOR-SECREF- CORONA —

"
I -
~ .
= 0.
o
c &
w Z o
<2 -
[7/]
<
c 2
=

PERCENT OF OPERATING TIME -THAT VEHICLE -
" CRAB ERROR WAS LESS THAN A GIVEN VALUE

8 8 8% 2. 8 % ¥ ® R = =
' JWIL 40 LN3DY3d | -

'i:'-'-I‘GURE_‘ *27

FOP-SEEREF - CORONA Handie vol I

Controls



vandte via [N ~FOP-SECREF- CORONA

Confrois- Onl
. MURAL PETV REPORT/64

, )
!
- b~ |
\ )
W 5: LL} .
O 3 \ - -
= Z -
o> N = B
>_
z || [N
i " I B .
< 2 2
- 0" - '
<
uJ ”
2 % -
— T | L §
O r 55 o
. £73 28 . &
wi b
< :é . g
o 52 -
_n-—'< =z 5
o 3 - -
- - =
(="4 [
OIS :
O )
= o
Z W
.m q.
v 3 M
“ < M
a >
p .(/,
- o ] 2
|
L J
B R SR K s AR = _.
3w|1:| N ’ : .
O 1N3Dw3d FIGURE 28

+eP—5{-eR-E-¢- CORONA st ve_
ts

- -Contro



. Handle Vi

'S ;F E:I: _-
Controls Only CORONA _

MURAL PET REPORT/64
. . .
-

D2S

- S

nam b
, ] :
o _ / / ' A S
2 & /../ HE -
S I /Z
e N g
o — s . &
- I - “
3 / .

.-uj At — T IE, ...... 3 _.t

O | ¢
E - \ s
> .

=
De7 D1

T

w2

g 1= 3N\

® a » o ® N @ n o
W W M ™M N N = e

$33¥D30 HOY¥YIT MVA

FIGURE 28

-’FG‘P—S-EGR-ET- CORONA wsnaie vio [

Controls



- CORONA

-

|
MURAL PET REPORT/64

Contrels On

wancre Vi - FOPSECREF

. (S33¥9D30) HONYI BYYD % MVA

[

-

/

L/

£LS06 NOISSIN WOY4 viva

_.

MVA 30 WNS FHL 1VHL IWIL ONILVYIdO 40 INID¥3d

CIMVA N3AID ¥V NVHL $531 SYM  ¥oW¥3  avad %

4 . :
INWIL JO INID¥3Id

3

FIGURE

Handle Via-

FOP-SECREF - CORONA

"Confrois



wanaie vio [ FOP-SECREF- CORONA

+

h)

I
MURAL PBIY REPORT/64%

Controls On

02

(S33Y930)-¥OYY3 8YHD 7 MVA »

.
FIGURE 3-1‘_ :
Handle Via

'
. - K .
. . L M
. .
- ’
.

96506 NOISSIN
WOY4 viva

!

IWIL 40 IN3O¥Ad

..

INTVA N3AIO V NVHL wwm.- SVM 30d¥dd ~ .
gavio ¥ MVA 40 WNS JHL LVHL. m<<: ONI1VY3dO 40 pZmUmmm

\
=4
“FOP-SECREF - CORONA

L 3

2=



e v Gop-secrer- CORONA NN

.. Contro!s Only

MURAL PET REPORT/6u4

vehicle attiéﬁde control system to offset the crab error. The

plot shows a 0,90° yau.plus ¢crab error during 90% of the

mission operatlons.

| Flgure 32 shows the vehicle yaw error for stszon

1001-1 to be 1,60° or less during 90% of the mission operatlon.
A sumﬁarg table of the yaw and crab errofs is shown

below based on the 30% level:

Mission Yaw Crab Yaw & Crab

Predicted 2.18° " - -
9056 - - 0.90°
8057 3.77° . 2.83° 5.750

1001-1 - 1.60° - -

]
The calculation of yaw rates for the missions
examined was not pbssible due to the lack of data,

12, Vehig;e)lnstrument Damage

Mission 9056 contains an example of a light leak
traced to the Master c;mera suppIy (Port) Horizon camera area.
The lzght strzk;ng the fllm raises the background fog level ‘on
most of the f:lm as reported in Appendxx E. -This reduces‘the
contrast of tﬁe terraln Lmagery to the extent that serious
degradation results,

13. Evaluation of Resolution Targets; Mission 905&

On engineering passes during Hissidn-BOEZ, the Mural
system imaged two ground resolution targets; the first at Fort

- - FOP-SEEREF- CORONA  hancie vie I}
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Huachuca, Arizona, on Pass D47, Aft Frame 037, an& the secepd
at Webster Field, Maryland, on Pass D77, Aft Frame 043. These
photos have been iooked at and observationg_are reported in -
thé.following paragraphs.

