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1. INTRODUCTION

ThescalestudyworkmpromptedbythepotenﬂalmeoftheGambltsysteminadual o

o mode, both in its present configuration as a surveillance system and to extend its capabilities to -

a search system., The dual mode requirement was for the imagery to achieve a NIIRS 4 rating
at an altitude of 350 miles. The influence on performance of film type, illumination condltions, o
scale, and system dynamlcs were factors that had to be considered. - :

The initial approach was to solve the problem a.nalytlcally 'l'ht.t study indicated the soarch_
mode would achieve the required performance level. To confirm the analytical resuits, the scale .
study was designed to estimate pertormnnce based on assessment of atmulatton lmagory by ﬂm

. actual users—photolnterpreters

Two films were chosen for this study, S0-209 and so-nz mquirements were tor rouolu- o

- tion limits considerably greater than S0-208 and appropriate GRD at 350 miles to get a NIIRS 4

rating. §0-209 is the slower of the films and its anticipated application would be during the

- summer, The greater energy level during that part of the year would minimize exposure times
" and consequently reduce the amount of image motion,  50-112 was intended tor wintertime use,
. since it is a faster film tban 80-209 although.its resolntion is. less

- A major consideratlon of the simulation work was the selection of scalea to give a rquon- " :

~ able incrementation both in scale and rating. The boundaries were essentially determined by

the two modes of operation, surveillance and search. As a linear relatlonshlp exists between
rating and log GRD, the spacing of the scale intervals was determined in a log scale domain to
give uniform incrementation. The rating information generated can be applied to. find an expected

- rating at a specific scale or used in the future with a ahtlstlau dlstrlbuﬂon of scale dnrtng .
*.mission to predlct an averaae rating level, o

The scope of this project (for each fﬂm) was to determlne if that mm could porform the

- .:.mission This judgment would be based on achievement of a NIIRS 4 rating for the search mode..

Accordingly, PI rating experiments were designed to assess the impact of scale on quality. .

‘However, under slmu:u- acquisition parameters, absolute ratings of simulation and operstloml
- imagery can vary, but within an oxpertment, differences in rating between images are accurate,

Therefore, a third film, SO-208, was included in the experimental design to serve as a reference

© .- point for SO-209 and 80-112, Operational quality levels are known for S0-208 and in the' experl-' .
, lnental context, the &)—208 n.tlnga can serve as a baseline comparlaon for the other mms L

The scale atndy ann.lyud the sulhhlllty of N-ZOD and &)-112 for their re-pective wintar

and summer acquisitions applications. The question of whether these films could perform the = -, .
mission was to be answered on the basis of the NIIRS rating level achieved. It should be empha-

slsedtlntthostndymnotlntcndedtoselectﬁlms Imagery exists for such a task, but the

. 8scope of the scale study was to determine the performance levels of S0-112 and 80-209 films.

P

'SEGRHIG/H/HANDLEmﬂ!mmmm"  _' :':_1:1. o
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. 'Tm-sumAnY_

The basic objectlve of the scale study analysls was to !mstlgate the rate of change of

" quality with scale, Within this framework, the specific effects of solar alitude, aerial contrast, =
" 'and image motion were examined to provide exposure recommendations und pertormance prodlc-

tions of several films. The following tasks are per!ormed to:

1 Determine the rate of change of qna.lity with scale throngh contrast for 80-209 ﬁlm at.
a 34-degree solar altihule for three aerial contrasts, zero motion, and best exposure.

2. Determine the rate of change of quality with scale through contrast for ao-m film at .
2 19-degrae solar altitude tor three aerial eontraats Zero mouon, and best upocure. :

3. Determine the rate of clmnge of quality with scale through contrasgt for 80-208 nlm at .
a 34-degree solar altitude for three aerial contrasts, zero motion, and best axpocnre to
‘provide a quality baseline for comparison with 80-209 and 80-112 films,

4, Detormlne the effect of motion and exposure on i.mage quality and pravldo expomro
recommendations: for S0-209 and 80-112 films for 0.7 atmoepheﬂc traumiuton at
34- and '19-degree solar altitudes, respectively. -

- To aceompllsh these tuks the scale study comprised two programs. 'l‘ho initial ﬂ:ue

was todedgnandprodncoanlmagodatabasewlth the appropriate acquisition parameters, Then, n

utilizing this photography, a series of image quality experiments were performed to mlno the
eﬂect of scale on quauty and’ to provlde recommendations for operatlonal uposuru. N

'SEGHE:F/G/H/umummmlmcommu o - 2-1'
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3. IMAGE DATA BASE-.

The scale smdy 1magery waa produced at ihe Image simulanon Faciuty in conjlmetlm with

the Five Film Study photography. ‘The total set comprises more than 24,000 images taken under -

" - a.wide variety of conditions. Film type, illumination, image motion, exposure, and photographic .

. . acale were all varied during the photography. - Selection of the imadngparamehrsmbludon

. the systems being simulated and the tasks to.be performed. Descripﬁouotﬂn limnlaﬁonpara-
metu's and 2 mal.ﬂx ot the acqlnsitlm parametara rollow. S -

3.1 SIMULATION GEDMETRY

The acquialﬁon goometry requirements were baalcauy those tor the proviou- 'rhree Film -
~ Study. Camera orientation simulated a platform moving north to south operating in the aft mode
. with 10-degree pitch and 15-degree roll requirements, resulting in a ‘net camera look angle of -
18 degrees. The latitude specifications were 56 and 70 degrees north, and based upon the'l'hree
' Film Study analysis, correepondtosunanglasotuanledegreesudmazi.muthsollu and
164 degrees, fespectively. A third sun position was established at a 45-degree solar altitude and '
- 159-degree azimuth from true north and provides anothor typical acquisition condmon for both .

