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PFA 'fECmncA.L RE.PORT NO. 10 

This report ctocuriients tne concepts and theory eiriployoo in the CRYSPER CtimJiuter l>.rog1•a111, 

CRY8PER J:s ,m oh~otbit pedorun,i1ce predlctioii model for the l{EXAOON camera. tt models the. 

acquisitjon, atm.osptwrk, am eri.mera pel'formnn:ce il.specfa of tlic Sen,.,;pr S1Jbsyste1u, to enable the 

precUcti~ !'If U~e e1,q1ected on-od>it achieved gr~ resoivoo .distaucB. 'i'liis report discu1:1ses lhe .rtiajot· 

pl•og;t•,ui1 sutu·outmes, • the reqJib•ed aspecl.dafa. and U1e sources or that data, and summarizes sim,e of tlie 

Jltoble1n,s iriMrent in th!' CRYSPER .Progr.am. 

'tlv,re Js no conc.l,u;;fo!'t and/o:r recon11:ne.11ctittiol!I'! section fo:r the lnt.ent m thi.s .report h, to dem::rilie 

llr,w ihe CiIYSPEI! Prograni works, 11,ot how val.id the predictions ate. 'flie test .anci operational restllts frotn 

thil; prcJ!r.rain are reeo,Ued hi the speeUie ml.ssi.mi repQrts (Se111mr Si:.b;;yst.J.m Pn:il Fii!!',btAn0,lystl'!, Flight 

-,~~r;.;.,-~·-: .. ,:\~;:.)/ ::··-:;:: :. 

Specfal credit is du~~-----~pfthe West CoaJ.t Project Office (WCPO) Joi' dra.ftiug S1tctio1i n,''' 
.J. Av(iri!'ll (BRID<~EHEAD) JpJ.> section Ill, :utdl ~SSC) tor $ectioit IV, 
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PF.~ TECHNICAL.REPOI!T i.'i!O. 10 

SEC'l'ION I 

1.1 INTIHJlHlCTl()N 

.:PreUlg:lit pedonmmce p1·edldipi'111 im; 1:n:uJ1cJ!Ji· (,:ichJ:IEl'.."1!.C.ON m!;)~ion using the CRYIIPER .P:rorrrai~ .. 

C.tn.'SPlIR pted:tet$ the on-orl;\t pi;tdonnanee of the c;une1·,t systexi.1 ih its· expected ope1'aH11(~ ,invtnmmcmL 

The J;i1·1cuicth:iir11'J ~re g<"i1er1Uly two !'iigr.m, low t•~1timi1te!ii of resoluticm i1; hoth ey.d1cs/ti1hi 1n Ul~ Hlin plane 

ail wnU i1;,; the projection t>f that r(i;ioluUon to th~ .ground resohwrl tHstance (GHD) o! the recm-doe<lsc;e;ne. 

The progr;un has:;, three basic sections which :,re linke,1 together, ea.ch. qne ~tei.c.ri~s .i m.aj11r as~ed of 

thfi n1,,d systJ.m nasnlJ:tH1:m, These Uu:,m sectfo111:, ar'.e: 

A. An ◊rbifal mooel (SR-J) whh:h ases :i.s lnp,it tlafa the .orlHbtl clemcnb; for the ltiissioi1 and 

.;pecific chit:ractet'i.stics of tt:te t,,q~ts, TM output of this stidfoii. dI tile prtijttam is 1irdered bJi target 

ac~csis ,ind consists of th!'! solar ~i1he.nwi•is as w1;1n af; thc geometry of i;ach aeci:rns, 

B. An ati11ospl!erk modi~! (SR-2) which UFHis the data gmieral:ed iri the previotl!! se!.'!tion and 

cor,,putes tlte ,,ppi.:x•entcontr;.st of each acce.ssed ta.rg¢'t, ft q:mta11l$ v4rlou.s !ia,w n:rndets which have 

hee11 verified by empm•.i.ci(l 1uear;urem11mts matlc .iuri;i1g the ln.st sevorn! yeaNJ. The data bn11k enables 

this secliori of th<" progrmii to er.ti matc the ci!'ed,s of v,n·tooil ll~ze ltwel,.; on a p;eograpl!.fo and season:!! 

ptobitbHity ha.~is, 

C. A cairient pe.t'fotni;1,11:e n,~del (SR-3) which is a. 11rnthen1atk~l description of Uiii i,!ei'Jor1ii;:we~ 

!'h,i.1;actedstjei, of th!) .t:amefa Bp,t:em arid flight vehicle,. TI!is subroutine 11$.Cil the output from both JR the 

previous i;t,.11,:routines :let wen as the fflm di!lNidcrtsties ~nd tM camera Hrnear/opticttl perfol'n'iance data 

1Jt1de.1· tlw Vi~l'i.ou,; oP1'!l'a~i;i:qf c~nihlions, '.l'he l~ii.sii; tiow or ~j3t;1 fhroLLgh t'RXSPE!I is shoW'I! ti1 l'':ig:u;re l< 1. 

The ~,ilcufaUon of re;,,iluUon if; obt::iim~d by intetsecLhrg th~ i,-yb'iem mcdubttil:111 tr111i.i.fer fuimtiim (MT:F) 

with n11 ili;riJ;tlln\n~e i)l(Xitilfirlon (,'\.IM or TM) cuil·ve th,tU!etic.1,11:le.$ the.n1m c!)aracte·rtstfos Urtdei+ tl)t) 

;"_1tposure/i:;oiitt .. ,,t cimdi!i,::ms preva.!ent i:1t1riljg Pii'.jioslire, sei>. Fi~re 1.2. CBYSPER h:i.$ bed!!'n configtn'cd 

tu ci1m11ille a ruble QI re1,;olutio11 v;ih1.es ill either cycJes/1hm ,!t the fi]in plitnes or 1;rou1id resolved distiuic,) 

{C,Rb) in i;:,;etfor a. range ol' solar aJtitudr;; bm;;tid on latitudes ovffr the ;,mHre 120° format. 

As mimti()tted aj)9ve, the :rest;,htr:i.c,11.pi:edi.ctitm:s ca11 l)e eitli.ei,: two ;;iir;ma low cw u1eilia11 v,ilue:;s. in the 

;;arly ;;!it[1;<!l of lhe ev.Qh.ttim1, the estim,ile,; were ol:Jfai)md iro.1}1 a M(mie Cado pr~ess in whic:h Um 96Ui 

µerecfnt!l-, rescilu:tion wim clmm:m from,;. la1·ge nurube:r of imUvidual sam11Ies. !fowever, the <mniputer 

1•u11rtiilg tilne ,1h111 too .loii[;.. In. order to shorten lhidi.nie for th!'t ·•worst ease esUnmte·', CRY.SPEH w:i.,ct 

c1,a,i,ged to ,tpp:r.::«i1natc the :tes◊luUon from the sinj¥k eonjput:ttioh iising the me.11.i s111ear ::u:id d!ifociis 

jlh!!> (lI' thh!us (wl1iche1rnr was i>iorse} the tivo i;i.g11'i~ .i~ti,ition of !hese p~ .. ra1nete:i·s, The p.t'O!,'l'.~.in. iilso 

lnw th~ i:apnbllHy hi cim111.it¢ r, • 11i1,di.riii r(;fo!uUoii 'i>i.ili1e.. T~;,tfa~ is bi tm,~reilil to more fully u11i!erstarn:! 

the 11:ll'illlinf; Df a medH!.11 irn C-Onllttlr<id fo ~ twn i>l~1ria lnw pt'edkt'imi. CHYSPF:R Ii., stm bc.ing l'Cfined, ::J.ild 

lf8P SBSRli'i' 'Hli1'A11iiQN 
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P:FA TECHNrCAJ, BEPORT NQ. JO 

is t.xJ;cctl'.'cl_ to chang" ns 1,n,..tlc' is fo,amed libo,,t this type ol 11'iodeHilg thtougl! ei.;s1minali~)11 qf ,utu,iJ flight 

1>h,1toll(t.!phy, Th,fre- will fikdi; lie _hu'thiu: e;;ii:insim1s in Um output foi·mat <!f tb!c! new v1;1rs1on of CHYt;l?EH. 

refeiT;,rl t9 n;; KAPER, 

During t!w desii~n ,md rest i,ti11;es i>f 1)11i!di111: a 1;,11n1e1·n systtJm, _;1 _tier of .sland,ird conc!itfons :ma used 

tM{ ,u·e g,:mri::.Uy l:ll,sed !JlJ best expqsu.t_c aild 2:J ,i!)pal:'eii! !:.ti'g!it Miltr,ast. 'fhfo 1n·uviu.-;.,; a i:<labfo hnse 

friim which detiigJJ I>i•cdictiooo can be COlllj}ill'Cd ugaim;t adtia] lcf;t tih:u11bi!r l'.flSUlts. HCW!!'ll'!!'1\ th('$!!' 

sia!i!e c(:inditions do ni::ii eirist-d1ii•i11ir ni_/~l!I, 

Jfad1 operaU.::miil target Hi ,1cq11ired u11der its own ,mique set of i:om:Hti<:ms. 'Even,,the sa11•t' faq;ei.s 

a(:qu\red ;,11 ,dal¢r datt- e;n1 exbtbit new cluinu::fo:fi.,tic,; tha1t will bi!ltmni:f1 thp, final ai:hJ;evpd !}Pl"forn1:1,nc.0. 

A,nong th!': h,ct;::irs that are 11,ot withirt Pngi.l'.le(•rin_g- control it1'lc thi;, re!leci:11,nces (ci:mh'itst) of the bti:'gets and 

tile h,1zg (:o.1ditions at tim Hine <if (l.:p◊sure. These hvo factors have tu!iteet ai1d sit\nifieant h1flu(,1\ce oi, 

pm:1<,rimmc;;. 

An e{fot'! hi1-5 bt!&n 11.ndrir!.:i,ki,'>1\ (o q!!n,ntify tlrn;;-1 two dm)·ac.tcdstlc.<;1--.;;o that the CRYSPF,R P1·01p·11m 

cm1k! IJt! ul':fed to predfot thE: GRD for :u,ce,ssed h1leHlge11c<' targets_ or 1;eogra;i'!lly with sl;)me relation b;i 

rm1Hty. Tlrn irniw l!;t;; i!m111 ,,ntima!,nl as a pr(ilmlJil)ly d!sl1•ibuthm on a i;;n;,.sonal hasis. Tim sn:ii;;011~l b;,.i.e 

in0i.ie! is im i;stimate mad_e im a sfaU-rttic,1! l::m~is, Typicai !rn:;,,c; :if!viil$ fmi riifl'ci•tmt :irr,as -of the world ran 

-i,ko be input, The farg'et rcnectniwo l$J);att h:l._i; bM1i .handled hy ass.iit11ing a high'-lir,ht a.ml iow_;light 

rcflcctanmi to N,Ch COi,ttRFJX i_arg;&t t:it;;tory, Tlrnim values \Ji,i;n; l;rn;;.,1id ¢>i1 d.iimlJy m1msifrcri1cr1ts iirnde 

Jn:,m pa,r,;t.t¢c<mnals,;ancE> ph(ito~raphir. The C{111h:ji!Jt u! these iarg('if,; liti lo'lii, tho m::i~hji1'1m hi;i,hig snghHy 

ahovo 2~1 nn the ~niunii. lnteUi.gf!'l1('C tat1-€'.t contra~ts are fu.ttlwr reduced (lo 1. 5:1 o:r lo1ver) by the 

ahnm)plicih:. hat.!', 

A i;;a,1•ic,, of CRY8P:f,R l'.tii'iS tire rtiade to esHM:ile the 1>erformanec for ail FIBXAdON misr~foM, The 

CSYSP:l!'lR Qitip\it cousists <if Urn forini,t/soUir altitude (ablell a11d tlH, t.'ii'i,;liit access data. 'l'llil orbital 

efo1nen!B foi· a pa:rtfoufa:i' fauueh i,nr used iiioi,g vii.th the i;><"i·fonmmce estiui.;.tes from the Chinubcl' A 

accephmc1' t!;;;t ailrl the latest Chillnhe,: A-2 test. Ch,triilie1• Ac.2 prnv-ides il/1ta at only two t'.cillimalor 

h:;cati,m~, where«i~ C?ha_,,it)er _A_ h!iB thr;>e, In order tc:> have l.,S much data a,1; pG<Ssil:il<e1 !or dptermining the 

lilm $;fll(:ht•oni_zai,J_,m ernJ1rs a;; a fu11ci1011 (i! sc,,n ai1-~lae, l1i:;th imts ;:I! data aro utmd. -Fhiw~wer, !he-re :u·,· 

so1ne lnco111-1ii;i:1mdet, (11 the d:.t:. hi~twt'en- !l,ese two tests. 

The output u1,t:d for the :tnjr)e/;;nlr,k ret;oluWm (cy<'.1eii/nim} ti!bks has heE>n iilp:i1idtd to tntlm!e GHn 

111 fed, The (.'()1111)!il:,ti;:m_usefi to eonv,n-t froni mm pHuu, resolution in i;ydc~/liiin to OHD take;; info 

,fri:irun! llrn -i.Iaill rt\11\;c ,i.iid i>,irspect:ivii e;indiU\im; of thi,i a\:itt:iisitii:in~. It ili,, th~_n!!fi:l.i:'e, a nu11ihiii• that 

n,l,ib:ir to -ho:dzontal objcdf, -oil th<, _triiu1id, i. ti. , Ctmtr(;Ht•d Ifange N1itwurt (f:'OHN) trillar tai:g,its. 

Mohili, COllN t:ri!:!i1r liu-gds itrii ph11toi1r,1phei:I dtJdnr; .don'testir: passeH br enr~neJ>ring 11urposei;;, 

HYE 15319-'1:l 
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Th('Sl" fHr(~t.s hnvl" 11. 11,,roimd co11tritst of appra.ximntely S:L, and have been ui.i;ttill Ht i,ssesslng the i1.ccu1;acy 

oI 011-,irbit vcr(orma11ce p:rooicUons from CRYSP~R. 

Separate CRYSl'ER runs are made 111 order to accommodate bQti1 the e.11g;i1we1,mg .i.11d t11tcUige11ce need.$ 

for :re.solution predklioim. 'I'he engµ1cei·illg run uses an averaS'e !laze @11Qith.>ll a,nd Uie nominal CORN 

tribar ta.,rgcit re.Ueclances o( 'flli and 33%. '.!'his cq!:lates to 1>lacing: a CORN: ttiba:t larr;et at .each inttii.Hvncti 

Itmation and pimtor;raph.inr, it 011 ''avern1,;e'' dayg. CRYS~PER apjl1'oxin1:1tes the en¢i11eeri:ng·grooncl ·based 

fost.$; l>y eonfrolling the mi1j;:,r nim-camera related variable$ ;.ru:I pi•oduees G!Ul ,ilues betw~.fll 2' ,t.114 9' i:u; 

fhi;; design ilidi~tes. The l'Uil I pr ''typical iilfolligeuce t.i.rgcts•• flQ.im.tes to replacing t!;e lnfoUig.incc target 

with a CORN r:ribar ta.rget. that11early mufr.lles it in c1:mtract (10 .. 2o%) ;md 1~1otograµht11g it uniler atrnospM:ric 

i::ondiUons lypi.cid of those at tnat Ume o.f the year, Hence, it is not onco1111t1()H to ltave pl!oh){t;,ra.phy ur 

.10-15 feet GRD li!'ldcr these eoi:11:Utions even when the camt,ra is cipiu'..tting accli.i'tli!ig; lo its design. 