The Fort Huachuca target is located almost at the

center of the panoramic photograph. The three legs of the

target are clearly visible. On the low contrast leg, which is
‘o

. paiiiig light grey with white bars, none of the bars can be
c

-

de ted in either the or;gznal negatives or the duplicate
poéi;ives. On the high contrast legs, the fifth target group

is resolved in the line of flight and across the line of flight

,The bar width of this group is 6.32 feet. One observer reports

that the sixth target group is resolved in the line of flight.
The above indicages an approximate ground_pesolution of 12.6
feet or approximately 85 lines per'millimﬁter; _No spectral
ipférmatioﬁ Toncerning the targets was avgilablé:' '

. It was also noted that the targets appeared to be
}laped indicating either gveréxposure or ové}prpcessing. This
probab1y<also accﬁbnts fqr-the absence of barsiin the low
contrast display. The exposure for thiq'fraﬁe is approximately
1/256 second for the solar elevation.of 32 degrees;'hgpce.'
Intermediate processing should have been used. Base plus fog
readings indicate Full processing was.u&ed, while the processxn

log 1nd1cates a transition stage from Full to Intermedxate

processing 15 frames przor to target.
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& " The correct exposure at thie solar elevation for’
Intermediate'pbocessing is 1/295 seconds, and the cofrect
eiﬁosure for Full precessing is 1/448 seconds. Tﬂis leads to
a cenclusion thet_information was lost due to overprocessing.

. The éarget at Webster Field lies approximately 15
‘degrees off the line of flight. The smellest target group
that can be observed in the line of flight and across the line
of fllght is Group F which has bar d;mens;ons of 6, 25 feet X 30
feet. ‘1his_is equivalent to a ground resolution of 12.5 feet
or appfoximafely‘ﬁo lines per millimeter-ih the film. Exposure
was 1/256 seconds and processing was Iﬂtermediate' Micro-Analyzer
traces over the target zndxcate an average Dmin of 1. 25 and an
average Dmax of 2.00 which calculates to an average contrest ratic

of 2.8 to 1. Available data indicates target contrast to be on

the order of 20 to 1, although it may be less due to reported poor

-condxtxon of the white paint on the bars.

"It is significant to note the degrading effects of
corona foggzng on the Master camera. The group having clearly
resolved bars is "D" in which the bar width is 8.75 feet. This is

' equivalent to 17.5 feet ground resolution or a 40 per cent loss
when compared to the Aft camera.. As wou;a be expected, the
density range is compressed by the fogging. The average Dmin
rises to 1.6 and the average Dmax is_2.1. This calculates to_ an

] -

average contrast ratio of 2.3 to 1,
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14, Effect of Ionizing_Raéiation

The system has carrled for some' time a film dosxmetex

in the recovery system, They 1nd1cate, for the mssxons _
evaluated in this report, that the total dosage recexved on a
five day mission was approx:.mately 1.5 Roentgeh. Th:.s is well
below the levels that would be cons:.d]ered degrad:l.ng to the filr

used by the camera subsystems. -
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_ SECTION VI
CONCLUSIONS

The following conclusions have been reached.by the PET

members:

l. Performance

Performance is not idéntical on the three missions.
Ggperally, the best image quality was obtained on-Hi#sién
9057; the poorest on Mission 1lu0l-l. 'Numerous factors affect .
image quality, and- are discussed.below ip light of their impaqt

-

6n{quality. ) '. . : S
A, Céntrolldble Facters Inélﬁde: +
%il_ Vehicle Attitude Control
. 2. Lphemeris Lrror
) ~ 3. Th;rmdl Environmeant
4. Pressure 1cévoﬁd Sensitivity)

5. Vehlcle/lhstrument Damage
(causing light leaks or camera malfunctxon) -

6. lonizing R?diation . .
7. Exposure and Processing.
B. 'Uncéﬂtrollébl; Factor# include: oo ) L ;,
1l.. Illymination.r | |
2/ Atmospheric Haze |
Although the commzttee was generally c;ncerned wzth

evaluation of ﬁzssxons 9056, 9087, and 1001 1 1t would

Controls

—FOP-SECREF A Handte vi
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be reqiésﬁi}-@t.dia.not comment on the_resu}ts which were
;obiained'dh"the dast operational flight (3062). This vas
.an H confzgurat1on and ifncorporated essentially all the
1atest merovements. The drum scan arm assembly was of the
Titanium/Invar type; the Horizon camera, as previdusly noted,
was improved as was the ho'm.zon boot ventxng. ‘The Stellar- '
{' Index camera contained the 1ong-11fe shutter and inproved
metering system.‘
There were no qéhera malfunctions whatsoever and
thé image quality qf:;11 cameras was rateq as equal to any
ﬁ;eviously obtained.“ The anomalies that did occur were th@

appearance of corona dlscaarge on the Haster camera and the

‘Stellar camera during the last half of the m;ssxon‘and

)
L]

excessive flare on the Stellar camera due to the faulty

deployment of the light baffle,

2. Horizon Cameras ) .
fhe cause of poor horizon inage quality on.Missions

3057 and 1001-1 has not been determined. Possible causes

include damage to the‘fi{;er and/or lens, from thermal shock'.

