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FORBWORD

This report documents the convepts and theory smployed in the CRYSPER Compuler Program,
CRYSPER is an on-orbit performunce prediction model {or the HEXAGON camera. Tt models ihe
apguisition, stmospheric, sad eamera performance aspects of the Sensor Subaystem, fo enable the
prediction of the expected on-orbit achieved ground vesolved distenve. 'I'his report discusses the major
progrim sebroutines, the required aspect data and the soirrees of that data, and summarizes some of the
prablemis inherent in the CRYSPER Program.

Thevs is ho conclusion dnd/or recommendations section for the intent of this report is to describe
how the CRYSPRR Program works, not how valid the predictions age. The test.and operational results from
this program are recorded in the specific mission reports (Sensor Subsystem Post Flight Analysis, Flight
Treadinens, ot )

Speciul ereditiadud  bithe West Coast Project Office (WCPO) for drafting Section I,
3. Aveng! (BRIDGEHEAD) for Section I, and|  |$8C) for Section 1V,
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SRCTION [
GN-ORBIT PERFORMANCE ESTIMATES

1.1 INTRODUCTION
Preflight perlormance predictions sre mude for each HEXAGON niinsion astng the CRYSPER Program.

ttols the on-orbit periormance of the camera systent it (56 expectoll operating devironiment.

‘The predickibng dre geherglly tvo sigma low estimites of resolition inboth cyeles/mid in e {ikm plane
a8 well g the projection of that redelution to the ground vesolved distance (GRD) of the recovded scene,
The programy ke theee basie sections which are Hoked together, each one describes o major aspect of

Ehe These three sections are:

apecific chavactgristics of the thrpets, The output of this Sédtion of the progranr is ordered by Larget
sepess and cohstsiy of the solar ephemeris 48 well ok the geomelry of sach atcess.

B, An abmospherie mndel (8R-2) which uses the duty gensrated in the previous seeting and
computes the ppparvent confragt of sarch accessed tapget, It containg various haze models which have
been verified by grperical measirements made during the last several years, The data bank enabley
this gerticn of the prograsii to estinate the elfects of variots haze levels on a peographic and seasonal
probabiiity basis,

¢, A cameéry pedformiance model (SR~} whick i8 o dathenntical desceription of the perforinance
chavactaristios of the eamern pysteny and flight velicle, This subroutine wses the outpul from Both of the
previgus smbroutines az well s the fln characteristios und the camera smearfoptical performance data
under the various opevating conditions, The basic {low of data through CRYSPER is shown in Figure 11,

The caleniabion of resolotion is obfaived by intecsecting the system modulation teansfer function (MTF)
with-an aérialimage metulation (ATWML or TM) curve thal.describes the filn characteristios under the

wupoFures contrast conditions prevalent durbig exposure, see Fimire 1.2, CRYSPER has been confignred

to compuate a teble of vesolution valaes dn either eyeles/ i al the film plane or groved resolved distance

(ORI in foet for g range of sobur albitudes based on latitudes over the snbite 120° farmab.

As mentipned above, fhe resoldfion predictiong can be either twosigma low or meding values, In the

parly stapes of the evclation, the estimates were obfained from a Monte Cacly process nwhich the 86t
pereentile vesolation wes chosen from o large nwmber of individual samples. However, the eomputer

sunding e wag tob long. Tn order to zhorten the Hme for the “worst sase estimats’, QRTSPER was
éhanged 1o approximate the rasthuion from the Single compulation using the meap smear and deloous
phis of diisus fwhicliever wis Worge) Hie $ive Rl variation of these parameters.  The program 4186
has thie capability to comipate o meding fasolalion value. Testing g in progress o more fully ander stand

the meaning of a wedlan 45 compared to 9 two sloma low prediction. CRYSPER {5 still being réfined, ang
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s papocted 16 change aganove 18 learned dbent this ype of modeling through examination of welugl Tleht

witl fikely be barther expinsions in the ooutput format of the npw version of CRYEPER,
seferred to as KAPER,

photography. Ther

1.2 CRYSPER CONY

During the des

o and test stages of bullding 2 camera system, a seb of standusd conditions are used

that dre generally based on best exposure and 2:1 apparent turpet vontrast, This provides & Stabic base

from which design predictions can be compared dgainst dchual test Shadiber results. However, thode

stabile conditions do st exisb-dilbing Mlight,

Each operational target ig-acquired under 3ts own unigue set of condifions. Evencthe some targels
seguired v a tater date can exhibil new chavacierisiios that will infhvence the final achieved performance.,
Aniong the Jaetors that are nol within enpineering confrol are the refleckances {eontragt) ol ihe taygets and
thi hase comditions at the Hine of exposure. Thesebwo faekors have 2 direch and stgnifieant nflusioes on
prerformmnes.

An effort has boen underiaken Lo quantify these two chavacteristics 3o that the CHYEDER Trogram
coulil be used to prediet the GRIY for accessed intellipeoce tarpets or peogeaphy with some relation to

miated @5 a probability distribedion on o seasonal basis, The seasondl haze

The haze has been og

mnodel ig an estimate made oo & statiafical basts, Typical haze levels for difforent aveas of the world can

almospheric hage,

A gérvies of CRYSPER ilis are madeto estimgle the performance for all HEXAGON missions. The

CRYSPER oulmit consists of the forhial soliiy altitude tables and the target seeess datd,  The orbital

b for o partisuler lasoch are used wlong wilh the performance gstimates fram the Chamber A
apest Chamber A2 fest. Chamber A-R provides gata af only fwo eellimator
Tgeaiions, whereasg Chamibver & has three, In ovder fo have g8 wach data as poussibie for determining the

{1 gynehronization evcors as a Tunction of sean angle, both seis of data ave used,  However, theve sre

in the. data belween thoge two Fests,

gome eonigishonci

The oubput used for the $£n.f;:i Jangle resolition {{ﬁy’(’.ﬁ%ess;’nﬁml} fables hay feen axpanded to inehude GHD

i feet. The mni‘sgut‘wimx ased o eonvert from Fildm plane resolivtion by cveles/sum to GRD fakes iolo

actonnl the slant range aad perspective conditions of the acquisitiony, It 1%, therefore, a nuinber that

refates tohortzontal objects on the ground, e, Controlled Range Nelwork (CORN) teibar tavoets,

Sobile CORN tribar b

b dre photpgranbed doring domestie pisses for envinssrisg purnoses.
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These targels have a.ground contragt of app’ra\:imaifeiy ‘5:'1;, and have been useful in assessing the ageunrney
ol on-orbil performance predictions from CRYSPER,

Separate CRYSPER runs are made in order to decommodats both the engineering and infelligence needs
for reselution predictions. ‘The engineering rux uses an average baze condition and the seminal CORN
tribar tavget reflectances of ¥ and 238%. This equates to placing o CORN teibar tarpget at each intelligence
Ioeation and photepraphing it on “aversge” days, CRYSFER approzimates the engiteering ground bases
fests by condipolling the mdjor non-samera reloted variables and produces GRIY values bedween 27 and 9 as
the design indivates. The run for "typieal lntelligence targets” sguntes Lo replacing the intellgence target

with- & CORN feibar tarpet that nearly mufches it in contract (102205 and photographing it under stmespheric

eondibions bypteal of those ab that time of the year, Hence, b is nol snconunon to have phedogeaphy of

A0-15 feef GRD under these conditivns even when the eamera is operating seeording to ibs desipn,

A third type of performaics prediction sutiticd CR’YSPE’Rf YEM regolution has béen added {6 the
gtandard promission prediciions: This prediction is designed to velate to the VEM resolution data acguired
during the PFA thne period aud the sebsequent to-depth analyses of the mission. VEM provides an estimste

af the 1 contrast resolation in eycéles/mm, the hasic performance measire of the camern system, The

VEM matriz is calibrated to 2:1 contrast resolution regardiess of the contrast of the edpe itself. The
CRYSPER atmogpherie subiroutines, which witimately adjust the AIM curve for exposure and contrast

are bypassed for thege predistions and a constant 211 eontrast is employed.

BYE 15814.78
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BECTION #
CRYSPER TARGET ACQUISITION MODEL (SR-13
2,1 BUMMARY
The sdtware module SR-1 determines targel acquisitions aid various orbital data aésoéisted with ieh
of these am,iiisilﬁianss The BR-1 biedel 45 4l80 referred to s PANDA. Adguisitions are determined using
% dats base consisting of 4 tirget deck In standard CRYSPER format and 8 8et of rev-by-rev instantaneous
orbit elements of the BREAKWELL=type. Tarpel acyuisition duin s delermined for ench srhit revoluiion

through an Herative process using standard BREAKWELL arbil decny techuigues.

sral oplious wre avallable to the oser in seleetion of the mode n which this soflware is ro be pun.

Theuger ay specify & tmigue pev span to be examioed, a makinwim obliquity 16 be sed for target

acguisition defevpipation, ¥ o minigiotn solar elevation al which acguisition daln o desived.  Ap addifional
option ¢f nae in post-ficht vvailedion of CRYSPER predictions 32 the capability to include in the target data
Hhe rey nomber on which the target was acguived. This allows the program o generate turpet seguisition
datn only Lor the specilied rev.

The SR-T program s wiitten in FORTRAN for exedtion on an THM 380/370 Computer having af Isust

of memoly plas at least 150K ivles of auxiliary disk stovage. The BR-1 program will tan as a
stand-alone module. Howeyepr, e duput target data must be formatied by the URYSPER driver vy an
efpaivalent progrin,
2.2 PFR-1INPUTE

SH-1 tputs consist of alorpet dala seb, an orbit vlement data set, and a single conirol card, S8R
uses auly the target lntitede, Tongitude, and the actedl rev number of acguisition from the target dats st
The balanee of the target dabesel is mevely pagsed on for use by the SR-2 and 5R-3 miadules.

Thie oEbi elomont difa wet containg two ditd sel control records whieh provide miission Wentifieation

and Taunceh dates and thmes associated with the orbit elements. The remiindér of the orbll element data

seb.consists of ABWELL~type elements which provide the semi-major axig, eceentyicity, molinalion,

appument of periges, ascending node longHude, epoch fascending node) tine, and BREAKWELL decay

Aactors,

The eontrol card needed to run SR-1 provides the runddentification, nmunch dabe wed Gime, stact and

“sbop vev, ovaxinem obiquity, mimmon solar elevation, identifiation on sbit dat set, and rev

exolusive [aoquikitions eomputed only o Fevié bixdbealed on lavist vedords) indigator. I oo inpuls ars
provided fop sy of thie abive ftems the program selecty appropriale defuall valaes amd prodéeeds with

gxecttion.  Some defeul éxamples dre 0% {or piindioum solar elgvation, 507 for magimion obligquity, efe

BYE 15319273
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2.3 SH-1 QUTPULE

Certain data i corminted aid eutput by SR1 Tor use by fhe SR-2 and SR-3 mddules. Ofher SR-1

are dati itemb

mixiifes,

Dty ifems eonputed by SR-1 and passed for use by SR-2 and 88-3 are:

GMT day, Sprontll, vear, and time {i:f’li)&;ést‘ apmiroadhy of pagh fnrget adquisition.

Sateliite velitele atitude and Tongitude at timie of dlosest agproach,

hich are merely passed Irom the target data set to be used by the SR~ and 583

2. Ditection of veblele teayel ot tlwe of clogést approach (northbound or southbound).

T Sesn anghe (o target at time of closest approach,

B. Vebicle vadius, oblite earfh vadins, and satellite altiinde af point of closest approach.

B, Habios of velocity to altibude Tor velocities measured dlong e X, ¥, and 7 axes [V,

Vi /B aind Va/hh sk the thre of closest approach.

. Bolar elevation at the bavget location st the tme of closest approach.

I, Weov aumber on which the tavget is aequired.

1.4 BOFTWARE DESCRIPTIONS

The §8-1 moedale songists of 2 mals progeam and several subprograms.  These programs are

deseribed belaw, This module has beer developed by 850 WOFD under the name of PANDA and is

desoribed in detail in BIFOR /D-0041-79 dated 18 February 1973,

Fod. 1 MAIN Progrim

¢ up the controlling parvameterg for the S§2-1 exeouiion,

2,402 SETELT Subprogram.

“Phtg routing inifiadly vesds fhe orbital datz set and computes @ sumber of the frequently used

parameters for each orbit revoltion, Subsequent calls to this vourine plek up the orbikal paramelers for

axciorevoalation which are used in computing targel adquisitions.

2, 4.3 ACHCON Sabprogram

“Phis vouling rends the Tavgel deek and converts larpet latitudes from geoadelic to yeoveniric,

Auilisry Rouwtines TARACGY und SOLLY are eilled to deternving i vaeh target 16 avguived and H the solar

slevation peets tre minkmuem eriteria,  The FINDAT Rouling isthen ¢alleéd (o agsemble reguived puiput

aeguisition pavsmeters snd plaece the data on g temporary File

2.4.4 BUMRY Bubprogram

This routine prepares summary information concerping the nomber of seguisitions lor each

target within the mreet deek,

2-Z
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2.4.5 TARACQ Subprogram

This routine determines whether a-tacgel is atquited on the usvending/desvending poriion of an
erbil.  The Roulines ANGLE, LOCORD and CENANG are auxiliary to performing this computating,
2. 4.8 SOLLY Sebprogram

This routine compubes the solar elevation at the taveet latiludelongitude based wpon the fhne and
date of asquisition.
2: 4.7 ANGEL Subprograin

This foutine compiles the vehicle radids; latitule, fongitude, time, and orbit-angle ai the time of

aepuigitiog,

2. 4.4 Additional Bubprograms

GUN, ‘and FINDAT provide ausiliary computations regarding the orbital ephemeris and tavgot seguisitions,
Each of these routines s dosamented fully in the 16 Februgey 1972 PANDA. software descriptios document

referenved above,

BYE 1531973
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SECTION 111
SPECTRAL PHOTOGRAPHIC ACQUISITION MOREL (SR-2)
3.1 SUMMARY

SR-2 5 an abridged, subroutine version of the spectyal photographic acquisition model, KALEIDOSCOPE,
The SR-2 focdil i8 alse known 53 KSCOPE. ‘This miodel caleslates atmrosplierie iyt scene radlance,
fncluding he almosphesiv fransmitlanee, relative fo the geomelry of weguisition.

Toformation on the acquisition geometry is provided by the SR-1 {orbital model) portion of the prograns.
8R-2 then caleulabes contrast values and appavent huninancs values Tor-the lavged relleelunees passed
fromSR-1, enteulating the spectral vontent of the scese and almosphecic conditions according to the
parameters supplicd by SR-1, ‘and including the exact spectval weighting function of the system résponse.
Systent vesponse is the combination of Tilm sedsiivity, lens transmittante, and filter trapsmittance in the

camera system. These vidues are then passed to subroutine 8R-3 (camera model] where, combined with

dutzn deseribingthe systen chavacteristies, systom perfoemanee for the acquisition is eslenlated.

The values reguired by the SR-3 portion of CRYSPER ave biogel fumininee and conteast values,
Tabgel lamifance 18 ealédlated by comparing the radiometric eneviy Trom the Livget with the enorgy of
2 known ealibration soures; and then sealing the Intégrated enevey (watts/ mz} tiy photometrie units {fool-
lamberts). Contrast valuda are eamnputed d5 the ratio of the gnergy of ihe atmbsplieric ridiades (figzal
o the effective irradiance of daylight, as modified by the speetral atmospheric ransmitiance, For boll
ealenlabions, the values are compafed relabive to fhe oxact spectral response of the Forward and Afl
;;shgt.ggmfgi{mis Sggtenfgs. Speckeal xémﬂsgmexﬁc qxxaniiitim; are eomputed for the evact geomelry of neguisition,
BT m.;}tjaiied By SR,

3.2 HE-Z INPUTS
F.2.1 Geometry Tapobs

Values describing the pesmebry of dotuisition ave reguived for the ealeulation of daylight

trvadtanee, abnospherie yadiance; and alinospheric transinfitanee, Thede values are either supplied by

Si-1, or are caloalated based onvalues supplied by SH-1, These vilues include:
A, Date of acaisition,
8. Time of acguisition,
. Satellite geographie loealion,
0. Satellite afiifude.
E. Seanangle.
. Qrhidtal nclinsiion.

