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A. BACKGHOtJ:-':D 

The use of tribarresolution tar'gets to estahlish systt~m pl.!rfonnancf: levels has 
yielded objective data to support hoth fec and enginel'rill~ calculati(ms. Like aU mea
surement techniquec. tt'ibar measurements haw' an inherent van.tHon which is ~t CfHH

posite of small and uncompensated (or unknown, enanget'5 tn the tarWi't, atmospht:I't:, 
system. fHm, prOCC!Hit observer. etc, In rccent ye:Hs, suhstanti,d il'tllH'OVj"mHlts 

have been made in har<nvare and techniques~ if W(' are to c(mUnue mt~anh\gful 
measurements. it is necessary that more exacting gl'otmd,..truth techniques parallel 
these improvements. 

While the ground,;..truth targets themselves represent only one ch,ment in a ~cril's 
of variables. they are an el(~ment ()vel~ which con~ has direct control. Accordin~l\', 

we have instituted several in-house sponsored projects to track down and identify the 
variables associated with ground-truUl targets a%H! to find ways of (?Hminatin~. mini
mi:<':ing. or predicting them. This l'epQrt deals with the J:esu!ts uf l'l hl'ief invt~sti~a
lion of target renectauc(~ which was carti('o (l1.1t during op(>raUolla.l COR:"; suppm:t 
activities in August and September of 1!J1:;L 

B. CORN TARGET PHYSICAL CHARACTEH1!')TlCS 

The present hwenwl'Y of COH.!I: targets may be dividl:d into twn categories: Thost, 
fabricated of nylon and those made from eanvas 

Canvas Targets: Canvas targets have h('{'11 u~wd by C< Ht:s sinct: it::. rJt.~;.t,imun..; 
nine years ago. Type 10 IW Army duck canvas i:, (,patt'!! with a opt'dali\:' tonnulah:ti 
acrylic t!rr. .. ,dsion. tnt!t1 cut and se"'n to mal«~ the tl.'~u!tallt target p::.uwls: rlwo~th,d. 

th(~ callvas weighs ~. ~~':Ic ol.H'H~I.tS 'hquan' vll.rd; f')Ul' of add an addi

tional 3 OImce.s, A;); I aSlwct ratio, ;',:J eontr'ast ratio ta 1'14t·t ha viu;4 bar vddthl:> r:ml.!lo;,:. 
from "\ feet /I ineh t., IJ. ,{;", inch is :J~II f(,t~t long and "II fed w [dt·, ltwh.ldl'h ,1 .• I.:" !-(lUa n' 

yanls of labrk. and Wt'khs :!."iWI 1}tIWHb l'Hi>plav(·d Hll\\., It·",!:" fFI;.'.un· IL th*' lac,:d 

ean lIt: ditiplav(·;j 1;\ a It.'am lif I, nwn 11.1 :10 minutu., Hal' ;wd b:.C'i .. ,.:.t'otmd n·t1(,,·t;.UI'~I:~, 

nomina:!, :~:.l '; and 7: 1'('ti~Ketivd\, an' Ulusuatt'<\ Hl th~' ~l,j'dntl- n,Ot'('tam:t' ;i!'ulih, 

',' ";;.:ht d"-'~!l kmg ..:r,l;:,:-; and l'lmall shtuiJl"! \1;Hi'na! \\l'i;.:;llt, pi",.. H~ . "I/'OU:- u:;tu:. , 
make (ii<' t~H'14d panels "as\ tit <Ii ~pla\' 'In wln.h d;I\~; "W'(' di:::-pl:t\.(·d, lht' ,,;uwl:-. knl! 

t" Mtav in pla('(J nnht:f th:w hemg I()ftt~d wlndl" . ,tlHt Uk ;"i!:,; .. ,ltlht,. ,I 
mllde\v, an' tJw ma./",r '!l \If (:an\';:!;1" 
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canvas. Coated nylon weights 4.95 ounces!t>quare yard; the fabricated target then 
',veighs 1. 2f;() pounds, a decrease of 1, ;J4U ~()mHjs c()mpart~d to canvas. ;\ team of ::i 
men displays the L rget in 90 minutes, hut the lighter-weight fabric is more apt to lay 
atop grass and brush and sometimes results in a "lumpy" display. Wind is a probk'm; 
since the material is light and nonporous, it tends to act like a sail and may 1>(' hoth 
difficult to display and to keep in place tlftcr display. cannot InUdeVl'. and has 
demonstrated a longo' useful lifetime than canvaf; H i::> easier to transr>ort and dh;
play hecause of it." lighter weight, but there is le;.;itilllate doubt ahout tn(: quaHt~· of tht: 
resulting display. 