or pressure differential during ascentt riowever, the changes

made on a more recen£ nis;ion, 9062;.yﬁich include a shonter

:focal length lens and improved venting of the flexible boot
. sprround{ng the Horizon cageras, resulted in the best and most

. useful h&rizon photography yet obtained‘yifﬁ‘the M/J $ystenﬁf
| FOP-SEEREF CORONA  ranae vie I
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3. Thermal - Phig Instruments

Comparison of three missions which am-dissilili.lar in
‘both temperature hxstory and in scan arm materials, (magnesz.um
versus Titanium/Invar) shows thhollowzng. -

a. Defocussing occurred (Mission 1001-1, magnesium
'scan arm) when insfrﬁment .‘t;ex_npe_r'atur'esrose well above design
objective; <«The defecussin-g was sqfffqienf to red:ice _.overall
perfb-mance s%\ificantly. i It;.‘.is- estimated average ground
resolution is approximately 40 feet (20 -foot object size).

b. No measurable change in focus occurred in Mission
.9056 (Txtan;unllnvar scan arn) under.' ‘even more sever

emperature rise (mstrmnts stabxhzed at about 130°F). -

However, overall image quality on Mission 3056 was somewhat
below that of Mission 9057 due to the ‘thermal conditions and
the light leak. _ |

. Hission 3057, operating uhder‘stable and almost
perfect temperature conditions, 'produced the hxghest qualxty
product of all three. It is est:.mated that average ground

resolution is 24 feet (12 foot object size).

u; Performance Evaluation Criteria

In the ‘analysis of the RES datd collected for-this
* report, the PET Team noted that the RBS neasurenents did’ no:
notu:eahly reflect changes in level of perfornance where such

- changes were vxsually observed to have occurred. This is

. —fe'P‘SEGR-H- CORONA  Handte via
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"
illustéated, for exémple. by the factthat RES values only
grossly indicate the differences in pérformance between
Missioﬁs 9057 and 1001-1. Gross along-track IMC errg;s in
Frame 001 of each operate cycle are not reflected in the
~ corresponding RES measurements.

It was also noted that RES values measur;d'for the
AFSPPL reports and the PET special requests showed a wide

- .

range of deviation., Further, the deviation did not tend to

be. random, indicating operator and/or equipment biases.

. e

Examples of deviations are shown in -Table 3. .

-~

-

- The RIS values also shoued no correlat; to«sun .
angle or

ititude as can be seen by examining t photo.in'
" the. TER reporf for Mission 9057. Some correlation of RES
with minimum density changes wa;-noted partigularly in areas
where minimum density valﬂes were influenced by cxﬁudiness
and haziness. '

The general conclusion is drawn that RES as cdrren%ly
measured does n;t afford an engineering measure of system
perfﬁrdﬁnce and that it can be used at present only as a gener:
figure of merit for comparison of ‘different mis;ions. Since it
has ‘the virtue of being a quaqtity measured in tPe photography,
research effort in methods of measurement and analysis of RES

through normalizing for contrast, brightness, ratio, or other

_ definable parameters appears warranted.

. FOP-SECREF - CORONA - sandie vio I
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BSC:;:;ons Butween TCRO and Special Request RES ‘Data

MISSION 9056 Fofhard
Pass duiber

M Do? pos D23 D24 D25| A40

TERO Avg. RES (I 66 69 .73 65 'Rf .73
Number o \%2
of Observations 28 58 96 12 38 - 10
» .
. TLRO Special 12 18 28 4 16’ 2
' Request ) s '
Observations - ‘ !
TER) Sample @] 8.2 | 70.5 | 75.3)] ss5.0'[*66.8 | 69.5 |
Avg. RES L /!
- |,| -
Special Request(§} 56.3 ! 65.7{ 63.1f 57.0 | su.9 ]-wu9,s
Avg. RLS 1 ,
] . . 4 Py
. ~ 1Special Regquest ’ ‘
: Deviation Range: . -
dighest ~+5 *hy +2 -2 L -3 -18 -
. Lowest -24 ~-22 -33 -17 23 =22,
Special Request’ | . ' . , )
Avg, LDeviation: 12.1 18.1 12.3 8.0 | 11.9 20 .
. (éxcluding ' 1 .
sign) : . i
. : - "
T
4
,\‘ ’ 3
. 80 I \. *
. od ) "‘ .."..‘. -....l-.. .---""‘.-..
3N e =3
s / w . .
) * .
’ - ] \“‘— - -
w i (P
R @ - ..-"h'..‘
a - -
1 ) : Lt .
L4 n
[ Y

D .D OB DM . DI ., A®
PASS NUMBER '

¢ ) S . | ':I‘AB{..E-j
. oot | W' CORONA Hand!é V‘ia.
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It should also be noted that sxgn;flcant varlatlon
has also been-noteq in MIP values. A recheck of certa;n areas
by NPIC, at the request of fET members, resulted in the same
type of variations that have been encountered witﬁ RES valu;s.
Correlatxon of RES and H;P values is shown in Figure

33, Since HIP restricts itself to the best frame in a mission

and - RES is,a more rigorous evaluation of a m;ssxon. the  lack

of .correlation is not surpr;slng.