- gystems. The net image motion direction was set to have an in-track to.cross-track ratio of 5: 'l T
The test pattern array was rotated so that the four principal regolution hrxeh had their: eleumnts,__ s

aligned along in-track and cross-track directions, and the OB targets were roﬁated uo that the
_ moﬂondirecﬂon wouldbo appmximatelv 45 degrees to thelr longaxes.. e

'32 TARGETARRAY :

. The ta.rget arTay uedmthe scale :tudy eonslsbad of loleeted alr Mgmnd order-d- L
‘battle objects surrounded by several test patterns. Four scale. modals of the mc-zs Foxbat woro' 5
used, the 1:87,1:100, and 1: lmacmsbqlmmrchmdinhtfomwh!hnl 48 scale. model -

was constructed using the 1: 87 scale atrcraft as a pattern. mupummmmmmmjﬁ-*f

a nominsl 36 percent reflectance and were positioned on background of 25 percent reflectance.

In addition, realistic insignia were added to thie AOB. Modsls of the SU-85 tank destroyer (at 1:80 .

and 1: 87 scale) were also inch:ded in the | scene, being 14 pereont rdlechm on an 8 pemnt

Two lmes were used in the databue productlon, a 13- and 5.5- millimeter Swihr 'l‘he
reduction ratio at which a lens is operated and the model sulootahrgeteomhlmtoprodncoa
net simulated scale. For example, a 1:150 model scale denotes the ratio of model size to real
‘object size. At the Simulation Facility, the 13-mm lens was used at a 1:760 redudion, image
size to model size.  When the 1:150 target was photograllled with the. 13-mm Switar, the shmu--

. lated scale is 1: 115000 image size to real object ulne. Tables-l um themodelalnthehrget
_ »urayandtheusuluntdmuh.teducalu. c S . o

-SEGRE*/ G/ H/ HANDLE VIA BYEMAN covmm. mmm
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Test pattam included in tho target array were:

1. Six 1951 USAF resolution targets
‘2. Logperiodic target = :
3. Two VEM edge targets

. 4. Double annulus ring target

© 5, Sieman’s star target.’

Agrou:ﬂh'uﬂlﬂmhgraphotﬂtotargetarrayiacontﬁmdinAmndkB

Table 3-1—8!mulated Scales

- o Model . Simulated Scale, Simulated scale, :
AOB - Scale  x1,000, 13 mm  x1,000, 5.5 mm
e o (769 x reduction) (1746x reduction)

1:48 7 - s

A
B 1:m - 8 126
c 1:100 T 18 -

D - 1:180 . 115 ° - ae
A 187 e 183
B s ms o . 1@

-8, 3 ILLUMINATK)N OONDI'HONB

" Aerial contrast and the sun-to-sky ratio for typlcal aequ!sitlon conditions were provlded by
- another. contractor. The initial phase of data base production involved the set-up and calfbration -
of these illumination conditions. The procedure involves determination of the effect of each of ..
 the illumination parameters, sun, sky, and hase, utilizing photometrlc measurements. From -
this, a set of aim voltage settings for the lighting are derlvecl for each aerial contraat/m-aky
" ratio condition. axbneqnently the film is used as a radiance sengor by: photograplung uniform
reflectance patches through an exposure range and measuring the' transmission densities. of lhe
- .processed imagery. The resultant aerial contrast and sun-gky ratio are calculated through
aensitomotrlc comparlnons, and volhge correctlons can be made if reqnired. .

" . This method was proven effective as memrements of the aerial contrut and nm--ky
: muo in the nm imsgery were on tho avengo wlthln 5 pereed: of the ahn apociﬁenﬂm

' 3.4 IMAGE MOTDN

e Image motion is simnlmdby introduclng motion at the target plane dm-!w oxposuro. Both ., A |
"~ the type and magnitude ofmoﬂoncanbevarledtostmulataachaluequmuoncondwom Linear, .- .
sinuscidal, and rapid deceleraﬂon motion at levels trom 0 l:o 16. mlcromotors ln the lmugo plau BRI

are available.

" In the scale study, nnoarmoﬂonlovoluoto,z 4,8, andmmtcmemswmueddumg ;
" the photography. ‘It was necessary to modify the motion apparatus to simulate equal masmudn

ofmotlonwtﬂxthetwolmesuodlnthe scale photography.. Becmethomoﬂoniuntrodu«dinp s

the object plane, the shorter focal length lens required a greater relative movement to produce
the same amount of image plane motion as the longer lom. An addit!oml lover arm m podttomd
in the rod comctlng the moﬂon drlvo to ﬂae model. ' :

| ‘3-‘2‘ . -GEGR'E:FIG/ H/mwm.evu\ BYEMAN oormnou.svmu
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3.5 CAMERA =

. The Mark Il camera was deeigmd and lahrieated for the aimuhtlon tacllity, and allows tor .-
precise replication of photographic parameters. I

A wide variety of 70-milllmeter-wldth materials are accepted by this camera. During

'. exposure, a vacuum platen holds the film flat against three referénce pins that define al'epo&hble L

focal plane. The lens is moved relative to the film plane by a differential micrometer to. ‘provide

~ small focus changes. The lens mount has three-point suspension to allow alignment of the optical -~ -
axis to the film plane. An electronic shutter and ﬂlter holder are positloned 1in front of the lena. S

A laser technique ig used to align the film plane, Optlcal axu, and the object/model pln.m

‘ center. The alignment ia verified by test. photography of a resolution target array.