A thh'd typ.e of perfo1·ma11ce prediction entitlM CJJYSPER/VEM resoluticm flits bte1i added to.the. 

struwa1·d 1:n·em.'ission i?l'edictjonl.l, 'l'h:i.s p.1•~ictioi'i .js de,;;iig;ned to Jfelate to tlte VEM reijolutioi'i data ,tcquired 

durintr the PFA time peric)(l and the subsequent 111-depth ,m.alyscs of Ute in'isi-iion. VEM p1:i:fvldes im estil11~h~ 

()f the 2'1 c;;:;ntn~st n,:mlution in i::ycles/11:1m, the i,it!;!ic perf.;irrm:mce n1.eas11re qf the i:;a!'l)ern iayste1n, The 

VEM 11\ttlrix i$ .calibrated to 2:1 c,mti·ast 1·esolut.ion ret,~:rdlo:ss or tbe conh"ast oJ.' tlie edge itself. The 

CRYSP!m atmo~-phcrie r,iilllniuUnes, whhili ult.i.i11ate1;, adjust the Al1\,'I ctu>ve for O'Xll.osure and .oonh:a.s! 

are bypassed fo:r t!Wse J?:i+l.'!dicticin~ ind. a. ecinsfant 2;1 enntraf!t is im(ployec:L 

BYE 15311-'l':l . . . . 
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SECTION U 

2, 1 SUMMARY 

The S(iftWare ·1\toou!(, SR-,1 tieMI'niine!i ttrget aequi;,;itions nnd varioui;i orbital <,lat~ .~ssoei,itfod with Htiih 

qf these ;u::qtiisltions, Tile sa~1 iltodet is also :i•eforr<,•d to ,is PANDA. Acq,rlsltlorii; at·€ dote1·mi11ed us!Jig 

il. tfatit baa,! em'!BiStiOi\ of ,l hfrg~t. deck l:n.r,fanctard CHYBFiJ:R formaf. imd a set c,f 1·ev.;by-rey insti1Jt/\ll!)OUS 

ot!)it .ei.em<,nts ,"iftbe BRF.;AKWELIA)/1,e. Tarr;et a,;quisitio11 i'i:1ta is c!e\1:ll'.nimed for each orbit l'evolutiou 

th;:-Q1,i,ul1. aii. ileraUve procesi;. usiiii~. i;ta.rniiard UHEAKWEl,L orbit deci,y tediuiques. 

S(f,wrttl Jit>Wins ,rre avnilabb.~ lo the ,m.er iii selcctfoii of the mcidt: in. whie,h this !illftWil.i'cis to be .run. 

The user· 11iny specify ii. iin\que 1·l.'V s1:'k:,11 to bl'f £>1tnn1in;:,d, a maic'jmtim oonciui!y fo oo •J1.sed fq~ ttiigli!t 

a,:.qui;,itfou defo:n:iiin;;tiol}, or a ihinininni !;()\;Li: ~ll!VS1t.l()ll ~l \~hkh itC(!ttisitloti di,b, is dcsh-cd. Au add[Uiim,.I 

.Oj>Uon. nf use in poslAUghl t:valualioi1 ,if CHYSPER pl•edidl.ons fa the eapabmty lo include iii !he target data. 

th;::. l't,V ll\ll)lbi"T Oil 1vliich tl)e tnri:;t>t wa.s a,:qttil';'.ed. 'l'hh; .llll!!W.S !hG pn)g:rnm Ji:, g!'{\Cr.tte t:ug;?,t aeqi1isiUpn 

d;ifa cmly Im:·Uie specUietl l'~V. 

The SH-1 jli"i:lgtilm is wtitttm in FORTRAN for BKCt1iti.011 6n !in TBM 300/370 Computer ha.,•ing at l,;:ai;t 

. l5Ql{ byt~i; of. r;,emoi."Y 11ltii; ,tt lea:,t 150K llyk$ t>f aaxiiia:ry dii;lc .s(oi:;;,gc, The SR-1 J)l'l)f~!'am \\/ill rim l\.S :1 

sfand-afone mooufo, However, (h~ in11 .. t t.arjfi't dafa m,1st U(l fo111niitted h1•• th,, ClftSPF:R driver· 01·· ,m 

equivllleut progtam, 

2. 2 ~R-1 INPUTS 

Sll-,1 limut$ CO!l$iEl or 11 turg;.;t data. set, '.'in orb.it el~µ11,!lt i:lata sd, imi! ij sin!]fle .;,mtrol card. $il-,l 

U$Es cm!y the t\u,get Jitlitude, lo11ff,itnde, nm:l ihe 11,itmi! rev nim1l:li:r Qf acqu1siljon fl•oin ihe ta,•!(~t dlilta ;;;i:t. 

Tbe.bafat1cc of the t-arget di,bt.sel i,$ merely.µassed .on for 111>!' 1';1 th!' .sn-2 .rt.rid SR.3 .mocl1iJei<. 

Tht• ,;thit el.m1cHil d:ira. set t·onlaius two dab .;et eonlnil e;;;cords wMch proviifo. iJfa;sioil itfot1tirleal!m1 

anil famich dilt1is and ti111ci1 associated ,vith the orbit N1,ine11ti;. The re1n,undiir of th.i: (ll'blt 11lii1m;mt deifa 

sef.com;i.,it,, ol' HllEA.!\W.El.l.-typ,;·e11>ih1;<nts·w11ich pr'ovidt; the 1'tm'ij~m,..jo\! ;(l(\s, eclicrili<tcity, .1ncilin:'itlo11., 

a:q,;imrni,l o[ peri{;ee, a,;c.m1din,1;.n°'ie longitude, epoch b,sce11d1n~ node) tinie, and BREAl{'.VliH.;I. decay 

(;,clors. 

;rlw e(mb:oL eQl.".{l ne.eded to nm Sl't·l 1>rovkler, th.e run identiiiei1tion, la,111!'.h d,ite ;md Hn\e, $!art ,it!d 

sk11, l'.li'V, mI11s1.111im1 9hUqulty, mini.mnm !!olar c!;,,vaUi:m, id,:-11tifi,mti,m on 01•bff dnt« St't, ,ind rev 

t'Kdusiv .. {11tq1tU,itkn1s t:om1.ruted Qn)y 01i rm,/,; indicti.fod on target n1t.01'ds) .i11dliial.01·.. U n,) input!, ate 

1frovidect fol'. ;frry of th,• ahwe ite1ili.1 thia pi'ogrEi:1i1 :;.elects apptiii1riatc di:fau.lt vlilu\m ai1d iiroi'i,cds with 

exe.<':i11t;,n. S1:m1e dcfmilt 1>.x11m1':>lf"'s .iri, o• for nii11ili:l11m imlm• ffleva!i.011, i;o• for 11\mi;imtifr, nbHq1.11ty, 1,t(: 
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C~ttain data is CO!ilj)Uti;'d aii.d output hySR-1 for' us~ by the S~-2 ,md SR..,3 mci<h1lei;c Otl!i'r SR-l 

outr:mti; arf;l datii. ltrmi,i;l \\ilHch .a:r1" n;~.rely par,sed frm11 the target diifa set fo \1e ui,ed by the Sf~-2 ,,nd .SH ~'J 

mndiiles. 

Dala Heim, eon\i>utaI !;y SR".l· and p:,sse(:{.fi;r u,s~ by SR•2 ::u11:i i:!Ji-3 a,i,e: 

. A. GMT day, . m,mlh, yeitr, and Utrte ( c:Iiu;,i;,;t aptwoacll) of ei1th t!lrge! ,1cqulsibon. 

H. Sil!eHite vehicle Intitude aud Le>n~itwfo at tiliie ol.' di;>$i;!st ~pp.i'oio::h. 

C, D\focUori ,:.!' vehicli; !ranH at Hine of dos~st ,1pp:i•uitd1 (nortlih&w1d ur ,mulllb,iund). 

·l'.t Scan angle to target·at tHne of e!rislist ll.!)!)l'Oll.Ch., 

1;;. Velli;de 1·ru:!il1s, ohlli.te e1lrrli raifin,s, a11d !,,lteHibe aUitude at point of closest appr,:,:~ch. 

P, Hallos Qf velocity to ;i.!titude tor ~ll!odties ill\iitSUred along tlie x .• y; .and z iLXi:lS {Vx/h, 

Vy /Ii ,Hid Yz/h} 1.il the time of dose st apµro,1i;:l1. 

G. Satellite hwrtiil.l velodty at the time ,ji: closest appi:(jach. 

H. S<Jlar eleVati().H it the target location ;.t the ti111tl of closest apprna.eh, 

t Rev mm1\:wr on whi,:h tlrn bu::gr:t h; ,rnqui;>ed. 

Thi, SH- i mod11-le eimJ>ish:; of ;, i,ia.iu prog1•,m1 and several ,;1;1\1proir.ram,;. 'rh(!Se ru·oer:iiirn ,1rp, 

deseril,H:d below, This modJ1!e has been d.eve!.oped hy SSC,"WCFO 1mdi,r the n:1me l:lf PANDA .:md is 

describl"d in dt>taili.n U!YOO'I/DaOO•H-'1:J dated 16 F'ebruaey 197:t, 

·2.·,L.l Mt\lN·Progri'i1n 

1111.i; ts prhm1.ri!y t1. driv,ir for a set'i;ili; i:>f $i/b1•i:ititinei;. It ;il,,;;6 intit;rpret.'I the \P\JUt eohrr.ol ~,,ii•d 

;;nd Bds up the ci:nitroHin~ p,frilnit,le rj;j for the SR-1 e~eimUon. 

2, :L2 $ETEJ../f !fobpn,gram 

thfa rnut:ine hrtlially r,,ad!. the m::tilhil dal;;i; set ;;rnct uon1pµt,;~ ,i 111.rnibi;;r pi ~he frrt,1uenUy used 

p,;ir,uneters for 0ach ort>it revoh1t!on. Subseqt.umt calls to this routine pkk up the .orbital 1)a1·a1neters for 

e:1 t'lu:'evo!uHon \tclli.rth :ii'.• used in coi11p11ting tar11et acquisitions. 

2, 4, 3 ACQCON Subp1•ogrc1m 

This rou0:11€' ri,i,ds !he !atis1! ,hid, ~flQ ,:,invli!rti. t~q:1,;t l/ititucles from geooeUc to teocentrk. 

A\ixiHiry Ifoutines TAR ACQ ,ind SOLLY anf c,"illed fo deti:-rn1imj if e<1di ta'ri;¢! is acquired llnd lf Hie ;.olar 

i;!~vation meets ti!ti<1nfohnuni criteria, Thn FINDAT Ri;;uHl\(! tsth\m i!alhid fo ,1si,1imbk rii\j~1iri1d 1m\plit 

.a.(•qul,;tUmi p,n•<1pwte1~;; ,;nd pl.a.el' the data on a tem1)(!1·,u-y HI(,. 

2. 4.. 4 SUMf(Y Subproirr.i;m 

'.this ropHnli1 preparicl;;; su1nm;1.l'y lnform,ition con\!(!'.l'!'l.ing: the number .of acqnisiUorm fqr ead1 

t:•J'.~C't 1t'it h l.n •: th1;1 taI'('.et d ce k. 

t;QP iiWIUi'i' lilli~lfdii8N 
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2. 4. 5 T ARACQ St:d:>progratn 

This nrutine detennhles whelller a target ii. acqufret! 011 U;e ascending/decseending pot'Uon of :ui 

iirbiL The Ho,1,tines ANGLE; I.OCORD arid CENANG .-r1;1 a;uidUaryto performing this eorr1pu~timi. 

2. 4. 6 SQL[;Y Subpr,;i[ram 

This routhie computes thi¾ ~olar elevMiim at the tar~t k(U~ude/io111titude based upon the HltH~ :u1d 

dat~ nf acqu.isiHoo. 

2, 4. '1 ANQEL Sl.lbprograit\ 

Tbls foutine co1hpj.ite.; tile veWcle radii:is, latittitl<f/1 longitude,. tim!:f, a11d orl* .iilgle at the< Hme <if 

ncqutsHion. 

2. 4. 8 Addiho11ai Subprogra1ns 

The a¥:iditl<:mal $11.bp1~ograi11a ll)CORb, EDK, CDAT, CENANG, IJ.AOFY'R., XDAT, VAI;C!IJt, 

am;, and l<'INOAT provide au.xiHary tto1np,1fati()!lS t•egard.J:ngthe orbitai ep!Hl\me:d!; and targ;ot iu:;q)l(SIUous. 

Each of these routines is do.eimmnted f,;11111 in. the Hi Februa.ty 1973 l>ANDA software description doepment 

refol'em:cid above. 

BYE l5llt9~73. . .... . 
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SPECTRAt. :PaOTOGRAPHlC .. ACQUISITION. MODEL (&"R-2:) 

SR-2 is an rtbriffged, subNlil:tiile v:el."sion of tnc spectral photo¢taph'ic acquisition 11100~1, KALElPOSCOl'E, 

The SR-2 i'l1ood is rtlso known as KSCOPE. This lii~del. c:ucu!atf;is atn.iospher.fo .n'id $ceti!! radia11ce, 

lm:h!dhl~ the atmtmp!icrk fransmitt,mce, :relative to th~ geuw.ifry <n iwquisltfoii. 

Tniorm:itfon on the a.cqui.sHfon. r,eom.;,fry is provlcled l;lythe $lJ-t .(oi;'l;iibtl !l}od,;,.l) portion 1>1 the p.rO!l;r.an). 

SR-"2 then caJeu!.a.~el'i contrast values and app:u'.en\ lliminanc!:! value1; fo1· the bii:-get reflcdauccs passed 

fr(\m. SH-'l; ealeufating tht, spectral co1ifoutof the scuJic. imd. ab11osphin'k eo1iilition;;; according to t.he 

pa1'ametcri1 m1ppUM by SR-1, and i.!1.rJudi.11.g th.n exact spectrnl weighting funt:tion of the srr.tem respl:m\"m, 

Sy$t;:>11\ 1'E!$!)611se is the eoml:iinltlfon of film serisitivi(y, ll;!n,; transn,Utanee, aim fHtei· ti·~nsmitta11ce ill the 

e:1mi:ra. system. These values i,Elf ttum p,u,;,;~d to subrouHn!:i SR-3 (c:am,era inodel) where, (,QIJJPiJli:id wUli 

,h1ta r!.ese;ibing the t,yf;tem ¢haraBh!rlsUcr,, r,ystm:n performance for tlu,, ac,qui.;itio11 is C'J~!en!nteiL 

The vi,IueB requi:ret! PY ti1e sn~3 p<wUon of CJ.lYKPlm are target lumi11:1nce and co11t1·ast v~lues. 