* .

Sinte no other technique of measurtng performance uas

available, subjective-and pragmatic judgments by the PET Team,

ACIC, and NPIC .became’ the principal toqfé for determining

photographic quality. A

- . - -

5. Suitability for Intelligence SR

rrom the commenxs of NPIC as g;ven zn Appendlx D,

it is concluded that the photography collected by the Mural

System ;s.sultable for photographzc 1ntellxgence, ‘and thdt it
is accomplishing its primary mission;_ The ciass of reported

objects implies ground object sizes on the order of 12 to 15

feet without specxfy;ng the ob]ect contrast ratzo.

It is also highly significant to observe the photo;ma
in Appendix B#dnd note the detail visible.. Such photo-maps
possess great worth in industrial and military studies and ¢fie
preparation of radar prediction overlays. | ~

The building‘height overlay illustrates another type

™ : s el
of intelligence product used for radar prediction. The fact

FOP-SECREF- GORONA - wgnate vio
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that minimum heights on the order of 10 feet can be measured
directly from the photographic-materiai\with dependable

accuracy also indicates that the syﬁf;;ris performing at high

resolution levels. At| ten times ‘enlargement, the height

v

measurement capability is on the order of three feet. ////

6. -Cartographic Suitability of Mural System;
Mission 1002-1

- -,

A. Stellar 'Canierta |
a. Overall quﬁiity of the Stellar camera photos
can be‘ihprovéd by eliminating_caules of corona discharge and
.'flafa from eafth light, :
b, 'Quality‘of fidhcial'iQage is unsatisfactofy
due to lack of proper iliumination control. Effort is under
lway to correct this problem, .
. c. Since internal reseau imaﬁery in the Stellar

camera is useful this feature should be retained in future

missions.

'd., The Steilar'cam ra is capable of obtaining

adequaterimaées of stars down to\about 7th magnitude,

e. Measurement of stellar images could be made

to a standard error of .3 to-lo_nicroﬂs.

- ?
-

f.  When visible, reseau fiducials could be

measured within a standard error of 3 €o 10 microns, in spite

of poor appearance. . ), t s /

-

W COROP!’\ Hirmle . 3 |
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g. Based upon $0 millisecond error in ghu;ier
timing calibration between the frame and steliar,_and errors
in measurement of the reseau and stellar images,. it is
estimated orientation of Stellar camera is determinable to a

standard error between 15 to 20 arc seconds..

h. The reseau‘Qesign is satisfac}ory.
-B.  Frame:r Camera ) ]

a. .R;seau of Frame camera is adequate, but ACIC
states " that it would be desxrable if lzne width could be
dropped from 108 microns to s m;crons in order to facllztate
mensuratlon actxvxtles. A |

. b. Cal;bratlon of lens d;stortxon should be
1mproved in accuracy.- j'; R .

c. Lens resolution is very good in the center 't
of the frame and out to about 25 millimeters gdt drops to 1/6
that of the center out the remainingfdistange to-the.cornefsu
This causes a drop in accuracy of parallax measuréients_frdh }
1/2 micron at the center of the photo to 5 micréns in the -
éorners. :

d. Frame camera geometry can be used to control
present Panoramlc camera geometry to permit compllatﬁon of
medium scale maps (1:200, 000) wlth 100 meter class A relative
contours and 1:25,000 maps with at ledst 30 meter class A

{ - ' . . '
relative contours. - :

G Gon O = Ny 0 m Ay AR A TR RS Ay My T S W g
. .
M .
.
.
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} g ' . e. Panoramic materials can be used to prepare
controlled mosaics_ down fo scales as large g;.l:lo.ooo:ﬂ

f. It is estimated that a reseau controlled

Panoramic camera, will permit ‘compilation'of 1:200,000 scale

-

maps with 30 méter contours.

P

g. Full mapping‘pbtehtial of the Mural System

\
‘to.compile medium sgalé maps Wwill not be realized until'reseapi
pan mateﬁialé are obtained at altitudqggPetweeh E;to 6 t;mgs'
those selected now and which would permit compilatiéﬁ of -
.i:200.000 ﬁedium iﬁale maps-uith 30 mgtér contours.

mage Smear
. Analysxs of the V/h programm;ng errors and attxtude

»

errors resulted in the conclus1on that while Hxssxon 9057 was

L

¢ the best of the three missions evaluated it was smaér'limitéd.