To provide the range of scale required for this study, 13- and 5.5-millimeter Switar lenaes S
were used, MTF and ruolntion measurementa lndlcated the qullty of the two lensea I:o ‘be nomi
nally equlvalell:. .

3.6 FILM

The imagerymprocmedandd\lpedaceordingbooperaﬁml speeincaﬂune._ A wide range; o
olprlnﬂnglevelsmusedtoensureﬂwopﬁmumdupeexposuremanﬂableforeachlevelot

- original negative exposure. Table 3-2 lists the processlng/duplicatlon spoclncatlons for the scale o

.study ﬁlms
Table 3-2 — Processgng/mpncauon Specifications
I-‘llm . Developer - Precese Duplicatlonl"um L .
80309  41DN-V  Yardlelgh - §0-332
80-112  40DN-V  Yardleigh - 80-332
80-208°  19DN-V  Yardleigh 80192
~SECRET/G/H/uanois via sveman controLsysTem < 3-3
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- 3.7 FINALPHO’I‘OGRAPHY

_ Table 3-3 presents a matrix summary ot the conditions under which the target array m
photographed. - Three duplicate exposures were made at each exposure level. . Also included in
the data base are the images of large (4 X 4 feet) paint patches of known reflectances. These

patches were photographed at each illumination condition and provide references for- urla.l con- :

- trast and sun-sky ratio calcula.tions and for tonal transfer analysls. ‘

B Table 3-3 — Condition Matrix

sblar' '

altitude v 34w B 45w 1 _lDDe_grees‘
- ‘ 'eondiucm'“' A/C - 8/8 Fim 'g_/c §/8 Fim | A/C s/s"' Film|
[Aerial contrast (A/C) - | 3.37 6.06) (209 | 200 | 192 2.55) (209 |
and sun/sky (S/8) rauos] 192 339% <112 | 2,38 837 {112 | 1,63 12174112,
_foreachnlm o |aes. 1ee) lss | : 315 | 141 .44 315
Linear [ 0,3,4,8, 0,3,4,8 1 0,5.48,
_ . smear | - 18 mierometcrs .16 micrometers’ | ' 18» mictometors
. Exposure range' T4, 4, +1/2, 43, 41, 41/2,0, | +2.',.+l,'+1h, 0, |
(stops) - . Z1/a, =1, -2 -1/2L..1 = N -1/3, -1, -3
o o AOB: 81, 55, 71, 64, 115,126, 175, 262 T
Beales (61,00 gop: e, 115, 152, ’m
”'3_4 - 'S‘Eeﬂ'E:HG/H/mmmwemucommuvmn
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4, IMAGE QUALITY EXPERIMENTS '

There were two types of questlons addressed by the scale study. One dealt with the dotor- .
mination of the rate of change of quality with scale and the other with the recommendation of an i
optimum exposure in the presence of system motion. These correspond to, in an experimental - :
context, a seale change experiment and an exposure motion tradeoff experiment (EMTO) o o }

Three films, 50-208, 80-112, and 50-209 were involved in the scale change experlmenh. -
For each film, preliminary experiments were performed to select the best duplicate printing level -
per ON exposure and then the best ON exposure per itmosphere. When complcud, ﬂle eﬂect of _
»sealaonquautymteatedthrwghscaleattlueeurlalcontmts. : : o |

Two EMTO experlments were conducted, one eaeh for 80-112 and- 80-209 ﬁlms l"or l'hese, o
only the best duplication printing level per original- negative (ON) exposure needed to be selected
. prior to the EMTO experiment. The tradeoff analysis was pertormed at one acalo and one urla.l
contrast for seven ON exposures and four motion mugnlludea. o

mg ‘4-1 cutlines the basic experimental flow chart. - Optimum dupucation determ!natlon
T serves a dual purpose as it is the first quality experiment for both the scale change andm('l‘o -
analyses. The latter analysis follows immedlatoly; but in the acnle chnga work, the optlmnm ON
© exposure must be determined first. '

" Several measurement programa were also carrted ont on the imagery. Qu\nﬂncauon ot N
aerial contrast and sun/sky ratio values required densitometry. Both macro and micro. readings
. Were necessary to confirm equivalence of the illumination parameters for the 13- and 5.5~
~ millimeter lenses. In addition, the density measurements are essential to relate simulation to L
operational exposures. Resolution readings of the targets surrounding the model array were made =
' to assess the performance of each lens in the final photography sets. Thesa mmnromontl vort- o
ﬂed that both lems were operatlng at comparable levels. .

L Thepmcossedoﬂglmlmgaﬁnsworeeacbpﬂntadthmghawﬁemotdnpncaﬂon R
policies to ensure that the optimum printing level was obtained for each of the ON exposures.
For each film, the initial step involved phototechnologist-screening of the available duplicates.
Rapk-order method was used to select the best four or five policies per ON exposure out of a
.~ dozen or more candidates. The chosen pollclea are then lncorponted into aperlments for photo-
: _.interpreter evaluaﬂon. . : : .