Tai:gel lli1idii,mce ls caleulatoo ~Y .comparing the radfometi.'ic. energy fro11i the tar.get w1tl1 the elwl:'.gy of 

i:1 knowi1 eallbraUon s11urre; ,'md then 1;;,."i!ling the rntegi•atcd tfiiel'.~l:f(wuth,/ni2) til photi:unif;lric uni.ti, (fool­

Iambm:'I;;), Contrast vnlufa aie eomputed ~.$ t.h17- rf!\tio .of tb17- i;inergy of the atmospheric r'~dilriic.~ (iinz~) 

lo the effocHve i.rradfanee ofd.iyli~!tL, as mooilied by tile spectral a:tmi;,1Sph~dc lrausmittance. For both 

e,ilet1luii,ms, tl:w vaiucs an1 cQmpuh,ti relative t<1 the l:!;,.act spc¢b.-~1 rcs:po111;,e 11f the l''orwarct aud Mt 
photogta.pMc syst.orns. Speet1'.al llJm01;;i1heMc qu~ntiti!'!S 1111'!'! eor11putedfor the oirai;:t geomi;,try n.f at'.q11islU1)1i, 

:i.~ supplied by SR-1, 

3. 2.1 Geometry Inputs 

Values desc1:iltii1g the geometry of acquisitfop are requii.;edf.:ir the .cidcu.fati.,:;u of dayliglli 

fa•i•ndfanec, libnosplicrie n1djiuir.e; iii.lid ahri.l'l~ph(tlic Lrani;;n1iJtance, Th!'H~!f valnr;'is are ~Uher !ill):)plied h!l' 

tlil~l, or are c.aJcullited l:iised m1 values supplied by SH-1. 'fhese vi.lues foelude: 

A. P~te qt acquio;itfoll, 

a. tune pf acqui~ition' 

C. Snt.nllilc geographic-. loc1iUnn, 

D. Satollite nltH.ude . 

.E, Scan ;rn11le. 

1'', Ortilbl li1cliiiafio11. 
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H. $otar r1zimutl1. 

L '"CA'l'.S•· an.g!i;, (the anJ;Ie in.c.luded hy the ta1i1era-.target am! i.t1.n-ta'!'get Uncs). 

J, True i.~i1il:h distai1ce (tlltf aniile lletwtmn the ta.rgi!t 11;cnith and the camer::j Jt11e of stg;ht). 

3, 2, 2 Ta:rget DC!';Cl'iption l(l!}iltS 

SR-1 also supplies the following va!u~s which ar1; use,J in con1pi;itin~ hu:~i;it !µi;njn:ini:;;,, :i.nd i.n 

i.pecifyiug atmc,sphedc cmi~Utlom,. ()la,;,, li:rv.rl): 

A, Target low and hi.gt! reflecUyit!es, 

n. 'l'arget type us.ed l:o im:'!icate snow surromli:t u snow is presmmt; taq;et Iuminane$."> are 

iiicre,ti,ed by the effect ◄)f siii>w, a1ld the ex;posuri:! time usec! in SR-:1 '/r,; !'.ihortel'ied to coinpimsat.e for the 

jncrci.1;i•d N11:'i'gy. 

C. Haze in,Ucatm: _ The haze lm,'11 .can. be input ma1u.1iall.y, qr the model may ~e aUmved t<:1 

e$Ut1.1ll.te fbe haz,e level .as a:funciitm of.the !{ate of acq\iii;iUon. 

lt 2. 3 Bt:iedraJ syste1n Respon!ie 

All em,,rgy iritlue~ calculil.fod by sn-2; am! usect in Sll-3, ~J;? ei:,mpiited rel;.five to the .,_'(act 

Spe!!ll':,1 l"t,l:ll)0llS~ of the photographic i;yi;tcni. These i11elmfo: 

A.. !,pectm.1 transmittance or the lmis Bystent. 

B. S1>ectraHra:n,;n1iUanr:;e of the £Utei:-fol 111 the 01~tkal ;;;yi;te;n. 

C. Spectral se:n$iHviiy ot the film. 

$, :! l~Al)IQMETH!C ACQUil:'irt1o'N f:ilMlJLA'!'lON 

Tim ahi10S11h.irk rRdiance, .i.hnosph.eric trans1µ1ttance, a11d dayll~ht in•~iance u;oi:lels wU!,in$,.;:i! 

ai"c 1)\' piu•ticular tinpoi•ia11eti, sl!1.ct1 they constitute qu:u;i-stamarc:!s which are the basis fol' the energy 

caJi:~latfon,; performed in the program. The foUowl:n!J: usts t!ie par111'.!1C'tcl's tom,ide1'cd l/1 dcte1·n•ii1ing 

!he!!e sp1:1ctrii.l qu1H1UUci. for ii giveia il(,qui.sitioll: 

A. Ho:th,onfal Pl~ue Dayllghl lrraid.i.u1ce llfodel 

ft! i:k,far altitude. Exam1naU011 1:rl' .measured spectral Irradiance dlstrll111tfo11.a l.nd1e,1tes Hrnt; 

1Jver the rane;e of ha.1.e levels 1>uifaJi1e.for p)iot.oirrapl')ic. ;:icquisHton, irrii!ii;'lnrc :d any gjv~n sol;ar ;;1~:ihtdc 

does n.nt v:u·y .. pp1,eda1:lllf as a fum::Jlo11. of chai~es in .i.ttnospheric quality. 

B. Atmosphtiric Trt1nsm.itw.nce 

(l) Molccull!!.r sciatterinp;; 

.(2) Ae1·o;;n1 ;§c;iittering, 

{3) .li.bso:i'1:rtlcin of·ahu.ospherk moi~h•i:1;1, 

(4) .Absor.p.!foi, oi' ozo!ie, 
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C. AtmiispheJ:>k '1iu:lja11co 

( 1) Ti•ansni ittan.ce 1ev el, 

(2) Solar almude. 

(3) z,m!th. dl$fance of optic~l !lXls (defoi:-mines air rm1ss mimher for (>~Jc,llatii:m.of spech'ai 

scatter fradion). 

(4) "CATS'' au.gl.e (si:attJ:ll' angi!ij). 

(!i) Inr.i'en!!es in radianc)'! cauHed by the refleclanee .of th.e aui'ronnd. 

3.4 BAS!CEQUA'I'IONS 

Tlte ar.qul.siti.ou r;!!qmetry, 1u1d certain.opticma the i1ser tnay chbQst, are 1J.sed by SH-2 in nfodeling 

the hdrii,:intalp!a.ne i:r:rad:l3;nce o!d;.yligt,t, atmoHpheriernd!ance, and ahnosph~rlctransm1ttimc1t, Tb~ 

alr,;t::rrltlnns iµvolved are 11t1.iH, lengthy. ;rhese algm•U!ims ax-edlst-ussed. later tn LhisHl1dion. The biisic 

eq1rn(i,ms of thnse terms ;u:tuaUy p::rni;ect .Ji;, SH-3 nre given be.low. 

3. 4 . 1 Target Lmi1i iianee 

'Target linniiiirnce h; cnlciiliated by (ioitipa:rfog th;;, .ene.rj:,•y fr1;111i ·uu~ target with tlm em:l'rgy of li. ki1t111i!i 

c11llbralh::,n. source (currently, a lB Scns!t-0i;ti.c'fot); and by sealing the> integrated e1iei:'µ;9 (in watts/m 2) to 

f99t-lamberts. Althoug)1 au cli.kulaticms are pe1'formed ill ratliomeh·k units, this cmt.put is coovei·tE'd ti.1 

photometric urjits tr, tfmfm·n1 w!H1 SR-3 requireinenfo. 

B = a1,i1arent. Jumina.nce (foot.;J;;imberti;;) ·a ,. . 

Ho .. !lPie!!h:~J lrn~di!l!lc!:! or da~•n~lit 

TA'' spectral atmoBpherk tri.:i1$ntittam:ie 

N'h· " Sp-Odi'al ati:nosphliitic: radiimce 
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, 4210 " constant; to scale to foot-lamberts 

Appifrcnt liltniilance vaii:ms arc calculated for both high-light and low-Hg;ht tiu~get i:J'.tflectai1ee va.lu""• 

8upplfod by SR-1. 

iL 4. 2 Contrast Valves 

Coi1trast values are con1pufoo as th.t ratio of tile .energy of the aunosphetic radiance to tlie 

effective Jrriuliiutco o! tbfU!;hl, i,,,; Illodifii:id by Uie /4p!;!t:tri~l atmoi,phefic trane;mittnnce. Thcformuln for 

eal~!aHn.g contrast values iii: 

f 2r • Nill • Tt • Fi • S). di.. 
C ,,, 100 • •~--'---------------

! lioj. • TA). • T;_ • FJ " S;. a). 

where: 

C " tile contrast ;,:due 

AU olbi.r ti.~;ms !U'!o 11.$ defln,,d in pllragraph. S. 4. 1., AU caici;;l.lt;iQ11s are<p,erfor111cd f9r both ihc 

P'orward mid Aft Camera Systems and tht;iir unique g~1:m1etry. 

3 .. 5 SR0 2 JNJ?UT/OU'l'PU'I' 

:l. 5. 1 SH-2 Input 

In addition to the i,tl!'ormatioo supplied by the SR-l porn.on -0fU1e progrn.m, SfH~ requires inputs 

(!ei:;cflbitig th$ spectral systae:m l'-esponse at\.d the mre1•a.J1 expi::>aure adjustment des.ired for a given run. 

These inputs a.1·0: 

A. Sp1Hit:ra1 Systeni. Response 

1'ne t1ser must supply the program with the f<:>llowfog i.nform11#on. describing ~be can1er:1 

(i) Spectral tram;m1ittanee oftlie lens srstem. 

(2) Spectral transmittance of the. f!Uer(s) imcd hi the optical sysltim. Up to thre1i each 

may be i:tpecifiM. €or both the Forward and Aft Cameras. 

{31 spectral sensitivity or the filri:1, 

U; Specti.;itl Ditta Libra .. ey 
h1 order to iitmpHf)I the ti.<ier's task and rnlrimilie.c t!m mimbcr m' c,u•ds required l:iy SR-2, 

a "spetjral lih1•ary" of spectral synli!in data is used by the pi'!W;l'am, DaJa ftntries in the 1iJ:a•ary consist 
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of uuiQ ue .ei,hh cl1ara ctei ol;ldes1 auct th$ wavel~nglh~by-ivavclti1~h sp11dra1 dala. a~$odated with each 

code, In rumiinf the p.i'ogr:i:.111, the m:icr only has to s11e.e.ify the c~e 111nr,e !or the i:lata iiesirei:l and the 

prograrii wm then riitrl.eve the actual. spectral vaiu.es.. M.ii;11tenance tlf the Hbra:rv (additions, tfoletions, 

aml \1pi;l .. tel$) is ~rfonned as .iil separate, of.f.cii!u;~ opel."alio11 by BRIDGrEUEAO personneL 

C, Expnsurc Adjust111ent Option 

E~p<;Jsure times calcuEo.hicl Dy SR-3 (camera!. i~ooffl} ai-e ci:m1pute<I ushig a htl:llc of imlar 

altitude versus ex1:wsun tlri1e, using Um:,ar ini:e.rpolalitin techniques, "these tabh;s nor.many :reflect the 

ideal expos,1.re at me ceiiteJ· of si:an for ans, ~iven solar attitude. On o~i::asic:in, he>weve1,>, m~ tuic.r iiiay 

wi.1,h to !'iimulate over qr under!:!.~pc,sur"" QI'. •;i; inii.sion. SR-2 lncQrpor.ites the (::,,pabHity orspecilyfoq; otl1er 

tlia.11 ideal expilS)U'e through the iiiput of the lo~lO expmrure .wjushimnt desired; the. expoi,"'i.11;e.ti.m.e ealc\ilated 

iri SR-•3 is tlum modified nsiiig tile following equation: 
t' ., t • 10AD,iUST 

t • c, .uiooifiecl exposure time 

t "' ideal expo[;urc Umc 

ADJOS'l' ~ 10~10 exposure actj,;istment 

NOTE: Th1c i;!11!.'.posu.re adjul\;tmcnt i,pt'.t\Uied .. in SR-2•is applied to evefy acquisltloo sltmil.ated in tile.run. 

3. 5. 2 Dat;i Patised From SR -1 

The hulk of Um info.rmatfon .roqui.red by J:."R-2 is pa.saoo by ~R-l using a. temporary data get as 

JntermerUate ;;;torag,,. En(ot'm,i;qon .r~ad from thls ,ht~ 11'.d i;; lilaced i.n • tahel('d COMMON st.nra.ge for 

use by both SR,.2 and $H-3. rt is ide1it.ified/labeted 11,s: C~:JMMON/XIN/HDOII, XIN, lOll, UN. 

Th¢ foUowingimm.•ntation i:.1.1.sod by SR~:>.~ 

.A. Sun/Vehicle Gecm1etrr ht1;ii:tt 

(1) IlN (12) Qreenwich day 

(2) HN (13) · Greenwich mc1i1U1 

(3) llN (M) Grecnwic.h year 

(4) . XL'i {1) Gre;;;nwid1 Mean Tin1c 

(5) xm (2) Satellite geoitapbic latitw::le 

{6) XIN (3) Sau:tHite gcmgraph.ic h::;ngjtm:!,i 

{7) XlN (4) Slttellit~ nltttude IIOl"in;\l t<:> oblate ;;)nrth 

(8) XIN (5) Scan a1,~jc (positiv(; to foft m flight path, lookl.ng forwitl.'d) 
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These ack!ititmlll terms arwth,m. inp~t to tbe darlight irl'a(!iancc, atmo;;;pheric tri,itsmuta11ce, ai1d 

atmospheric radian.co s®rOiltincs. Para~rapn 3. 6, ''li>"ubprogram I'aeka.g,es", pi:'eseilfo adl;ii;\:ripti\m/ 

discusi:j!on of tliiU;e additi<m:H v,1.lues. 

13. T~.l'g<1t. PeseMpti® Input.'! 

(l) lIN (!I) Target fow-'light reflectivity 

(2) JIN (9) Ta.qr;tit l1fg)J-iight. ~,onecl:ivtty 

C: • Ta.rgei:. iA1min11n.ce Jnp11ts 

Tho following values ofR are .used fa computing target luminance; 

(1) UN (10) Ta:r.·get type 

(2i UN (11:) Target haze <>onditfon 

D. H;;.ze Level Specitl.caHoo Optfons 

The seailng of thJ;i atm~1,;pneii1: radi~11ce !lrn:;!aLu1c,1,pheri.c t1:a111,;1I1ittauce ti; b,rnei:i 011 Uie 

<estimate or the atmospheric transmittance at a wavelength ¢' 550 n:iU!ometent (T fr:l{i The value of 

HN (11), U1!i! t,U"get naze c[;)nditioii indicator, .is m;ect to specify a. c.hoiee 6f hate IevE>l; see TahlP 3-1. 