The V/h prograﬁ errors and yaw'(plus crab) errors were beyond

-

the predicted values, . S
Cursory evaluation of Mission 9056 V/h progbgmming

errors showed that they were +e11 within tolerance. The yaw .

plus crab error was also significantly below tolerance, Thg

-

main factor for the relat»vely hxgh performance of’ stszon

. 9056 was the 1ncorporat1on of. the Txtanmunllnvar components,

however, the system perform ce would have been’ slgaxfxcantly

1ower‘ef the image smear. contributors had approacpgq‘thg-
predicted values,’ : . -

- . ~
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8. Haze Attenuation

_ ‘The PBT members concluded that the variation in
system performance from mission to mission can, for the most

.'
part, be attrlbuted to anomalies wlthxn the system equipment.

A portion of this performance variation and the majority of

2-

the variatxon wzthxn a particular mission is attrxbuted to

t

the spread of object contrast presented to the lens. This

large range of contrast is caused by the vam.at:.on in haze

f

attenuation, T *.
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. SECTION VII :
- chonnzumnous

The PET members are recommending action be taken in the

areas of system ogeration, system te%t and data evaluation,
These recommendatlons are made with the knowledge of the
equxpment modxfxcatxon, testxng and development activity thdt

is now in process. ‘

l. System Operation
~» A, Film Poaitioeing
The "soft" areas in the photography observed
.along the edges in three missions indicate some eaﬁera
misalignment, and the entire film area was not feing positioned
in the field of best fbcesrquring.the photographic scan.

' It is recommended that the Dr. Aschenbrenner Test
conducted again on the entire system as near to launch as
feaﬁible:

8. Original dNegative Processing
\ - The team concluded that the original negative is
not gexng proce&iif\in accordance with the criteria esed to
establish the exposure #ime, It_is recommended that the exposure
anq processing;be made compatible on.future missions.

+

This, can be accomplished either by reducing the

e &

, processing level td'Intermediqte, where indieq;ed in the -

. . wnich is performed on each camera by the contractor, be
} -

\-' |~ TORSEGREF - CORONA i
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Performance Estimate, or byl?educing.the exposurertime to
nominal for Full processing.. Reducing the processiﬁg level
has the_ advantage of reducing the original neéative grain
. s8ize whereas ; faster exposure time will minimize the Fffects
of image motion.’
The margin in exposure fime will permit different
filters and combiﬁations of filters (one type on the Forward -
- and a second type on the Aft) to furthér reduce the effects
of haze. - )
It is recommended that a parametric study be "

conducted to determine the most desirable coqgjnitions of.

processing level, exposure time and filtering to optimife -

system performahce. ;//”/

C. Yaw Programming

-

In vieu/of/fhe computed improvement due to the

correction gf/crab error by yaw programming, it is recommended
. . . . ¢ . .
- that further experiments to isolate the effects of yaw be

pé?formed.
P N . A ground test during a mission operation is

‘pecoumendgdl_'fpis test would use the portable ground resolutian
targets in a."v" pattern rather than the "Ti pattern now used.
One leg Ff;the nye would be parallel to the flight ﬁath‘ﬁpd the
second le# set-?t the proper Sngle; for the diaslay latitude, to

.

correct the residual crab error. .

"¥€941'f}é<54%fii;~ (;C)'§(5'S{;\ - HaALk ;“|Illiil'
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D. Index pemera Exposure Control ' .
] The Index camera exposure time is set prior'tq

r

flight and is not altered during the mission tc'coupensate.'
for chanées iu:illumination. The resultant varlatlons in
exposure could be - partlally compensated by varylng the
processzngt houever. this is not feasible with present machine

processing due to the close spacing of the frames containing

the varied ‘exposure. It is recommended that contractors

»

investigate and report on'the modification to equipment and

programmzng requxred to vary shutter speeds in flxght thUS

'provzdxng more uniform exposures in the Index photography. °

E. Solar A21muth C ] o .

The qual;ty‘of photography has\been observed to

vary with solar azimuth. An excellent eiﬁmple is the Fort

Huachuca target recorded by the Forward.end.Aft camera. during
Missitoh 9962., In order to further analiée'thie'effect it tf
recomhended.that ;olar azimuth data pe provided by LMSC for
all future uissions.

-2, System Test.

W

A.. Mechanical Distortion

)

The'space structure Lnterface to . th amera
system does not provxde an extremely precise mecnanzcal

surface. Tests are recommenaea to ascertaln the mounttng

surface flatneSS and rigidity to precluce dzstortxon of -the

'camera in mountihg ang ﬁh;pp;ng. URUAN
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8. Vibration Tests

| ,Testé havé been coﬁduéted on the camera to
dgté%mine fhe degree of degradati;n caused by inter‘al
vibration. .It is recommended that similar tests be conducted
on the compl!te payload system, | -