G, Solar altibade,

BYE 15318-73
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H. Solar azimuth,

..... - 1. "CATS" angle (the angle included by ihe éaibera-targel and san-target Unes).

3. True zenith distance (he angle bétween the targht zonith and the camera Tine of Sight),

3. 2.2 Target Deseription Inpuls

BR-1 uleo supplies the {ollowing valves which are used in conyubing farget hamdnanee, and in
speeifving atmospheric conditions (haze level):
A, Target low and high refloetivities,
B, UParget type used to indicate snow sarround. - IF sigw is présest; lareel luminances are
inereaged by {te efféet of spow, and the exposurd time used in SR-1 18 shortefed {0 compdnsale for the
incrensed snerey,
€. Haze indicator. The haze level can beiopot manoally, or the model may be allowed to

wubimate the haze level as a4 fmction of fhe date of aeqiisition,

All guergd valees cateulated by SH-2, and used in BR-3, are-computed relative tp the exach
spertral response of the photograptic syalem. These inelude:

- X Speereal fransmitance of the lons system.

B. Spectril fransmitiance of the filter{s] in the optical system.

¢, Spectral sensitivity of the flm.

The abmespherie radiance, atmospheric transmittanes, and daylight irvadiance models within SR.2
are of partidelar fmportance, singe fh{ay’ constiiule guasi-standards which dre the bagis for the enorpy
caleglations performed tv the program. The following lists the paramsiers tonsidered i defermining
bbbbbbb these spectral guaatilios for a given acgaisition

A, Werizontal Plane Diylight Irradiance Model

— {1y Solay attitode, Examinabion of measured speefral readianes distribuiions indicates that,

nyer the range of haze levels suitshle for photographie acquisition, Yrradiance at apy given solar altitude

does not vary appreciably as a feaction of changes i dtmospheric quality.

B. - Abmosphorie Transmitbines

{1} Molecular seattering
@) Aer
{%) Absorp

e {4y Absorption of ozone,

| Besttering,

thon of atmospheric mulsbere,

{B) Zenith distance of gptfical axis,

BYE 15319-73
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. Atmospheric Radianoe

{1} Trassmittance 1evel,

{2} Solar altifude.

(37 “denith distance of optical axiy (defermines air muss number for calenistion of speectral
geatter fraction).

{4) "CATS angle {séaifer angle).

) Ineresses in radiance cansed by the reflectance of the anrrowmd.
3,4 BASIC EQUATIONS

The dequisition geometry, aud cerfain options the user may choose, are wsed by SH-2 in wmodeling

the harizontal pline irradiznee of daylight, atmospherie radiance, and dbmospheric teansmittanse, The
alporithms involved are guite lengthy, These algocihims are digscussed fater in this seclion. The basic
equations of those terms actually passed fo SR-2 are given below.

§.4.1 Targel Lunsinance

Target luminianes is caleuluted m corparing the energy From the Girgel will Uw energy of & knowa
calineatipn soures (vurfently, 2 1B Bensitémeter), and by scaling the intogvated energy (n watts/ mz} e
foot-Tamberts. Albough all calvdlgtions are perfornied 0 raciometeic units, this outpot is copveried o

photonretrie wiits to conlorm with 8K-3 requirements.

[Hop» R T

| AN | €Ty w Fy e 5 AR
B =, 4210s me T o
@ [Hy o Ty & Fye 8y di

where:

E;d = appnvent luminanee (foot-lamberts)

Ho = sgeetral irvadiance of daylight
] = pevival target refleciance {from BR-1)
T A mpectral stmospherie fransniiitanee

Wh=gpectral atimospheric radiance

¥ wapeetral transweiliznes of the leas

]

= gpectral fransmittanee of the filter aystem

= gpectral sensitivily of the Film

b=

= gpectral energy of 1B Senaitdmeler with daylight filter

BYE 16819-73
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L4210 = constant; Lo seale o foot-lamberis
b = wavelength {nanonieters)
Appavent Teminance values ave caloulated for both high-light And Tow-lght target reflectance values,
supplisd by SR-1.
3.4.2 Covtragt Values

Contrast values are wompated as the ratio of the energy of the atingsphiric radisate to the

sffective ivpndiance of daylighi, as mopdilied by the xéifpmtr:izi atmospheric transmiffance, The formula for

enlenlating contrast values ja:

f:: e Nhy =Ty = F{ « 85 di

[ Hon Tas® Tao® Ty v 8 db

3
where:
© = the contrast valas
Al pther terms are as defined inpaveagraph 2. 4. L. Al caleulations are performed for both the

Forward and Aft Carnern Syatems and their unique zeometry.

3.5 SR-2 INPUT/QUIPUT
%.5.1 SR-2 Input
T addition to the information supplied by the SR-1-portion of the prograv, SR-2 vequires {apuls
deseiibing the spectral system response and the ovevall exposure adjusiment desired for 3 given run.
These inpuls are:

A, Epoetra) System Respoense

The user muat supply the program with the following information deseribing the camers
system:
{1} Spectral transmitlance of the lens systeny,
(21 Spectral brrnsmitbance of the Hifer(s) used tathe optical system.  Up tothres cach
may be specified for Yoth the Farwerd and Aft Cameras,
{3 Spectral sensitivity of the film:

B Spectral Datg Library

i order to stoplify the nger’s task and minbmize fhe number of cards reguired by $8-2,

2 “spectral Ubrary” of speeteal system date is used by the program. Dala esiries in the library consiat

BYE 1531878
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of unitee eight-character codes, and the wavelength-by-waveleneth speetral data ngsociated with gach

cade, Tn running the program, the user only has fo speeily the code pame for the data desived and the

progrant will then retrieve the actual spectral values, Maiotenanes of the lbrary (additions, deletions,

and wpliates) fs performed as & separate, off<lne operalion by BRIDGEHEAD personsel.

C. Exposure Adjustrent Option

Exposure times caleulated by SH-3 {camers inadel) are compyted using o table of solar
altitude versus exposure thne, using Hoedr Inferpolafion techoiques.  These tablay normally reflect the
ideal exposure ab e center of scan for any glved solar alfitude. O ceeasion, however, the user may

wish to ghmulate over or underexposure of & mission, SH-2 ineorporates the eapability of speciving other

than ideal exposure through thee toput «f the blog;I o ERpOEILLE adfustment desired; the sxposrs time caloulated

in SR-3 is then modified waing the following eguatian:
) ADJUST
Pt e 10

where: » )
£ = modified exposure toe

1 = iieal éxposure time

ADJUSTY = iogy  exposure admstment

NOTE: The sxposure adiusiment specitied in 8R-% s applicd to every acquisiiien simulated in the tun.
3.5.% Data Passed From 8R-1

The bulk of the information reguired by SR-2 is passed by SR-1 using a temporary data set as

intermediate storape. Informaiion read from this dals set is placed in labeled COMMON starage for

use by bolh BR-Z and S8R-% s dentified Tabeled as: COMMONSLIN/RDOR, XIN, IOR, 11N

A, Sun/Vehicle Geométry Input
(1} TN (32) Greenwich day
(2 IR (12 Greenwich month
{3y IN (14) Greemwich year
{4y XIN {1} Oreenwich Mean Time
{5) KIN (2) Batellite geographic latitude
(6) YT (3) Satellite geographic longitude
{7) ¥IN {4) Sarellite alfitude norinal to-oblafe entth
{8 XIN (5) Scan angle [positive to Teft of flight path, looking Forward)
(4 AX ‘Crbital inelination {not placed in QOMMON for useé by SR-J)

Most of hese values are reguired as inputs fo additional geopetey sehroutines within the SR-2 package.

BYE 15319-73
S P81
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These additipnal terms are then input ta the deylight frradiapce, atmospheric transmittance, and

atmospherie radisnce subrowtines, Paragraph 8.8, “Bubprogram Packages', preséals a description/
disciistion of these additional values,

B, Target Description Inpuls

{1y N (8) Tarest tow-lghl refleciivity
2) IR (8 Target high-light reflectivity

C. Target Laminance Inpuls

This following valués of B are used in computing target luminsdnes:
{1) 1IN (10) Tenget type
{2y W {11 Target haze éondition

I3, Haze Level Specification Options

The ﬁz::iiing of the atmospheric radisaes and atmospheric transmittanee is based on the

wetimate of the atmiospherie transnfittance al © wavelength of 550 nanometers {T%. 0}. The value of

TAGLEE %-1

HAZE LEVEL SPECIFICATION OPTIONS

N Haze Level/Almospheric Transwittanee Tss0
Ty Light 783
2 Moderate 697
3 Hoavy .584

TN {11 has a valee other than 1, 2, or 3, 8R-2 estimales the atmospherie ransmithanece at 550 nanometers
as a hunetion-of the dabe of ncguisition. Fhis estimate is based an a study of seasonal variations in haze
level for several specifie locations in denied areas. While the algorithm used does nol provide average
values for all places in the world at all times of the year, it is {he best available souree for estimates of

fhe variation i the verage value for the locations misst appeopriate in photographic veconnaissance,

Thi.

& algorithe i

550, T em (-0
whebe:
T’iﬁ’i&{} = gbmospheric transmittanee 2t 558 nanoweters

{day of year - 1)
385

g = 3607 x

3-6

Approved for Release: 2025/06/18 C05137292




C05137292

Approved for Release: 2025/06/18 C0513729 26k
PRA TEOHNICAL BEPORT NO. 10

B. Snow Correction Oplion
- The 1IN {10) target type Delicator is used bo indicate any special larget characteristics
which must be considered by the program. Cuwrvently, fhe only value which will cause 3R-2 tn periorm
) ariy spectal caloulations is TIN {10} = 2, which indicates 3 target covered by siow. UN (10} = 1 indieatas
bbbbbbb vogetation suvpound, The snow cover exposure correction applied by S8-3 is'a luuction of solar altitude,
see Table B2,
........ i 2
B BNOW CORRECTION OPTIONS
Solar Altitude Rarje Change in Exposure
{degrees) {stops)
””””” 0to 10 1/ veduction
10 €0 15 2/8 reduction
......... 15 tey 80 § reduriion
This procedure provides for:
N {1} The possibility that no snow will exist when snow is predicted.
» £2% The radiance range ab various solur altitedes,
3} Theuse of & compramise exposure critevion for Jower solar altitudes,
""""" When this correction is applied, the »lﬁgl 4 expomiye adjustiment passed 1o SR-3 is
subdified for (his acfuisition only by the amoeunt specified in Table 32,
- %05, 8 Dats ?asseﬁ to SR-%
Tabile $-% lists the values caleulated by BR-2 and placed in labeled COMMON for ugse by SR-3,
- TABLE 3-8
HR-2 DATA PASSED TO BR.8
Common Block Yariable Name Value
K RIN (1) Target low-tght laminauce, Al Camera
e RIN {11) Targel high-light luminance, Al Camera
FIn (13 Targel low-Hght luminanes, Fwd Camera
- KN (13) Target bigh-light luminanes, Fed Camera
CPALTT CPACTT (1) Contrast value, A Camers
CFALTT (2) Contract value, Pwi Camera
. GLITCH ADFUST Loz,  sxposure adiustment

10
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3.6 SRAZ SUBPROGRAN PACKAGES
3.6.1 Geomelry
In addition to the vehicle ‘geomelyy pagsed by 8R-1, 8R-2 mast ealoulate several values involving
the sur;,fveéh’inlég’mrget peothetric relatioshipg. These are requived by the subrouwtines which model the
speciral almospheric transmittance and radiance, and the speciral irradiance of daylight,
A, Solar Altitude
winh .= (o5@ e egs § ¢ cos (15 « TBATN}
+ Ginde in &
wharé,
B o= solar altitude
& = target latitude
§ = solur deelinalion, & table format for day, montl, wod vear of zecess
TBATK = 12 - TET {time belove op after true ndon)
whepe:
THT = frue sup time
TST = GMT + Equation of time + 8 /15
“where:
GMT = Gépenwich Mean Tihne
Eguation of Time = o oumerical fictor, determived foom 2 lable for the day and month
¢ = target longHude
Helay Azimuth i e direction toward which an ohierver @t the targel lodation must look
to view the sun, measured clockwise fromodue Narth = 0%,

fan (A7) = o5 {15 o THATN} o 2084  » 0088

sind -8l Binb e csszh
where:
AZ = golar azimuth
All other tevois are as defined in paragraph 8.6 LA,
€, Camera-Target-Sun (CATE) Angle

The "CATS mgle i the angle between the camera-target and sun-torget vectors, It is

deterntined by the following equation:

R BYE 1531974
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eis {CATSY =2

whers:

= ¢osh e ¢08 3D 8 vos SCN ¢ sin OFET
e h e Bip 8 e sin SON

4 winh

B = golar girection. SD Is Tound by knowing fie vehicle heading and solar azimigh,

i
#

8I)'is positive i the sun is 16 the right of the flight line, negative i to the left.

The 8D eguals AZ minus e vebicle beading.

solny aliiude

SON = camera sean angle. SCN uses the opposite sign convention from the rest of

GOFST

W

B, True

CRYSPER, i ¢, posibive is to e right of the vehisle,

camers in-track offset angle, The OFST is blus ¥ Forward-looking akd minug

i Aft-looking,

Zenith Distance

True zenith distavee is the angle between the targel zenith And the camers line-of-sight.

If o tangent s drawn to the earth's supface ad the tareet point, and o perpendicular drawn fo the point of

for the frue senith distance (TZD) is

TZD =

wheyer
H =
.
L
GFST,

4 (H + B) sin &

. E‘sl.n —n

n

alkilade of the vehicle

vadine of the earih

eamern ook angle = cos foos IOFST] o cos [BOND

BON are ps defined in paragiapk 3.8, 1 C.

3.6.2 Radicmetric Acquisition Simulation

Plig-atniosphoric and daylight freadiance medels within SR-2 are of particilar impottance shice

they censtifate guasi-standards whieh ave the basis for the energy calonintions perforined in the program.