C. TRIBAR RESOLlrnONVERSU::) CO~TltAST 

A resolution measurement is a function of lar~ct contrast. Factors which rna\' 
influence target contrast include: 

L Ground target contrast, 

2, Atmosphedc scattering, 

3. Optical flare. 

4 Optical and film spread functions, 

5 P roceBS gamma. 

6. Duplicating gamma~ 

7, Observation conditions, 

8. Hu~n observer or microdensitometer system. 

Changes in any of these factors which serve to increa:!:)(J Ul(~ imag(~ contrast between a 
bar and a space will generally increase the XliI'S'olution value W(' are concet't1l'd hen
\\' jth the reflectance changes in a ground target which may influP'lce resolution mea
Burements. 

Images of COH!,; triGar::; an: acquired at a vadE.:ty of solar altitudtHs. ohliqui(r 
angles, and at various venlel(! and solar azimut.hs IdeaUy. om! would Uke to hav!' a 
target which maintains constant ret1ectance and contrast undef' aU possihle clmdiUoHs 
of acqUisition. Failing that, <HH.' must tlwn hI:: alllt· tn llH:asUl't! 01.' IH'pdict tht's .. ella 1'

actl'risties for known acquisition conditions. Once actu;ll eontnlst is known, till' 
inl::'chanil:lln (!Xistb to compenS3.l(· n!s(iiuUon 1l)t.':.!SU1'l.mwnls 1'01' IIl!plU'ttu'cs fl~HH ('''4w(~h·d 
target eontrasts. The probllwC hrm'l~vpr', is to know with c('rtaillt\ tilt: (,ff('('ll\',' {'On

tr<tst of th.: t:l.t'get a:; vi(~wed h,' lilt' eameraat UH.' mOllwllt of lwquibltlOll 

In onli.'l' t,; d(,tl'nnio!: wlwtiwl' this it, heill:': <1011<: pnIIW!'1\-. It t:-- fWt>(·.!j·san til 1'<'\1"\\ 

pn'St'nt tvchniqul's :md to cO!1si{il-r the assumpt1()n~ \\hkh are made ill ttl(' pnw('s" <II 
usin;.; th(:m 
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D, PRESE~T TECH!\lQUES A~D ASSLS;\W'l1o;,;S 

Present targ-ct manufactUl'ln~ technique!:> asSIH'(, that the emu1sion~ ,l,sf;'(t in co:!ting, 
both canvas and nylon targets arc adjustt~d to witbin H. 1'" Irf Uw desil4nrel1t-'('tance ()[ 
tt, tal'gCt. C':reat care is cxcrcisl~d to al:>sure that tlit! rd1('ctancc ot the cnaHn~i5 Ullt
form throughout. Until recently. how eve I', then~ hali been Httlv atU'ntion pa~(t t'l sur
(ace optical characteri~tics. L e. • &hct'nol' 14lo,ss XO t>iwcHic~llions have heen d~'1id
oped to describe the n .. Oectance of a target as a function of thE: Hh.Hnlllatju~ <Htd \'ll: ...... m;,; 
geometI)·. 

Once tal:'14ets are in the fidd, calibration is j'cltTled out eVil!'\' 1,0 d,i:Ys fll,' !.;pt,ctn,·· 
phoLomdric mcasut'{:ment of a small (i-inch sq';1;ln:) p3u:h v.hien l!'i cut ft'nm tht! t:;u'"Wl 
in the field. This is the latest in a tiel'ies of c:iHhnltit}!l bchl!ttwb whkh tmve cmpktVl,r! 
photographic photometry (Hassdbladj,;) and un-jjite photnnH:tric and radi(Hnctric in:itI1l~ 
mentation. At present, spectropnotollwtrk data arl~ coUf:cted at :)lj·-n;:mOmetlH' inh'r~ 

Air Pon.w. A progTam called SP£CTNEW then wdght$ the target spectral IH"O(tkwlth 
the lens tm.nsmittance and inh'~r'ates to det<~['lmlw til(> ('f!t~l!tiVt, J·t,nt!I.~tanc':l:i· fit ,,'<lch 
targeL SPECT~EW's subsequtnt calculation of t:u'~et c(1t1tt'a!:5t is ;lS!'>:IUHt.>d t~} th!scrib(' 
that target for the next iiI} (~r6 of field opel'at1ons. 