Hodificagions to the camera structure have
reduced the_theémal toleranc; required to maintain opfimum
focus. It is necéssary to céntinue emphasis.in'the-area of
thérmal control to assure that the propeé tolerance® are

maintained for such potential problems as mechanical distortion

I . i C. Thermalil Testing .’ . , & . ~

. and electronic reliability. Testing is recommended to provide

]
l realistic thermﬁi tolerances for the thermal control'actiéity'
) L T ) o~ .
g . nOwW in progress. : o
l ‘ - 3. ?érf;rmancé £vhiuati$n_ -;.
' * A. Eyaluation Techniques ;;
g ihe p?esehf techniques'are inadequate to evgluaté
l system performance; however; it is re;omhended fhat they be
' . cbntinaeq.until alternate tdéhniques‘arerdeveIOped. It is.
!— doubtful that any single value will be able to completeiy
descr}be'a system oéerafion: o - p
- - Research and devélopmént work is recommended to

® -
produce technzques and equxpment to allow realistic performance

' ' evaluatxon.
i'
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5. Sampling Criteria . .

The AFSPPL sampling;critéria for RES and Density
measurements can be modified for future M/J evaluations ro‘
better exp relatlve performance. ~The ‘sampling should be |
amended to have the RE\and Density measurements made in area
3 only on every frame of selected passes. Existing data shows
negligible degradatieﬁ.écrdss the_frame.- The selection of
passes should re restricted to those oﬁerations wrich represent
nominal mission performance »” One pass curing each day sf.the
m;ssxon operatlon is recommenced. - ] %

“Evaluation of operat;onas anomalies for each
missjon "should also be performed in deta;;, however, the
measurements and evaluation shoulc be noted as resultxng from
the effected areas. These measuremernts should not beraverages

and summarized with the nominal data. . .

- .
-~

* Ce. Densitometer Measurements

There is no standard procedure for making the

diffuse density measureqents;by the various organizations

involved in Mural System fabrication. and evaluation. A 0.5

millimeter spot size and a white light source are values ‘which

appear to be most desirable to the t n and are recommended for
reportzng densxty values. v - fu
f It 1s‘recogn1zedktﬁat alternate ‘methods are .

requxred by particular organizations to fulg}ll their assigned

F 3

. tasks; however, these methods should be restricted to in-house

use.
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APPENDIXES

"Systep Performance Evaluation of Mural Materials.”
Prepared by ACIC. (under separate cover)

" ).
"Cartographic Explorat:.ontcf Mural Haterlals.
Prepared by ACIC. (under séparate cover)

-

"Cartograph;c Suxtabzlxty of Hural Haterxals.
Prepared by AMS, (Attached)

-. [} '

"Suitability for Photographic Interpretatxon.
JPrepared by NPIC,. (Attached) ;

Originel

"Tea'uucal Evaluation Report. :
Prepared by AFSPPL,

Négatives from Mission 9056."
(under separatetcover)

"Technical Evaluation Report 0r1g1na1 :
Negatives from Mission 9057." Prepared by AFSPPL
(under separate cover) . s

"Technical Evaluation Report --‘Original

Negatives from Mission 1001-1." . Prepared by
AFSPPL. <(under separate cover) :

‘;Technicgl Evaluation Report_— 6ri"ginalr
Negatives from-Mission 9062. Prepared by AFSPPL.
- (under separate cover)
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CARTOGRAPHIC SUITABILITY.OF MURAL MATERIALS

The followzng connents are furnished on Hxssxons 9056 9057
and 1001-1.' It 1s assumed that these partlcular missions were
speclfled sznce they are the more recent acquxsxtzons. A11.
comments are not necessarlly based on an evaluatlon of the
spec1f1ed mlss1ons as they have not been completely exploxted-
‘however, eve;uatlons are all based on materials of the same

vintage.

1. Stellar Photography -,

a. ‘ﬁissidn'905§-' A .
Stellar.fbanes contained fiere. The'fid&éiels wer.
overexposed and their posztlons had to be frequently extrapola
from the lines of the reseau. - The star images generally were

b—

fair pernlttlng stars as low as seventh magnltude to be read.

The occasional fazlure of the camera shutter and f11n advance

caused streaked 1nages and double exposures.. _ - .
- *b. Missjon 9056 S ::-‘ j . s

- No Stellar measurements were made on th;s mxss;on.

c. Missions 9057 and 1001-1° . . -

The reseaus on these nissiohs’spbeared-werped-'fha

is, the grzd lines were curved. Thxs precluded the recovery.o

the fiducial marks by the method prevxously descr;bed for thos

-narks ob11terated by bverexposure. The other connents made fo

Mission 905% are also ap?llcable to these two nxss1ons.
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2. Frame Photography -
It has been possible to'produce Long Line-Extensions

(LLE's) to establish photogrammetrlc control for mapplng
purposes from this photography. “The quallty of these products
is highly correlated to the quality of the photography. »Th;s
'is eSpeclally true in the case of the Index photography. :Tﬁe :
scale 1is so small. that any degradatlon of the 1nage due to a .
loss of resolutzon or acutance causes a decrease in neasurxngi
precision durlng the mensurat1on pfocesses. - The Index oo-era |
calzbrquon is anéther critical factor when the Index:fii! isi_'
osed for mensuration purpéses in the production of'zso,ooot_
scale maps. In the establishment of control,.tho film
neasurepents are oorrected for lens distortion based upon the
values determined by tﬁe‘ca;ibration. Therefore, it is

important that the calibration data is complete and reliable.