HN (11) 

1 

2 

3 

ILf\ZE LEVEL SPECU'ICA'flON OPTIONS 

lfaze Lcvel/Atmosphc:dc T:ran.;mittance 

J;1i11t 

Moo~rate 

T • 550 

.69'l 

~- :a.s _a .. f.Ul'let;i.(lll . .-p(· the d:a.t~· Qt a(-qulSltJon .. · ~this ~$.t.lm$fe ·ls 'p~:~~4.-ory .a .~ldy- Qt _s~~~on3.1: 1.(a.'ti~~i~n~ i:n. .h:~7.~~­

Ievel fur• st"Vel'al specific locations in d~nied. arf;!as. WJjHfi! tbe aigori~lu:11 use¢! !lol,,s not prwWe a;11prage 

values for an plaens in the world at. all ti1Ms oi: th¢ year, it is thc best available soux·ee .fo1• ,,stimatcs .of 

tne v,,rfutfon in the average .val.Uc .io:r the loc!it.ions most a1lpropriate il1 photo~r~pliic reconililtssan.ce. 

Thit, idg,ti·i.tlml ts: 

T 5;)0 

~ "' 

i!tmosplierk tram,mittaiiee at 550 !la!iomct.ers 

auov x .(<Jay ru ye;tr :- 11 
365 
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E; Snow Correction Qpth:m 

"I'he UN 00) tari:1:t typi: ind.lcatl'lr is used to inl'.!ieat.e ;my special tM·get .characteristics 

Which niu.i.1 be to11sidere4 by the p:to(i;:ran1. Currently, the only value which wiU c,-1,u,;c SR,2: fo pei"Ioi•iii 

any specfal calohlations. is llN (10) " 2, 'which fodi.cates a target .covered. by ;,1iow. IIN (Ht) = l lruHc:~ti;s 

v&g('.t~ti.on. s1,1rrcMM, The sn()W cover mxpl)i'lurn eorr~ctiQn api>Hed by sn.,i h, a I,mdion of solar aultude, 

see Table 3,2, 

SNOW CORRECTION OPTIONS 

Sola.1· Altiiurji;i Ra.ri.g!ii 
(degrees} 

0 to 10 

HI to Hi 

15 to 90 

This procedu.re pro/Vides .for'. 

Ch~nge in Ex1)os\ir'~ 
.Cstaµs) 

1/3 • reduction. 

2/3 teduction 

l rnduelion 

(1) The possibUity lhfno snqw will.exisi w!ti;,n i;;now is pre<!iete(l, 

(2) The :rru.Uancc 1·.,mgc atvadous sol.u· altitudes. 

(3) Tllc use of t\ cotnpromise exposure criterion for lower solar a:11.itilrlus. 

When this corredfori is il!tpplied, the 1Qg10 expos,tte Mj1ist1J1e11t passed to sn,.a .is 

.nrndil'led for this act1uisition uiily by the amount specified fa T~ble 3~2. 

S. 5. 3 Di1tii Passed to SR..c3 

'hble 3-3 Ustl'! the .vaIµe1:< calcufa:tcd i,r SR-2 and plit!ce<l in. iabe;led COMM◊~ for use by SH-3, 

Co1rimon Block 

X!N 

CFACTT 

GLJTCH 

xrN {101 

xtN {11) 

xti!i (t.2) 

XlN .(13) 

Cl•'AC't'l' (1) 

CFACTT (2) 

.ADJUST 

V~lue 

'l'in·get low-light lu!T.ina.nce, AH Ca1ne1:a 

Target liigi1-1ight lu1i1ilia:rice, Art Ga1111=ra 

'tnrgct 1ow--U.ght. lumimmcic., Fwd Camimi 

'f~l'.'g:e.t hig:11-Hght. lul:nilumce, Fwd c~.m;;r~. 

Contrast·value, AU Cain.era 

Contrant value, Fwd .Came.ra 

Lo~10 c;rposure adjustme1\t 

BYE 153Hl-'13 
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3. 6,.1 Geoinetry 

In addition to the v'ehiele ieo:m.etcy pai\1i;l~d by Sll-1, SR-Z must calculate several. va1ues i.nvi,lving 

(he 1,-un/vehicle/target geometric refatfonshlp,L 'l'hese are :required by the siibrc;,v.t:i11es whi¢b moclel tire 

s~iitr"1 ahnqspbe,'.:ic tra111m:dlfanqe and r~lll.11ce, ai;1µ the spec~ral. irrad~ance of d,iylight. 

A. Solar Altitud() 

slnh = CQ,i" • cos ~ • COE .(Hi .• TBAT~) 

+ sin <I),. ii ill 6 

wh~.re; 

h = solar altitude 

,; - tuget. Iatitud e 

~ = solnr deelinatiou, a table fornial for tl;,.y, numth, alid yen of access 

T.BATN 

where: 

'rSt "" frol:' suii time 

TST "' GMT + Equation of tirne + Ii /15 

wblH'e: 

GMT "' Greenwld1 Mean Tiixlie 

Eguat.ii:m of Time "' a m11t\iirku.l facto1•, t!etcrmincc! from a. !able for die day and moitt.li 

() ta.:rget longitude 

B. Solar Azin:iuth 

solar At.tm,ith \.;; the dtr,icttori. towam which ai1 obs<itve:t at ~he: targ¢t locat~on must loolt 

Jo ,icw U1e $1111, measuretj doekv1ise ftnm due Nort)! "' 0". 

# sin (Hi .. 1'BATN} • cos l • cos ·~ 

i;inti -ilin¢., sfuh • cos"n 

AZ sci1it:r az11uuth 

All oth~r tern:i,5 are as detille<l i.n p;tl'agrapl,1 $; a. 1.A. 

C,. C"1ner,t-''l'f;U"g(r(-S\In (CATS) Angle 

'I'.hl;'f "CATS" ang!;; j1; tbe an.gle het1.1m1;m. the r,amer:i,-bi.rg;;t ar¥J s~n.ctn.rgl;'t veetoi-s. It is 

deterli,iilcd by the following equation: 

'f8P S'ElUIF.lfi ·tt1Utili8N 
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where: 

•• CO$ Ii .. sin SD " $ill SCN 

➔• sin h 

SD .•"' ,1otar tllrcction. SD ls f;roru:H1y kr11:.wing me v.chkle hendin~ and s'()ja:r azimi1th, 

SD is :posiJive if the sun is to the right of the flight line, uegativ.e ii tu tlie left. 

Th~ SD eciwil.s AZ minus the vel!Me headh11:. 

h = e9!n:r uUitude 

.Stl'-· " camer<!- i;.c~u ~ngfo. St.'N u.sesthe opposJte sign eonveutiou frum the 1·est cl' 
CRYSPER, i.e. , ppsitive is to lhe .righL c,i the vehicle. 

OFST ,. ci1mcra fo-trltek oifset angle. The OFS'l' is plus if 1•orwaro~Iooldng; and 11it1ms 

if Aft~looki:n~. 

D. Trne Zcu1.t11 mstaiit:e. 

True ze11ith dista11c~ is tf11, augl~ biltwei:m !he target zenith ltttd Ute camera U1ie-cif-si!lht. 

If 11 tangent i.; drawn to the earlli's surfac£: at the tatg9t point, lllld ;1 perpendicul~r drav."D tp the pQint of 

tangenGY, the angle betwE1cn the .normai ;md thj!.' C!lmCl'\l vi!lw angie is tbe true zenith iUsla.ll!.'!!!\. The equsJi,::,n 

foi' tile true l!'.ertit!1 ·disfam:::e ('l'ZD) is: 

whete; 

H "' altiludc (If the vehtclc 

B l'.'adius !){• O:tc ei, rth 

3. G. 2 Hru::tforuelrk At-quisition Siruulation 

Tlie abriospltcl'ic and daylight irradiaoce models within i>'R.-2 are of pu.rticulat .i .. mporta1.1te sii1e.e 

tllcy fo11smutc quasi-,statidards which arc the btu,l:s for tbc ei1ci'1.";y oaltulutionial pc~tformcd in the ptogriun. 

The fomjwing fa a suminil.ry of the equations u!!ed iii thfa section of the program: 

A. Hotitontal Plane DayHgM l'liradtunce Model 

'!'he t~alculaUon of a speciffo spectral irradia.uce rlish'il:n1tion is q911c U,'? follows: 

(1) ·'rhe f olfowl.ng l.s ·the ·f',4Utttion Jor qerormining the· d:,.yliglit ·····correlated color foll}()Cl"!!turt· 

fo:r a hO"!'l'l\ontul pl!!.nl't (TCC), jJ is c11Jcul:.Joo 11.s ii hmi,tion of s<ilaJ'.' altltud~1, Tiu~ re1at!onr.!Op ii; pn~iµl:lly 

BYE 153HJ..:n 
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not vRlid below \t 5" s.ola:r altitude .. 

Tee - 2. 142i {Ill + 5546. 43 

{Ii) " solar ,Hti.tude in degl'ee,s 

{2) 011 the basts of fot:mulas retommeooed by the cm(fl aoo as eit;;td by E!obei't~o1t(2}, 

t.l!e ditJiUght chrmnaticity coi:irdi11af.us at'.e cidctl.1.-.ted as follows: 

tl\i:rn: 

then.: 

Ii 

U '1000° < T CC ::; 15000" 

2 
YD "'· 2. 87('.Q{p - 3 .• OOQXD - , 275 

caa -L35l5 - 1,'7'103X:D + (UlllYD 

, 0241 + . 2'562).p - . 7341'/i) 

. o:m - :n. 44zxr> + :JIL o717Y0 

• 0241. + • 2562X·"· - , '13411( .., . D 

(1) Nickerson, D. , a1ld Jerome, C. W. , Ul11.mioati:on Eng111eerilig 60; !). 262, 1965, 

(2! ffobertson, A. R. , "Co1uputation of Cotrelaroo Color Teoipei:ature and Di$ttibutiou T~.1np~ratuh1,., 
,Journal of the Optklil Sodety of Aiueriea; Vol. .58, Nb. H, pp, 15213-35, Nov. 1908. • 
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E;i... 111e!/.ll. nilaUv!J :;,pe<1tru;lirradianee curve obtained from 731 

mea.snred distributions 
.+· ~ 
v 1, V 2 "' characteristic vectors obtaiJ1ed by a.nalysis of the 734 distrib\itiom; 

The value .of E 560nin Js tn:dty for ~ny va.lu(J of .,;.o.h1.r a:ititud~. The values for the mean curve (;E"A ) and the 

vtictor~ (v1 A, \;\~ . .j are shown in .Tables S-4 thru 3-6 • 

. (l;i} 'I'he horizontal plarii, absplute 1rradJ:u-ice at 560 nanom.eteri., in W'.J.tts/metei /5nn1, 

is eornptiled h,01,1;1 functiona] relafiOllSl:dps x~sullingJrom daylight specfral irradfaill'Al measurerneilts, the 

• h·r,,,fiimne Ifo!)60 is eafo,ihtfod Jrmn: 

... .. :· ·. . ..... · .::>. " .. 3 
Ho5HQ = a1 + a2; (h0 + 10) + a3 (11 + 101 + a4 (h +10) 

COEFFICIENT VALUES .FOR.SOLAR ALTITUDE RANGES 

Sqfa1·. Altitude Liini:ts 

~5. OD'' to.Iesrs t~u -. 6?.~ 

'"· 62" Jo Jess th<1.n 15. 00" 

15. 00~ to 90, OiF 

!.-a-. ------a- Coefficients -----
1
~,..--,I 

l '2 ail 4 .,..... 
-. i7HU 

, 16455 

-1. 96202. 

~:. 05812 

, 14329 

'l'OP HEOliHi'I' HEKilQON 
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w~\/T 
kCP! 

.,, J() 

4]', 
·f+i-ie\) 

.·:f.tl,r5 

A ~~-0 
455 
.<..t,:O 

""" ,,Hl 
/t""f'il;i; 
4,m 
'?·~~_; 
.4:9(; 
(♦-~-~~ 

''().i) 

'ill"> 

', to 
,(~ t ~ 

VHO 
Hl!'i 
l'Jl(i 
tlll''i 
!il)() 
t.()15 
UJ40 

lllii Gf 
\JAU)f 

,;.o,)Of•W; ~,.3<1n (rn 
>.02or-02 -1,i;2tJi: (10 
6 • OCfO~- .,...tJ ~,: ""'} -:t;td f. (H): 
1 • 7',(;[-il I -1~ 4<,i,f • 0 I 
t. r:i~o,c-o 1- -\l; 2B1f-Gl 
... z.,o,-J.t -;i.1;ut-1H 
S. "JOF ·01 ··2 .• 51JF·U! 
.·~ .l:i}Of~o i -2,4'JSf-Di 
5, 7JOl-Ol .-;,,.t.tst.-•Jl 
5 .• %1.lf-,H -2.24!\F•OI 
;,, • t '!◊f~ JI -l, ()'l()f-{H 
,,.1 hi;c-oi. .• z.o,in-·,n 
&~l':l!!!:~0l -2,lUT-01 
&.'iZ0!,~,,1 '"1,S58f-Ol 
1,.i<;iof.-01 -r. 6ii.t- 0.1 
/,.1,H)!' ·.!H I.; 79.ffF· m 
ii. l"'O"~o I. -t.,'llt;E:~ O.l 
&. 4!;,◊i,-i)i - 1. ~'l~!Hll 
r,. 5~◊>'-()J •I ,lHH"'DI 
~. IJJOF-(! l ···-'l .• ~.2Sf-tl2 
q •-4~1-.i)~.--IJ 1. ·""'" t ... -~-19'r•··ttii! 
'1~9J'ii(jF-Ot -e.1,<15f.-0'• 
l.()t.M CJO t.CJM>·Ol 
t. <)'i4!' (H) ;? ,i\14.fi-.();,> 
I.. 0">.'lt tHi ,t. 49[)f ff? 
I, 0 ! 4f ()\) ,;. ()).i,J- ';t~ 
<t,.i.,.<Wf-,H -l,.41>:'f··C;/ 

::ii::.: ~~ t!~~i:~~ 
1,l\i~f !JO 7,i!46f 0 Qi 
l. J<;.i,f. 00 "•;; 'l'1F-OJ/ 
I, z5;,f', 10 ·,.1.tj')t• Dl 
l-+ ~~~-5 E :)!) ?.:t"' Jj.f.: . .4-F: •.. 0~~ 
1,,.,,.,_ oo "'· u11:~oi. 
1,n31i ,H; ~.3llt>f-,J2 
1. Zl 3f. 00 rl,JiH,E;-jJ 
,. OJE ,,n ;1. ,iH;., ru. 
j, {I•f ()() ·l' • 967E'- J2 
l,lJ">f 00 5. 5ilOf,- •l2 
!. LlJF r1p ',\.A23f.-02 
1,UiF '.JO 5,,<t(,f-0,'. 
I; L?OF Cl() '•• '122:1'~02 
1.to~~ r)o 4.4'!4l"=O.' 
l,0·11>!' JO 'J,<\t,jf-Cl 
1.0,;i;f ,;m Z,13§,f'-Ili: 
! ,01"' ()() 3. i!ll!'-02 
l, O!ilH 00 3,663f-◊l 
1,07.0f •!r1 l,'lJ.1"f"-0;1 

,. '>JH,-tll 
,.4\l7F.-Dl. 
·5 .. .ts: 1::! l11-~ """-Ei i 
5 .• Hi7f.-Ul 
S.l71E-Pl 

-t. 51'?!'-01 
-.-. ~irnr~ 01 
-i•<>i5i;;'-tH 
.. ;t.T02E-Cl 

• "P'BH~n.1 
5. ill!'·tl l "2M,·G! 
•;, t!>JF-01 -2 .• !!111:-Gl 

wA\/F 
tJ,H! 