Given the above ~ituation. one may then deHlwah' :'hc :J.bhIJll1vtiom;which ant made 
in resolution measuremenL The foHowing list is in no p;u'ticuiar urdel, hut indudl"1:'i 
an arbitrary estimate of thc ~ nf the aSl:5umptlon and the impact Utheassuml;tion 
is invalid. A scale of 1-;:1 bas heen selected to rank tht'St· ~iU rii:;utes In Uu~ 
umn, higher Sc()rC8 indicate that the aS81..nnptinn is relativeh ull:;aJe at Itre:wnt tn ttw 
impact. column, a high score indicates that th(~ CIUlM"lUC!lC(':-; of making; an tnc~HTe<..t 
assumption al'e suhstanthl. 

We Currentlr Assume 

! e That targ;(Jts havt: aCHnstant COrltl'ae:>l I ;lli" I/Vl.'l' :1. v:u'h'l\ 

of :;U!l ang-t ... :~ and (~aml'ra qhliq\1itil'~ 

:2 That tan~d;,) ;tl't>. hwariant with (~il~IJI\!*:::,· m ;--'11.31' '1.1' call)
{'I'::! azimuth 

:1 That a la r~~' ta n;d mal. 11<' ad\!(!uawh ,ir'!'?4" rib!'l i t,\ :j 

! -inch :--umpk u::-nl lor callhratlon 

i That cunt·nt c:t!ll,r:.ttion lllbH'umentli ",jn;ulah· lh~: 
\,' ,,!d LI.L:,vt. (':.J ·;;('t':! :;"Ult ,,\tu:lthm 
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Ii That targets d() not polarize li~ht !'eflecl(!d frorn their 
sudaccl5. 

E. OB,JECTIVES OF THIS STUDY 

Impa.ct 

This report treats onlr the first of the aho\fl~ assumpE",ns, and only in a preHmimu,' 
\'Va\!. The experiment deserifH,>d Iwr' :~U; ~lgr('cd tIl in.;;t meeting attended by I I 

I I :\iaj. Pollard. Cal't. Gordon. Capt. HUey. I land the author, 
The meeting was held on 1:-, AUh'Ust HI7:!. and treated. ;11'5 a part of the agenda., l:I()mc 
current probltmu; heing expcrienecd with t'eSoiutiml me~HmUJment at hi.gb oblique :mgles 
A nylon resolution target and a nylon gray scale were being used in the fideL After a 
discussion of target gloss. it was rrropost:d that: 

1. CORN simultaneously display a canvas as well asa nrl(Hl ff'soluUon target, 
and, 

2, Piehl personnel make n:n{~ctancc nn·asurcmcnts of both .. ,J'I11 and canvas 
targets during the last segment of the mission. 

The purpose or this n .. 'port i:5 to documeotand evaluate the Hehi data t'oUected. iteemn
mcndations are made C'ooceming further studies or this and the other aSSlHn~)UOns, ms
cussed previously. 

(b)(3) 
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SECTION n 

F'lELD MEASUltEMENTS 

A. SPECIFIC 0I3;JEC11Hl'ES 

Giv(!n .:1. ~encral ol.)jective of determining the nature of target ren(~ctance at a 
variety.ifcoU(;!:ciioo ~mgles,we estabHshedUw following Sf)ecific objectives. 

L determint> the effective contrast of the nylon target at the angle 
on-site measurement. 

2. To determine the diff~rence betw(Jcll nylon and canvas targets with regard to 
ttleir reflection of light at angles to the source and sUl'(aC{~-

Each of these objectives was satisfied by a separate series of tests. This section deals 
with only the first obj{~ctive; Section III treats objective number 2. 

B. LINE-SITE MEASUREMENTS 

To obtain a better estimate (if the aetual target contrast at moment of acquisi-
tion, field data were collecteda:t Edwards ArB. California and at Kingman. Arizona 
during line target displays at those sites. 

In all cases I the measurements were using a Speetra-bl'igbtness .spot !11ote1" 
which collects over a O. 50 -diameter cone and whieh yields phototll.etl'ie data in units of 
foot-lamherts. The unit wasmpuntedon a trtpod.appl'Oxhnalcly HO inches from till' 
ground, Collection angl(~ was varied by meauiS of a protractor affixed to O!l(~ of the tilt 
arms of the tripod. 1"01" this-reason, ailgles reported are pl'f}babl,\" ± 2¢ In aU caSt's. 
a change in the collecU.on angle was ac;c()mpanied by 'l move in tht,~ meter's pm5ition in 
order to assure that aU data were collected ft,(Hll the same Sp9t on the tat'g4}L SillCl~ fl 
constant meter height was uscd f the Ji1i~tel'''''to-target distance increased as the angle 
departed from a normal or 90" position, ~l.ls() resultlid i.n tfw m.l~tel· vl('';.ving a 
slightly larger area of target: surface. 