3. Panoramic Photography )

- -

a. - The Panoramic pho;0graphy;'with its superior | .
resolution, is'particularly‘épplicable for use in identificatior
of speczfxc ground control points and tactical and strategic
targets, stereo-conpxlatxon of medium and small scale naps, and
acco-plxshneqts of similar photo-nopping and intelligenco
operations. -

.b. Oocaéionally. difficulty is experienced due .to the

attitude of the vehicle. Excessive‘pitch or roll exceeding the

geometry of rectification equipment reduces the extent of usabil

3 | —FOP-SEEREF- CORONA  wanaee vio
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SECTION 1'

PHOTOGRAPHIC INTERPRETATION SUITABILITY

MISSION 9057

e -

1. Image quality of'Hiséion 9057 is slightly bettqy than

' Mission 3050 (MIP 85). Target coverage waéﬂconpiefed as

programmed in stereo without vehlcle or major camera malfunctlon
and is one of the best missions to date for th1s camera system,
: . 2. One hundred and seventy-f;ve targets were reported on -

from the take of Mission 9051, two of which were bonus tqrgets.

I " The following is a list of the txghlxghts of the mission.

Q_ . a. Conflmatlon of a. ‘I‘ypg I.irregular HRBH launch
lf " site, A ' ‘ nwi _

' | i b. Missile sites xdentlfled for the first time from
_ photography include: 2 ICBH sxtes, 1 MRBM site, 2 SA-3 sites,
1 sa-z 31te, and 1 SAM support facxllty. '

Cc.. Twenty ‘submarines were ldentlfled, and flve other

vessels were reported as poss?ble submarines.

d. The two bonus targets weée a new configdratidn
of ?AH s?té and a new runway un;;r céﬁ;truction at an airfield
of prime interest. . * ﬁ :ﬂ T e
- Hission,9051 produced some of;:hexbest photography ?o_
'? datq;for.thik camera system; howevér, soneldegradations are’”’ ‘
:prpéént.' _ | :.: - | - v
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4. Problems encountered on the mission are as folfaus:

a. Focus - ‘ .

A small area of spft 1magery is present on the

Starboard sjde along the’ tltled edge on all frames of the

.
-
-

"2
.l .' . I ’

Erratic operation occurred on both cameras, ~
- b

Master Panorqplc-fhke. ' o,

b. Data Block

c. Horizén Camera - <

.. « . - .
The Slave Panoramic Horizon cameras malfunctioned

(failed. to open) consistently throughout theilission. The

Master Panoramic Horizon caneras'func;i&ned throughout ;

however, the Starboard camera imagery is soft on all\(fames

of the mission. \\\ \

5. Atmosphéric conditions obscure or\hqgrade $7% of the
. . . \ .

mission.
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SECTION II ’

QUALITY RATINGS
¢ . ) ' MISSION 9057
'y : _ ' ) ’ . . -

1. A ‘subjective quality anafﬁsis was conducted on a frame- .
by-frame basis for Hission‘9Q5i Master camera on Pass Doa.'
Numerical quality ratings from one to five were given in.piace
of MIP figures as it was not felt that the gIP'figures could
be determined where adverse atmospheric conditiqps were
encountered. Criteria used to pxck MIP flgures expressly
elxmxnates frames showing degradatxons from camera nalfunctxons
or atmospher;c cond1t1ons. :

2. The analysis of Pass D08 gives a quality rating of one
for the best iﬁage quaIity in-the pass and consecutively higher
figures for frames showing greater degrees of gegradation.

Frames ‘rated as‘gne contain some of the best image qua;ity to

date for th&s camera system,

+
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HissiqustT,rPass D08, Master Panoramic Camera

Position on
.East and West

. 4 . . . -
L] -
- - .
- .