The following 18 oosaidnary of the eqdnfions used 14 this séetion of the progronn

A, Hovizoptdl Plane Doylight Ievadiance Model

The calealation of & specifle gpeelral irradinuce distribution is done as follows:

{1} The following is the eguation for determining the daylight correlaied coloy temperuture

for 2 hovizontdd plane (TCCY, it is caleslated as a funetion of sdlar altitude.  The relationship is probably

Approved for Release: 2025/06/18 C05137292
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nob valid below ¢ §° solay altitude.
TCC = g, 1428 {h) +« 5548, 4%
= golar gititade indégress
{2} On the basis of fovmulas resommended by the »Ci}ﬁ(ﬁ angd as eited by B dseri:sz)ﬁ(ﬁ);
B the daylighl chrowaticity poordinates are ealeulated ag follows:
I 20007 Ty, < 7000
fhem - w? mﬁ » 133
XD = -4, DB3 T + 2. 8845 T 4. (8808 e . 244063
» oo oo o
E i S 1
1t 000° < T, € 250
- ther: oG ¥n® pe
o 10
Kp = 2000 g}— Sk G %EM 237040
) ce feg® TR e T
and: » » -2 »
¥oo= RLBTOX .~ &, 000X R 1
- .“x’ﬁ 2. 87X D B 5
{3} Veetor Bealars (M ' and Mé} are then compufed as per Robherison,
- M, = ~1.8586 ~ 1. '?m:;sxn #5911V
D241+ . Zaﬁﬁxn - ?341Yﬁ
Mz - »E}‘iﬁ} 31, 44 X{} + 30 7YY 5
~ ; T N T Y e
L0241 s, Eaﬁixn ) 3’342{'2’13
{4) The relative speeiral frradianee distribution i3 then found from:
Han 7 Vs T Mt
- {1} Nickerson, D., and Jerome, U, W., Tllumipation Engineering B0, p. 262, 1965,
{2} Ruobertson, A R., "Computation of Correlated Color Temperature and Distrivation Temperitue’,
Journal of the Optical Soclely of America, Vol. 58, No. 11, pp 152835, Nov. 1968,
BYE 18818-7%
-~ i i ;
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whete:
E, = velative specteal ireadizice Tor a solar altitude of h°
h®
g’\ = nean relative speeirel frradiance curve obiained from 734
meagurad distributions
v - Vg = gharacteristic vectors gblaiped by analysis of the 734 distributions

The value of Eﬁﬁ

T is wnity for any value of solar altitude. The values for the mean carve (K3 ) and the

vieetors f[i},"l L ¥ ) ave shown in Tables 5-4 thru 3-6.
b T §

{8} "The horizontal plage absolute: irradisnce al 560 nanometers, in witts/meter”/Snm,

is vompoted from functional velationships resulting from daylight spectral freadianes measurements, The

50 is ealenlated from:

He,

sgn B Ay 100 2, HTCAES ’1»932 +a, 0 41&}3

4 for various solar altitude ranges are given in Table 3-7,

TABLE 31
CGOEFFICIENT VALUES FOR SOLAR ALTITUDE RANGES

» Clonffieianta ————

1 3 4

™

<540 to less than -, 62¢ -. 17149 . 08554 -, 51453 L O0Dgs
=, B2% Yo less than 15, 60° 16458 - 08812 L0501 0
15, 00% to 60, 00 ~1, BA202. , 14329 . 6038 -, 00001

{6) The abeolute frvadianee in watls/ meter'g,fs:zm i then obtained from:

Ho, = Hog, e E}‘w
e i BYE 15319-75
argdis s Busingn
3-11 513
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B. Atmospheric Transmittance

- As mentioned previously, modeling of the spectral atmospheric transmittance is based on an

estimate of transmittance at a wavelength of 550 nanometers <T55O)’ Paragraph €, Atmospheric Radiance,

describes the methods used by SR-2 to select T550, either as a pominal value or estimated as a function
of the time of year. If should also be noted that the Inclusion of the seasonal selection of T550 in Figure
3~1 presents a general flow for the caleulation of spectral atmospheric trangmittance.
(1) The atmospheric pressure is used to calculate the vertical atmospherie trangmittance
due to molecular scattering (Rayleigh). The effective atmospheric pressure is caleulated using both the
““““ terrain elevation and the vehicle altitude. Since target elevaltion above sea level is not currently available
in the data passed from SR-1, this value is assumed to be 0. The pressure ig calculated from:

e Pzpi-l’z

where:

Pl =pressure at particular terrain elevation (millibars)
Pz = pressure at vehicle altitude (millibars)
The individual pressures (91 and Pz) are caleulated from algorithms based on the U, 8. Standard

Atmosphere which are:

(a) For altitudes between 0 and 7 kilometers

- log PH = -, OBEH + 3, 0057
{b) For altitudes between 7 and 15 kilometers
- log PH = -, 066H + 3. 076

(¢y Altitudes above 15 kilometers are assumed to be zero
H = altitude (kilometers)

. 3
The vertical decadic turbidity due to molecular secattering is then caleulated according to Moon‘s( ) formula:

Tk = . 0033 l;

P 10134
where:

P = pressure {millibars)

A = wavelength (microns)
(2) Transmittance due to aerosol scattering. The modeling of previcus transmittance
measurements with réspect to mean, maximam, and mipimum valies of atmospherie transmittance
suggests a correlation between total atmospheric aerosol concentration and the scale height of precipitable

{3} Moon, P., "Proposed Standard Solar-Radiation Curves for Engineering Use,” Journal of the
Franklin Institute, v. 230, Nov. 1940, pp. 587-617.
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GENERAL FLOW FOR CALCULATION OF SPECTRAL ATMOSPHERIC TRANSMITTANCE

ZENITH DISTANCE | | VEHICLE TERRAIN
OF OPTICAL AXIS | | ALTITUDE ELEVATION DATE LATITUDE
| 1
TRANSMITTANCE
AT 550mp
f T
MOTISTURE DUST OZONE
ggg«sc;s[}pégmc SCALE HEIGHT CONCENTRATION SCALE HEIGHT
1 (VERTICAL COLUMN) | | (VERTICAL. COLUMN) | | (VERTICAL COLUMN)
i | 1 1 ]
¥ 11 1 BB 1Y
ADJUSTED ADJUSTED ADJUSTED ADIUSTED
ATMOSPHERIC | | VERTICAL MOISTURE | | VERTICAL DUST VERTICAL OZONE
PRESSURE SCALE HEIGHT CONCENTRATION SCALE HEIGHT
] g I —
VERTICAL TRANSMITTANCE
DUE TO SCATTERING
1 i

MOISTURE 8CALE HEIGHT
AT APPROPRIATE
ZENITH DISTANCE

OZONE SCALE HEIGHT
AT APPROPRIATE
ZENITH DISTANCE

l

!

TRANSMITTANCE DUE TO SCATTERING
AT APPROPRIATE ZENITH DISTANCE

TRANSMITTANCE DUE TO ABSORPTION
AT APPROPRIATE ZENITH DISTANCE

)
SCATTER
FRACTION

'

!

TOTAL

TRANSMITTANCE

TO ATMOSPHERIC RADIANCE ROUTINE]

FIGURE 3-1

1 TO RADIANT EMITTANCE ROUTINEg]

e e

3-16
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moistare, Analysis of weather data and the work of Nikitinskaya(4) tend to support this inference. A set
of empirical rélationships allow an estimate of the scale height of precipitable moisture and the atmospheric

dust concentration to be made from the atmospheric transmittance at 550 nanometers. For a vertieal

column in the atmosphere:
2
W o= 718, 5757’1"3 - 1349, 56747 + 702.7271T - 63,8732

- D = 7516.8789T° - 14602, 4648T + 7469, 0195

where:

T = vertical transmittance at 850mp
W = vertical scale height of precipitable moisture in millimeters

3
D = atmospheric dust concentration in particles/cm™, measured in the vertical

This data is then scaled according to vehicle aliitude using the profiles suggested by the
Air Force Cambridge Research Laboratory (AFCRL)(ﬁ). The scaling of these quantities with respect to
terrain elevation is not possible at this time because of the limited quantity of information available;
however, the model does provide for the incorporation of these guantities. The relationships are:

The moisture scale height, earth-to-space, is caleulated for varicus altitude bands

with definitions:

H the altitude (kilometers)

i

W = scale height for a vertical column as previously ealculated.

AAAAAAA The algorithms dre:
(ay Altitude from 0 thru 4 kilometers
log o W = [1ogw W (-, O765H + 1) - 159H |

(b} Greater than 4 to § kilometers

10g10 WH s (. 182 log10 W -.534) H + 1.53
(e} Greater than 8 to 14 kilometers
iog10 WI—E T mH - 14m ~ 3.0

where: 2
m = 1,660 (logm WY +3. 104 (1og10 WY - 1,649

(4) Nikitinskaya, N, I., On Optical Properties of Alr Masses of Different Qrigin, 8. M. Krinov Forest-
Engineering Academy, Leningrad, (Text translated by Hygs AWS personnel).

(5) MeClatchey, R. A.; Fenn, R. W., Selly, J. E. A.; Volz, ¥. BE.;and Garing, I. 8.; "Optical Properties
of the Atmosphere (Revised)”, AFCRL-71-0279, Environmental Research Papers, No. 354, 10 May 1971,
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Farwde via Bysman

''''' 3-17 Controls Only

Approved for Release: 2025/06/18 C05137292




C O 5 l 3 7 2 9 2 Approved for Release: 2025/06/18 C05137292
T LT

- Ly n

PFA TECHNICAL REPORT NO. 10
(d) Greater than 14 kilometers
s logm WH IS 121H -~ 1.3

The vertical moisture scale height adjusted for altifude is:

Wv = W—WH o

The vertical decadic turbidity resulling from moisture is then given by Moon’s formula:
. OOTSWV
T, =-——%
W 204
The dust concentration {an average of all altitudes) is caleulated in 4 like manner using relationships filted
to AFCRL/aerosol/altitude profiles, The average number of dust particles, earth-to-space is given by:
_ 4953D
880

D

TOT + B42

The following fractions from altitude-to-ground are:
(a) From 0 to 4 kilometers
AAAAA D . 2 1
D = - % antilog |-~ 0179 (H-1})" +.12394 (H-1) + 3. 48661
H 380
0-5
(b) Greater than 4 to 15 kilometers

D - 295D sntitog [-.00931 1-1)% 4+ 2719 (1) « . 82682 |
H, . 880

{¢} From greater than 15 to 20 kilometers

D J4958D | ontitog [.02525 (H-1) + 2.43169)
H 360 :
15-20

From the above, the average number of particles is caleulated from:

a~-H

D. = «D

The vertical decadic turbidity caused by atimospherie dust is caleulated using Moon's eguation with a
modified exponent of wavelength which seems to allow a better fit to the measured data. Moon's exponent
ig ~0.7h, the current modified value is -1. 5. It is thought the average value probably lies between -1.3 and

-1.5, but a conclusive value has not yet been determined. The decadic turbidity is obtained as follows:

Tl i .0353DH
———
D 3001 1.5
B 3k tia s BYE 15319-73
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At this point, all the vertical decadic turbidities for scattering contributors were caleulated, and the

vertical atmospheric transmittance caused by scatfering is caleulated as follows:

tp = antilog o (T o+ + Ty )

Sv P w D

The atmospherie transmittance due to scattering for angles other than vertical is caleulated from:

ty - t%EC g
5 g SV
where:

¢ = angle between the optical axis and the vertical constructed at the
intersection of the optical axis and the earth's surface (True Zenith Distance), When 4 exceeds 60°,

)

Bemporad's' " air mass numbers are used instead of SEC § .

(3) Transmittance cauged by absorption of atmospheric moisture (T A)’ at a precipitable
moisture scale height of 10 millimeters, is stored as BLOCK DATA in the model. Since the changes in
absorption follow an error function rather than an exponential function, changes in transmittance resulting
from changes in vertical seale height and look angle (True Zenith Distance) must be handled differently
than scattering phenomena, A sef of empirical relationships has been fitted to the AFCRL sealing data
which allows these changes to be caleulated. The log sealing function (y A) is caleulated from the 10
millimeter transmittance data aecording to:

(a) Transmittanece from 0to .4
y, = 279.6079101t 4 -269, 130127 t 3 + 89.931458 ¢
A Ay Ay Ay

~-14, 475016 1 + 3. 479495
Ay

(b) Transmittance greater than . 4

¥ = -36 961121 tAxé + 68, 905258 tAhg -41. 955338 tsz
+ 5. 903717 tAJk + 2. 937166
The adjusted scaling function (y;v 3y is computed from the zenith distance and vertical moisture seale
height.
yxg =Yy i{)gu) (.1 Wv SEC ¢)

(6} Bemporad, A., "Search for a New Empirical Formula for the Representation of Intensity of Solar

Radiating with Zenith Angle,” Meteerotogische Zeitschrift, Vol 24 (NASA Technical Tranglation),
TTF-302, July 1907,

A ek P R o o v BYE 15819-73
Handie wa Byerman
3-19 Cantrols Only

Approved for Release: 2025/06/18 C05137292




C05137292

Approved for Release: 2025/06/18 C05137292
- g gy

3

PFA TECHNICAL REPORT NO, 10

where:

WV = millimeters of precipitable water

6§ = genith distance

The transmittance resulting from absorption by water vapor at the appropriate zenith distance is:

{a) Tog scaling function equal to or less than 2.0
t, = .0033222442 yf - 0204351731 yi
Why 2 2

- 08?2156024311 + . 93397474
2

(b} Log scaling function greater than 2,0 but less than 3.0

t = 0476983003 yi - 2112650275 yf
2

WAQ 2

+ 1.295908928

(¢ Log scaling function greater than 3.0
2.3
o= 12(3’;2 -2.9) 1

by

{d) If the log scaling functions are less than (-. 98457)

t;‘ is set 1o 1.0
WAQ

Vertical transmittance for an ozone scale height of 3. 8 millimeters is:
- [n -59% /. 002686]

173 = 1~ .08 e
0A

- 0625828505 y°
Ay

- . 2146189145 ¥,
S A’Z

The vertical ozone scale height ig determined from time of year and porth latitude based on Godson’s data,

The vertical scale height (OZy} is then rescaled to the vehicle altitude according to-a relationship derived

from the AFCRL profiles:

logm {)ZH_09 = -, 0B00IH 1og10 OZV - . 00378H + laglo OZV

and

QZ.. = OZV - 0%

where:

H = Vehicle altitude (kilometers)

OZV = earth-{o-space vertical ozone scale height (millimeters)

=]
N
i

Heoo
LSO - e o
3-20
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G‘ZH = earth-to-vehicle vertical ozone scale height {(millimeters)

The transmittance at the appropriate vehicle altitude, look angle (True Zenith Distance); and vertical ozone

seale height is then ealeulated from the vertical fransmittance {earth-to-space) at a scale height of 3.8

millimeters as follows:

t;" = t?\.