10,;5 
Ui'>'.J 
(!)55 
l\)<'() 
!J:)1'5 
H'\f;, 

.101'> 

V~Llff LOG !)!' 
'\11\l.q&; 

1.. ,l'i;\E '.!O l. l4Jf-'Ol 
t .\l•IJ!: ·JO 2.Q31,L-J2 
!:, (.l ,,:4 t ,m l ,. lfHff-· 0 i 
1.or;,1; ()0 ~;,,51 t-Ol 
, .n,)ae: oo o.o 
~.SOOE-0! -I 174t-DI 
9.i,'!JF-'.JI. • -.J.: n H •()j, 

'J,5c;O"~,;n ~1.<1•;r..f~Q2 
/1 • • I Q.lt-◊ I -2, l8£E.-02 
"'•i'l<H•,H -·J,5141'-(!2 
8;9JDf-lJI -~.OtlF-dZ 
!\,<i~,;;r-01 --..bfzr-02 
«,usor-(.n ·',.lJ:ft-ol 
·).Q40E-u! -,;. Jil3J~o2 
'< ,C Jt)f ··Oi -4,.4"!.H ··Ul 
S,'Jli{H-,ll ·.4.Hi,iH-·Ol 
s.~48E-DI -5,l!5f-Ql 
t, .,:-.;t.(;Jf·-sH ·,i,.,.,,.,, 9L~(Y;> 
!\.'-(H'IF•Ol -:r. 57.2!''-0l, 
!1~41,0E-O! -1. 2!>:U-U.! 
!!,;il,IF-O! -7, !}i)it-fi? 
;.i;]~!)E··l!! -1~·8Hf-'02 
!1.l.'ll)f-Ol -~,i.izl:-02 
!l, i l Of, lll. ·····!l .• ?l.lf ·lil 
!l.i'~OE""(H -r;, ~G,F-OZ 
ll.J~OE'-IH ~1.1;11,[-Q< 
!1,~qlE-01 -7,to,f-02 
~ .T!Ot'-(H -8, (lli/J~ -0,? 
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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 (T 550). Paragraph C, Atmospheric Radiance, 

describes the methods used by SR-2 to select T550 , either as a nominal value or estimated as a function 

of the time of year. It should also be noted that the inclusion of the seasonal selection of T 550 in Figure 

3-1 presents a general flow for the calculation of spectral atmospheric tramnnittance. 

(1) The atmospheric pressure is used to calculate the vertical atmospheric transmittance 

due to molecular scattering (Rayleigh). The effective atmospheric pressure is calculated using both the 

terrain elevation and the vehicle altitude. Since target elevalion above sea level is not currenUy available 

in the data passed from SR-1, this value is assumed to be 0. The pressure is calculated from: 

where: 

P 1 pressure at particular terrain elevation (millibars) 

P 2 pressure at vehicle altitude (millibars) 

The individual pressures (P 1 and P 2 ) are calculated from algorithms based on the U. S. Standard 

Atmosphere which are: 

(a) For altitudes between O and 7 kilometers 

log PH -. 056H 3. 0057 

(b) For altitudes between 7 and 15 kilometers 

log PH"' -.066H + 3.076 

(c) Altitudes above 15 kilometers are a88Umed to be zero 

H altitude (kilometers) 

The vertical decadic turbidity due to molecular scattering is then calculated according to Moon's(3) formula: 

where: 

. 0033 1' 

- 1013 :I. 4 

P "' pressure (millibars) 

A. wavelength (microns) 

(2) Transmittance due to aerosol scattering. The modeling of previous transmittance 

measurements with respect to mean, maximum, and minimum values of atmospheric 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 
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moisture, Analysis of weather data and the work of Nikitinskaya (4) tend to support this inference. A set 

of empirical relationi;hips 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 vertical 

column in the atmosphere: 

w 719, 5757T3 - 1349. 5674T2 + 702. 7271T - 63. 8732 

D 7516. 8789T2 14692. 4648T + 7469, 0195 

where: 

T vertical transmittance at 550m/l 

W vertical scale height of precipitable moisture in millimeters 

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

This data is then scaled according to vehicle altitude using the profiles suggested by the 

Air Force Cambridge Research Laboratory (AFCRL) (5). The scaling of these quantitieR with reRpect 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 quantities. The relationships are: 

The moisture scale height, earth-to-space, is c,ilculated for various altitude bands 

with definitions: 

H the altitude (kilometers) 

W scale height for a vertical column as previously calculated. 

The algorithms are: 

(a) Altitude from O thru 4 kilometers 

log10 WH _ "'= ! Iog10 W h 0765H + 1) -. 159H] 

(b) Greater than 4 to 8 kilometers 

log10 WH _"' (. 162 log10 W -. 534) H + 1. 53 

(c) Greater than 8 to 14 kilometers 
log10 W H _ 

00 
= mH - 14m - 3. 0 

where: 2 
m 1. 660 (loglO W) + 3. 104 (log10 W) - 1. 649 

(4) Nikitinskaya, N. I., On Optical Properties of Air Masses of Different Origin, S. M. Krinov Forest­
Engineering Academy, Leningrad, (Text translated by Hqs AWS personnel). 

(5) McClatchcy, R. A.: Fenn, R. W., Solly, J, E. A.: Volz, F. E,; and Garing, I. S.: "'Optical Properties 
of the Atmosphere (Revised)", AFCRL-71-0279, Environmental Research Papers, No. 354, 10 May 1971. 
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(d) Greater than 14 kilometers 

The vertical moisture scale height adjusted for altitude is: 

WV W WH _.., 

The vertical decadic turbidity resulting from moisture is then given by Moon's formula: 

. 0075W 
V 

20 l 2 

The dust concentration (an average of all altitudes) is calculated in a like manner using relationships filled 

to AFCRL/aerosol/altitude profiles. The average number of dust particles, earth-to-space is given by: 

49530 + 842 

880 

The following fracliom, from ,~ltilude-lo-grouud are: 

(a) From O to 4 kilometers 

8~ 0 x antilog [-. 0179 (H-1)2 + .12394 (H-1) + 3. 486611 

(b) Greater than 4 to 15 kilometers 

4953D . l 2 ] 880 + antilog -. 00931 (Il-1) +. 2719 (H-1) a • 82682 

(c) 1''rom greater than 15 to 20 kilometers 

D 
H15-20 

4953D . [ ] 
880 + anhlog . 02525 (H-1) + 2. 43169 

From I.he above, the average number of particles is calculated from: 

DH 
__ a_-_H_•D 
DTOT 

The vertical decadic turbidity caused by atmospheric dust is calculated usinf, Moon's equation with a 

modified exponent of wavelength which seems to allow a better fit to the mea:;iured data. Moon's exponent 

is -0. 75, 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 . o:is:mH 

D 800 A 1. 5 
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At this point, all the vertical decadic turbidities for scattering contributors were calculated, and the 

vertical atmospheric transmittance caused by scattering is calculated as follows: 

s 
V 

w 
+ T'>. D ) l 

The atmospheric transmittance due to scattering for angles other than vertical is calculated from: 

s (J s 
V 

where: 

o angle between the optical axis and the vertical constructed at the 

intersection of the optical axis and the earth'R surface (True Zenith Distance). When () exceeds G0°, 

Bcmporad's(6) air mass numbers are used instead of SEC O . 

(3) Transmittance caused by absorption of atmospheric moh,ture (TA), 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 fonction, changes in transmittance resulting 

from changes in vertical scale height and look angle (True Zenith Distance) must be handled differently 

than scattering phenomena. A set of empirical relationships has been fitted to the AFCRL scalinp: data 

which allows these changes to be calculated. The log scaling function (y ;_) is calculated from the 10 

millimeter transmittance dat:1 :lCC'ording to: 

(a) Transmittance from Oto . 4 

279, 607910 tA~ -269, 130127 tA 3 
:I. 

I 3, 479495 

(b) Transmittance greater U1an , 4 

4 3 2 
Y;i. -36. 961121 tA). + 68. 905258 tA). -41. 955338 tA:1, 

t 5, 903717 tA,_ + 2, 937166 

The adjusted scaling function (y:1_ ) is computed from the zenith distance and vertical moisture scale 
2 

heighl. 

(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 Translation}, 
TTF-302, July 1907. 
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where: 

W v millimeters of precipitable water 

6 = zenith distance 

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

(a) Log scaling function equal to or less than 2.0 

tAWA
9

"" .0033222442y:2 - .0204351731 y~ 2 

-. 0872156024yA + . 93397474 
2 

(b) Log scaling function greater than 2. 0 but less than 3. 0 

3 
" . 0476983003 y l. 

+ 1. 295908928 

2 

(cl Log scaling function greater than 3. 0 

( V -2"0) 2,3 
.12 'l.2 • 

. 2112650275 y~ 

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

tl. is set to 1. 0 
WA9 

Vertical transmittance for an ozone scale height of 3. 8 millimeters is: 

2 

t"oA "' 1 - .05 [e - [(" -.59)2 /.002686] l 

2 
- . 0625828505 y 

"2 

- . 2146139145 y 
• A2 

The vertical ozo11e scale height ls determined from time of year and north latitude based on Godson's data. 

The vertical scale height (OZ ) is then rescaled to the vehicle altitude according to a relationship derived 
y 

from the AFCRL profiles: 

and 

where: 

H Vehicle altitude {kilometers) 

oz 
V 

earth-to-space vertical ozone scale height (millimeters) 

vehicle-to-space vertical scale height (millimeters) 
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OZH earth-to-vehicle vertical ozone scale height (millimeters) 

The tran:,mittancc at the appropriate vehicle altitude, look angle (True Zenith Distance), and vertical ozone 

scale height is then calculated from the vertical transmittance (earth-to-space) at a scale height of 3. 8 

millimeters as follows: 

tA __ H __ _ [
oz • SEC e l 

OA 3.8 

where: 

angle 8 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: 

t). 

ABSo 

C. Atmospheric Radiance 

The principal data in the atmospheric radiance model is the vertical spectral radiance 

data at 40° solar altitude. This information is stored in the model aR BLOCK DATA for the wavelength 

interval of . 35 to L 1 micrometers. The vertical data at 40° solar altitude is scaled with respect to haze 

level as a function of the change in atmospheric vertical transmittance, then as a function of solar altitude, 

solar scatter angle, :nid the change in transmittance a.s a function of look angle. An estimate is also 

made of the effect of background reflectance on the atmospheric radiance. This estin1ate is based on the 

relationship suggested by Gordon (7). The general scheme for calculation of spectral atmospheric radiance 

is shown in Figure 3-2: the atmospheric radiance at 40" solar altitude is shown in Table 3-8. 

(1) Scaling oI the Atmospheric Radiance With Respect to Haze Level 

In general, measurements oI atmospheric radiance for a day when the atmospheric 

transmittance 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) Gordon, Jacqueline I., "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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TABLE 3-8 
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This is a:ccompiished with a relationship arrived at from measurements which Indicate essentially linea,r 

ctuu,.ges i1,1 rl!-(liance with changes in transmittance. The scaling function (MA ) is determined from: 

then, 

ta ] s­v 
where: 

Nhl_ 
40 

average vertical haze radiance at 40° solar altitude .seen through one atmosphere 
2 

(watts/m /5mµ). 

vertical haze radiance at 40° solar altitude at any 

vehicle altitude and haze level 

vertical transmittance due to scattering at haze level and vehicle altitude under 

consideration 

vertical transmittance due to scattering at average haze level through one 

atmosphere 

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

The solar altitude scaling routine reflects the observed proportional change mentioned 

previously. The scaling function. (AaA) is broken down into two s.olar altitude .ranges: 

(a) Solar altitude of. 5° or greater: 

ASA = . 00000576(SA)3 - . 000857(SA)2 + ,04856(SA) + . 06417 

(b) Solar altitud,e Jei;;i;; th® 5 degrees: 

ASA antilog10 1-, 000413775(SA+10) 4 + , 02003885(SA+10)3 

-, 376054(SA110l + 3. 336588(SA+10) - 12, 8919221 

where: 

SA solar altitude (degrees) 

ASA = scaling r!lUOS 

HP Sl?&RE'f .aJIEXA.68N' 
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(3) Scaling the Atmospheric Radiance With Respect to Air Mass (Scatter Fraction) 

Duntle/8) has shown experimentally that the atmospheric radiance for paths of sight 

other than the vertical can be corrected by calculating the ratio of the i;cattering fraction (1. O - trani;mittance) 

at the angle of interest to the verlical i;caltering fraction. The spectrally dependent air mai,s correction 

is calculated from: 

where: 

t;1, = atmospheric transmittance at any zPnith angle due to scattering 

SO 

t., = vertical atmospheric transmittance due to scattering 

sv 
(4) Scaling lhe Atmospheric Radiance With Respect to Angle-to-the-Sun (Scatter Angle or 

CATS Angle) 

The angular dependence of scattering is accounted for by an empirical relationship 

derived from measurements of atmospheric radiance. Presently, the spectral dependence of the angular 

scattering is not reflected in the relationship, but is indicative of. the red region a! the spectrum. 

The relationship gives the relative scatter at any angle ,j, to the sun. The increase or 

decrease in scattering relative to the vertical is obtained by calculating a ratio of scatter at the angle of 

interest to the scatter for a verlically down-looking angle. This is the required scaling factor, since the 

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

(8) Duntley, S. Q .. Johnson, R. W.: Gordon, J. E.; Ground Based Measurements of Earth-to-Space 
Beam Transmittance, Path Hadiance, and Contrast 
Transmittance, Technical Documentary Report No. AL-TDR-64-245, Contract AF33(65'7)-'7739, 
ProjPCt No. 6220, Task No. 622009, 1965. 

T8PSKeX!I-REXAGON 
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then, 

and 

where: 

180° - CATS 

90° + SA 

Rl, 2 . 401911 + . 286959 cos ,fl 1 2 - . 0362438 sin 4>1 2 
' ' 

CATS 

+ . 197304 cos 2 ,j, 1 2 - . 050657 4 sin 2, 1 2 + . 0858164 cos 3 t 
, , 1,2 

-.0339767sin34' 12 +.0219449cos4 ♦ 12 -.012164sin4.; 12 
' ' ' 

= 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 

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

calculated from: 

where: 

A and R;_ 

Ho~ 
SA 

= transmittance at the appropriate zenith angle due to scatter 

daylight horizontal plane irradiance at the appropriate solar 

altitude 

= wavelength (microns) 

are explained below 

The reflectance (R;1, ) is calculated for both snow and an average soil type background: 

R;\. for snow is: 
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R for average soil is associated with a scaling factor "A", which wiU ultimately allow estimated 

atmospheric radiance to be brought into agreement with experimentally observed values. 