Since the brightness metet' docs m)t ditectlr m(~asur'C it h" ru.:'ct'ssar'l: 
to USc acaHbl'at(:;d rCf(H.'etlC(~ Imn<:l as 11 stalldal'(t A Inabftl{7sium o.Kid!.' is 
used for this !JUrpose. sinc(~ its rofhwtancc is known 3ud is very clus(' to ItNl Ut~n·. 

hOWCV(~l\ we w<~l."(, measuring eefh:ctances in the ;j to ,tir'; domain ~md want(?d maximum 
instrunl(mt accuracy in U13.1 l:lt'('a. \'1/(1 selected .u) (1speciaUy nat of ~~:r t'ilu.as 
as a standard. In pra.cticc, measurenumt of a bar vi' IHtck~l'l)um! :H'{~a was aC{·I~m·· 
panied hy nH.~a5urllm('m of the standard pand. Haw data til('tl 
measurements from background ~irctH;iJ mId the standard 
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C, FIELD DATA 

Data collected during each dav's display have heen rt'dl:Wed to -; charts (Vi;..,'11l'cS :: 
through Ii) which illustrate, as a function of angle, 

1. Heflectance of bar pands, 

') Heflecmncc of background panels, 

3. Renectance conlmst ratio, 

·L Briglltness eontrast ratio. 

While data were actually coHectedt'vel'Y half hour dudng the display. only that eoUt:cted 
closest to the time of acquisition have heeo- lndudedin this report-

;\leasurements were made of the nylon target at Edv;ards :\ FB on l!t '\Uh"llst wn, 
and at Kingman on 2:-; August and I September 1!fi2, Data wea'(' also collected from a 
canvas target dh;playcd at Kingman on 1 September. 

D. SPECTXEW VERSUS r1E LO CONTRAST 

As indicated in Section 1, part C, laboratory calibration data fOl~ each target arc 
processed hy a computer program (SPECTNE\V) to Ift'edict target contrast for a 1m-day 
period. Table 1 compares field contrast measurements with SPECTNEW contrast for 
the 3 displays documented in Section II, part C 

TABLE L FH-:LD DATA VERSUS SPECT~EW COXTHAST 

X,\1011 - EdWLll'dl:i - 1'1 Aug 7:! 

SPECT~EW 

P j'('(liclion 

·1 t 

.) _ ·1 

1 I 

Contra::;t 

Fidd 
:\l('{lsun' mt~nt" 

:J Ii 

Hen(#;t;~: TIl(' rdl(~ctan(~(>8 of both ~h!' bar andll;:wk;.,:round p:Hwlz.:. <it 
n\"Inn tan!J~ts v;ll'V mark('IUr with till' an~le at which tilt: .. an- vit:w(:d 11\ tll(' st'n~or 
,\ltholl~h till' data n', III l'tt'd £w r(, :In' (01' a l'(Jiati \"ph constant solar alt.tude, It e:m 
n':lsollably i.t' J::'sunJcd that chan:.!:(:5 in {'itht%r ::iolat' altitud(: (S.\) or Ut'!{UblH .. n HWI-' 

d .. 'nee an:.:.!!' (L\) 'sil! atIect tin' rdlectanet: of the tar;;et 

BEST COPY 
AVAILABLE 

-------------Approved for Release: 2018/07/31 C051 06625,------------ -



, • . ' I ~ ~. . 

-

'" 

c, 

, . 

BEST COPY 
AVAILABLE 

4: 

4( 

Y: 

3D 

2~ 

2: 

.. ' '", . ,-, .'", "", , . ~ ,-. .. . . , 

$Iff, EDWAROS 

OUE, 1'1 AUG l~n 
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iT AltOAIl)) ;?KCAjoIv;t;s 
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H(/fledanc(' is generailr lowest when fA is tht' bame as SA, L e .• when the sun and 
tht' sensor view the tan~c1 along esscntiaHy a cornmon Hfll.:~ of sight. As the incidenc(" 
an~le increases and departs from the solar altitude, rdlectanee risc15 rapidly It is 
reasonable to hypothe.size that retlectanc!(!\\'{)uld !H~ak near an incidence angle o( friO-SA, 
although the \Jl'esent data do not extend far (.'Oough to suppott this conclusive!.\' It is 
important to restate, at thts point. that for the purpmH's of this disctission. aU incidence 
angles are !n(:'asured from the east horizon. whether the vehicle was ~~ast or west of the 
target 

,,\cqui::'ition at a high incid(,mce angl(' would like!\' result in overexposure of the tar
get unless the increased n!l1cctance wen!' compeni:>ated WhCll eXpfisur£' w~s scot for that 
acquisition sequence, For example, the data c~)nected ftom the Ilvkm tan~et at Kingman 
on I September 1!n2 indicate that HI (bar) inereases from :,:!)'~~ to ·H'~, NhHe H2 (bac'k
ground) increases from 7. to 1'\':-"':;' Anh~thigh{'r :m;;le. HI hal:> increased by a factor 
of 1. -;1;, while H~ has increased by 1. H:t The average log hdghttu·ss tllCl'C;lSe of the 
target at the hight·}' angle can be approximaWd hy; 