OAQ OA 3.8

7 4
Ozﬂﬁ s SEC

where:
angle § is as previously defined.

~~~~~ The total transmittance resulting from absorbers accounted for in the model is then given by:

The total transmittance for a given haze level, adjusted for vehicle altitude and terrain elevation at a
specific look angle, is given by:
thy =t o by
o 5 P ABS g

C. Atmospheric Radiance

AAAAA The prineipal data in the atmospheric radiance model is the vertical spectral radiance

data at 40° solar altitude, This information is stored in the model ag BLOCK DATA for the wavelength
interval of , 35 to 1.1 micrometers. The vertical data at 40° solar altitude is scaled with respect to haze
level as a function of the change in aimospheric vertical transmittance, then as a function of solar allitude,
solar scatter angle, and the change in transmittance as a function of look angle. An estimate is also

made of the effect of background reflectance on the atmospheric radiance. This estimate is based on the
relationship suggested by Gordou(?), The general scheme for ealculation of spectral atmospheric radiance
is shown in Figure 3-2; the atmospheric radiance al 40° solar altitude is shown in Table 3-8,

(1) Bealing of the Atmospheric Radiance With Respect to Haze Level

In general, measurements of atmospherie radiance for a day when the atmospheric

VVVVVV trapsmittance remained constant indicated a proportional change in atmospheric radiance with changing
solar altitude. The haze level is accounted for by scaling the vertical radiance at 40° solar altitude.

(7) Govdon, Jacqueline 1., "Model for a Clear Atmosphere’, Journal of the Optical Society of America,
Vol 59, No. 1, Jan 1969, pp. 14-18,
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GENERAL SCHEME FOR CALCULATION OF SPECTRAL ATMOSPHERIC RADIANCE

IRRADIANCE TRANSMITTANCE VERTICAL
ON DUE TO SCATTERING TRANSMITTANCE
HORIZONTAL AT APPROPRIATE DUE TO
PLANE ZENITH DISTANCE SCATTERING
EARTH o ATMOSPHERIC AVERAGE VERTICAL VERTICAL
ALBEDO RADIANCE TRANSMITTANCE .
- e HAZE LEVEL
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VERTICAL RADIANCE L ATMOSPHERIC RADIANCE
40° SOLAR ALTITUDE 40% SOLAR ALTITUDE
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SCATTER SOLAR ANGLE
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SCALING )
RATIO RATIO

TOTAL
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RADIANCE
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TO RADIANT EMITTANCE ROUTINES
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SPECTRAL DISTRIBUTION OF ELEMENT NH.4ODEG

VALUE LOG OF WAVE VAL UE LG OF
VAL LGTH VALUE
La R20F~01 ~7,399F~ 01 5490 TL6T4E-DZ ~1.115t QO
Lo 7TEE-01 ~T7506F-01 59%  T.390E~02 ~1.13LF 0O
1. 732E-01 ~7.A1&6F-G1 600 Te lOGE~L2 ~1.148F DO
15 753F~01 ~7. 862801 &0%  £.HBAE~0Z2 ~1.162F 0O
1 TT5F~01 ~T,508F-01 H10 6.B6GE~02 ~1.1T8E OO0
La7R0F~01 ~T.5708-01 ELS AW39TE=(Z ~1, 1948 00
Lo T2HF-01 ~7.4320-01 L2 BLIZTE~-02 —1.2138 00
L &BLIF~01 ~T. 743001 525 B5.G4&E~02 ~1.228T 00
1ot 38F~01 ~ 7« BBBE~(1 B30 ELTEZE-DZ ~1.239F 80
Ly 7705 =01 ~T45198-01 £35  BL.587E-02 ~1.232t U0
1%03F -1 7205601 64T BL433E-02 ~1.2658 QQ
2.061E-0) ~£.8388F-C1 45 HGZEIE~DZ ~1«ZTTE DO
2a220F-01 ~£.5376-01 650 B.I45E~02 —1.28%E GO
2s LT6E-0L ~Bu624E-C1 &85 B,031£-02 -1.298F 90
Z2e13LE-D1 ~6.TLl4F-01 660 4481 TE~02 ~1.308F 00
2:022E-01 —5,942F-01 668 4.B18E-02 ~1.317F 00
1.913E-01 ~TwlR2F-01 L0 4, TI9E-~DZ2 ~L1,326F 00
1. 950E-C1 - T.099E~01 £T5  4.BIFF-02 —1«338F (O
Le987F~-D1 ~Ta017F~-01L G834 &6TE~02 ~1.350L 00
24 QTEE~0OL &, 939001 85 4, J32F-02 ~1.373F 00
25 DHOE-01 ~bHuBeLE~D1 €90 3.997F-02 =1.394F 00
2o DhEE -0 ~H.89 E~D1 B95  3.96BE~02 —L.40ZE 00
2.32E-01 ~6.981E-01 7L 3.938E-02 -1.503F 00
1.,987F~01 ~ 7. 0B5E~01 705 4.006F~-02 ~1,398E Q0
18828 ~(1]1 =7 4254F-01 T10 %.072€-02 ~1«390F 00
1.8258-01 ~T»386F-01 T15  3.822E~08 —l.418t OO
1 THBE~0L ~T.5238~-01 F2O 3.5TLE~02 ~l.447F 00
Lo q9E~01 ~T.TZ3E~C1 TET  BLABE~02 ~ 14598 00
16098 ~01 ~T,9368~01 T3G 3,220E~02 ~1.492F 00
1652F-01 ~B.082E-01 T3% 3.13TE~02 —1.5037 00
Lo 9aE~01 ~3,256E~01 T&G  3.054E~02 ~1.8158 00
Lo #4626-01 ~A,409E~01 745 2.8528E-02 ~1.59%98F 00
1. 391E=01 ~ 8. 568E~01 T50 1.995E~02 ~1.700F 00
Lo 32€E-0L ~8,TT5E~CL THEE 1 BIOE~O2 ~1.T26F 00
Lo 26 1E~01 ~R.3492F~(01 FH0 la Te3E-02 = 1. 7H4F 00
1229F-01 ~9.106E-01 T&F  L.T20E-02 ~1.T&5E 00
Lo [96E-=01 ~9,223E-01 170 LeABT5F-02 ~1.77T6E 00
1« 168E~01 =0, 364F-0] 775 LTIO0F-02 —1.T67E (0
I1.1206-01 ~%,506F~01 TBD  leT&44E~02 ~1,75%F 00
1. 0BSF«Q1 ~0eh45F~01 785 1,T4lE-02 ~1,789F 00
Lo OS1F~01 =9, T8SF~ (] 790 1.T3RE-02 —1.760F 00
1.0060-01 ~2.,973F-C1 TH5  1.E8EE-02 ~L.7TT73F O0
9.618F-02 ~1.017E 00 800 1.832E-02 ~1.TRTL 00
9. 259FE-02 ~1.033F C0 805  1«B6RE-02 —1.B0%F 00
R, B899E~-02 ~1.051E 00 810  1.503E-02 —1.823F 00
B.550F~02 ~1.068E Q0 BLS  1.441E-02 ~1.841F 00
Bw201F~02 ~1.088F 0O 820 1.373E-02 —~1.861E (0
7.937E-02 ~1.100F 00 825 1.337E~02 —1.874F 00
3. 883F-03 ~P2.411F (0 107%  3.,8720-03 —2,435F 00
3.7955-03 -2 .621E OO TOBD  3.63TE-03 ~2.439t 00
3.T07E-03 -2,431F 00 1088  3.577E~03 =2.,647F 00
B RS

TABLE 3-8

3-28

HAVE
LGTH

230
%35
240
B4 5
340
B5%
B0
BA5
BTG
ATS
SRD
885
230
835
e
908
a1
15
920
G25
930
935
G40
45
25
a55
£l-19}
b5
970
TS
G989
FEL
2509
999
1000
1040%
1310
1015
1024
1025
1030
1035
1040
LO&S
1050
1055

1E9O
1095
1100
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VAL Uk LG or
YALUE

L 29TF~002 ~ 1« HQD232

Le270E-022 ~1.800233%

La263E-02 ~1.900234

LeZ1LiF~02 ~1,90023%
L 18GE~02 ~1908023a

o LABE-02 ~1.900237
Lo 10%E-02 ~1.5002398
L. ORQE-02 -1.%0023%
La08S0F-02 —1.900240
Lo021E-02 —1.900241
G GALE-03 ~2.000242
s B40F-03 ~2 000243
G, 1HBE-N3 —d0M) 264
B BISE~03 ~2 D00245
8.233F-03 -2.000246
T.BE5E-03 ~2.,100247
Ta4RBE=~0R ~2, 100248

Tolétt -3 -2,.100249
b Blat~03 ~2,1002%0
62 29GE=33 «2, 200251
G TE4E-0F ~2, 200252
5.263E-03 -2.200253

4 TT2E~D3 ~2,30025%
LoH2TE~03 —2.300255

%, 402603 ~2,3203256
4.602F8~03 -2, 300257
4, TE2E-03 =2.300258
490 3E~03 ~2.3002%59
S.U8&F-03 ~2.200260
5,194E-03 ~2,2002¢61
B 304F =03 ~& 26
B 3U6FE~03 ~&. 200263
Lo 308F~03 ~2,., 200264
H. 243003 ~2,20026%
5.1T7TE-G3 ~2.,200246

SLO0TOE-03 ~2.200267

4,98 3E-03 ~2,300268
4.8868-03 ~2.300269
4.BO9E~03 ~2.300270
4o 6UBE-03 ~2,300271
4,582F-03 ~2,300272
GaHBEE-03 ~2.300273
4. 355F 03 ~2,300274
4 22TE~0F =2, 300275
4. 100F-03 ~2.30927¢6
3L, OGZE-03 ~2,300277
3,516E-03 ~2 W6 OU2RT
3.544E-03 -2 400268
3573603 -2.%002R9
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This is accomplished with a relationship arrived at from measurements which indicate essentially linear

changes in radiance with changes in transmittance, The scaling function (Ml } is determined from:

Nh
140
R s
A
v
then,
NhMOL = Nhy 4 My (tl -ty
40 S‘;r 8\7
L
where:
Nhy = average vertical haze radiance at 40° solar altitude seen through one atmosphere
40
(watts/ mz /8my).
Nhl = vertical haze radiance at 40° solar altitude at any
40L vehicle altitude and haze level
ty = vertical transmittance due to scattering at haze level and vehicle altitude under
SVL consideration
tl. = vertical transmittance due to scattering at average haze level through one
5y atmosphere

(2) Scaling of the Atmospheric Radiance With Respect to Solar Altitude

The solar altitude sealing routine reflects the observed proportional change mentioned

previously. The scaling function (A is broken down into two solar altitude ranges:

SA)
{a) Solar altitude of 5° or greater:

ASA =, OCtO()()E'IfS(SA)3 - 00085’7(SA)2 + .D4858(SA) + . 06417

() Solar altitude less than 5 degrees:

Ag, = antilog, {-.000413775(3A+10)4+.02003885(SA+10)3

- 3T5054(SA+10)% + 3.336538(SA+10) - 12, 891922
where:

SA solar altitude (degrees)

it

AS A " scaling ratios
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{3) Scaling the Atmospheric Radiance With Respect to Air Mass {Scatter Fraction)
{8)

. Duntley " has shown experimentally that the atmospheric radiance for paths of sight

other than the vertical can be corrected by calculating the ratio of the seattering fraction (1.0 - transmiltance)
. at the angle of interest to the vertical seatfering fraction. The speetrally dependent air mass correction

is calculated from:

AS
. f}
AAMK T3
...... 9 - ls
\'s
o where:
5y = atmospheric transmittance at any zenith angle due to scattering
_ g
t = vertical atmospheric transmittance due to scattering
8
— v

(4) Scaling the Almospheric Radiance With Respect to Angle-to~the-Sun {Seatter Angle or
CATS Angle)

The angular dependence of scattering is accounted for by an empirical relationship
e derived from measurements of atmospherie radiance. Presently, the spectral dependence of the angular

scattering is not reflected in the relaiionship, but is indicative of the red region of the spectrum.

The relationship gives the relative scatier at any angle ¢ to the sun. The inervease or
decrease in scatfering relative to the vertical is obtained by caleulating a ratio of scatler at the angle of
interest to the scatter for a vertieally down-looking anglé. This is the requived scaling factor, since the

prime item of data in the model is for a down~looking vertical path of sight. The egquations are:

(8) Duntlev, 8. Q.; Johnson, R. W.: Gordon, J. E. ; Ground Based Measurements of Earth-to-Space
Beam Transmittance, Path Radiance, and Contrast
o Transmittance, Technical Documentary Report No, AL-TDR-64-245, Contract AF33(657)~7739,
Project No. 6220, Task No. 622009, 1965,
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4;1 = 180° - CATS
¢, = 90°4B5A
then,
- R, vt ‘
1,2 = . 401911 + . 286958 cos ¢ - . 0362438 sin ¢
1,2 1,2
-, + . 197304 cos 24’1’2 ~ . 0606574 sin 2 <¥’1,2 +.08b8164 cos 34’1,2
- 0339767 sm3¢l’2 +.0219449 cos 4‘&11\2 = . 012164 sin 4¢1,2
- and
R
A 1
ANGy = =
@
. R2
where:

- CATS = the angle between the optical axis and the sun's beam where
the two vectors intersect at the earth's surface. The angle is
counted from 0° looking straight down the sun's beam,

SA = solar altitude

{5) Additional Haze Radiance Caused by the Earth’s Reflectance

The additional haze radiance due to reflectance of daylight irradiance is estimated from

o an eguation which is a modification of an equation developed by Gordon. This spectral radiance is

calculated from: R
Nhy = Ae—(1-1t3 ) Hoy

- e 9 4 Sy SA

SA

where,
Ty = ‘trangmiltance at the appropriate zenith angle due to scatter
Se

- H(’A = daylight horizontal plane irradiance at the appropriate solar

SA

altitude
A = wavelength (microns)

A and Ry, are explained below
The reflectance (Ry ) is caleulated for both snow and an average soil type background:

Rl for snow is:

— R, = 42223 +.999
g
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R for average soil is associated with a scaling factor "A", which will ultimately allow estimated
atmospherie radiance to be brought into agreement with experimentally observed values,

From 350 to 650mp, R 1.05244% -, 05825

A =
e

[
e

The present estimate of "A" for desert areas is . 35 while no scaling is done for general vegetation

i

- From 650 to 1100my, R . 58965 L+ . 255657

background analysis since the average atmospheric radiance corresponds to a value of . 12.

(8) Complete Expression for Atmospheric Radiance

- Based on the average vertically down-looking radiance at 40° solar altitude, the
atmospherie radiance for the appropriate solar altitude, azimuth angle, CATS angle, haze level, vehicle

altitude, terrain elevation, and background reflectance is given by:

NH, = (Nﬂl « A s A s A )+ Nhy
B SA,$,0, L, e ar, AT AMy T ANGy e, , SA
RS S O BYE 15319-73
e Handie via Bysman
3-217 Controls Orly

Approved for Release: 2025/06/18 C05137292




C05137292

Approved for Release: 2025/06/18 C05137292

PFA TECHNICAL REPORT NO. 10

SECTION IV
CAMERA PERFORMANCE MODEL (SR-3)

4.1 SUMMARY
4.1.1 General Deseription of SR-3

SR-3 is a modified, subroutine version of the original camera performance prediction model.
The priginal model is also known as PERFORM. This model predicts the resolution of the HEXAGON
Camera System from a statistical model of possible camera degradations for each target acquisition.
Camera performance is given as the limiting resolving power, which means the smallest recognizable
component of a tribar target that can be identified from the developed {ilm, Thus, this measure of
performance depends not only upon the performance integrity of the camera, but also the characteristics
of the film, the development process, and the interactions of the human cbserver combined with the
transfer characteristics of the exploitation eguipment.

The camera performance is characterized by the system modulation transfer funetion (MTF). The
other factors are integrally deseribed by the [ilm threshold modulation (TM) curve. Resolving power, as
it i caleulated in S3R-%, is the spatial frequenecy (lineg/millivneter) at which the MTF and the TM curves
intersect, This regolving power is also converted through geometrie scaling considerations to the ground
resolved distance (GRD) in feet corresponding to the given image resolving power,

The instantancous values of the camera degradations are not known, but their statistical
characteristics can be estimated. Thus, CRYSPER gives a probabilistic estimate of camera performance.
The program treats two types of camera degradations as random factors, these are defocus and smear
(uncompensated image motion). The resolution value cutput by CRYSPER corresponds either to the
median values or tothe mean plus two signia worst case values of these two parameters,

The smear values are used to compute the smear MTF. The defocus values are used to choose
a polychromatic optical MTF from a precomputed table. The product of these two MTFs is multiplied
by the CO (modulation veduction) factor which estimates manufacturing and thermal degradations. The
result is the system MTF.

The program has the option of using either a "spectication”™ TM curve or of choosing a TM
curve from a tabulation which is exposure dependent. The resolving power is computed from the
intersection of the system MTF and the TM curve. The program outputs resoclution for two directions,
in-track (flight:divection) and cross-track (gean direction).

4,1.2 Funetion of SR-3 in CRYEPER

Information about the acquisition geometry and dynamics i8 provided by the SR-1 portion of the
program. Additional data coneerning contrast and apparent luminance for the specified target comes from

the SR-2 section, 8R~3 uses this information to calculate image motion and defocus statiglies, resulting

I OP S ECRET RN OE— BYE 15319-73
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transfer functions for the ecamera, and resolution from the intergection of the transfer function and the
threshold modulation (TM) eurve. The caleulated image wmotion and resolution values are returned to the
SR-2Z section for further processing.

4. 1.3 QOperation of SR-3

The first time {first target acquisition) that Bubroutine SR-3 is called by CRYSPER, vertain
special funetions dre performed. SR-8 is first used to input some data which either subsequently remaing
fixed or is needed for one-time-only computations. This objective is accomplished by calling Subroutine