- The completa aet of scale study image experlmenta are shown in !‘ig. 4-2 Esaontlally
they are the flow plan of Fig. 4-1 replicated for the three films. Alterations to the basic plan
are that no EMTO was necessary for S0-208 and the additional EMTO shown for S80-112 (experi-
. ment 632-12) was performed for the Five Film Study. In addition, a quality comparison among
. the three films was perlormod (uperlmont 632-14) A summary of the exporlmonts uhgorlud .
- by nlmn !ollows - -

L

'S'EeR‘E:F/G/H/mnumavsmuoomoLmu e
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- 4.1 rn.uso-m

Experiment 632-1

The initial scale study oxperlment contained imagery from both lems, the 1!5 000- and
126,000-scale AOB’s {from the 13- and 5.5- millimeter lenses, respectively. The reader is .
reminded that these scale values refer to the net simulated scale; image size to real object - -

size. These are chtained by photographing a model (whose scale is given by model size to real .~

object size) at a given reduction (image size to model size). The 115,000 scale resulted from
the smallest model (1:150 scale) on the target array being photographed with the 13~-mm lens at
‘a 769x reduction, The 126,000 scale was realized by photographing the second largest target
model (1:72 scale) at a 1, 740: reduction with the 5.5-mm Switar. The imaging conditions were . -
identical for both lenses: 34 degrees. solar altltude, 0. 8 atmospherlc transmittance and zero B
motlon.

o Photointerpreters were preaented with a range (4-6) of dupllca.to prlntim levels for each .
of the seven ON exposures. For each group of DP’s, the PI's rank ordered the images in =~

~  quality and gave a NIIRS rating to the best DP, The rank order data was' analysed to determine
- the optimum duplication policies for each §0-209 exposure. Mean ratings were plotted as a

- function of exposure and a smoothed curvewudrawulhrwghthopdm. The peak of that .
curve indicates the optimum ON exposure and the quality levels for each scale. Nearly a full

" rating unit difference was shown between the two scales. The proximity of the scales, but the

significant disparity in rating of the 13- and 5.5-mm images, suggested a possible difference in
. the quality of the two lenses. Hovmr, it was considered that the observers might be maklng a
~ categorical distinction between the two images. Although the simulated scales are close, the
~ larger size of the total 13-mm lens image may have contributed to an imprguion ol better
~ quality. ’l'hls issue was considored in the following experlment o

. ‘g:_gpenmentmu . L
80ven scales, 55 000 to 262,000, at 34-degree solar altitude, 0. ] atmonphgre, and with zero- .

" motion, were PI-rated in this experiment. To offset the possible categorical distinction, 13~

- millimeter lens images with 8-micrometer motion were inserted within the context of nro-moﬂon
chips from both lenses. By doing this, observers were presented with several consecutive cases

"‘where the largér 13-millimeter lens image was of lower quality than the 5.5-millimeter lens, '

'Thelntandedeﬂectmtoconnterbalancearnﬂugbludnetooverallimagedn. There-nltm_- '
- a linear relationship between rating and log scale. A difference still existéd between the. 115,000 =~

and 126,000 scale although the magnitude was half that found in experiment 632-1. In the othier
, 13-/5.5-mill1meter overlap, 84,000/77,000 respectively, there was not an abnormal discrepancy

in rating. Later experiments continued to bear -out these rehﬂmhlpo wllleh my hnply the um 'A

_ls associated wll:h the models. .

* Experiment 633-5

. Experiment 632-1 mmd opﬁmumDPandopﬂmumONaxpomreat&eOOatmupbare. With ;
reference to the PT DP preferences, optimum policies were chosen for the 0.7 and 0.5 atmosplieres . - - - °

by PT rank-order experiments. Experiment 632-5 was a PI rating of the 0.7 and 0.5 atmospheres

. for the 13- and 5.5-millimeter lenses at the 84,000 and 77,000 scales, respectively.. Donl!tomotrle' SR

and resolution measurements had previously indicated the exposures through both lenses to be -
" virtually identlcal, and the results of this oxporlment conﬁrmed ﬂm opﬂmnm upomu to be tlu
same, -

. 4‘:’4;4‘ o | : _SEen.E:HG/H/mm VIA BYEMAN com mu
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E}_perlment 632-6

Seven scales were rated in this experlment at optimum ON exposnre for three aorlal
contrasts to determine the rate of change of quality with scale. . Again, 13-mm chlpu with
motion were inserted to offset a rating bias, Plotting mean rating as a function of scale showed

‘a linear: relationship with apparently no significant difference in slope for each contrast, Such.
' amodelmadoptedaMaunear regreasiontechﬂqueuaingindicatornﬂablesmuudfor

analysis of the data, The indicator variable method allows all the data to be used in defining
the slope-of the rating/log scale line with the effect of aerial contrast manifested by different

intercepts. Three lines result from this method, the differential effects of contrast uhutratod L
. by vertical shifts of tln ratlng/log acale functions (see SQct'lon 6, page 8-48) '

: ,Egpeﬂment 032-11

|i.' Ll

‘ Thhupoﬂmentgeneratedthedutarequ!ndforﬂuﬂO—Mupomremoﬂontrmoﬂ PI _l’
data was obtained at four motion magnitudes (0, 2, 4, and 8 micrometers) acroes seven exposures . '
‘(simulation 0'« 2 stops) at the 34-degree solar altitude and 0.7 atmosphere, On the basis of the
‘motion/exposure rating values and a statistical model of the system dynamics, an operational

-exposure recommendaﬂon was made that componutes for ﬂ:e effect of system motlon. B

Opttmum ON exponure 1s found from the peak of the zero-motion curve. Hmver, tho

raﬂngdatambaaedonahrgetdsepercentreneetanceonazspomntbacmound but the:

average operational target reflectance is 12 percent. The peak exposure determined from the

- experimental data must therefore be adjusted to account for the target reflectance difference. By |
‘characterizing the 36/25 percent R AOB by 30 percent average reflectance, the reflectance differ-

ence was defined by the exposure - difference, A log E, presented to the film by a 12 and 30 per«nt

reflectance taiget. Accounting for this shift, ﬂneopﬂmmzem-moﬂonmremlpocinedon B
termsofanalm-developeddensltydlzpereentreﬂechneoutthatexposure,temedn. Another .

contractor supplied'a reoommended Dy and the operational exposure times through solar a.ltltude.