From 350 to 650mµ, RA "' 1. 05244 k -. 05825 
e 

From 650 to ll00mµ., RA 56965). + . 25557 
e 

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

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

(6) Complete Expression for Atmospheric Radiance 

Based on the average vertically down-looking radiance at 40° solar altitude, the 

atmospheric radiance for the appropriate solar altitude, azimuth angle, CATS angle, haze level, vehicle 

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

NHi 
SA, 'P, IJ, L, e 

~0PStiGREYaHEXA66N 

3-27 

Approved for Release: 2025/06/18 C05137292 

+ Nh:1, 

e,fJ , SA 

BYE 15319-73 
Haridle v1fi By1?,me.n 

Cor1li ols Ori y 



C05137292 
Approved for Release: 2025/06/18 C05137292 

•aPSEEKET-HEXftUUN 

PF A TECHNICAL REPORT NO. 10 

SECTION IV 

CAMERA PERFORMANCE MODEL (SR-3) 

4.1 SUMMARY 

4. 1. 1 General Description of SR-3 

SR-3 is a modified, subroutine version of the original camera performance prctliction model. 

The original model iR also known afi PERFORM. This model predicts the resolution of the HEXAGON 

Camera System from a .Rtatistical 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 film. Thus, this measure of 

performance depends not only npon the performance integrity of the camera, but also the characteristics 

of the film, the development process, and the interactions of the human observer combined with the 

transfer characteristics of. the exploitation equipment. 

The camera performance is characterized by the system modulation transfer function (MTF). The 

other factors are integrally described by the film threshold modulation (TM) eurve. Resolving power, as 

it is calculated in SR-3, is the spatial frequency (lines/millimeter) at which the MTF and the TM curves 

intersect._ This resolving power is also converted through geomf!tric scaling r:onsiderations to the ground 

resolved distance (GRD) in feet corresponding to the given image resolving power. 

The instantaneous values of the camera degradations are not known, but their i:;tatistica.l 

characteristics can be estimated. Thus, CRYSPER gives a probabilistic estimate of camera performance. 

The program treats two types of camera degradations as random factors, theBe are defocus and ,nnear 

(uncompensated image motion). The resolution value output by CRYSPER corresponds either to the 

median values or to the mean plus two sigma 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 

bv the C (modulation reduction) factor which estimates manufacturing and thermal degradations. The ., 0 

result is the system MTF. 

The program has the option of using either a "specification" 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 resolution for two directions, 

in-track (flight direction) a.nd cros11-track (scan direction). 

4. 1. 2 Function of SR-3 in CRYSPER 

Information about the acquisition geometry and dynamics is provided by the SR-1 portion of the 

program. Additional data concerning contrast and apparent luminance for the specified target comes from 

tile SR-2 section. SR-3 uses this information lo calculate image motion and defocus statistics, resulting 

rtJP !!it:f:l:E'f =HE XAEi 0N BYE 15319-73 
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transfer functions for the camera, and resolution from the intersection of the transfer function and the 

threshold modula.tion (TM) curve. The calculated image motion and resolution values are returned to the 

SR-2 section for further processing. 

4. 1. 3 Operation of SR-3 

The first time (first target acquisition) that Subroutine SR-3 is called by CRYSPER, certain 

special functions are performed. SR-3 is first used to input some data which either subsequently remains 

fixed or is needed for one-time-only computations. This objective is accomplished by calling Subroutine 

READH which, via Subroutines lNPARM and RADPRM, also outputi, a summary of the input parameterA in 

engineering units and in radian units, respectively. The other special functions of this first pass throogh 

SR-3 are to output tables of measured image velocities, the tables of the optical MTFs, and the tables 

of contrast uncompensated TM curves. The measured image velocities are tabulated versus scan angle 

and V /H (velocity-to-altitude ratio), the optical MTFs are tabulated versus defocus and field angle, and 

the TM curves are tabulated versus the log10 of the exposure. The commands that accomplish the above 

objectives are ignored on all subsequent pasiies through SR-3, and the following operations performed. 

Parameters are calculated 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 target. Subroutine 

R1 is called to calculate the mean and standard deviation of the image velocity and Subroutine B2 is called 

to compute the mean and standard deviation of defot."US. Subroutine B2 also computes the object distance 

(slant range-to-target) whir,h is then used in SR-3 to calculate additional GRD conversion parameters. The 

camera exposure time is chosen from a tabulation of exposure time versus sun angle (above the horizon) 

provided separately from SR-2. 

Since the expo1:1urc time set in the camera is controlled by slit width and film speed, a check is 

made to sec that the computed exposure time falls within the range imposed by the constraints of those 

variables. If it is too large or too small, a new value is calculated from the appropriate extreme value of 

the sllt width. 

The target confraflt ai the entrance aperture of the camera is calculated from the high-light and 

low-light brightness values that were computed in SR-2. 1f the default (specification) TM curve option is 

chosen, then the TM curve is calculated 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 brightness, and optical characteristics of the camera. The log10 exposure is then used to 

select the appropriate TM curve from the table, which is then divided by the contrast to give the contrast 

compensated TM curve, 

The mean value of image velocity from Subroutine Fll is a.dded to the chamber measured mean. 

If the mean value of ima1r.e motion is desirPd, then this value is used in Subroutine GAUSSN together with 

TOPSEERE~=HEXA60N 
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the standard deviation from B1 lo produce a new distribution of image velocities which are all positive. 

The adjusted mean is calculated from this new distribution. If lhe worst case option is chosen, then the 

unadiusted mean is added to plus and minus two times the standard deviation giving two possible values 

of the worst case. Regardless of which option is chosen, 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 that no measured values are 

used, dala comes from Subroutine 82, 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 sigma is the value used as the worst case. 

The worst case image smear is chosen as that one of lhe two worst case candidates which has 

the greatest absolute value. The smear transfer !unction (linear smear assumed) is calculated from the 

smear. The optical MTF is computed in Subroutine AVGMTF, where the MTFs for the given field 

angle are averaged over a defocus range determined from the defocus index described ;;.bove and the 

film tilt. The system MTF is then computed as the product of the smear MTF, the CO factor, and the 

optical MTF. 

The intersection of the system MTF and the contrast compensated TM curve is found by linear 

interpolation between lhose portions of the two curves which are closest to the intersection. The result 

is the estimated camera rei,olving power in lines per millimeter. The equivalent ground resolution 

(GRD) in feet is lhen computed from the camera resolving power, taking altitude and slant range 

distances defined by format location into account. 

All of the preceding operationA are performed for both the in-track and cross-track directions. 

Finally, the geometric mean GRD is calculated from the two GRD values. ThiA entire procedure can be 

repeated if the performance of both cameras i8 required. The results of the SR-3 calculations are passed 

to Subroutine SR-2 for output. 

4. 1. 4 Image Velocity Determination in Subroutine Bl 

The mean 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 called the 

fixed known image velocity. The main reason that the fixed known value is not zero is that the image 

motion compensation (IMC) systems (the film speed and platen skew angle) were designed to remove 

on-orbit image velocity only on the optical axis (0° field angle), which is the major axis of the photographic 

format. 

The fi.x:ed known value is computed in l3l from the altitude, Vx/h (in-track), Vy /h (cross-track), 

scan angle, Held angle, and stereo angle. First the film speed is computed: then the platen skew angle 

and its rate of change. The fixed known value is determined as the difference between the imar;e 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 occur during camera operation on-orbit. One of thesP. terms 

represents the standard deviation of the motion that was measured in the chamber (sync-flash test) and, 

thus, represents the errors in manufacturing and calibrating the camera. 

4. 1. 5 Defocus Determination in Subroutine B2 

Subroutine 82 calculates a fixed known value of defocus. The fixed known defocus is computed 

from the variation in focus due to 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 occur 

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 camera performance. Random 

values of resolution were generated from random values of image motion and defocus. These random 

values d. resolution were arranged into an empirical cumulative distribution from which various 

statistics could be calculated. This Monte Carlo simulation was repeated !or each acquisition. 

The Monte Carlo approach had to be ahandonP.d because the computing time was prohibitive. 

Consequently, the current verRion of SR-3 calculates values of resolution which correspond to certain 

statistics o! the perturbing random variables (image motion and defocus). However, the computed 

resolution values do not have any statistical significance. For instance, the resolution value corresponding 

to the mean values of both image motion and defocus is not 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-3 calculates the camera resolution in lines per millimeter/cycles per millimeter 

and also the corresponding: ground resolved distance (GRD) in feet. The calculated value of GRD is defined 

as the distance on a plane tangent to the surface of the spherical earth at the object which corresponds to 

the projection of a given photographic resolution element in the camera's focal plane. 

Mathematically: cp✓ 1- i 2 

IL 
X 

2 LI , 2_. cos ,, am ,,. , 

cos {J 

cpvl- ,,2 sin2 6 

fL cos {J 
y 

~9Pi5,RE~ BEXA,eN 
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where: 

subscript x 

subscript y 

subscript g 

subscript p 

in-track 

cross-track 

GRD (feet) 

object distance/slant range (nautical miles) 

This object distance is defined by 

where: 

and 

p = R ( >. cos Cl - cos /1) 

cos fJ =-V 1 - X 2 (1 - cos2 a 

cos OI = cos II cos q, 

:I. 1 + h/R 

R earth radius (nautical miles) 

h satellite altitude (nautical miles) 

f camera focal length (1524 millimeters) 

e = half stereo angle (10 degrees) 

,J, scan angle 

c feet per nautical mile 

L came;ra resolution (lines per millimeter) 

B. Camera Resolving Power 

The camera resolving power as it is defined in SR-3 is that value of the spatial frequency 

in lines per millimeter at which the system MTF intersects the film TM curve. Each of these two 

functions 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

ponding MTF values and TM values as T. and A. respectively. Then, the resolution (L) is by the following 
l l 

linear interpolation: 

L K. t + (K. - J, 1) (T. l - A. 1)/ [T. l -A. l +A. T1.J; 
J- ) J- ]- J- J- 1- ] 

where j is the smallest value of i for which Ai is larger than Ti" 

C. Film Threshold Modulation (TM) 

Subroutine SR-3 has the option of using either the "specification" TM curve that is used by 

the PERFORM Program or a TM curve that varies with log10 exposure. If the PERFORM option is chosen, 

the contrast uncompensated TM curve is generated from the following: 

A. . 1 (K./19ol· 22 
1 1 
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where: 

K = spatial frequency (cycles/mm) 

If the variable option is chosen, then the contrast uncompensated TM curve is chosen from a tabulation 

of TM curve versus log10 exposure, see Table 5-4. The chosen curve has an implicit log exposure value 

that is closest to the actual log exposure for the particular acquisition. 

In either case, the contrast uncompensated TM curve is divided by the contrast modulation 

to produce a contrast compensated 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 = log10 [10. 764 \ te B2 (. 001)/(36Pf)] 

where: 

ts = system transmission 

t exposure time (milliseconds) 
e 

s2 maximum apparent luminance of target 

Pf filter factor 

thus, this value of log exposure corresponds to the maximum exposure that is to be expected for the 

acquisition. 

E. Contrast Modulation 

The contrast modulation (C) is calculated from: 

C 

where: 

s1 the minimum apparent luminance of the target 

D2 the maximum apparent luminance of the target 

F. System MTF 

The system MTF is defined as the following product: 

where: 

T C T T 
0 S 0 

CO = the modulation reduction factor which estimates manufacturing and thermal 

degradations of the optical system 

T image motion (smear) MTF 
s 
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T O optical system MTF 

G. Image Motion MTF 

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

T sin (1TsK)/(1TsK) 
s 

where: 

a the image displacement (smear) in microns 

k spatial frequency (cycles/micron) 

H. Smear 

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

S X t 
e 

where: 

; " image velocity (microns/millisecond) 

t = exposure time (milliseconds) 
e 

L Exposure Time 

The actual exposure time is determined by the mm speed and the slit width. For a post­

mission run, the exposure time is calculated from: 

te w/Vf 

where: 

te expmmre time ( milliseconds) 

w slit width (inches) 

film speed (inches/milliseconds) 

For a premission run, an optimum exposure time is chosen from a tabulation of exposure 

time versus sun angle (elevation of sun above horizon). The expected sun angle for an acquisition is used 

to pick the appropriate exposure time from the table by linear interpolation. 

However, the actual exposure time is limited by constraints on the size of the slit width. 

Jf the calculated value of t e exceeds these limits, then it is redefined as the appropriate limiting value 

(either 08/Vf or 91/Vf}. 

J. Optical MTF 

Optical MTFs arc tabutated versus field angle and defocus. The field angle index (i) runs 

from 1 to 5, and has the following relationship with the field angle: 

5 

field angle (degrees) 2.5 
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The defocus index (j) runs from 1 to 41, and represents defocus values in microns of from ~40 in steps 

of 2. Defocus (D) represents a displacement parallel to the optical a,i:is of the position of the recorded 

image from a reference focal plane. 

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

a value of i according to the following scheme: 

if: 

< -2.26 

-2. 26:5o!> < -1. 01 

-1.01~ ♦ < 1.0 

i = 1 

2 

3 

1.0 ~ ♦ < 2.25 4 

2. 25~ ,t, i 5 

There is a measured maximum value of the deviation of the point of best focus from 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 T. .. Then the following average (with respect to 
lj 

defocus) values are calculated: 

1 

( 2n+l) 

Tav2 
( 2n+1) 

where: 

j+n 

I Ti/ 

I =j -n 

j+n+l 

I Ti/ 
I =j-n+l 

Then the optical MTJl (T 0 ) is computed from: 

d-d 
j 

T 
d. l - d. 

J+ J 
0 

K. Statistical Transformation 

Both smear and defocus are assumed to be Gaussian (normal) random variables. 

Subroutine SR-3 has the option of calculating either (1) a mean .::.2 sigma worst case, or (2) a mean. 

The mean option transforms the original random variable to its absolute value, then calculates the median 

from that distribution and assigns to the median the sign of the mean of the original random variable. 

Thus, the mean option produces a median of the absolute value of smear and defocus. 
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The worst case option chooses either the mean +2 sigma or the mean -2 sigma of the 

original random variable, whichever has the greater absolute value. 

L. Defocus 

The mean value of defocus in millimeters is calculated from: 

D . 001 (D - D ) 
m n a 

where: 

D m = the focal shift due to object distance variation. 

D 11 focal shift in microns due to the nominal object distance adjusted for field 

position. 

D a the focal shift in microns due to the actual object distance. D a is calculated 

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 defocus is calculated from: 

where: 

,001 ✓±,0 D 2 

i "' 1 l 
D 

(J 

D. the defocus errors (microns). These errors are listed in Table 4-1. 
l 
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tABLE 4-1 

,DEFOCUS ERRORS 

Error Number Error Description 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

M. Image Velocity 

Platen roller run out 

lfilm thickness and lift-off variation 

Film flutter 

Film mean unflatness 

Thermal effects in platen 

Thermal effects in optics 

Uncertainties in expansion coefficients 

Dimensional stability ln metering rods 

Final focus adjustment 

Shift in primary mirror (after launch) 

The two main contributors to the gross image motion for the HEXAGON System arci the 

satellite velocity and the scan rate of the aptieal bars. The film is driven at a variable speed to compen­

sate tor the cross-track compone!ll: of the gross image velocity and the ()l'ientation of the film varies to 

compensate for the in-track compogent of the gross image velocity. If the IMC systems are operating 

perfectly, then the residual image velocity will be a fixed (zero st.andard deviation) known quantity. The 
• • fixed known errors in the in-track (xf . k.) and cross-track directions (y f , k.) are calculated from: 

,,, {{-:x cos2 o cos,J> 5 t sin2 9 cos</>] ·I-

[ 
V V 

x ,5t Sill 2 9 (1 + coif, ) -.5/ cos 6 

·i(stn2 s -cos2 6 cos2+ )] + 

2[V X y 
f" h 

" { f [. 25:x 
V 

sin 2 6 sin 2 ♦ +..l 
h CO$ 9 

[- :x 
V 

+x sin2 e Sin 4> 
y 

sin (i cos 4> - )1 . " 
- f ♦ + X,{l - Vf cos 1/1 , 

'1!9P IRGRJi!f IHiXAG8N 
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where: 

V 
X 

f camera focal length (inches) 

8 camera hall-stereo angle (radian!:!) 