READH which, via Subroutines INPARM and RADPRM, also eutpuls a summary of the input parameters in
engineering units and in radian units, respeetively. The other special functions of this first pass through
SR-3 are to output tables of measured image velocities, the tables of the oplical MTFs, and the tables
of coutrast uncompensated TM curves. The measured image velocities are tabulated versus scan angle
and V/H {velocilty-to-altitude ratio), the optical MTFs are tabulated versus defocus and field angle, and
the TM curves are tabulated versus the iogm of the exposure. The commands that accomplish the above
objectives are ignored on all subsequent passes through 8R-3, and the following operations performed,

Parameters are caleulated that will be needed for the conversion of camera resolution to GRD.
The program then decides which of the Aft or Forward Cameras has acquired the Targel. Subroutine
R1 ig ealled to caleulate the mean and standard deviation of the image velocity and Subroutine B2 is called
to eompute the mean and standard devialion of defocus. SBubroutine B2 dlso computes the object distance
(slant range-to-target) which is then used in 8R-3 to caleulate additional GRD conversion parameters. The
camera exposure time is chosen from a {abulation of exposure time versus sun angle (above the horizon)
provided separately from SR-2.

Sinee the exposure time set in the camera is controlled by siit width and film speed, a check is
made to see that the computed exposure time falls within the range imposed by the constraints of those
variaples. II it is fou large or foo small, a new valoe is calenlated from the appropriate extreme value of
the sl width.

The target contrast at the entrance aperture of the camera is caleulated from the high-light and
low-light brightness values that were computed in SR-2. If the default (specification) TM curve option is
chosen, then the TM curve is caleulated and divided by the contrast to give the contrast compensated TM
curve. If the variable TM curve option is chosen, the log10 of the exposure is calculated from the exposure
time, high-light brighiness, and optical characteristics of the camera. The Iagl G exposure is then used to
select the appropriate TM curve from the table, which is then divided by the contrast to give the confrast
compensated TM curve,

The mean value of fmage veloeity from Subroutine Bl is added to the chamber measured mean.

If the mean value of image motion is desired, then this value is used in Bubroutine GAUSSN together with
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the standard deviation from Bl to produce a new distribution of image velocities which are all positive.
The adjusted mean is caleulated from this new distribution. If the worst case option is chosen, then the
unadjusted mean is added to plus and mipus two times the standard deviation giving two possible values
of the worsl case. Regardless of which option is chbosen, the value of image velocity is multiplied by the
exposure time to produce the image smear.

A similar procedure is followed with defocus. The differences are thal no measured values are
used, data comes from Subroutine B2, and the defocus value is used to determine a defocus index with
which the proper optical MTF can be chosen. When the worst case option is chosen, the mean minus
two gigma is the value used as the worst case.

The worst case image smear is chosgen as that one of the two worst case candidates which has
the greatest absolute value. The smear transfer funclion {linear smear assumed) is ealculated from the
smear., The optical MTF is computed in Subroutine AVGMTF, where the MTFs for the given field
angle are averaged over a defoeus range determined from the defocus index described above and the
film tilt. The gystem MTF is then computed as the product of the smear MTF, the CQ factor, and the
optical MTF,

The intersection of the system MTF and the contrast compensated TM curve iz found by linear
interpolation between those portions of the two curves which are closest to the intersection. The result
is the estimated camera resolving power in lines per millimeter. The equivalent ground resolution
{GRD) in feet is then computed from the eamera resolving power, taking altitude and slant range
distances defined by format location into aceount,

All of the preceding operations are performed for both the in~track and cross-track directions.
Finally, the geometric mean GRD ig caleulated from the two GRD values. This entire procedure can be
repeated if the performance of both cameras is required. The results of the SR-3 caleulations are passed
to Subroutine SR~2 for output,

4.1.4 Image Velocity Determination in Subroutine B1

The nean value of image velocity that Subroutine Bl calculates is what the mean value would be
if the camera was exactly as designed and it operated optimally, This mean value is also ealled the
fixed known image velocity. The main reason that the fixed known value is not zero is that the image
maotion compensation (IMC) systems (the film speed and platen skew angle) were designed to remove
on-orbit image velocity only on the optieal axis (0° field angle), which is the major axis of the pholographie
format,

The fixed known value is computed in Bl from the altitude, Vx/b {in~track), Vy/h {cross-track),
scan angle, field angle, and stereo angle. First the film speed is computed: then the platen skew angle

and its rate of changeé. The fixed known value is determined as the difference between the image motion
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that would occur if there were no IMC systems and the compensating effect of the IMC systems.

The standard deviation of the image velocity is computed as the resultant of a list of randomly
fluctuating errors which are expected to oceur during camera operation on-orbit. One of these terms
represents the standard deviation of the motion that was measuved in the chamber (syne-flash test) and,
thus, represents the errors in manufacturing and calibrating the camera.

4.1.5 Defocus Determination in Subroutine B2

Subroutine B2 calculates a fixed known value of defocus. The fixed known defocus is computed
from the variation in focus due t6 the object distance which changes with scan angle. The standard
deviation is computed as the resultant of a list of randomly fluctuating errors which are expected to oceur

during camera operation on-orbit,

4.2 BASIC EQUATIONS
4.2.1 Background

The original version of SR-3 was a Monte Carlo simulation of eamera performance. Random
values of resolution were generated from random values of image motion and defocus. These random
viatues of resolution were arransed into an empirical cumulative distribution from which various
statistics could be ealeulated. This Monte Carlo simulation was repeated for each acquisition.

The Monte Carlo approach had to be abandoned because the computing time was prohibitive.
Congequently, the curvent version of SR-3 caleulates values of resolution which correspond to certain
statisties of the perturbing random variables (image motion and defocus). However, the computed
resolution values do not have any statistieal significance. For instance, the resclution value corresponding
to the mean values of both image motion and defocus is nol necessarily the mean value of resolution. It
simply corresponds to the mean value of the perturbing parameters, but its statistical meaning is not
specifically known.

4. 2.2 Explanation of Basic Equations

A. Ground Resolved Distance (GRD)

Subroutine SR-8 calculates the camera regolution in lines per millimeter/cyeles per millimeter
and also the corresponding ground resolved distance (GRD) infeet. The calenlated value of GRD ie defined
as the distance on a plane tangent to the surface of the spherical earth al the object which corresponds to

the projection of a given photographic resoclution element in the camera's focal plane,

2 2 L2
Mathematically: g @Y I-4 cos 6 siné,

fo cos f#

_epy /1~ kz sinz @

gy ) iz cos
y
e BYE 15319-73
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where:
- subscript x = in-track
subscript y = eross-track
subseript & = GRD {feet)

subsecript p = object distance/slant range (nautical miles)

This object distance is defined by
p = R (Lcos ¢~ cos )

where:

— 2 2
cos B=\/1- A7 {1 -cos o)
cos b= coS 8 cosS ¢
A= 1+h/R

and

R = earth radiug (nautical miles)

h = satellite altitude (nautical miles)

f = camera focal length (1524 millimeters)
AAAAAA = half stereo angle (10 degrees)

¢ = scan angle
- ¢ = feet per nautical mile

L, = camera resolution (lines per millimeter)

B. Camera Resolving Power

The camera resolving power ag it is defined in 8R~3 is that value of the spatial frequency
in lines per millimeter at which the systerm MTF intersects the film TM curve. Each of these two
fupctions are stored in the computer for 14 equidistant spatial frequencies from 20 to 280 lines per
millimeter. Denote these values of spatial frequency as Ki {i=1, 2, ..., 14), and denote the corres-
- poniding MTF values and TM values as ’I‘i and Ai respectively. Then, the resolution (L) is by the following
linear interpolation:

VVVVVV L=K, ,+({K ~dJ, T, - A T ,-A A -T |;
=17 J-?)(M 1-1)/[ =11 3]‘

where i is the smallest value of i for which Ai ig larger than Ti'

. Film Threshold Modulation (TM)
Subrouting SR-3 has the option of uging either the "specification” TM curve that iz used by

the PERFORM Program or a TM curve that varies with log, , exposure. If the PERFORM option is chosen,
the contrast uncompensated TM curve is generated from the following:

Ai =1 (Ki/lé)())l' 22
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where:
K = gpatial frequency (cyeles/mm)
If the variable option ig chosen, then the contrast uncompensated T™M curve is chosen from a tabulation
— of 'TM curve versus log, 4 eXposure, see Table 5-4. The chosen curve has an implicit log exposure valie
that is closest to the actual log exposure for the particular acguisition,

In either ease, the contrast uncompensated TM corve is divided by the contrast modulation
to produce a contrast eompensated TM curve which is then intersected with the system MTF to find
system resolving power.

D. Log Exposure
The value of log exposure that is used to select the proper variable AIM curve is given by:

log E = log {10.’?64 tt B, 001)/(3613{}]

=10 2

where:

ts = gystem transmission

te = exposure time {milliseconds)

B g = maximun apparent luminance of target

P = filter factor

thus, this value of log exposure corrvesponds to the maximum exposure that is to be expected for the
acyuisition.

E. Contrast Modulation

The contrast modulation {(C) is ealeulated from:
e - BZ - Bl
B2 + B 1

where:

B 1= the minimum apparent luminance of the target
Bz = the maximum apparent luminance of the target

¥. System MTF
m The system MTF is defined as the following product:
where:
T=¢C T T
o 8 ©
Co ="the modulation reduction factor which estimates manmufacturing and thermal
degradations of the optical system
T‘3 = image motion (smear) MTF
RS REHEeer Ore BYE 15318-73
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To = optical system MTF
G. Image Motion MTF

CRYSPER assumes linear image motion. Thus, the image motion MTF is:

Ts = sin {7sK)/(7sK)

where:
s = the image displacement (smear) in microns

= spatial frequency (cyeles/micron)

H. Bmear

The smear, since it is assumed to be linear, is:

@
5 =xt
e
where:
s L 4
® = image veloeity (microns/millisecond)
tp = expogure time {milliseconds)

1. Exposure Time

The acturl exposure time is determined by the film speed and the slit width. For a post-
mission run, the exposure time is caleulated from;
te = W/‘Vf
where:
tC = gxposure time { milliseconds)
w = slit width {incheg)

Vf= film speed (inches/milliseconds)

For apremission run, an optimum exposure time is chosen from a tabulation of exposure
time versus gun angle {elevation of sun above horizon). The expected sun angle for an acquisition is used
to pick the appropriate exposuré time from the table by linear interpolation.

- However, the actual exposure time is limited by constraints on the size of the glit widih.
If the calculated value of te exceeds these lmits, then it is redefined as the appropriate limiting value
{either .(JS/Vf or . 91/Vf},

J. Optical MTF
Optical MTFs are tabulated versus field angle and defoecus. The field angle index (i) runs

from 1 fo §, and has the following relationship with the field angle:

| ERELE | 4] s
tield angle (degrees) l -2.5 i ~2 I 0 | 2 { 2.5
P SEEREF-HICA OO BYE 15319-73
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The defocus index (i) runs from 1 to 41, and represents defocus values in microng of from +40 in steps
of 2. Defocus (D) represents a displacement parallel to the optieal axis of the position of the recorded
image from a reference focal plane,

The problem is one of two dimensional interpolation. The field angle (¢) is used to choose

a value of 1 according to the following scheme:

ifs
& < ~2.28 i=1
-2.26<¢ < 1,01 io= 2
-1.01<8 < 1.0 i=3
1.0 €< 2,25 i= 4
2.25< ¢ i=5

There is a measured maxinum value of the deviation of the point of best focus {rom the tilted
film plane. It is maximum with respect to field angle. Corresponding to the maximum deviation is a
shift of + n values of the defocus index j.

Denote the MTF with indices i and j as Tij' Then the following average {with respect to

defocus) values arve calculated:

Hn
! z Ti #
""" Tavl - {Zn+1) X
=i -n
1 j+nsl
T =
av2 Tif
{ 2n+1) foini
where:
i L g<
ajSad,

Then the optical MTF (TO) is computed from:
d~-d,

j

T = 1 7 d - d,

© 4 -d ‘Wz“"lé d?) Tavt
1 7j 1 o=

— K. Statistical Traosformation

Both smear and defoeus ave agsumed to be Gaussian (normal) random variables.
Subroutine SR~3 has the option of caleulating either (1) a mean +2 sigma worst case, or (2) a mean.
The mean option transforms the original random variable to its absclute value, then calculates the median
from that distribution and assigns to the median the sign of the mean of the original random variahle.

Thus, the mean option produces a median of the absclute value of smear and defocus.
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The worst case gption chooseg either the mean +2 sigma or the mean -2 sigma of the
original random variable, whichever has the greater absolute value.
1. Defocus

The mean value of defocus in millimeters is caleulated from:

D= 001D -D)
m n a

where:
Dm = the focal shift due to cbject distance variation.
W Dn = focal shift in microns due to the nominal object distance adjusted for field
position.
Da = the focal shift in microns due to the actual object distance. Da is calenlated
from:
. D = 1253.3
a
P
where:
p = the object distance/slant range (nautical miles)
and

”””” the constant 1253. 3 represents the nominal focal length squared in units of microns

times nautical miles.

The standard deviation of defoceus is calculated from:

10 9
D =.001y> D
a . i
i=1
where:
D. = the defocus ervors (microns), These errors are listed in Table 4-1.
1