~ Based on the difference in log exposure space of the two Dy’s, a set of recommendad operationll .
- -exposure times was calculated. These represent the optimum expoaure ofa 12 percent target
o through solar altitude for the zero-moﬂon case. (see Section 8, page 6-105).

_ Informaﬁon was fnrnilhed that charactoriled the statistical dlltrlbuﬂon of lyltom moﬁon.

:Aa'thero 18 a rating that corresponds to every motion/exposure combination, the statistical nature

otmotlondlchteaﬂmtﬂxo rating also be statistical. A computer algorithm was developed. to
lncorporato rating values with the distribution of system motion. Operational exposure data,; as
a function of solar altitude, was supplied to which simulation exposures were correlated by

sensitometric considerations. Inputting an absolute exponmintoﬂwcompnhrtecbntqmmulﬁd, o
lnﬂxeupectedmunvamudraungwiﬂ:moummhmofdmuhﬂonmuro The difference

lnexposurebetweenthiacmeapeakandﬂmzem-moﬁonraﬂngcurveuthetmwntdmm

: 'compenutlonrequiredtoopﬂmhe raﬂngatthatmro/uhralﬂhda. I;qpuﬂutuaprocodnrc :
> for other exposures characterizes the amount of exposure compensation necessary as a function of
~ solar altitude, With this information, the recommended zero-motion exposure times were adjusted .
for motion, and are summarized in a plot of recommended exposure time versus sohraltltnde for S
B the Zeéro-motion and motion eomcﬂon cases (m sectlon o, page 0-111) s 4 AR

4 2 FILM S)-ZOB

’ 'Exporimont m-s :

Tho 850-208 mm lmmry m prodncedwlﬂ: only tha 13 mllnmeter lens. Aa cxperlmenhl

'SEG'H'EWG/ H/umnuvun:mn conmn.svmu | | 4-5
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. _work had been done in the pastwwn this ﬂlm optlmum dupﬂcatlonm selecbed onthebasls ot

Selection of Optlmum exposure at three- aerlal contraats was the hsk ot exporlment 632-9.
Only the 13-millimeter lens was involved, and the 1: 37, 000 scale AOB was PI rated at seven
simulation exposures, a range ‘of four photographic stops, across three: aerial contrasts. Data.
reduction was. straightforward, the mean ratings were plotted as a function of exposure for each
~ aerial contrast. Smoothed curves were drawn through the points and optimum exposure defined

as the peaks of the curves. 'l‘heue runlts would be applied in experlment 833-14 quality comprl- o

son amonc ﬂlms »
43 FILM 80-112

| Experiment 6337 -

. " The task of the initlal 80-112 nlm uperlment was aolectlon of optimum dupucato pollcies.
.- Prior PT screening experiments reduced the PI load by’ narmwlng the range of DP choices. Ten .
" :PP's rank-ordered the duplicates and their total set of obaervations rediced by summing the ranks
at each ON exposure, To further lessen the PI burden, the experiment wis designed to rank all )

exposures at the median of the three aerial contrasts, the 0.6 atmosphere, but only one upoure, o

SIM 0, at the 0.7 and 0.5 atmospheres. - The same DP was chosen for all three contrasts at SIM 0,

andwiﬂuupportingevidencefromm‘ranung the’ Plselecuonswereextnpolahdforallupo- o -

' 'suresatthe()'hndos;\tmocpharu.,,

3 mxp.rsmontm-m e | Co R 5 .
' ‘l'hilexpoﬁmsntmoﬂgtmlycomdndbbemopﬂmumOqulnﬂmmmn

= aerial contrasts for both lenses. However, as in the case of the 80-209 film, densitometric

consideraiions and resclution memrementa lmplled that the exposure was equivalsnt through
‘each lens. As experiment 632-5 verified that for the SO-209 film the optimum exposure for ﬂ;e }
13-millimeter lens was identical to that of the 5.6-millimeter lens, it was decided to test for only

| the best exposure on 80-112. film for the ls-mﬂmneter lens and to utilize that selection as the

. 5.5-milliimeter lens optimum exposure as well,. This approach allowed the EMTO for the 80-112
film to be incorporated into. the same experiment, substantially- decroaalng PI labor and turn-

"+ around time, nwenudahrodncﬂanumeaniapeml Intotal,moexpmmontcomuodd

43 chips, wlth subsets of 21 and 28 chips constituting the exposure ‘determination and EMTO,
- respectively. All observations were at the 1: 37,000scalnand19-degru sohrdﬂhdaw!ththa
exposure determination performed at all three aerial contrasts. and the E’MTO a.t -only ﬂ:o 0.

I ‘atmosphere with 0, 4, 8, and 16-micrometer image motion. .