Thus, acquisition at the hif..{ner incidence angle \'iould {'(,'Quire 0, ~I; iOl" :E less exposuTt' 
(5/f; stop) than the same target acquired at a low incidenc(' angle. !f exposure were 
adjusted for some nominal situation, it is Hkely that the tar:g('t 'HHdd be either over
or underexposed, depending on the in.cidence angle. 

Although only one set of data was COn{~cted flX)m a calwa::;: bar target., there is a 
strong indication that this IH'Oblem is not nearly so s(!'Ycre as with nylon It may. in 
fact, h(!' 5uffjdently small that it is lost in the other ert'01'5 of tnt' measurement 1'1'0-

cess For the canvas target at Kingman on 1 &!ptemb(~!'. Hi incl'(.'ased from 25c to. 
3IJ (, while H2 incl'eased from ~'~. to !J ~:. The average log hl':~'htness incr'ease, .. ,m!d 
require an exposure adjustment of IJ. Wi, or sUghtl}' oyer 1 ;,,1.0p. 

In summary. optimum exposure (ot' tiw nvIol) hal' t.:lt~eh !:s a function of solar 
altitude and incidence ang'le. Tht· angh! at whkh U:w 1:'al'g't!t hi :;> hlf acquired sil()uld bt" 
talwn into :Lecount in setting exposure, 

'./ Contl'ast: 'fhi' del'(md('nc(t, of n~n('ct:lUC(' 11ft indd~'iwt' ,ul~fl! h, n<)t hh,mllcal 
ftH' Lh~' ba f and l';.u!kgr'ourui "ands of Ow h.u' t~t'4('t Wlnm t'efl{'(~f:tm("l' is nwaslH'ed at 
iucn'ahin~ in~~idl'nC(~ a0l4h:6, HI (hal'; dSc$ mon' rajlidlv than H.~(backgrol.m(j,. Foi' 
tht' Killgman t:x.llnp!t: disctl.!'fWd IjJ·l.~vjous!y, tht, m'{oo tar,~vt. l~ont fast (H 1 !Hz) dt'cn'a~wd 
from:j H lIJ :~ llii a,:.-; Uw incid(f/H:;'t, an;.{i(' incn·:i!:i(·d Tlw cam'a!'; targl:! di.~4..:I't'aM'd from 
:s .~ ttl d. 'I I./V('X trw 6~Ullt· ~H of inddt'lwl' all~h's 

:-'itW!' !'('ljO!UUOfl data an' e(}!h·~:tt:d frqm ,I varkty 01 t.~H'';;d~ duriof!: a t\'pkal mb
Sill!l, :wd l;,IlCt' tan:;d contrast val'i{'s [rom tan.;t:t til 1;1 n~d, n~!:i,,~jution UlI,'aHU't'Ulellt:. 

an i,";:;::-led to an dT~ din' n!!jl)luUnn \':tlm' at !:'Of11l' ~talldaJ"d t'(HlU'aSI level (::;1. It 
b-. tiH 1'('\01"(:, impox1'ant to kit,)\\" \\ it~l cH:{'Ul'1l~\" tIlt' C"Illl':t",t ,If ~'aeh target und .. -!' tilt-
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condi:tion~ of ;:lcquisition. the (Jlle must crine-lude 
that effective resolution m~~aSur~merU;i:.> ""Hi be affected 
changes in target contrast which oeeu.t· as a function of illcioence 
greater for nylon than fo!' canvas 

It is: possihle that this t~frw nivariaiion has been 
previous missions, High iucidt:tH::.e angles ~tn' (~xpt>rienc(:d 

angle$ wbenthe increased venicle/t;'B'g(.'t distance I:it:l'VCb. t.f) 

Uon. The effect of the targ{H would hH to further r",.,~_,>" 
yet this might have been attl1huted to the nattu'e of: Uh! "" •.• .:11',."" 

of this problem could be it' uucwere to evaluat4: 

{~U· 

The {~n:'Or is 

angles from prevlousmissioru". In ,'abt'S Ow is cast n( th{~ con
trasf. and resolution shou,d rw bight-'f Hum thos(,~(:ases 'H""·'~' .. th:~' 1tdlieh~ is weti'll)! lhe 
target. While this e)ijlel'imtl'nt is U()j; difficult. 
the following paragraphs, 