4' camera scan angle (radian1:,) 

V 
y 

h 
• 

in-track, cross-track, and vertical components, respectively, of the 

normalized (with respect to altitude) apparent ground velocity 
h 

h 
S a spherical earth correction 

" 4' scan angle rate 

V f = film speed 

-r, = platen skew angle with respect to optical bar 
• 'it = skew angle rate 

x field position (inches) 

The spherical earth correction is calculated from: 

S = 1/ I c(l + ! 1 - ✓i=it (2+i) J / ~) 

where: 
2 2 

C cos () cos <Ii 

t tan 
2 

(I 
2 

tan tj, 

). h/R 

R earth radius (NM) 

h altitude (NM) 
• • 

The TMC commands ( q, , 'it , '¥, Vf) are calculated from: 

V 
K~ 

b 

2 
,l, = cos 6 cos <I> [ l _ 4. 23418 t 2 ,_ ] 
,,. K 2R(V'"]ii) an .., 

X 

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

• " 2 
,J, ,, - + cos 6 sin 4> [l + 4, 2318 ( 1 

K R(V /h) 
X 

1 • 2 ) 2 sm ♦ 
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V f .., -f ♦ +[ f ( 25 : x. sin 2 9 sin 2 <f, 

V 
y 

+h cos 0 
2 

cos "' 

where the expression in the square brackets is called the film velocity modulation. The constant K has 

the value +20 1r, 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 field position, and it is impossible to vary the film velocity as a function aC field position. 

All of the IMC commands are designed to compensate only at 0° field position. 

The fixed known image velocity is added to the mean image velocity that was measured in the 
• chamber (x 0) to find the mean value o! the image velocity on-orbit: 

.. • • 
X xf. k. +x 

m C 

• • . 
ym Yr. k. + Ye 

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 

sources which are each assumed to have zero mean and a specified two sigma value, see Table 4-2, 

TABLE 4-2 

Error Number 

2 

3 

4 

5 

6 

7 

8 

9 

IMAGE MOTION ERROR SOURCES 

Description of Error 

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

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

AligDment optical bar-to-vehicle attitude 
reference (yaw) 

Alignment projected optical axis-to-scan axis 

Alignment optical axis-to-scan axis (pitch) 

Alignment optical axis-to-scan axis (roll) 

In-track slit position 

Cross-track slit position 

Vehicle attitude rate (pitch) 
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Error Number 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

TABLE 4-3 (CONT'D) 

Description of Error 

Vehicle attitude rate (roll) 

Vehicle attitude rate (yaw) 

Alignment optical axis-to-scan axis (yaw) 

Vehicle attitude error (pitch) 

V chicle attitude error ( roll) 

Vehicle attitude error (yaw) 

Scan angle error 

Focal length error 

Skew angle position 

Skew angle error 

Flat mirror angnlar rate (pitch) 

Flat mirror angnlar rate (roll) 

Flat mirror angular rate (yaw) 

Optical bar angular rate (pitch) 

Optical bar angular rate (roll) 

Optical bar angnlar rate (yaw) 

Film speed synchronization 

F'ilm speed modulation 

Vx/h error 

V /h error y 
Lateral film speed 

NOTE: The "vehicle angular rate" category represents the resultant of two errors (vehicle attitude rate 
and vehicle angnlar vibrations). 

Some of these errors do not exist in the chamber, L 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 

is assumed to be the same on-orbit as in the chamber. Ilowever, 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 zero. 
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The lateral film speed 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 velocity in each case acts entirely in the required direction (in­

track 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 

error sources. 

30 
• 2 ~ f.E. 

1 1 

i 1 

• 30 
11 2 giEi 

1 

are the in-track and cross-track components of the total image velocity error. The constants fi, gi 

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

f. 
1 

8y 
g. = f. k. 

1 8~ 
1 IE.= 0 

l 

Under the assumption that the Ei are independent random variables with means 11(E.) and 
• 2 ( ) • • l variances (J Ei , the mean and variance of ~ and r; are: 

• µ ( r;) 

30 
I 
i = 1 

30 
J; 
i = 1 

30 
I 

i = 1 

30 
I 
i = 1 

f. µ(E.) = 0 
l 1 

gi µ(Ei) = 0 

2 2 
f. rr (Ei) 
1 

2 2 
g. IJ (E.) 

1 l 
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• • 
Since ~ and 17 are not necessarily independent, their covariance is calculated from 

30 
I 
i -= 1 

The correlation coefficient is thus: 

(J 

~ TJ 
p . 

(J ( TJ ) . 
In summary, the mean and standard deviation of the in-track image velocity are x and <J 

• • m 
and the mean and standard deviation of the cross-track image velocity are ym and a ( 17 ). 

Since the image velocity is the sum of many contributing random variables, we assume thal 
• • 

the image velocity is a bivariate Gaussian random variable in which case the "mean .:::2a" values xt, yt 

can be calculated from 

• 
2a ( 11) 

where: 

p the correlation coefficient. 

4. 3 STRUCTURE OF SR-3 

The SR-3 routine consists 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) 

Subroutine SR-3 contains a set of control variables to set the flow of logic for various options. 

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 tbe 

subsidiary subroutines which do the actual calculations. These subsidiary subroutines are JUMPl, 

MAIMCl, Bl, B2, SMEAR!, EXPTIM, SYSTF, READH, GAUSSN, AVGMTF, INPARM, RADPRM. 
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Name 

IBR 

IBRR 

JUMP 

Variable 

JUMPZ 

JlORB 

LBRR 

LQQQZ 

MAlMC 

MMEAI\I 

MUTEST 

SUNTT 

Value 

10 

12 

1 

2 

0 

1 

1 

0 

0 

1 

1 

2 

1 

2 

3 

0 

1 

0 

1 

0 

1 

2 

0 

1 

TABLE 4-4 

SR-3 CONTROL VARIABLES 

Description 

Subscript for All Camera data 

Subscript for Forward Camera data 

Subscript for Aft Camera output 

Subscript for Forward Camera output 

First pass for new engineering data 

Any subsequent pass 

First call to Subroutine SR-3 

Any subsequent call 

Premission run 

Post mission run 

Subscript for Aft Camera data 

Subscript for Forward Camera data 

Using the -2 sigma defocus setting 

Using the +2 sigma defocus setting 

Using the mean defocus setting 

Use PERFORM (spec:l!ication) TM curve 

Use tabular TM curve 

Two sigma worst case 

Mean case 

Angle/angle table or premission 

Post mission and doing two sigma worst case 

Post mission 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 JUMP! 

This subroutine is called from Subroutine SR-3 only when the control variable JUMP ha!=! the 

value 0. It is used to initialize and update engineering data. This is primarily accomplished by calls to 

Subroutines READH and MAIMCl. JUMPl also inputs 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 

Subroutine READH which is called from JUMPl inputs various camera descriptors, the 

optical MTFs, the defocus and image velocity error budgets, and the chamber measurements of the image 

velocity mean and two sigma values. Subroutine READH also calls Subroutines INPARM and READPHM. 

(a) Subrouline INPARM 

Subrouline INPARM outputs a summary of the camera de;;criptors, and the defocus 

and image velocity error budgets in engineering units. 

(b) Subroutine RADPRM 

Subroutine RADPRM outputs the same data as does Subroutine INPARM, but here 

the image velocity error budget has bee11 converted to radian units, where appropriate. 

(2) Subroutine MAIMCl 

This subroutine i1o called either from Subroutine JUMP! or from Subroutine SR-3, It 

is called only when the control variable MAIMC has the value 1 which is when the tabular TM curves are 

required. If Subroutine MAIM Cl is called from Subrm1tine JUMP1, these tabular TM curves are output. 

If it is called from 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 according to the values of Vx/h and scan angle; and the log exposure is 

calculated, from which the proper TM curve is chosen. 

B. Subroutine Bl 

Subroutine Bl calculates the mean and one sigma image velocity both in-track and cross­

track for either camera. The calculation procedure is described in paragraph 4. 2. 2.M. 

C. Subroutine B2 

This subroutine calculates the mean and one sigma defocus for either camera. The 

calculation procedure is described in paragraph 4. 2. 2. L. B2 also determines the slant range (object 

distance) which is used in GRD computation);!. 

D. Subroutine EXPTIM 

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

in paragraph 4. 2. 2. L 
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E, Subroutine SMEAR1 

This subroutine computes the mean or the two sigma worst cai:,e smear (image displacement) 

both in-track and cross-track for each camera, In a two sigma worst case, both mean ±_2 sigma are 

calculated and it is then determined which has the greater magnitude. SMEAR! also uses the defocus to 

choose a pointer for the optical MTF array. SMEAR! calls Subroutine GAUSSN. 

(1) Subroutine GAUSSN 

Subroutine GAUSSN performs the statistical transformation to get a new mean as 

described in paragraph 4. 2. 2. K, 

F'. Subroutine SYSTF 

This subroutine calculates the image motion MTFs, determines the appropriate optical MTFs, 

and computes the resulting system MTFs. SYSTF calls subroutine AVGMTF, 

(1) Subroutine AVGMTF 

Subroutine AVGMTF uses the averaging technique described in paragraph 4. 2. 2.J to 

determine a representative optical MTF, 

G. Subroutine LINES 

This subroutine intersects the system MTF 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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SECTlON V 

DATA REQUIREMENTS 

5. t SUMMARY 

Each of the three subroutines have specific inputs needed to drive CRYSPER. SR-1 needs the orbital 

elements for the selected case to be flown. SR-2 requires the target deck, solar ephemeris, ha:z;e data, 

transmission values and reflectances in addition to the output of SR-1. SR-3 uses the SR-2 contrast 

output with the camera parameters to predict the resultant resolution. 

The SR-3 inputs are derived from ground tests conducted at many stages of the camera ai;sembly and 

test phases. These inputs are the measured values or estimates of the performance levels of the camera 

components. The inputs to CRYSPER are not necessarily the optimum values but values that are indicative 

of the way the mission is being Ilown. For example, the peak focus determined from the chamber 

collimator data is not necessarily m,ed for flight. The chamber value of focus will be modified to achieve 

the best average performance aero,:;,:; the full format, This defocus value from peak focus at the collimator 

locations ts input to CRYSPER, which rflduces the on-axiR MTF and Jowers the appropriate net predicted 

resolution level. Smear values are also adjusted or balanced to achieve optimum performance over the 

total format rather than a± a Rpecific location within th!' format. This is the way miBsions are flown, and 

is also the philosophy used to assess mission performance by the PF A Team and user A. 

5. 2 INPUTS 

The inputs needed to run CRYSPER are listed by originator or appropriate designee. The inputs 

should be sent to Headquarters at the time they are generated. As has been the case in the past, 

CRYSPER runs were delayed due to failure of one or more originators to send their inputs in a timely 

fashion. This problem centers around their failure to realize that CRYSPER 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 curvature from Chamber D or Chamber A-2 tests. 

0. Table of corrections to the calculated mean value of smear in both the flight and scan 

direction (CDADD and CF ADD). Table of two sigma values of film velocity synchroni7.ation errors 

(BIM-26). Table of two sigma values of lateral film motion errors, (BlM-30). Tabular entries are for a 

range of Vx/h values from . 020 to . 055 per second in increments of . 005 per second and a range of scan 

angles from -G0° to +GO• in increments of 10 degrees. 

C. Defocus value in microns for the on-axis pointi; (INPUT-12). 

D. Tilt of focal plane in microns at the plus three inch field position {INPUT-13). 
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E. Film mean unflatness (DE-4). 

F. Film tilt range in microns. 

G. Filter to be used and 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%, lo% and 2o%, etc. 

L Orbit number 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. 

Fl. 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 SSC 

The following input is received from either AFSPPF or SSC: 

A. Microdensitometer readings of interferop;rams obtained during the 70° Chamber D tests 

for the five field angles (0°, ::_2. 0°, and ::_2. 5°). 

6. 2. 4 Data Obtained From SSC 

The following data inputs are received from SSC: 

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

B. The 23 measured aberration coefficients and the residual root mean square. It should be 

noted that the measured coefficients can !Je u1:1ed to compute polychromatic MTFs in lieu of the AFSPPF / 

SSC microdensitometer readings. 
0 

C. The 23 design aberration coefficients at a wavelength of 6328A. 
O 0 

D. The 23 design aberratioo coefficient1:1 for the 17 wavelengths from 3900A to 7100A in 

increments of 200A. 

E. Gravity coefficient corrections to the aberration coefficients. 

NOTE: Data from input items A, C, D, and E above is required for each optical set and each filter to be 
processed for the five field angles {0", +2. o•, and +2. 5°). 

5. 2. 5 Data Obtained From WCFO 

A. Orbital elements for candidate orbits to be processed. 

B. Orbital elements for post mission 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 originators to model every possible error 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 occurs which justifies ai;signing a value to the error, the 

error is assumed to be effectivP.ly zero. In cases where a vehicle experiences excei:;1,ive yaw, the best 

estimate of the yaw error can he input to CRYSPER. CRYSPER will then determine the effective losfl in 

performance due to this variable. 

There is a performance prediction program for Chamber A resolution 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 

associated only with PEHFORM 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 

"INPUT" ENGINEERING DATA UTILIZED BY CRYSPER 

INPUT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Description of Data 
or Error 

Number of samples 

Resolution percentile for 
Rmnmary output 

Contrast ratio 

Modulation reduction factor 

Optical system focal length 

Film type 

Film TM curve constant KO 

Film TM curve power 

First focal plane position 

Focal plane position increments 

Number of focal plane positions 

Defocus value for on-axis points 

Budget 

100 

2.0 

. 94 

60" 

1414 

190.0 

1. 22 

-0. 04mm 

0. 002mm 

41 

10 

'PBP SEERE'f HE1E.\G9fi 
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NA 

NA 

Computed from target 
apparent brightness 

Changes for each optical 
bar 

60" or actual 

1414 or actual 

190.0 

1.22 

-0.04mm 

0.002mm 

41 

10 
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TABLE 5-1 ( CONT'D) 

Description of Data 
INPUT or Error Budget 

13 Tilt of focal plane for 0,0 
3" field position 

14 First field position Ior -2. 5• 
resolution calculations 

15 Field position increment 

16 Number of field pos1ttons 5 

H First scan angle for ,r1ii;olution 606 

calculations 

18 Scan angle increment -15~ 

19 Number of scan angles 3 

20 Input tape description first field 5• 
position 

21 Field position increment 1.0• 

22 Number field positions 5 

,23 Number of focal points 41 
,24 Average target brightness 600 ft-la111berts 

25 Perigee altitude 82,0 NM 

26 Apogee altitude 144.0NM 

27 Perigee latitude 55° North 

28 Orbit inclination 96.0" 

5.3.2 Focus Errors Two Sigma Values (DE) 

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

DE (I) 

1 

2 

3 

TABLE 5-2 

FOCUS ERROR DATA UTILIZED BY CRYSPER 

(Two Sigma Values) 

Description of Data Budget 
or Error (microns) 

Platen roller run out 1,0 

Film thickness and lift-off 3.7 
variation 

Fiim flutter 2.2 

T8P !HiER:lill' H:EX IGQII 

5--4 

Approved for Release: 2025/06/18 C05137292 

CRYSPER ProEam 

Changes for eacll 
optical bar 

NA 

5 

NA 

NA 

NA 

-2. 