: Mcﬂonotopﬂmumexpomndahm atralghﬂomrd. 'momeanraﬂmwenplottod f'.-: "

©as afuncﬂonofalmﬂaﬂmupomreformhaerlalcontn:tmdthepuhdﬂumootlwleum: .

indicated best exposure. The EMTO analysis was essentially identical to that of the S0-209 fllm
in experiment 6332-11.  As the rating data was' obtaineduslnca“perccntreﬂectancoAOBonu

25 percent R background,. anuxponro shift was calculated for the average acquisition reflectance . - .
of 12 percent. Then, the zero-maﬂnnalmupomremchnnetorlsedbyanm density to which R
: 'alzporcentmnechncolmnhhken,buedmthoopummumuhummnshwnbym
. PIdata and the A log E shift for the 36/35 percent R to 12 percent R compensation. This recom- . - - =
' enledexpmremconvertadtomaboolutouposunﬂmebycompaﬂmﬂththooperlﬁmli o

_ exposure time/aim density data from another contractor. For the zero-motion case, the recom- '
P mendedexpomeﬂmuuahncﬁonofsohralﬂhﬁemmrm Pluﬂmweromoorpowd

: ‘;‘with lho syatemmoﬂonntaﬂaﬂcatoﬂndupeeudmomnlm- olraﬂncwlthmoﬂon. Bygenorlﬂu

"; T T[T/ ———
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: a set of ratlng/exposure curves at different aolar alﬂtndes, the amount of roquired exposure ecom-
: .pensatlon as a function of solar altitude was determined. This amount of exposure correction
" necessary for. motion compensation was used to modify the. zoro-motlon .exposures, which rmltad
- .. ina plot showing the' recommended exposure time versus solar alﬂtnde for ﬂxe zero-motlon case .
" and the motion correcuon case (see Section 6, page 0-109) 3 .

- @rmm 623-13

" The rate of change of quauty af 80-112 mm with scale was- détormimd in this experlmont

utlllztng PI ratings of eight scales, 137,000 through 1: 262,000, at three aerial contrasts.
v Optlmum uposum were used in each case. To offset a rating bias due to overall image ain.

13-millimeter chips with 8-micrometer motion were inserted into the experiment. The analysis -
.of rating sand log scale was performed as in the 80-209 experiment (832-6). The rogrouion of
rating and log scale was linear and the differential effects of contrast repmmed by vertical

. shifts of the raung/log sca.le functions.. (Seo Section 8, poge 0-51)
L gggnmnt 632-14

" The final uporhnnnt ot the sule study undortook a qunuty comparllon among the ﬂlma

: 80-112 &)-209, m-zoa,auw-SIEﬂlmsmnHrmdatthrnuﬂﬂMMrh 1:37,000,
- 1:155,000, and 1: 115,000 scales. OpﬂmumaxposumudeurmimdbythemeerImn-».

tation were used in all cases. -The individual scale experiments for §0-209 and 80-112 films
(experiments 633-6 and 633-13, respectively) determined the rate-of cliange of quality with scale,

. bntcompurhoubetw«nthmmmscouldnotbemadeasthoraﬂngnlnuahmldmtbohhnm"
" of the eontutotthepuﬁcmruperlmant. Relative diﬁereneesweremm!mdinupomnent .

632-14, and the third film, SO-208, was included as operational quality luvols are known and -

therefore provided a quality baseline for- eomplrlaom. The 80-315(1:&'” not analyzed as
partofﬂuaprogrm,butmincludodinthe Hen.luauontoacqnire raﬂuinfomﬂonfora

. Five-Film study experiment.

M!mmtheindiﬂdualaxpeﬂmenhmcomﬂmdwlththtdﬂnmﬁﬂnmm

" Ratings were averaged over atmosphere for each scale value. The results of uporlmm 032-6 -

and 632-13 were assimulated into those of experiment 632-14, thereby describing the quality

| "cmgewun.cueotso-zoomso-mnmsmml-svooom.mooonmmmso-m j'.'-'
"nlmforﬂxolﬂomwl'llb(m)range (mSecﬂonO pugeo-u) . _

Thocompolltootalldah(uo&cﬂono mo 6-63) showsahlgherlanldporlomm

. for the 80-200 film relative to the 80-112, and for the S0-112 fllm with respect to the 80-208, It * -

should be noted however, that the 50-112 ﬂlmmlimulatodtoralo-dqm-ohrmu
‘which the aerial contrasts are lower than for the 34-degree solar altitude of the 50-200 film.
The lower solar altitude also causes longerahadmmhrget,whichmynﬂecth‘mam

* quality. It is recommended that SO-112 film be analyzed under identical illumination conditions.

TheruderiauforudﬁoAppondleformmwntodmmaryafﬂndccthm

 quality. Mwamm-mmso-llzmmnmmm@mmum -
log scale lines rcwltlnglromexperlment 632-14. : .

Amcmamnﬂmﬂmawcmmm&odmdndnnﬂn‘mh‘m

-pldudmprnﬂnsmuuworkwlﬂ: anexllﬂngcanbraﬂonuno

—SEGHH/ G/ H/ HANDLE VIA BYEMAN eom sn'ma f B o 4_7 | 'j
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4.4 SMEAR MODEL ANALY :

An addiﬂonal set of data amlysis was pertormed to supply a contractor wlﬂ: amear- :
.exposure bias fnnctlons for 80-209 and 80-112 films. The EMTO experiments, 632-10 and
632-11, provided rating curves through simulation exposure at constant magnitudes of motion.-