. Frame ' ﬂt_ Target of Center Ratihg
01 CcH’ Town 2" W O 3
02’ sce Town | 0.5" W 2.
03 HC* . . Town 0.5" W - 3
ou sC tity 0 1
05 sC Town™ - 2" W 3
06  SC Town 4.3" W 2
07 .Sé ., Town 2.3" W 2
08 - HC - Town - 3w 3
) 09 | .SC Town 5" W 3
- e ’ -
10 - 8C Town 3.5 E 2
iijzy. e %Pun 2V E 2
12 sc Town = 2.8"E 2
13 SC & CS* Town - 0 3
w sc Town ‘_ 1.8" E 2
15" ¢ city 2.5" E° 2 \
16 . C city : " 3.S" E -2
17 HC : Qit}ﬂj" . 1.S"'E "
18 sC Town BEEWLE: 2
19 o sc city 1S E 2
20 - sC  city 0.5" W 2
-~ 21 HC . city 0.5" W .
. . - S ¢
. FOPSEEREF--"CORONA  hanate vis
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v ) ' Position on
T East and West .
Frame _ WX Target of Center Rating
- 22 ¢ Town 1_..'1" W R
23 sC city - 1.2“E 2
24 c bity“ . 1.2" E . 2
X . 25‘.‘ ) c U/1 Installation - &.1" E 1
26 c ity 9% EF S
| 27 . . s& city 2.2 E 3
Lo 2 c “Town ‘1.6 E 2
29 HC § CS . Town . 0.5" B 3
ST s Ec" © o city LR 1
a1’ scees v ocity . LS"E 2
32 HC & SC city - 0.5" W ¥
FYR € .\ city Rt E 1
k1 _C Tank Farm . 6" E 1l
35 C - Town and ™ E - . 1
) Storage Area - ~
| 35': c . Town Tramw :
* 37° € Tank Farm 6.8 E 1
- Alortg Pipeline
.- 38 sc i Tovn .. 0.8" E "2
39 - SC&§CS | Town o 3mE 2
v SC §cs. . Towh L2 E N 2
‘w1 . HC & cs‘f city - w W .
%2 2.5" E 2
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Frame

WX

SC

n_7.

2 £
Posifion on '
East and West
‘.Target of Center Rating .

. city 2" W 1
U;i Installation . O i |
<! Town '. 2.3 E 2
City ‘ 2" E 1
City 0 . 1
City 2.8" W | 3
Town 2" E .1
Tovn | 0. 1
City 12 i ) s
' Town . L 2.2 E ) 1
Town ' %.1" E 1
city 10.5" E 2
City © 9.8" E "2
. Town .5 W 3
Town 6" W 2

Town P 10.5‘ W S (soft image

p&{; - B.4" W 4 (soft image

Town o ™ W 4 (soft image
Toun' . " w 3
Town v 4
Town - ol W 2
!Umou; o 0.8" E "2
, Town . 1.7 E 1
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{ .
Positions on’
. . - o Fast and West
Frame WX « Target of Center Rating -
l 66 - C ) .. Town 2.3" E -1
67 . C . Town. 3.7" E 1
l 68 “He Town . 5.8" E 5
l » 69 c Town _ 3" E 1
70 HC™ Town = 5.8"E u .
I 71 . sC . Town- . 18" W 2 - .
72 SC & CS Town . 9.S"E 2
' ' 73 SCECS . - Town "W S
l_ - 7Y c Town . 6" E. 1
. , 75 Y. ¢ Town . on ST |
| " 76 ¢ v Towm "u.5" . 1
kA« Town . 87" E b
l - 78 -CS S village 3w 5
‘79 Cc Instrunentatxon . 0..5-""}: 1
l ) Site ‘ .
v 80 C Village 7.5" W 1
- - . ‘ ¢
l 81 c Village 2" E 1
' 82 C - . Town 3 6.3" E 1.
83 ° C Dam* - 1.3" W 2
I au c Village =~ 2.2" E 2
o
8s C Village 2.5" E 2”
' 86 c U/I Activity 7.1" W 2
I 87 s¢ x Village 0.2 w 73
| FOP-SEEREF- CORONA  wandie v D
: ' N-A ’
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89

30

' 95
5%
97
98
99 -

100

102~

% -
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.93 a

101

107
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WX
cs
cs

¢S

.

+

-

L East and West . - o
Target ._of Center. " Rating:
Village 1.2"E. . 75§
Village . u.Ll%aw. 4

Road Junction . -1,8" E 2
. ' . .
Instrumentation 1.4" E : .3
Slte 1 - .
U/T Activity*~ f B.4" W 3jﬁ ]
olong Road
T N
U/1 Activity - 7.8" W 3 -
along Road _ - . .
Town and - FRLE'E 3 -
) Landxng StrlpL "o .
Town.and _ :16.37 W 3
Landfng Strip’
Town Snﬁ B.6" W 5 (soft imogerj
-.Landing Strip oo 3 N
Town and 11.8" W 5 (soft imaéef
Landing Strip. - Ty e
Cross Roads, . 8.8".W 5 (soft iﬁaéer
and Buildings . a . Coe L
Cross Roads 12" W o3
and Buildipgs L
Cross Roads. 6" E; . 5 E
and Buildings o \ ‘ ©
Cross Roads © 7.6" W "3 .

and Bulldlngs_'

Position on *°

-

. Lack of cultural featuges preclude rating; would
_possibly be. rated as 3 if cultural features were

‘present,

4

(N PN N, N N ) B W W T W S Vs e e e e

* HC - Heevy Clouds ,
& SC - Scattered Clouds . ) *

'?G‘P-S'EGR'E-T- CORONA

v r'cs ‘= Cloud Shadow
cC - Clear

83-107 appear sllghtly overexposed.
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