LO"' 

5 

41 

Computed from target 
reflectance 

NA 

NA 

NA 

NA 

CilYSPEH Program 

0.0 

0.0 

o.o 
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4 

5 

6 

7 

8 

9 

10 

Descriplion of Data 
or Error 

Film mean unflatness 

Thermal effects in platen 

Thermal effects in optics 

Uncertainties in expansion 
coefficients 

TABLE 5-2 (CONT'D) 

Dimensional stability of metering 
rods 

Final focus adjustment 

Shift in primary mirror 
(after launch) 

5. 3. 3 Image Motion Errors Two Sigma Values (BIM) 

Budget 
(microns) 

2.2 

3.7 

6.8 

4.5 

1.4 

3.0 

3.0 

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. 

BIM (I} 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

TABLE 5-3 

IMAGE MOTION ERROR DATA UTIIJZED BY CRYSPER 

Description of Error 

Align OB to vehicle attitude ref (P) . 00292 radian 

Align OB to vehicle attitude ref (R) . 00166 radian 

Align OB to vehicle attitude ref (Y) . 00146 radian 

Align projected optical axis 000145 radian 
normalized to scan angle marks 

Align optical axis to scan axis (P) . 000034 radian 

Align optical axis to scan axis (R) . 000034 radian 

Ax slit position . 01 inch 

lly slit position . 02 inch 

Vehicle attitudf! rate (P) . 000314 rad/sec 

Vehicle attitude rate (R) .000314 rad/sec 

Vehicle attitude rate (Y) . 000314 rad/sec 

Vehicle optical axis to scan axis (Y) . 000034 radian 

Vehicle attitude error (P) . 00977 radian 

Vehicle attitude error (R) . 00977 radian 

Vehicle attitude error (Y) . 01169 radian 

~QPi5CB~W HEXAGON 
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0.0 

0.0 

5. 02 minutes 

0.0 

0.0 

0.0 

0.0 

0.0 

. 013 degree/sec 

. 013 degree/sec 

. 013 <legreehiec 

7. 0 seconds 

. 56 degree 

. 56 degree 

. 67 degree 
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TADLE 5-3 (CONT'D) 

BIM (I) Description of Error Budget 

16 Scan angle error . 000291 radian 

17 Focal length error . 0074 inch 

18 Skew angle position . 00006 radian 

19 Skew angle error . 00013 radian 

20 Mirror angle rate (P) . 000126 radian/ sec 

21 Mirror angle rate (R) . 000126 radian/ sec 

22 Mirror angle rate .(Y) . 000120 radian/sec 

23 OB angle rate (P) . 000126 radian/ sec 

24 OB angle rate (R) . 000126 radian/sec 

25 OB angle rate (Y) . 000126 radian/sec 

26 ' Film velocity synchronization . 053 inch/ sec 

27 Film velocity modification . 013 inch/sec 

28 Vx/h error . 00027 radian/sec 

29 Vx/h error . 00003 radian/ sec 

30 Lateral film velocity . 02 inch/sec 

CD In-track smear measurement 0.0 

CF Cross-track smear measurement 0.0 

5,4 OUTPUTS 

CHYSPEH Program 

0.0 

0.0 

0.0 

o.o 
0.0 

0.0 

26. 0 seconds/see 

0. 0 

0.0 

26.0 seconds/sec 

2a cross-track smear 
measurement 

0.0 

00027 radian/ sec 

.00003 radian/sec 

2a in-track smear 
measurement 

Add in-track smear 
measurement 

Add cross-track smear 
measurement 

The initial version of CRYSPER computed resolution for specific targets. While this capability stm 

exists, il is not the most used output. CRYSPER bas been configured to compute a table of resolution 

values in either cycles/mm at the film plane or ground r1,solved distance (GRD) in feet for a range in 

solar altitudes based on latitude over t11e entire 120° format. These tables have been used in all flight 

readiness reports and REBOUND-231 Message11. 

The basic output of the CRYSPER Program ia a listing of the inputs, intermediate calculations and 

values, angle/angle tables, and resultant predictions for specific targets that can potentially be acquired. 

The input values "'re listed at the beginning of the CRYSPER run. The intermediate calculations and 

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

Examples of some of these outputs are shown as Ta.bles 5-4 thru 5-9. 
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A. Uncompensated TM Curve Table (Table 5-4). 

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

C. Angle/Angle Table for Mean Resolution (cycles/mm) of Each Camera and the Mean of Both 

Cameras Together (Table 5-6). 

D. Angle/Angle Table for Mean Reciprocal Resolution (cycles/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). 

THPSEeK!T-HEXA68N 
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TABLE 5-6 

ANGLE/ANGLE TABLE FOR MEAN RESOLUTION OF 

EACH CAMERA AND BOTH CAMERAS COMBINED 

(cycles/mm) 

TYPICAL SF.SOLU'!ON CPTAJNhPLF FROM EACH CA~ERA SYSTE~ !!N LINES/~MI FCR v•~l~LS su• 1,c stlN ANGLES 
! 0 CJ:"'NTFR 120 SCANi 

)CH -60 ... ,a -4C -3C -20 -10 0 10 2C 3C 40 50 H 
lU Sll< 
e5 1 42 48 51 53 55 158 60 57 55 53 51 48 42 

'° 6 44 50 52 54 57 60 1'3 60 5~ '' 53 49 42 

)> 
""C 
1-0 
a 
< 
CD a. 

,5 11 66 10 73 75 78 Bl ~· Al 7~ 76 72 67 ~q 
~o 16 82 BS '>C 93 96 9• 102 101 QQ 9' 92 BT 78 

AFT C/\p,tt:RA a< Z2 94 101 103 105 107 !I 0 113 112 !I I 109 106 102 92 
35 32 108 !17 ll~ 120 122 124 121 127 127 126 12 5 Iii tto 

SSN 010 OS~ H~ 2' ,2 118 127 12, DC 132 !33 136 136 lP n1 136 13Z 121 
I~ 52 [29 139 142 14 l lH !43 144 l~~ 146 146 148 143 131 

Q 
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TABLE 5-7 

ANGLE/ ANGLE TABLE FOR MEAN 

RECIPROCAL RESOLUTION 

(cycles/mm) 

TYD([Al RESCLUTIG~ C8TATN~•LE FRP~ fA(H c••fR• SYSTE• (RECI•RrrAL o• Ll~fSI•~ rr•ES T~NI 
( 0 Cf'>H 0 R 120 SC&'ll 

SCA~ -60 -~o -40 -30 -20 -lo 0 10 20 30 ~o ~o ~o 
lH SUN 
~5 I o.23e 0.20A 0.1,6 0.1~8 o.1s2 0.112 o.167 0,11s 0,182 o.t89 o.t9b c.2oe o.23e 
60 t, 0.221 0.200 o.193 0.1s, o.11~ o.167 o.159 o.167 0.112 o.1a2 0,189 o.204 0,239 
,s II 0.1,2 0,143 0,137 0,133 0,128 0,123 0,119 0,124 0.127 0,132 0,139 0,149 O,l7C 
~o lf 0,122 0,114 0,111 O.IOA 0,104 ~.101 0,099 0.099 0,101 0,104 0,109 0,1I~ 0,128 

o•r c~••u 45 22 0.106 o.cqq 0.097 ~.09~ o.093 0.091 o.oA~ o.cAo o.o9o o.oqz o.094 a.a~~ o.10~ 
35 32 0.093 o.cat o.o?~ 0.0•3 0.0•2 0.091 o.079 0.019 0.019 0.010 o.oeo o.oa3 0.091 

ss~ 010 OS~ 3,B 25 42 o.oa5 o.c1q o.01e o.c11 0.016 0.015 0.01• 0.014 0.013 0.013 0.074 0.016 c.0~3 
15 52 0,078 0,072 0,07C 0,071 0,071 0,070 0,069 O,Oc9 0,068 0,068 0,068 0,070 0,076 

I 0 C~~TEP 120 ~fMll 
SCH -;,o -50 -40 -30 -?O -10 0 lO 20 30 40 ,o 60 

l4 T Stet.: 
65 l o.z21 0.200 o.1~e 0.1~2 0.102 o,1q2 0,192 0.1•2 0.1~6 0,204 0.20+ 0.213 0,232 
60 6 0.204 o.1as 0.119 0,119 0.119 0.119 o.1s2 o,1e5 o.tF9 0,192 0,200 o.zoa 0,221 ~, ti 0.1~~ o.t3o 0.121 o.12~ 0.12s o,1?5 0.121 0.121 o.12~ 0.130 o.133 0.131 0.14, 
,o 16 o.11e 0.109 0.106 0.10s 0.10A 0.106 0.106 o.1oq o.1oi 0.109 0.110 0.112 0.121 

fO'AWARO ca-.-ER ti. ~5 22 0.11 o. 10 0.10 0,10 Q.09 0,09 0.09 O,OQ 0.09 0.09 0,09 0.10 0, ll 
35 32 0,09 O. O'I o.oe 0.00 o.os o. 0~ 0,08 o.oe o.oA a.as 0 .OA 0,08 0,09 

SSN 010 OSN 31A 25 42 0,08 o. 08 o.oa o.oa 0.08 o. 08 0,07 0.01 0.07 o. 07 0,07 0,08 0,08 
15 52 0,08 o. 08 o.oe 0,08 0,0F o.o~ 0,08 o.oa 0,08 0,08 o.os o.os o.os 

•EAN RESnLUTlCN OF THE TWO OPTICAL SYSTEMS I~ LINES/MM 

I 0 CF~tfR 120 SC ~Nl 
SCA~ -60 -'SC -40 -30 -20 -10 0 10 20 30 40 ,a 60 

LAT Sl!N 
6~ l 0,24 0.21 0,20 0.19 0,19 0,19 0.18 0,19 0,19 0.20 0,20 0.21 0+24 
60 6 0.22 0,20 0,19 0.19 0.18 0.18 o.p 0,18 0.1/t o. 19 0.20 0.21 0.24 ~, II O.l~ a. 14 C.13 o. l3 0.13 0.12 0.12 0,13 o.n 0.13 0.14 o. 14 O,H 
so le 0.12 o.u 0.ll 0,11 0.11 o. 10 0.10 0,IQ 0,11 o, l! 0.11 0.11 0.12 

SS~0I0I• &NO 81 ~5 22 0.11 o. 10 C. l 0 0.10 0.10 0,09 o.oq 0.09 o.o<i 0.10 0.10 0.10 0.11 
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SECTION VI 

PROBLEM AREAS 

6. 1 MANAGEMENT 

CRYSPER is a difficult program to maintain and manage. In addition to its Rize, it consists of three 

main subroutines earll authored by a separate organization. Even small changef'l require a significant 

amount of carP, time, and coordination. The data base for each run is enormous. The inputs are dPrived 

at various states in the assembly and test sequence of the camera system. The tP.sts are pPrformed at 

both SSC and SVIC, and the data reduced by several organizatiom,. Many of the input values to CRYSPER 

are available a year or more prior to flight. The final input, which is normally the orbit case, may not 

be selected until the month prior to flight. The bookkeeping of the available inputs is a task in ibie!L 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 lo date. 

However, there are often inconsi8tP.ndes related to lhe prPdictions and how they were derived. CRYSPER 

normally predicts two sigma low estimates based on smear. The cross-track actuals agree very well 

with the two sigma low prPdidions, indicating that the magnitude of smear heing used in the program is 

correct. However, the in-track actuals are slightly higher than the predictions. ThiR raises the 

question as to whether the smear function within the program is modeled correctly. If the median option 

for CRYSPER is used, vice the two sigma low smear, lhe predictions for both in-track and cross-track 

are hi1~her than the measured performance level. The use of smear as measured in the chamber and 

the nature of the smear (albeit linear, non-linear, or whatever) is a continuing study. 

6. 2. 1 Lens MTF Mismatch 

The polychromatic lem, MTFs ootained 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 not clear at this point in time which set of data is closer to the truth. Both 

sets of data are acquired in a gravity environment. However, the interforogram data can be adjm-ited for 

the gravity free environment of fli[~ht, while the photographic chamber data cannot. The photoi;:raphic 

chamber data takes into account the focus effects due to film curl, while the interferogram data does not. 

At this lime, CRYSPRR configured lens MTF data can only be obtained fron1 the intcrfcrograms. 
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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 Held 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 slightly better performance 

than the rest. On occasion, predictions have been made for a particular field position if 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 to those positions at which targets are acquired. These types of predictions 

are generally for CORN tribar targets where the coordinates have been measured. Intelligence 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 volumes 

of this type of data does not exist. 

6. 2. 3 Smear Data Versus Scan Angle 

The program is currently configured to use as input data, smear values (mean and two sigma) for 

both directions of each camera as a function of Vx/h and scan angle. There are unique aspects in the 

camera design that change the smear characteristics as a function of scan angle length and center. This 

means, for example, that a 30° scan sector taken from an angle/angle table run for 120° of scan will have 

been run with incorrect smear values. There are 16 possible scan 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 obtaining the smear data 

for all conditions is that chamber data ii; obtained for only three collimator locations. Interpolation and 

some extrapolation is used to fill in the reRt of the table. If large differences between chamber or test 

runs occur, then it occai;ionally caused discontinuities in the resolution values as a function of scan. 

6. 2. 4 Mathematical Description of Smear As a Function of Performance 

CRYSPER has been programmed with two simplliying assumptions about the camera system's 

smear characteristics: (1) it is linear, and (2) it is normally distributed. While these are probably 

reasonable assumptions, there are often cases when it is clearly not appropriate. Chamber data has been 

obtained on some camera systems that indicate skewed frequency distribution of smear. Line target 

images have on occasion been significantly distorted, indicating non-linear smear. While the frequency 

of these effects has decreased as the systems have matured, they are still present to some degree. 

Electromechanical analysis from TM data indicates that there are several periodic disturbances that 

occur randomly or as a function of a particular mode of operatlon, 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 smear. 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 reflectance of intelligence targets and the degree of specularily. CHYSPEH 

presently contains a look-up table format containing estimates of reflectances by COMIREX category. 

The information for this table is a combination of real data from measurements of mission photography and 

a good deal of guesswork. On the average, the data is probably near correct but it is most assuredly not 

absolute for specific targets. In addition, tile effective reflectance of ground targets varies as a function 

of factors that are not related to the target, e.g. , snow surround 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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