From these motion/exposure curves, a series of smear rate curves was generated. Alonga ~ -
. smear rate curve the amount of image motion is a function of the exposure time. For exam;rle_, .
if there is 16 micrometers of motion at a SIM 0 + 2 stops exposure, l.’nerewouldbea 4,2 B
micrometers at SIM 0+1,8M0, and SIMO - 1, respecﬂvely. :

, " Two measures were derived from each of these curves. The expoeure compenutlon to - ,
achleve maximum rating with smear relative to.the sero-motion curve was computed as was the
magnitude of the smear at the optimum zero-motion exposure, Dy. 'From these figures, the
amount of log exposure bias for optimum image quality was portrayed as a function of smear at -
D, (see Section 6, pages 6-115 and 6-117). The resultant amear-expoeure biu functlou are

-then utilized ln this eontractor’a smear-expoeure tradeotf etudy

4.5 EXTENDED AL'I‘ITUDE AND FORMAT ANALYSIS

Tlleexposure/moﬂontradeoﬂglvesanupectedlosslnquentyduetomouonatﬂ:eecele
of the imagery (1:37,000). The quality loss is considered only at the center of the format, which
is appropriate for a pointing tagk. However, as the ‘height is increased, the motion changes; and
. the task changes. Tbmghﬂ:emoﬂonmagnlhdeuredneedathldmralﬂhdu,thetukhu '
. beqome a search task and we are concerned with the enﬂre format.

‘ To determine the logs in expected quality at other scales than 1; 37,000 one neede raﬂng :
as a function of motion and exposure at each scale. One then takes the moﬂon ew:mlc approprhte
- for that altitude and format position and ealeula!:u the expected ratlng. :

: If the rat{.ng/GRD relatiomhip was a linear relationship, we could take the ra.tlng/motlon/
exposuredataatthel 37,000 scale and shift it downward the requlredammut. However, the -
relauonehip 18 not linear and interactions between motion/contrast and exposure exist. To do the

B experiment properly, one needs new rating data at the desired scales. . However, if we wish to .
obtelneneeﬂmatedﬂxemeofﬂxeeﬂect, we can ignore the Interacﬂoneﬂecu and Just treat the
'expoeure/moﬁon data as if it was obtained at another scale, except for the overall rating level. s

o Ammlnalsetotcondlﬂonswerechoeentorepmentﬂnehigheralﬂhlde(haam 470; .
- §1 =25),.and the smear rates were calculated across the format. - At h = 350, the motion smear
. ratelarereducedbyauetorofofromh 'Io,whuetheyareredncodbyafactordauth 470, -

To calculate the effects of these smear magnitudes on the ntlnc, exposure/moﬁon tradeoﬂl _ IO

_yweredonefor&)-zooandm-llzﬂlmsathaaw Q = 25, SA = 34 degrees, on-axis and at the

~ 50 and 75 percentformatpoelﬂona Theexpecbdlosain quntydneonlytoﬂte moﬂonielhown
,ln'l'able4- o

. Table 41— Rating Lou
| so-zoo | so-nz

50 percent format  -0.08° - ~0.05

Kl perceit,forrnat -eat 08 "
4 8 | -SEGRE:F/G/H/nmoLzmwemueomuvm
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5. moommm'nons |

o ', _ Accompliahmenl:s of the Scale study were: the analysis of the eﬂect of acale on quauty, .
" and operational exposure reeommendaﬁons for two films. This work suggests moral analyses

that should be conducted to explore Gambit system acquisition utilizing the existing im data. L

Desu-iptim ot these reeommendatlm are preamﬁed in the tollowlng paragraphs

5.1 sommmvmmwmmso-mmu

: Inﬂ\eaealostudy w-llzandm-lmmmaworoummdtomaolaralﬂhdench,m
" degrees for 80-112 and-34 degrees for S0-209. Aerial contrast decreases with sun angle, there-

- fore S0-112 was disadvantaged as its asrial contrasts were lower than those of the S0-209. The
results show SO-209 to be the more effective film, but this may be due to its higher contrast. It

- is proposed to make a direct comparison of the films’ performances by including 80-112 at the -
same aerial contrast/sun angle combinations as the SO-209, Thuanal.ylilwouldmscaleshdy

imagerymsentlywallabln andwouldbaaccomphshodﬂ:roughmbjecﬁveraﬂngmﬁmnh

5.2 MCONCILIATION OF D, DIFFERENCE

: Duringboﬂxﬂmso-mwﬂ)-luﬂlmsmmmoﬂmwm the dilference
_mmcmmmdwmm)mmw&eraﬂmmdmmMmdbyaw- '

contractor became apparent, Althwghﬂndiﬂemeehmthrge there will be an effect on quality

as a function of Dy since it affects both the motion tradeott and density level, It is proposed to -
~ investigate the conflict between the two studies by working interactively between groups to

buuﬂﬂuoachoﬂnf.quﬂiwaﬂdmdtymoummsbwwmmm- S

'toreeommondawacﬂon&atshmldbohbn.