3, SP£CTXEW Versus Fi(~ld l>'ata: In cOftf"Ctillg data tc} "."" ....... '>'> 

effective resolUtion at a standard contrast level, the actllal contrast of the H .. ' .. ' .... ~. 
generally presumedtt> be that fH'Nlic~ed SPECTNEW. l·"m: Kingmwl 
SPECTNEW would have p.'cdicted .1 nylon bar targctct.mtl'nst of 4, t. th:>id mea-
surements indicate an actual contrast (at acquisition ang.lt·) ;{ H. Th{~ un,,,,,,,,,., 
here is not with SPECTNJ::Witsclf, bllt caHhratil)o technique it 

SPECTNEW is updated at intervals, yet that£,eri(~d* field 
are subjected to val'i()Us uf U(:~;itn'Wilt which serve to cnHIl£!'P t'enectanCt~ and cot1i~ 
trast markedly, l>isplays ;'l or area.s whero wiH 
result in a change in both f'£'fh:ettttlce and contrasL 
will result in yet anothet' Since it not possible to wash c~lCh 
eve.ry dispiaJ' * targt!t refl.;!cta!l~!(~S (:h~mge b'l)nl to ~md cannot 
single number' COl' a tjlj·dar periud. 

L 
is acqulr(~d, 

.!" :\ v(wag(' tl:n:g(tt 
~Umcl(~ntly ditI{~ n~l1t at 
turgid IS to lH 
(!Ul'Ve. 

:) Ta 
n'boiutiol\ 
aduulh' I;" 

·1 Ta ('otH nlst 
than SPECT:'I:E\V cmnrast 
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• arget reflectance ,and, CQtttrastcbange:'SQmewbat 'Witb.i/ileteaSing inc i
lmt atesubstanUaHy ,less' aft~ctedthannrlontargets, :Exp~dmental data 
. ~.; ~ti)t«:rmiru:~whethe:r, call"a~ targetsw0tlJ9 reqtlircda,tacolIlPc/ilsation 

i'\,tlt!<~ted.i~ldieatc"thaLf~btbnYl()nfilld.eanVa~f;lj~et·'.I'efl~Ct3.nce and'. 
'~, , ',:,/,;-\ ·}rderl)- pattern of <:harlge'wjthtargetin~iden~caJigle~ 3/ildthatre:sqlu-

eo,rnp(~nsat~d, IJJ,"QyidEfda, d~tabalS(~e1dstedt(J.de$Cr:ibe the tar .. 
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SECTION In 

NYLON!0ANVAS COMPAHISON 

A. OBJECTIVE AND GENERAL APPROACH 

To obtain an objective comparison of nylon and canvas optical properties, a series 
of semicontrolled measurements was made during a brief lull in D-3 field operations. 
The expression "semicontrolled" is used because the data wcre conected outdoors and 
were subject to minor changes in weather conditions. The absence of operational 
requirements on this particular day permitiedmore than usual time to be devoted to 
these measurements; they are, consequently, more accurate than usual. 

The experiment was carried out at Ed1.V~rds AI?B on 23 AugustW72 and involved 
three targets: Two nylon and one canvas. Of the t\vo nylon targets, one had just been 
washed; the other had recently he en used for a series of () consecutive displays and 
showed a considerable amount of surface dirt. AU data wen .. coUeet.ed between 1730 and 
1900 GMT in order to appraximate the solar altitude conditions prE-sent in a typical 
CORN display situation. 

B. DATA COLLEC'fION AND RESULTS 

It is assumed that targetacquisiUonsfor prQgram D operations seldom if ever 
occur at an incidence angle less than 30" or more than 150". These correspond to ± {,ti" 
scan angles. In order to describe the complete range of angles typically experienced, 
measurements were made {rom 20" to 160", :\leasurt.!mcnt apparatus and technique 
were identical with those described in Section U-B. F'1J,,"urcs -; -~l represent reflectance 
and contrast data for canVas. nylon, and dirty nylon res!,)ectivel~'. 

C. CONCLUSIONS AND DISCl"SSION 

T~le following discussion fi 1"5t c()mpares the reflectance characteristics 01 the 
three targets then presents a compari.son of contrast charactet'istics. 