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TABLE 4-1

DEFOCUS ERRORS

E_m-_m—m_lm- Error Description

1 Platen roller run out

2 Film thickness and lift-off variation
""" 3 Film flutter

4 Film mean unflatness

5 Thermal effects in platen

6 Thermal effects in optics

7 Uncertainties in expansion coefficients

8 Dimensional stability in metering rods

9 Final focas adjustment

Shift in primary mirror (after launch)

—
i=

M. Image Velocity

The two main contribators to the gross image motion for the HEXAGON System are the
satellite veloeity and the scan rate of the optical bars. The film is driven at a variable speed to compen-
sate for the cross-track component of the gross image velocity and the erientation of the film varies te
compensate for the in~track component of the gross image velocity. If the IMC systems are operating
perfecily, then the residual image velocity will be a fixed (zero standard deviation) known guantity. The
fixed known errorg in the in-track (:;f Qké) and crogg-track directions (;f .k.) are calenlated from:

Ve 2 b
® X
xf K = [f[—h— cos Hceos¢ -5 sin2 6 cosd } +

h
.Y v
xL.Eﬁ?—{'sinZ 0(1+cosz¢ )-.5Hji cos 8 sin2 ¢ 4
Ed
h

B (sinzo - cos2 ] 0052 ¢ 3y o+

xz[vy sin & sinqs;l } S-V siny,

—1 f

{f Lh

‘‘‘‘‘‘ V V L]
TR 5 E o . y 2 D oos?o }
Yk -lf {.bh sin26 sind ¢ i cos 8 cos @ —.ﬁﬁcos 9 gin2¢

Vx 2 v ﬁ
+X [--}T— gin ¢ sin ¢ 'hl sin ¢ cos ¢ +.5E— gin2 @ sinnﬁ]} S

v K4
- £9 4 X - Viocos ¢,
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where:
f = camera focal length (inches)
8 = camera half-stereo angle {radians)
$ = camera scan angle (radians)
V.
=
h
v N .
v ¢= in-track, cross-track, and vertical components, respectively, of the
. normalized (with respect to altitude) apparent ground velocity
h
h
8 = a spherical earth correction
L]
¢ = scan angle rate
Vf = film speed
¥ = platen skew angle with respect to optical bar
\if = gkew angle rate

x = field position (inches)

The spherical earth correction is calculated from:

wm
il
-
e
[¢]
PN
ot
e
ook
1
<
T
P
e
s
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o
i
~
—
.
b
—

where:

cos2 9 coszd)
’can2 8 tanz ¢
h/R

earth radius (NM)
altitude (NM)

A -
oo i

i

® L]
The IMC commands (¢ ,¥ , V¥, Vf) are calculated from:

Vv
»
X
¢—KE--

Vo

(:cxs2 4 cos ¢ [ 1- 4.23418

2
R ZR(V_/h) tan” ¢ ]

where the expression in the square brackets is an approximation to the spherical earth correction.

e 9
Y= - pcos 8 ging 4,2318 1 2 / 2
1 = s
K [ +R(Vx/h) (1 g o "’) cos” ¢ |
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me—f@hb[f(% h sin2€ sin24¢ + €08 8 cos ¢

-, 5V£ cas4 8 0052 @)}
h K
where the expression in the square brackets is called the film velocity modulation. The constant K has
— the value +20 w, depending on which camera data is being processed.

The reason that the fixed known errors are not identically zero is that the IMC commands
are approximations to what one would ideally like them to be. For instance, the gross image motions
vary with lield position, and it is impossible to vary the film velocity as a function of field pogition,

ALl of the IMC commands are designed to compensate only at 0° field position.
The fixed known image veloeity is added to the mean image velocity that was measured in the

chamber (126) to find the mean value of the image velority on-orbit:

ym :yf.k. e

The standard deviation of the image velocity is found from perturbing the fixed known
equations and the standard deviation of the chamber measurements. There are 30 image motion error
sonrces which are each assumed to have zero mean and a specified two sigma value, see Table 4-2,

i TABLE 4-2
IMAGE MOTION ERROR BOURCES

Error Nunber Description of Evror

1 Alignment optical bar-to-vehicle attitude
- reference (pitch)

2 Alignment optical bar-to-vehicle attitude
reference (roll)

3 Alignment optical bar-to-vehicle attitude
reference (yaw)

4 Alignment projected optical axis-fo-sean axis

5 Alignment optical axis-to-scan axis {pitch)

6 Alipnment optical axis~to-scan axis (roll)

7 In-track slit position

8 Cross-~track slit position
- 9 Vehicle attitude rate (pitch)

e T BYE 15319-73
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TABLE 4-3 (CONT'D)

Error Number Deseription of Exror
T Vehicle attitude rate (roll)
- 11 Vehicle attitude rate (yaw)
12 Alignment optical axis-to-scan axis (yaw)
e 13 Vehicle attitude error (piteh)
14 Vehicle attitude error (roil)
. 15 Vehicle attitude error {yaw)
16 Scan angle error
17 Focal length errvor
- 18 Skew angle position
19 Skew angle error
- 20 Flat mirror angular rate {pitch)
21 Flat mirror angular rate (roll)
. 22 Flat mirror angular rate (yaw)
23 Optical bar angular rate (pitch)
24 Optical bar anpular rate (roll)
. 25 Optical bar angular rate {yaw)
26 Film speed synchronization
- 27 Film speed modulation
28 Vx/h error
. 249 Vy/h error
30 Lateral film speed

— NOTE: The "vehicle angular rate” category represents the resultant of two ervors {(vehicle attitude rate
and vehicle angular vibrations),

Some of these errors do not exist in the chamber, i, e, , vehicle attitude errors and rates.

The program uses a budgeted value for the two sigma for each of these error sources. The remaining

error sources exist both in the chamber and on-orbit. The two sigma value for each of these error sources
P ig assumed to be the same on-orbit as in the chamber. However, the chamber measurements result in

an overall two sigma value, not the two sigma values for each of the error sources. Thus the overall

two sigma value measured in the chamber in the in-track direction is assigned to the lateral film

speed error and the overall two sigma value measured in the chamber in the cross-track direction is

assigned to the film speed synchronization error, The two sigma values of the remaining error sources

that exist both in the chamber and on-orbit are set to zevo,
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The lateral film gpeed error and the film speed synchronization error were chosen for

this purpose because the image motion due to these error sources has the same magnitude as the error

sources, and because the resulting image veloeity in each case acts entirely in the required direction {in-

irack for the lateral error, and cross-track for the synchronization error).

The total image velocity error due to these error sources is a linear combination of the

errgr sources.

are the in-track and cross-track components of the total iinage velorcity error.

are the partial derivatives of the fixed known errors with respect'to the ith error source:

30
fE,
11
1
30
By

i=1

£
f. =871 .k
i 3E.
t B =0
1
&
g = % g
oF E =0

1

The constants fi’ gi

Under the assumption that the E are mdependent random variables with means (E, ) and

variances cx (B, ), the mean and variance of 5 and n are:

b (&) =
3 (;7) =
o (&) =
o2 (1) =

30
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30
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L &
Since £ and 7 are ool necessarily independent, their covariance is ecaleulated from

30 3
z fg, o (E)

o ES
6-,1 i = 1 171 1

The correlation coefficient ig thus:

g
£&n
p = = 5
gl{e) o (m)

In summary, the mean and standard deviation of the in-track image velocity ax.'e ;{m and o
® .
{&), and the mean and standard deviation of the cross-track image velocity are Vin and o ().
Since the image velocity is the sum of many contributing random variables, we assume that
the image veloeity is a bivariate Gaussian random variable in which case the "mean +2¢" values ;"t’ ;t

can be calculated from

& L] £ ]
o= E +20 (¢)

£ 3 2 ®
¥, = ymi(p +y/1~-p } 20 {n)

p = the correlation coefficient.

where:

4.3 STRUCTURE QF SR-3

The SR-3 routine congists of a main program {Subroutine SR-3) and several subsidiary subroutines,
Data is passed between subroutines via labeled COMMON.

4.3.1 Main Program (SR-3)

Subrouting SR-8 contains a set of econtrol variables to set the flow of logic for various optionsg.
These control variables are presented in Table 4-3. This angle/angle table has the option to quickly run
through the program to obtain a tabulation of resolution versus sun angle and scan angle for a "typical”
target under "typical” conditions.

The primary function of this main subroutine is to process the control variables and to call the
subsidiary subroutines which do the actual calculations. These subsidiary subroutines are JUMPL,

MAIMC1, B1, B2, SMEAR], EXDPTIM, SYSTF, HEADH, GAUSSN, AVGMTF, INPARM , RADPRM.
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Variable

Naxme

IBR

IBRR

JUMP

JUMPZ

J10RB

LBRR

LQQQY

MAIMC

MMEAN

MRTEST

SUNTT

Value
10

oy
o

[ =T - T S~ S S o S L7 T - T = S - S S WS - S S T - R

TABLE 4-4

SR-3 CONTROL VARIABLES

Deseription
Subseript for Aft Camera data
Subscript for Forward Camera data
Subseript for Aft Camera output
Subseript for Forward Camera output
First pags [or new engineering data
Any subseguent pass
First call to Subroutine SR-3
Any subsegquent call
Premission run
Post mission run
Subseript for Aft Camera data
Subseript for Forward Camera data
Using the -2 sigma defocus setting
Using the +2 sigma defocus setting
Using the mean defocus setling
Use PERFORM (specification) TM curve
Use tabular TM curve
Two sigma worst case
Mean case
Angle/angle table or premission
Post migsion and doing two sigma worst case
Post migsion and doing mean case
Building an angle/angle table

Processing an access
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4.3.2 Description of Subsidiary Subroutines
A. Subroutine JUMP1

Thig subroutine is called from Subroutine SR-3 only when the control variable JUMP haé the
value 0. It is used to initialize and update engineering data, This is primarily accomplished by calls to
Subroutines READH and MAIMCL. JUMP1 also inpubs the exposure time versus sun angle tables, outputs
the optical MTF headers, and the PERFORM (specification) TM curve if it is used.

(1) Subroutine READH

Bubroutine READH which is called from JUMPI inpuis various camera descriptors, the
optical MTF¥s, the defocus and tmage veloclty error budgets, and the chamber measurements of the image
veloeity mean and two sigma values. Subroutine READH also calls Subroutines INPARM and READPRM,

(4} Subroutine INPARM

Subroutine INPARM outputs 2 sumumary of the ¢amera descriptors, and the defoéus
and image veloeity error budgets in engineering units.
{b) Subroutine RADPRM
Bubroutine RADPRM outpuls the same data as does Subroutine INPARM, but here

the image velocily error budget hias been converted to radian units, where appropriate.
(2) Subroutine MAIMC1

This subroutine is called either from Subyoutine JUMPL or from Subroutine SR-8, It

is called only when the control variable MAIMC has the value 1 which is when the tabular TM curves are
required. I Subroutine MAIMCI is ecalled from Subroutine JUMP1, thesge tabular TM curves are output.
If it iz ealled Trom Subroutine SR~3, then for an initializing pass (JUMP = 0}, the tabulation of chamber
measured mean and two sigma image velocity is output. If JUMP is not zero, then the proper entries
are chosen from that table aceording to the values of Vix/h and scan angle; and the log exposure is
caleulated, from which the proper TM curve is chosen.
B. Subroutine B1
Subroutine Bl caleulates the mean and one sigma image veloeity both in-track and eross-
track for either camera. The calculation procedure is deseribed in paragraph 4.2, 2 .M.
. Bubroutine B2
This subroutine calculaies the mean and one sigma defocus for gither camera. The
caleulation procedure is described in paragraph 4.2. 2.1. B2 also determines the slant range {object
distance) which is used in GRD computations.

D, SBubroutine EXPTIM

Subroutine EXPTIM determines the exposure time for each access by a method deseribed

in paragraph 4.2.2.1

TP SRR RN e BYE 15319-73
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E. Subroutine SMEAR1

- This subroutine computes the mean or the two sigma worst case smear (image displacement)
both in-track and cross-track for each camera. Ina two gigma worst ease, both mean +2 sigma are
calculated and it ig then determined which hag the greater magnitude. SMEAR1T also uses the defocus to
choose a pointer for the optical MTF array. SMEAR1 calls Subroutine GAUSSN.

(1) Subroutine GAUSSN

Subroutine GAUSSN performs the statistical transformation to get a new meéin as
described in paragraph 4.2.2.K.
o E. Bubrouline SYSTF

This subroutine calculates the image motion MTFs, determines the appropriate optical MTFs,
and computes the resulling systemn MTFs. SYSTF calls subroutine AVGMTF.
(1} Subroutine AVGMTF
Subyroutine AVGMTF uses the averaging technigue described in paragraph 4.2.2.J3 to

determine a representative optical MTF.

G. Subroutine LINES

This subroutine intersects the system MTTF with the TM curve to find the camera resolution
in lines per millimeter and the corresponding GRD. For each of the quantities the geometric mean of

. the in-track and cross~track values is also found.
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SECTION V
DATA REQUIREMENTS

5.1 SUMMARY

Each of the three subroutines have specific inputs needed to drive CRYSPER. SR-1 needs the orbital
elements for the selected case fo be flown. SR-2 requires the target deck, solar ephemeris, haze data,
fransmission values and reflectances in addition to the output of SR~1, BR-3 uses the SR-2 contrast
output with the camera parameters fo predict the resultant resolution.

The SR-3 inputs are derived from ground tests conducted at many stages of the camera aggembly and
test phases. These inputs are the meagured values or estimates of the performance levels of the camera
components, The inpuls to CRYSPER are nof necessarily the optimuom values but values that are indlicative
of the way the misgsion is being flown. For example, the peak focus determined from the chamber
collimator data is not pecessarily used for flight. The chamber value of focus will be médified to achieve
the best average performance across the full format, This defocus value from peak focus at the collimator
locations is inpuf to CRYSPER, which reduces the on-axis MTF and lowers the appropriate net predicted
regolution level. Smear values arve also adjusted or balanced to achieve optimum performance over the
total format rather than at a specific location within the format, This is the way missions are flown, and

is also the philosophy used to assess mission performance by the PFA Team and users,

5.2 INPUTS

The inputs needed to run CRYSPER are listed by originator or appropriate designee. The inputs
should be sent to Headguarters at the time they are generated. As has been the case in the past,
CRYSPER runs were delayed due to failure of one or miore originalors to send their inputs in a fimely
fashion. This problem centers around their failure to realize that CRYBPER is a predictor and thus used
extensively prior to actual flights.

5.2,1 Data Obtained From SPO/SSC

The following inputs are received from SPO/SSC:

A, Field curvalure Irom Chamber D or Chamber A-2 tests.