5.3 l'NTERAC'l‘ION OFSCALE AND ID'I'ION

: Aaaconﬂmaﬂonothsmm asmﬂlmﬂyﬂcﬂuﬁﬂymmﬂormodbecﬁma&ﬂn
'oﬂectotmoﬂmatﬂnwacq‘nnﬂonacales. m-horteomlngdﬂﬂ-studymhm
_ polation of quality versus motion data obtained at only one scale, Thomumpﬁonhdbbom

that this data would apply to other scales as well. This impHes that there is no inferaction between
. motion and scale, which may not be true, ltissugguﬁadﬂmt@aﬂtynﬂngsbamw R

motion and scale to quantify any interaction, andﬁoapplyﬂnadatahdaﬂneﬂnoﬂectdmoﬂm
through the appropriate scales, H&auummum,nwmﬂmmmmmm :
Mmhnwmmomdmm/moﬂmwm : ‘

C 5.4 INVES‘HGATR)N OF OPERATDNAL PERFORHANCE '

Recent performance history on 80-209 and S0-112 films indicated SO-112 o be the pre- . . . -

ferred material. mmmmmumwmm,so-mmm ltin
mmbmuﬂmmaumbymmmumdmwmmm

-S'EGH'E*IG/H/HMDLEVMW!MNGOMMI 5_1
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5.5 CONTRAST VERSUS QUALITY I

: 'l'he scale utudydidnotspeciﬂully invnﬂgata theettectot eonlrutonruultant quauty. R
Because of the high signal-to-noise ratio (SNR) of these materials, it may be thata quality gain - -~ -
- could be achieved at low contrasts. This could be estimated if the data bases were further R
._uplomdaomemﬂnosando5m«mesuoeomptomentﬂmo'lmoemremantydah.: o T
~ ‘The rate of change of quality as a function of contrast could then be applied to expected acquisi- . - ?\__
' uoncircumahncesbeaummportormmomd/ortoexhndtbpouiblemmlrmdm e T
conh-astacqulsluons _ _ ' T

5.6 IN’I'ERACTDNOFSCAIE ANDOBLIQUITY

. Theucalosh:dydahbuelnclmdonlyomlookangh Althoughlookangloaﬂocuscale,_ o
ﬂnabintytosmdyonlylhneﬂectotacalechangeonquantymconsidaredinﬂ!uoxpumnt R
so the data would not be confounded with obliquity effects. Itisreoommondadtouhﬂyumsl R
»lcaleaatdiﬂermtlookamlutouhbﬂahﬂleimpactdobuqﬂtyonqmuty Exporimonhahould L =

- be designed to assess the expected performance levels as a function of look angle and to define T
the obliquity term. muintormaﬂm,conpledwm&ooxpecbduqumﬁonscemﬂm couldbo

uudwosﬂmmmhmuﬂnty _ _ : 4 _ o .

g

!

: r! 1

i

| '5_-5 '_ —SEG'HE;/G/ H/nmnw vmmmcou‘rmnm ::-':;4-- ~-
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* 8. ANNOTATED BRIEFING. .

" This Section contains the Scale Study Briefing with anuotation for each viewgraph,

-SEG'R'EWG/H/Hmmwuunucommmu _: ..lA
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9632.LDJ - 1
1/22/719

19 MARCH 1979
9632.L0J

“SCALE-STUDY"
| 22 JAMUARY 1979
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The rato of motlom are shovm for three altitudes a.t 'Y 25-dcgree obuquity as functlons o(
format position. At each altitude, the rates were calculated for the 50 and 95 percentiles of the
smear distribution, Theae percentilas mean that 50and9l! percentotﬂlelmoaru leu tha.nthat

" rate,
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The ammnta of motlon acrou !ormt are shown for S0-209 a.nd so-m nlms al: altllndu
of 70 and 360 nautical miles for various solar alﬂtndes.
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APPENDIX A
SCALE STUDY IMAGERY

The fonowlng pages lllustrate the results of the 80-113 and SO-209 scale study work, _
Photomicrographs of the simulation imagery are positioned along the line showing the change in
rating with scale. The magnification from the duplicate positives to the prints is approximately
128x. Photographic scale and the approximate corresponding altitude for a ao-dagm lock angle
are ahown along the horlzontal axis,

For these llhututlom, the relationship of rating and scale is delcrlbod by the average
rating per scale from three atmospheric transmittances, 0.7; 0.6, and 0.5. Averaging all three
conditions was chosen to summarize the results of the scale work as all the PI data is utilized
to represent the effect of scale on quality. The photomicrographs are coples of the imagery
produced at the 0.7 atmosphere, which is considered to be the average atmospheric condition. It
should be noted that the simulation of these films was for different acquisition periods, and that
although atmospherlc transmitiance was equivalent, urm contrast was greater for the 80-209
imagery. :
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Appendix B _
SCALE STUDY TARGET ARRAY
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. AppenmdixC
RATING/LOG GRD

The scale study results were summarized by illustrating the NIIRS ratings of 80-200 and
80-112 relative to 50-208 as functions of log scale (Section 6, page 6-63). The cbject rated was
an AOB model of 36 percent reflectance on a 25 percent reflectance background. The ratings
were an average for the three {llumination conditions (0.7, 0.6, and 0.5 atmospheric transmit-
tances) and were acquired for the case of zero motion and optimum ON exposure.

In this section, the same results are described by a rating versus log GRD plot. GRD
was calculated at an aerial contrast of 1.91:1 for all three films. Six tri-bar resolution targets
surrounding the target array were read by three readers at three replicate exposures. Peak
resolution was converted into GRD for given scales,and with the corresponding ratings at the

- 1,91:1 AC, rating/log G for each film. There is a slight convergence in the '
nm,muacmmw,m-mmnnmmyaMamn

unit increase in quality ove 80-112, the increase would be about 2/10 of a unit
greater than 50-208, nedottedumuanexllung-ntamunbnuonuu. The experimental

results hnnuulyﬂloamnlopouthh umm:uﬂmawhrrmﬁwdm“n-
brauonunoataumcm

ng C-l — Ra&u versus log GRD, 1.9:1 contrast

G, H mmmwmmm
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