L !!£!!ectance: Both nylon and canvas target rcflt'ctancl.!s \far\' as a function of 
incidence angle. Gmlcrally, the change is one ofincn.'asing: f'cOectance with inc reasing 
incidence anglt'. Althougb bar and backgl'Oulld panels do not rwcf?ssarily inct'cast..' at 
the samc ratc, the avel'ag(~ reflectance at anyone angJe scrVf!£:; to indic3h~ th£:.' (·xposurc 
adjustment which wi)uh.i lm neccs~arytoassur(~ that targ(!t acqui n~d at diffc('t.mt 
anJ.;les were I~laccd on th(! Safl"W poltion orUle ch:iH·act(.~l·i~t\(~ \~urVt'. It 

HI - HIt a I} 

HI 
a 

. F (the factor by which the hal' ren{~ctallct.' mcrcas(~d betwc('!l 
! 

an~les a and b) 
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SITE: E.OIo'ARDS 

DATE: 2340G !971 

TARGET TYPE CAJlfIilASST 

TARGETptO, V-H-&'66 

TIME fHHR1I41.113C - 1900 GMT S T AJlfOA.i!D 28', Cj(~v AS 

;~ 

Figure " D-3 Field Data Summar\" 
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SITE EDWARDS 

DATE; n AIiG 1972 

TlM£.IHT£IIV.l 1730 - 1900 GMT 

T ';'I<'G£T TYPE "YtClff 51 'DUllY, 

r.loilGU "'(i.e \liH.sr~5'72T 

SU.~O.MW, 1lI~~CAH\lAS 
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and RZ - R2 

an? .h.::: F') (the factor bywilich th~ 1,aekgI"ound refl(!ctance increased 
""'a - hetweenangiCf:; a and h), 

::: the log: exposure change required to eornpenf:;lite th(! ehange 
in reflectance with incidence angle. 

The e,liperimental data indicate that thc.maximumcnange in cXPQStU{! tcquiredfol' 
nylon targets is on th.eorder of o. (gtcater than 1/2 stoplwbile the change required 
for canvas targets isO. 10(1/3 stop). The ctea:nltnj;~s$ of the nylon targetnas Uttle 
effect ofithe exposu!."cadjustrrwnii"cqulrCC,t Ineitne!: ca.!:>e, th~~ 1'{~quir6(lclm:nge Is 
sufficient to cause acnangein.iliH i.magc poSitiOU£Hl, thccharacteri.sUc curve. and 
quite poSsibly a change 10 the QiJserve(i res(~luHon. 

2. .Contrast: The thr(.!e targct surfaces. differ mal"kedly.in cotltrastwhen incidence 
angles are varied. T() illustrate this f)oint. data from Figures '1 through 1

, have been 
summarized In the fol1owiPkt table. 

Ca.nvas 

Dirty Sylon 

Clean ~ylon 

Both the canvas and the c)eann,'lon dl;!c!'(~ase in eO.lltt'ast hleJCasin~ incidence 
angie. The dirty nylon first increases. peaks al'utlndHV dcgret~8. tneniu a 
manner very similar to the canvas t::u~get. 

If thethre(' targets had1.~·.t:n acquired llG incidence an;:;..l£~ of 1;;b(t!S8en~ 
Hatty the situation which would m,;istai a sea;) l:Ulgl€! With the camera Wt'st 
of the targets), thtH~e might litUe ,UffefenC(' .lmong the thte(~ t:(tst.dution vahn.·!'> 
o!Jscl"vcd. 

On tb~? .,thel' hapd. i1cqu:iSitioll at thes~Ul'H.! !'i(!an :::Hlgle hl..lt\\'ithtnt'eam(wa \)<ll:!'l tJf 

tht' targ;{'t~ should result in shnHax' t'esl)luti~}n fmm Hit' ('aiWas and dh1\' 
ndon. but in a significilntlv frf)m thl' nylon 

Vet1..kal acqui$itinn would i'ftSUlt in d*n~~Ttmt .n~$Orution 'i:~du(:':" ~' the 
with (:ahvas hein;.; dw IOwestalld detUl ttl(l iu;.;ht~st 
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D. SU;\lMARY 

1. Ta.rget reflectance and contrastal'e a function of the angh~ of acquisition for 
both canvas and nylon targets. Canvas is the least arfected. while nylon variations 
are quite significant. 

:5. I:XI)OSUre changes ar(!required if> co.mpensat(· ir.>... in targE.>t !·.(~fiectance 
a~ the incidence angle changes. 1"01' a tn-tical 1) program f>ituaUon: 

RELATIVE WG EXPOSVlt£ INCREASE lU:;Qf.mu:o 

Nylon (clean) (~ H. 11:3 1).18 

Canvas (j 0.H2 II. 11 

.:'\ylon (dirty) u IJ.O:i I), 1':':1 

~1, Nylon and canvas are distinctly different 1n their l~enectance prop('ni:es~ but 
both require compensation fo~'general refiectancea:nd contra.stchanges in 0.1'0(:'1' kt 
obtain accurate resolution (lata, \"mUe canvas exhibits eff<!cl ft~astt thCl'e no 
distinctaovantage to it Wht~tlC()mpal'ed to nylon, 