B. Table of corrections to the calculated mean value of smear in both the {light and scan
direction (CDADD and CFADD), Table of two sigma values of film velocity synchronization errors
(BIM-26). Table of two sigma values of lateral {ilin motion errvors, (BIM~30). Tdabular eniries are for a
vange of Vx/h values from . 020 to . 055 per second in increments of . 005 per second and a range of scan
angles from -80° to+60° in increments of 10 degrees.

C. Defocug value in microns for the on-axis points INPUT-12),

D, Tilt of foeal plane in microns at the plus three inch field position ONPUT-13).
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. Film mean unflatness (DE-4).,
F. Film tilf range in microns.
G. Filter to bé used dand its transmission as a function of wavelength.

H. ‘The following sun angle/scan angle table data: date of the table, altitude of the vehicle,
and low-light and high-light reflectances of the targets to be run, e.g., 7% and 33%, 10% and 20%, etc.
I, Orbit pumber and list of engineering changes whenever on-orbit adjustments are made.

5, 2.2 Data Obtained From BRIDGEHEAD

The following inputs are received from BRIDGEHEAD:
A. Table of exposure times by solar altitude for each optical set and filter.
B. 'The following additions to the spectral library: element name, filter, optical bar number,
and the corresponding 181 spectral array values.
C. Low-light and high-light reflectivity for specific intelligence target types.
5. 2.3 Data Obtained From AFSPPF or 58C

The following input is réceived from either AFPSPPYF or 88C:
A. Microdensitometer readings of interferoprams ohtained during the T0° Chamber D tests
for the five field angles (07, +2.0°, and +2.5°).
5.2.4 Data Obtained From 88C

The following data inputs are réceived from SS8C:

A. First and final focus offset and increment in microns.

B. The 28 measured aberralion coefficients and the residual root mean square. It should be
noted that the measured coefficients ean be used to compute polychromatic MTFs in lied of the AFSPPF/
83C microdensitomster readings.

€. The 23 design aberration coefficients at a wavelength of 63283&.

D. The 23 design aberration coefficients for the 17 wavelengths from 39004 to T100A in
increments of 2004,

E. Gravity coefficient corrections to the aberration coefficients.

NOTE: Data from input items A, C, D, and E above is required for each oplical set and each filter to be
processed for the five field angles {0°, +2.0°, and +2.5°).

5.2.5 Data Obtained From WCFO

A. Orbital elements for candidate orbits to be processed.

B. Orbital elements for post migsion analysis studies.
5.2.6 Data Obtained From User

A, Target deck.

B. Haze type, snow condition, and high-light and low-light reflectivity, if specific conditions are

to be studied.
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5.3 VARIABLES USED IN CRYSPER

It is the desire or concept of the program oviginators to model every pogsible ervor or error source
in the HEXAGON System. Although presently there are no means for determining the error associated
with every possible source, provisions have been made in CRYSPER to input a value for all error
possibilities. Unless some anomalous condition oceurs whieh justifies assigning a value to the error, the
error is assumed to be effectively zero. In cases where a vehicle experiences excessive yaw, the best
estimate of the yaw error can be input to CRYSPER. CRYSPER will then determine the effective loss in
pérformance due to this variable.

There is a performance prediction program for Chamber A reselution called PERFORM. Many of the
input variables used in CRYSPER are the same as used in PERFORM. To maintain continuity, the
variables used for both programs are identical. However, not all the variables used in PERFORM are
used in CRYSPER. Rather than eliminate them from this report and have discontinuities, the variables
agsociated only with PERFORM are designated as NA (not applicable). Inputs 25 thru 28 are orbital
elements computed in SR-1 and are also designated NA,

5.3.1 Engineering Data Used by the CRYSPER Program (INPUT)

Table 5-1 lists the engineering data used by the CRYSPER Program.

TABLE 5-1
VINPUT" ENGINEERING DATA UTILIZED BY CRYSPER

Desceriplion of Data

INPUT or Error Budget CRYSPER Program
1 Number of samples 100 NA
2 Resolution percentile for
summary output 6%, 50%, 4% NA
3 Contrast ratio 2.0 Computed from target
apparent brightness
4 Modulation reduction factor .94 Changes for each optical
har
5 Optical system focal length 8o 80" or actual
6 Film type 1414 1414 or actual
7 Film TM curve constant KO 180.0 180.0
8 Film TM curve power 1.22 1,22
9 First focal plane position ~0, 0dmm -0, Odmm
10 Focal plane position increments 0. 002 ram 0, 002mm
11 Number of focal plane positions 41 41
12 Defocus value for on-axis points 10 10
R v F gL e s 0 s BYE 15319-73
Flandia v Byeman
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TABLE 5-1 ( CONT'D)

Description of Data

INPUT or Error Budget CRYSPER Program

13 Tilt of focal plane for 0.0 Changes for each
3" field position optical bhay

14 First field position for -2, 5° NA
resolution ealeulations

15 Field position increment 1 NA

16 Number of field positions 5 5

17 First scan angle for resolution 60° NA
caleulations

18 Scan angle inecrement -15° NA

19 b}umber of scan angles 3 NA

20 Input tape description first field -2. 5° -2, 5°
position

21 Field position increment 1.0° 1.0°

22 Number of field positions ) 5

2% Number of foeal points 41 41

24 Average target brightness 600 ft-lamberts Computed from target

reflectance

25 Perigee altitude 82.0 NM NA

26 Apogee altitude 144. 0 NM NA

27 Perigee latitude 55° North NA

28 Orbit inclination ’ 96, 0° NA

5.8.2 Foeus Errvors Two Sigma Values (DE)

Table 5-2 lists the focus error data used by the CRYSPER Program.
TABLE 5-2

FOCUS ERROR DATA UTILIZED BY CRYSPER
{Two Sigma Values)

Description of Data Budget
or Exror (microns) CRYSPER Program
Platen roller run out 1.0 0.0
Film thickness and 1ift-off 3.7 0.0
variation
Film flutter 2.2 0.0
e m s e o S R SR A S S S BYE 15319-73
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Description of Data
or Error

Film mean unflatness

Thermal effects in platen
Thermal effects in opties

Uncertainties in expansion
coefficients

Dimensional stability of metering

rods
Final focus adjustment

Shift in primary mirror

{after launch)

TABLE 5-2 {CONT'D)

Budget
{microns)

2.2

3.1
6.8
4.5

1.4

3.0
3.0

5.3.3 Image Motion Errors -~ Two Sigma Values (BIM)

BIM (1)

CRYSPER Program

Results of dynamic focus
test

0.0
0.0
0.0

0.0

0.0
8.0

Table 5-3 lists the image motion error data used by the CRYSPER Program.
TABLE 5-3

IMAGE MOTION ERROR DATA UTILIZED BY CRYSPER

Description of Error

1

2
3

o

!
<O - for3 =28

ea

10
11
12

14

Align OB to vehicle attitude ref (P)
Align OB to vehicle attitude ref (R)
Align OB to vehicle attitude vef (¥)

Align projected optical axis
normalized to secan angle marks

Align optical axis to scan axis (P)

Align optical axis to scan axis (R)

Ax slit position

Ay slit position

Vehicle
Vehicle
Vehicle
Vehicle
Vehicle
Vehicle

Vehicle

attitude rate (P)
attitude rate (R)
attitude rate (Y)

optical axis to scan axis (Y)

attitude error (P)
attitude error (R)

attitude error (Y)

Budget
. 00292 radian
. 00188 radian
. 00148 radian
. 000145 radian

. 000034 radian

. 000034 radian
.01 inch

.02 inch

. 000314 rad/sec
. B00314 rad/sec
. 000314 rad/sec
. 000034 radian
00977 radian
00977 radian

. 01189 radian

SO R e R
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TABLE 5-3 (CONTD)

BIM (1) Description of Ervor Budget CRYSPER Program
16 Sean angle error . 000291 radian 0.0
"""" 17 Focal length error . 0074 inch 0.0
i8 Skew angle position . 00008 radian 0.0
VVVVV 19 Skew angle error 00013 radian 0.0
20 Mirror angle rate (P) . 000126 radian/sec 0.0
AAAAA ) 21 Mirror angle rate (R) . 000126 radian/sec 0.0
22 Mirror angle rate (V) 000126 radian/sec 26. 0 seconds/sec
28 OB angle rate (P) . 000126 radian/sec 0,0
o 24 OB angle rate (R) . 000126 radian/see 0.0
25 OB angle rate {Y) . 000126 radian/see 26. 0 seconds/sec
e 26 * Film velocity synchronization . 058 inch/sec 20 cross-track smear
. measurement
27 B Film velocity modification . 013 inch/see 0.0
- 28 Vx/h error . 00027 radian/sec . 00027 radizn/sec
29 Vx/h error . 00003 ragian/sec . 00003 radian/sec
30 Lateral film veloeity . 02 inch/sec 20 in-track smear
measurement
D In~track smear measurement 0.0 Add in-track smear
- . measurement
CF Cross»—tracl; smear measarement 0.0 Add eross-track smear
measurement
5.4 QUTPUTS

The initial version of CRYBPER computed resolution for specific targets. While this capability still
existg, it is not the most used ouiput. CRYSPER has been configured to compute a table of resolution
valies in either eycles/mm at the film plane or ground resolved distance (GRD} in feet for a range in
solar altitudes based on latitude over the entire 120° format. These tables have beenused in all flight
readiness reports and REBOQUND-231 Messages.

The bagic output of the CRYSPER Program is a listing of the inputs, intermediate ealculations and
values, angle/angle tables, and resultant predictions for specific targets that can potentially be acquired.
. The input values are listed at the beginning of the CRYSPER run. The intermediate caleulations and

final predictions follow and are listed in the order in which they appear in a normal CRYSPER run.

Examples of some of these outputs are shown as Tables §-4 thru 5-9.

% A oo T Bt e e BYFE 15310-73

Handle vie Bysman
56 Controls Unly

Approved for Release:‘ 2025/06/1 8 C05137292



C05137292

Approved for Release: 2025/06/18 C05137292
USRIt

PFA TECHNICAL REPORT NO. 10

A. Uncompensated TM Curve Table (Table 5-4).

B. Exposure Table Versus Solar Altitude (Table 5-5).

C. Angle/Angle Table for Mean Resolution (cyeles/mm) of Each Camera and the Mean of Both
i Cameras Together (Table 5-6).

D. Angle/Angle Table for Mean Reeiprocal Resolution (eyeles/mm) (Table 5-7).

E. Angle/Angle Table for Mean Resolution (GRD-feet) (Table 5-8).

F, Target Acquisition Listing and Predictions for Selected Revs (Table 5-9).
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TABLE 5-4

UNCOMPENSATED TM CURVE TABLE

SEATIAL LIGE

FREQUFNLY ~1.080 -~ $80 ~ e BBO ~0. 780 ~3 &R0 =0 5380 ~0.480 ~0s330 ~0, 280 ~Je 180 ~Ox 08O O« 020 0.120

CYTLES/ WM
1. J.012 C.023 Je 2% CeGl4 U024 C. 024 Gaf 2% G025 0.027 Q.00 0,033 0. 034 0.,03%
20, 014 Te D24 0. 025 C, 025 Fa024 G, 02% G. 026 0,026 G.027 D G731 De03% 0035 Ge39
40 Ue 020 e 027 0,027 0,026 Q026 e 027 t.028 Ge028 030 O.033 0,037 G. 039 0043
60 3020 G033 0. 030 Qe G273 G.029 Q. 030 0. 031 0.032 0.034 0,038 Qs 042 Cef8a 0,048
B0 D.0%4 C. 040 Oe 036 Cu 034 0034 Ge O35 0a038 {. 037 0.040 Culta T BaR G052 005
100 G062 6. 0%0 0. 062 0s D40 ¢ 03%0 O, 340 202 Qo044 0.047 09.052 0057 D061 G006k
120+ $sCR%& Ja QR 2 T 091 0. 044 D D48 Q. 047 G087 0. 052 0 058 0. 0462 04068 @073 G.07
140, 9.110 e 878 0. 080 G088 R el 0. 085 0057 0481 0067 0.074 T80 GOHE GaQ9R
160, e LGN .. 093 et 2. D&% 0081 Qo D64 0087 Qe017Z D07 0. 0GR 0:094 0102 de110
1RO, Nel T4 falll €. 0R3 04074 0071 0. 074 G, 078 Ga 54 C.083 Cu 103 0.118 Ca k20 Aa.l28
Z00. 212 Se 132 Ga0er J.088 peR oo e 05 ERgti Do gap 0.108 D.128 U.128 ds 360 Qe l%3
220, e 254 Qe 154 O 1l3 0.098 .093 G097 Do 10% Gail3 0.12% s 139 0.148 Ce 162 .17
24, €. 300 . 179 Gel2% Ce112 Ve107 0112 0119 CullE 0.143 d. 459 0170 fe LE7 Me LE9
ZED. D350 Ca 205 Gela? g.12% .12t Qs 127 Ox13% s 1aB U.16% Gu 182 Nal134 213 Q224
280 Qo alit Co 234 TelbT U 144 Gel3 0, 153 DalB3 Q0. 167 Q.184 Qs 206 n.218 De 262 Q254
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TABLE 5-5

EXPOSURE VERSUS SOLAR ALTITUDE TABLE

FILTER S WRATTEN 2F AFT CAMERA (P) FILTER: WRATTEN 12 FORWARL CAMERA {4}
MISSIONTLZ07) SETICLC) MISSINNL L2077 SFY (010}
SOLAR ALTITUNE ELPCSURF TIKRE SOLAR ALTITUDE EXPOSURE TIME
I DEGREFS IN SEC IN NFGREES I8 SEC
&0 «O1580 1.0 01650
440 W07 44 Z.0 «0nlin
Fell « J0F 594 3a0 - 00894
801 LO0824 4a 0 00720
1040 $004 7S .0 « 00830
1240 »QC357 7.0 <LO0492
140 00309 10.0O «O037&
1640 SLO2TE 12.0 00324
18.0 WLI0247 15.0 SO027%
20,0 225 2.0 SOOZR4
24.0 L0012 250 <0043
30,0 [SES L 30,0 «001L73
L « 001 46 3EL0 «OCL58
&Qe 0 » COL30 40,0 00188
B0 001048 &040 «go127
£V O 00081 &0.,0 #0113
7040 s QCOTA 70,0 200103
80,0 L0007 Rlee) »OLO55
P00 « 000959 90,0 «O0OBA
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TABLE 5-6

ANGLE/ANGLE TABLE FOR MEAN RESOLUTION OF
EACH CAMERA AND BOTH CAMERAS COMBINED

{eyeles/mm)

TYPILAL RESOLUTION CRTAINARLE FROM EACH CAMERA SYSTEM (1N LINES/MM) FOR VARTOUS SUN ARD SCAN BMGLES
(D CLENTFR. 120 SCAN}

SUAK =&0 50 4 ( -30 ~20 =10 @ o 2 e &0 50 &Q
LAY SUN
&5 1 42 48 3 ) 53 55 58 LG 57 55 53 53 &8 42
&0 & s 50 52 54 37 el #3 &Q s& "8 53 49 42
55 1t 66 e RE 75 Te BL B 81 i T& Ta %4 85
2018 42 h:E:] N o3 28 99 g2 101 99 96 9z By 78
AFY CAMERA 4% 22 9% 101 103 108 o7 110 i3 iz il 143 Lo 102 o2

35 32 o8 117 i1z 126 122 124 127 127 127 1286 128 121 ilo
SEN OI0 0%y 3BR 25 42 118 127 12% 13¢ 132 133 13g 13¢ 137 137 134 122 121
1% B2 29 139 142 141 141 143 144 14% 146 14% 148 143 131
0 CENRTER 120 SCAN}
¢ 13

SCAR -6 -50 & -3 ~20 ~1Q 2o A0 44 50 &1

LaT Suk

£5 1 4% 49 51 52 &2 52 52 52 a1 54 L% 47 43

&0 3 48 B4y 54 23 56 56 55 54 53 52 50 48 # 5

%5 It 72 17 TS BQ 80 ay 19 T8 78 T 5 T3 &7

B 14 8% 82 G4 g% G4 Gé S bk 53 w2 a1 By 83
FORWARD CAMERA. 4% 22 96 102 104 LG4 103 104 i03 103 103 102 101 49 G

35 32 109 115 118 1 118 Lid 114 114 115 s 115 1% Lo9
SSN D10 0SSN 318 2% 42 11y 123 124 12% 122 121 121 121 122 123 124 123 118
¥4 126 131 131 130 129 128 128 129 130 131 13z 134 127

01-§

MEAN. RESOLUTICN OF THE TWO UPTICAL SYSTEMS IN LINES/MM

{ O CENTER 120 SCUANY
4] 18

SEAN ~68 =50 -4 G -30 -2 -1 20 3D %0 50 B0

LAT SuN
£ i 42 “g 51 52 53 B 55 4 52 51 “9 47 52
&0 & £33 &L 83 54 B =Y 58 5& 5% 53 51 48 &2
55 11 68 73 78 77 78 29 3 19 T8 k&) T3 5% &2
50 1b 83 £9 al 43 94 2e g7 94 % w3 31 /7 ag
SSN 01044 AND B} &5 22 kL el 143 105 104 1086 oy 107 10% 105 103 1080 32
35 32 tas 115 i1& 1E7 e 1ig 120 120 120 124 ils 117 o9
CSH 388 08N 214 25 &2 118 124 12& 12¢ 124 128 128 12¢ 128 129 129 127 115
15 82 127 124 136 13% 134 135 135 13é 137 138 138 134 128

PARAMETERS ASSOCYATEY WITH THE LAST ENTRY INTHE RIGHT HAND COLUMN 1OF THE TABLF

TARGET REFLEGTANCE TARGET HATE SOLAR  DATE ROOH INERTTAL SATELLITE S4T ORLATE SATELLITE WXOH  y¥iH
T LATITUDE  HIGH LOW SUN COND  AZI- D MY VELDCITY LAT LONG ALT EARTH T EARTH
8 oM o5 TYOE WTH A 0 R LET/SECT {DEGREES] (S} RADTUS CENTER{NM}
& 14 39 23 20 10 1 4 186,53 14 12 T3 0,00018 25694.04 15,1568 27,687 82,6 * 34631 = 3532,7 0.0457 0.00269
g
s
= &
o3
oE ey
T W
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TABLE 5-7

ANGLE/ANGLE TABLE FOR MEAN
RECIPROCAL RESOLUTION

{eveles/mm)

TYPICAL RESCLUTION CBTAINEBLE FROM EACH CAMERA SYSTEM (RECIPROCAL OF LINES/MM TI®ES THH)
{ 0 LFNTER 120 SCAN)
SCAR &0 -8 -4l -3 -20 ~10 4] ic 248 EL &0 50 &0
LAY SUR
£5 1 D238 0,208 0.1%6 0,188 0,182 0,172 04167 0175 0,182 0189 0.195 0.208 0.238
&0 & 0s22T 0200 0,183 0,185 01758 D167 04159 0,167 04172 2u182 (.189%9 (.204 0.238
€8 11 0152 0x153 0,137 Cs133 0128 U123 0119 05124 D.127 0132 0.13% 04149 0170
& 1é 0122 D114 0111 0108 0108 0,100 0,098 0,099 0,101 0104 0,109 0.118 0.128
AFY CAMERA 485 27 G.106 0.099 0.097 0.09% 0.092 0.091 G.0RR 0089 0.000 0.0%2 0.094 0.0%8 0.10¢
35 32 0093 DL 086 0. 088 0.083 D.082 0.081 §.079 0.079 0,079 0.072 0.080 0.083 0.091
SEN QLD OSN 388 2% 42 Go G5 G, 079 0,078 Qu0TT 0.078 0.075 D074 0.07% 0.073 0.073 0.0T74 U.076 C. 083
15 52 0,078 0,072 0.07C 0.071 0.071L 0,070 0.069 0,067 0,068 3,068 0.068 0,070 0,076
t 0 CENTER 120 SCaNY
SCAR &0 -850 =40 -3 -20 ~140 &) 11} 20 30 &0 50 60
LAT SUx .
£9 i 02287 0.200 0,198 0,197 04192 0,192 0,192 0.192 0196 0.20% Q.204 U213 0,232
&0 & De204 04185 0179 0179 0,179 0,179 0,182 0,185 0,189 0,192 0,200 0,208 0.227
& 11 0,138 0,130 0,127 0.12% 0,125 Cal25 00127 0127 00128 0.130 0.133 0,137 0.145
5o 1% U118 0,109 0s106 0,105 0.104 0,108 0,106 0.108 O0.108 0,109 Gl L0 0.112 0.121
FORWARD CAMERA 4% 22 Toll 0,30 0=10 0.10 0.0% 0,09 0,09 0.0% 0,09 0,09 0.0% 0.10 0,11
38 32 Q.09 0.09 0,08 008 0,08 0,08 0.08 0.0R D08 0.08 (.08 0.8 .09
SSN 010 05N 314 25 42 0:08 0.08 0.08 0.08 D08 08.08 0.07 0,07 0.07 0.07 0.07 Q.08 0.08
15 %2 D208 0,08 0.08 008 008 0,08 0.08 0.08 0.08 0,08 0.08 0,08 90.08

o1
1
b
o

MEAN RESOLUTICN OF THE THO OPTICAL SYBTEMS TN L INES/ZMM

i 0 CENFR 120 SCBN)
SCAR =40 =50 ~f] ~30 ~20 -1 o (3¢] 206 30 &0 50 &0
LAT SUN
&5 1 GeZ4 0521 0,20 0,1% 0.1% 0.1% Q.18 0,19 0.1% 0.20 020 .21 0.2%
&0 & Q.22 0,20 0.19 0012 0,18 0,18 0«17 0,18 .18 0,19 0.20 0.21 0.24
%5 11 0.1% Onld Celd 0,13 .13 0.12 0.12 0.13 .13 0.13 d.i4 Oul4 Ouié
53 1é .12 0.11 Cuil 0.11 0011 0.10 0,10 0,10 0.11 0.11 0.11 0.11 ©0.12
%SKN 0LGLA BND BY 45 22 Bell 0,10 Cu10 010 010 009 0,08 0,09 0.09 0.10 0.10 0410 0.1l
38 32 0.09 0.0%9 0.09 0.09 .08 0.08 0,08 0.08 008 0.08 0,08 0.09 0,09
0SM 38R ,0SN 314 28 42 D208 0.08 (.08 0«08 0.08 0.08 0.08 0,08 0.05 0.08 008 D.08 0.08
15 &2 0.08 0,07 0.07 0.07 0,07 0.87 €.07 0,07 0.07 G.07 €.07 0.07 0.08

i

PARAMETERS ASSOCTATED wWiTk THE LAST ENTRY INTHF RIGHT HAND CDLUMN OF THE TABLE

TARGET REFLECTAMCE TARGEY KAZE SOLAR DATE RDCH INERT AL SATELLITE BAY NBLATE  SATELLITE vXoH VYOH
LATITUDE  RHIGH  LOW SUN COND AZT- o oM ¥ VELOLITY LaT LONG ALT EARTH TO EERTH

oK S TYPRE ®UTH A O ®r {FTFSECY {DEGREES ) (§.031 PADIUS CENTERINM)

1% 3% 23 20 10 1 4 186,53 18 12 73 0.0001B 25694,04 15,1548 274687 89a6 ¢ 344301 = 3532.7 0.0857  0.00269

§L-BTELY AXg
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TABLE 5-8

ANGLE/ANGLE TABLE FOR MEAN GROUND
RESOLVED DISTANCE BESOLUTION
(GRD-feet)

TYPTCSM, RESOLUTION CRTATNARLE FRI™ EACH CAMERA SYSTEM (IN FEET) FOR YA IDUS SUN ANN SCAN ANGLES
{ © CENTER 120 SCAN)
SCAK  -60 =50 =40 =30 =20 -10 0 10 20 30 40 50 60
LAT Suw
&5 129,01 16647 [1e77 Bu25 TuB3 6,98 S.hL 7.07 T.H& 9,22 11.7% 156,77 29.3%
0 & 27.23 18:66 11,29 BLRBT  T.4B  A.EL H.11l BLE0 7,37 B.TL 11.12 15.92 28.57
5511 1T7.88 10287 7,92 £.32 T80 SR4 B.52 0 4,79 Su3l Be25  T.98 11440 19,95
B0 16 14425 B.S5 631 S.02 6,32 1.89 6T BLBL &, 1B 4.BT  E.1T B.43 14,98
AET CAMFRA 4% 22 12,246 7,36 B.45 4040 3,91 3.45 3,28 3,38 A,6B 4,24 5,27 7,29 12.47
35 32 1035 £.23 4,53 3.T6 3427 300 2,87 2,93 3,05 .59 4,41 4.03 10,22
SEN D10 O8N AP 25 42 9,39 B.EB 4,22 3,465 3,02 2,77 Zeth 2.7F 2.90 3.30  4.02 5.50 9,28
15 82 8,70 3,24 3,87 322 2.83 2,457 2.53 2.5 2.75  3.17  3.73 8,11 8.5}
{0 CEXTER 120 SCAW)
SCAR  ~£0 ~50 =48 =30 =20 =10 o 10 24 30 40 50 60

&% 1 28,10 1623 11,54 9.43 B.25 Te6% T.55 7,80 B.51 982 12.21 15,92 28.74
&0 b 284468 léohd 10,50 B.60 T.58 Tell  T402  ¥L28  B.00 928 M.AZ 16,11 27.59
S5 11 18,50 9,93 7.2%  5,9% 5,25 4,90 4.81 4,98 5,41 A.21 T.70 10.58 [7.73
EDO18 13,72 B.LE 6,01 4,94 4,37 4,09 4. TE 4,17 4,43 5,07 £.26 8,80 14.03
FRRWARD CANERA 45 22 11.96 7430 5.38 445 3.94 3Ju6T 3,60 3,68 3,96 4.54 5,54 7,50 12.28
3532 10,24 8,35 A.7% 3,82 3,08 12T 3,21 3.26  3.49  3.93 A,Th H.41 10.36
SEN 0L OSH 314 #5432 340 5.87 AJA0 3066 3,26 3,06 3,00 3.08 325 3,65 4,40 5,89 9,44
15 52 BeBB 557 4,18 3,68 3,10 2,91 2.85 2.90 .08 346 4,17 5,84 B.89

Z1-4

MEAN RESOLUTECN OF THE TWD OPTICAL SYSTEMS Iy LINES/MM

{ 0 CENTER 120 SCANY
SCAN =80 =S50 =40 ~30 =20  =~ip a 10 20 30 40 50 €0
LAT SUN
58 1 2Be&60 16435 11a71 9,34 8,04 7,32 7,07 7.42 Bol7 9:52 11.98 16.82 29,07
A0 b 2%.01 185,06 1089 .74 T83 4,86 6,55 6,93 7,68 £.99 11.37 14,02 28.07
85 11 17.18 10,39 T.858 &.13 5.32 4.BT 4,65 4,87 S.36 £.27 T.R3 10.98 18,81
S0 16 13.99 8437 6.1& 4,98 4,34 3,99 3,84 3,96 4,31 4,97 £,20 8,57 lé.4b
SN QLOUA AMD BY 45 22 12.00  Te33  B.42 4ekF 3BT 3.56  3es3 3,53 3487 4,30 S.40 7,40 17.37
35 32 10.29% £.29 4,68 %84 3,38 3,13 3,03 3,09 3,32 3.76 4.5R 6,27 10,29
AN 388 G OEN 318 25 42 9639 S.TT &3 3,55 3,04 2,91 2,83 2,8F 3,07  34h7 4,21 5.69 9,34
15 82 8,79 5.40 4.02 335 2.96 2.76 2.68 2,73 2.91 3.26 3,94 5,33 8,78

PARAMETERS ASSOCTATED wiTH TRE LAST ENTRY [NTHE RIGHT HAND COLUMN OF THE TARLE

TARGEFT REFLECTANCE TARGET  RAZE  SMNLAR CATE 8nOH TRERTIAYL SATELLITE SAT NBLATE  SATRLLITE  VXDH YYOH
LATITURE  HIGH  L0w SuM COND AZT= (L VELOCTITY LAT LONG ALT FARTH TO EARTH

g * 5 TYPE PLITH LN (BT /560 Y (DEGREES) {NME RADILS CENTER({NMY

14 39 23 2.0 10 1 4 86,52 14 12 7% 0.00018 25694,04 15.1548 27+ &8 HA.8 + 3443.1 = 3532.7 Q. 0457 0,00269

PALL TARLES CALTULATED USING MTFS CORRESPONRING T0 0.0 FIELD POSTITION

BL-BIEYT A

ALy SH0II07
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£1-g

D07y

ALy s

ur

TARGEY IDENY

TELG 4G
0982
TAI94Y
201448
3R0G23
3R0G34
IRO03TY
HEOLTE
20 L04%
ZADOER
180284
L0084
9P 0005
LRV006
10013
SAG200
apenod
GEABOY,
4801800
&ROLE0R
GA0LZ4 8
SACLELA
168001 4
SEDD0L
BEOGOT
6R1L48
168082
FAOON08A
£A000%4A
TAZ402E
1600264
FROOBE
380080
3E01064
ABOORAA
HADITOA
BROOLE
}eeag
ARCOAL
12001904
LAQOIGAR
1TAQULISRE
1A0019H
1A0019RD
TADOLIRE
LAQCLORF
3B0O3T
&HOLTS

TARGET ACQUISITION LISTING AND PREDICTIONS FOR

REy

DATE
T4 MOYR

LA/12473
16412773
14722773
14712773
164712773
14712773
15712773
14712773
14/12773
14712473
14712/73
14712773
14712773
14712473
J4/12573
14712773
14712773
14712773
14712773
1412773
14712773
157127473
14412773
16712773
16712773
14712773
14412773
14712773
15412773
I5712773
15712773
15712/73
i5/12773
15712773
18712773
15712773
15412772
185712773
15712773
15412473
15712773
187127713
15712773
15402773
15412773
15212/73
15/712/73
18712473

TABLE 5-8

SELECTED REVS

Y I4E

HE

D o DR OB MpoOg Gomp O 06 UB GB WBA AR TR GO B L

el

N

S BN TN IS B R B 00 T L IR G O ek DR d d B DD

w

5%

(GMT
s

39
in
€4
47
35
57
41

g
29

7
34
32

DaLIO
LOFGE

i i
-57
-45
-56
53
28
~23
~41
63
t
Y
62
o
&3
~22
21
~10
ET
~51
57
~19
%1
~43
46
26
&2
&0
-5%
-80
43
b4
31
55

SLAKT
RANGE
{NM)

21iB.6
174.5
1304 &
159.4
219.1
109, 8
104:5
134.5
20%5.6
Gl.2
21844
206 %
925
1272
GG
DG.9
LTy ¢
115.9
152.3
154.7
100.9
127.2
136, ¢
138.9
108.6
2Lé. T
195,46
267.8
188, 1
126.5
2264
10&.5
182. 6
144.5
1724
203.86
188.0
JABLE
144.8
112.4
112.C
112.0
1185
ili.4
110.8
114.1
22440
2257

S0, R

ELEV

{DEGY

27
35
34
33
24

FWi
GRD
(FT}

13.0
By
Gade
Beb

15.2
69
a2

12.&

118
3.1

13.7

12.3

ry
*

wd MO0 AT QO 00 AN AF
OGS TN e e g D

PRSI

BFT

-y
b Bt
i T
.

e
A G f B W MY L B R AS e Bd Oh ~d WO U R W
B8 B e b B % K B & e B s e oE oo %A e e %

O AR DN S oD e DB 5 00 D e AR e o W

1340

o Sl bt
O o o B S B b it G D g d R A
L I e R R T R ARt E TR S - o

6 s % 8 ¥ & 8 N & B B % P & & % & 8 &

[RENY

REFL

Lo/2¢0
lgzs20
1e/2¢
rg/20
10720
10/28
10720
razs2n
/20
10220
1a/20
10/20
10720
10/20
Losz0
10420
1azs20
10720
10720
18720
10420
igszo0
19420
10720
10220
1ar20
10720
larsz2¢
137209
10720
1e/20
10720
10720
10728
13720
1a/2q
1¢s20
16720
10720
16/426
10720
18720
10720
10720
10720
16/20
10420
10720
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SECTION Vi
PROBLEM AREAS

6.1 MANAGEMENT

CRYBPER is a difficult program to maintain and manage. In addition to its size, it consisis of three
main subroutines each authored by a separate organization. Even small changes require a significant
amoeunt of care, time, and coordination. The data base for each run is enormoeus. The inputs are derived
at varions states in the assembly and test sequence of the camera system. The tests arve performed at
both 88C and SVIC, and the data reduced by several organizations. Many of the input values to CRYSPER
are available a yvear or more prior to flight., The final input, which is normally the orbit case, mayv not
be gelected until the month prior fo flight. The bookkeeping of the available inputs is a task in itself. Too
many times, data being sent from one organization to another neither is timely nor complete. Consequently,

at a time when CRYSPER could be used for mission planning, it can still be waiting proper inputs,

6.2 PERFORMANCE LEVEL

The performance predictions produced by CRYSPER should agree with the actual performance levels
measured postflight, and indeed the correlation has been reasonable based on the missions flown to date.
However, there are often inconsistencies related to the predictions and how thev were derived. CRYBPER
normally predicts two sigma low estimates based on smear. The eross-track achuals agree very well
with the two sigma low predictions, indicating that the magnitude of smear being used in the program is
correct. However, the in-track actuals are slightly higher than the predictions. Thig riiseg the
question 2 to whether the smear function within the progranm is modeled correctly. If the median option
for CRYSPER is used, vice the two sigma low smear, the prediclions for both in-track and cross-track
are higher than the measured performance level. The use of smear a8 measured in the chamber and
the nature of the smear (dlbeit linedr, non-linear, or whatever) is a continuing study.

6.2.1 Lens MTF Mismatch

The polychiromatic lens MTFs obtained {from interferograms in Chamber D do not provide the
same field curvature and astigmatism data obtained from a fully assembled camera tested photographically
in the vacuum chambers, It is ot clear at this point in time which sel of ddta is closer to the truth. Both
sets of data are acquired in a gravily environment. However, the interferogram data can be adjusted for
the gravity free environment of flight, while the photographic chamber data eannot. The photographie
chamber data takes into account the focus effects due to film eurl, while the interfercgram data does not.

At this time, CRYSPER configured lens MTF data can only be obtained from the intecferograms.

EET-HEXRGON BYE 15319-73
Fandie via Byaman
6-1 Controis Only
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6.2.2 Preflight Field Angle Predictions

While the program has the capability to predict resolution for any one of five field angles, it is
not possible to predict the field angle location of a target before flight. The preflight predictions
generally made before flight are for the center portion of the field; the MTFs for the 0° and +2° field
position are averaged. This is, in general, the portion of the format that is of slighily better performance
than the rest. On occasion, predietions have been made for a particular field position i it appears as
though there is a unique problem that may cause excessively poor quality. Post flight predictions can
be made for field angles closer tu those positions at which targets are aequired. Thesge types of predictions
are generally for CORN tribar targets wheve the coordinates have been measured. Infelligence targets
could be run against CRYSPER, if desired, through use of the MPR predicted coordinates or the OAK
reporting, These approaches are not generally used; and at present the software to handle large vohimes
of this type of data does not exist.

6.2.3 Smear Data Versus Sean Angle

The program is currently configured to use as input data, smear values (mean and two sigma) for
both directions of each camera a8 a function of Vx/h and sean angle, There are unique aspects in the
camera design that change the smear characteristics as a function of sean angle length and center. This
means, for example, thata 30° scan sector taken from an angle/angle table run for 120° of scan will have
been ran with incorrect smear values, There ave 16 possible sean angle/scan center conditions available,
The updated version of CRYSPER known as KAPER is being configured to use data for each of these
conditions and compute 16 sets of angle/angle tables. One remaining difficulty in obtzining the smear data
for all conditions is that chamber data is obtained for only three collimator locations. Interpolation and
some extrapolation is used to fill in the rest of the table, If large differences between chamber or test
rans oceur, then it oceasionally caused discontinuities in the resolution values as a function of scan.

6.2.4 Mathematical Description of 8mear As a Funclion of Performance

CRYSPER bas been programmed with two simplifying assumptions gbout the camera system's
smear characteristics: (1) it is limewr, and (2) it is nermally distributed. While these are probably
reasonable assumptions, there are often cases when it is clearly not appropriate. Chamber data has been
obtalned on some camera systems that indicate skewed frequency distribution of smear, Line tavget
images have on oceasion been significantly distorted, indicating non-linear smear. While the frequency
of these effects has decreased as the systems bave matured, they are still present to some degree,
Electromechanical analysis from TM data indicates that there ave several periodic disturbances that
oceur randomly or as a function of a particular mode of operation, e.g. , drive capstan dither. These
smear conditions are not modeled in CRYSPER per se. If the magnitude of the smear can be determined,

the mean smear values can be increased by that amount and additional CRYSPER runs will show the
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decrease in performance due to that smeur, This is not a very efficient measure, and should only be used

when a large amount of photography is affected.

6.2.5 Target Reflectance Inadequately Modeled

Data pertaining to two aspects of the target reflectance characteristics that are in need of
improvement are the absolute refleclance of intelligence targets and the degree of specularity. CRYSPER
presently containg a look-up table format contdining estimates of reflectances by COMIREX category.

The information for this table is a combination of real data {rom measurements of mission photography and
a good deal of guesswork., Onp the average, the data is probably near corrvect but it is most assuredly not
absolute for specifie targets. Tn addition, the effective refleetance of ground targets varies as a function
of factors that are not related to the target, e g., snow surrvound and reflections from nearby clouds can
cause significant changes in the apparent target appearance. CRYSPER contains no modeling for the
degree of target specularity. This area requires the most work., Such effort is currently underway by

BRIDGEHEAD under the sponsorship of the CCB (Photographic R&D).
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