:;, The compensation .a'ecJuired is ncithes:> complicated nOl' .f·Xli.t>t'ISt1irlL but does 
n1(Juire I!lOre data than a:!'U fH'cSently at 
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SECTIO!,; I V 

RECOl:ll:1E;\DAT.I(}~S 

Th~ hregoing report is based on data coUeckd over a hrief interval near the con
clusion of program D-3. It i.s sufficient to demonstrate that some uncompensated \'ari
abIes are affecting resolution measurement. Depenuing on the situation, these effects 
may exaggerate or underestimate actual system performance; on the whoh.>. it is Hkely 
that we usuaUy underestimate how wen the syst(~m is performing. COml}ensatton for 
these variables is not only possible, 1m! am)ears to be fairly straightforward. It is 
likely that a data base can he ac{~umulated which wiB permit routin(! comf}enS~lUon for 
target characteristics for aU programs currently su:.ported hy COR~, 

In order to acquire a better unoerstrolding of the nature of th£' tat'!~et !mrfaces, and 
to prevent further misleading resolution computations, the fonowin~ activities an~ 
recommended. 

L On .. site field measurement f,}f bat' and background ret1ectanees should be madt.· 
during all future COil!'; deployments at the t.me and anglfJ Hf acquisition. Inbtrumt!nta

Hon and procedures should foUow eS6(~ntiaH),' tho~e descdbed in this l'eport untH hnpro\'('
ments can be eHected. 

2. In-house work carried out by Data Corporation should be acceh'rated to com
pile a routine for target reflectance prediction hased on camt'.rn ,lzimuth. acquisition 
angle, soia1' altitude, solar azimuth, and target warp/fiU (wientation. The oiJj{.'CU\'e, 
should be to determine al~orithms which mar ht.' used, on a muth:W fHU;lS~ to p""ovidt> 
the Air f'orcewit.h ItlOre accurate t'(.~O(>ct:1l1ce int!:H'll1atitHt, .-; 

3, Work should he pt'110rm(~d to br~\adb(Jard and Odd t(:-st a target n:-fit!ctancl' 
measuring device which is independent of dal.·Ught (or it;:; ~ourcc qf iUumination 
Present spot bri~htne.l>:S nwt<:.·s mUiSt have a eon:6tant iUunHnaUon levd to permit the 
several bri14htrwss measurenwnts rL"4uircd ttl caJculalt~ t'cill'ctanc(' Pn'sent"t~ of. 
(~venJr seattt!I't!d cirrus clouds. makl.>£o> a t!~mst.:mt: Ulumi!u\Uon h:rv(~i n(~'H·iy hn,'()I!j:1,dhk 
to "fMiin, Initial desi~Il::O ('XIS! rot' a d('viCt, whieh would mak~· 8pt~ctr:d nwasurvnwntl'i 
at a lIaridy t)f incidt'Jw(' all~ltls uslO::; an hlt.t!l'rnd, hi.tUt~r\·~pow(·r(~dsour{'tt. \!ltAn.: 
unit could bt' small, pftl'tahie. and f)!H'rabh: b\ r('lzltiV(.jv lllitl'aint'fl fh}ld fH!l'~omHtL 
\\.'ith apPI'IIIH'iah' c~trl't lhl.' d(,l.'i<:t.' ctiUld lJ.h't' a nW~IMirt'm4:m ~~'Imwtr'\;' wbieJl Bimtll;:th'~, 
to an ~<xtt'llt, Hl/.' sutl~,anwra J.<i\'.:sh:m. In this nWtl/lt,f', mu.lt1ph· :fll'aSUn'nwnt~ ('oulll 
Iw mach, at a \rand. o[ p"t;.itions ',n Uk targd ill 1)I'th'I' to iibtaw a !!IVI't.' /,:':1(*1 tft.'H'np

tion (If jt~ Iln'rail ~urtaCt' Pt"}JH:(1h'~. 

,""l..'tj01l I-f) '11 thi~ n;p<II'L In or'<!('l' .~f d ... ey,,:t!-'hl:4 Im!"Htam'~' The, l-iiwutd. h"',\'\,\',,f', 

lit' addn~~bl!d at m').z:.it .l<iinmh,uleouhly, ~ilU':~(' n.'sulutilm ,~:d(~uJ:lh(m$ an· an 1·~f •. 'I'n,!i~\ 
acthin <In wHkh a :,;n'3t d('ai dt'pt'nd:;;. tht·\ ,,;Huld 1>(" ul't-!rad,·d 1;.) maXH%lUm :u'('ur:ll'. 
alld ,,·ti:!l,i!IU' :!~ ~.)On :,~ b pr:.H.'ticalh 
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