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« Vo .. e -Ancther evaluation proposed 1s that which Seals with the validation:of the geometric

T

-';.“.;r:;e:ﬂataéuﬂrbemzzﬂahtehm;thegoun&mmm at the CORN -target gites. - -
° ) Lo - ) ) ' P ) . o . N oL oL ¥ - -
LT Ty T hwmwmaﬁwmmmmmmm on the
T Lt resblobionk Unitke. othge-simosphericinrestigations which have been conducted by
5 " various groups for various reasons, this analysis will be specifically. oriented toward
atg:osphgrﬁé effects vn photegrapky. . - . S
- . Ancluded in the stydy of photographic.prosesses will be examinations of exposure,

g .
P R L . Tt e
hagd i A 3
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- 7 7T L UBUMMARY - 7 Lo o

This proposal is primarily concerned with the evaluation of the operational
performance level of the J-3 reconnaissance system. This evaluation concerns itself
with the analysis of equipment operation, the assessment of atmospherics, a study of
the pertinent photographic processes, and the scrutiny of the resultant imagery,

vt s Adseconfary tutvery tmportant sectisu of-the paoposal deals with thereduction of
i+ iife data obtained from thetexperimental portions of the fifst four J-3 flights, = ’

;. tidelity .of the camera system, _
- » ¥ .t Separaté from- the above andlysts, but still a part of the total evaluation program,
-. 1Itek Proposes that a pair of Petzval ienges be subjected to nonuniform thermal loading

The equipment 'anaiysis--inéludes the consideration of the vehicle. as well as the
camera, since in essence they become one during operation. The data for this study
will be supplied by the telemetry links and tape records included in the diagnostic
flights. After the data are reduced, a comparison of the actual data with the error
budget expectation Wwill be made to identify the validity of the original budget, and, more

. wul UL dmoportanfly ) f0-assess the. effects. of the disturbance sourves on guality, - Waerever pos-

-% =7 sible, compater technigues:will be used'to Yacitftate handling ot the farge mass of data,

T, ;The atmospheric effects on perfor'mance, for the most part, can only be assessed

o m__arqnalitaﬁve;sta.nd;_nia,;and-ﬂm;imge:y..gﬂmhud.mm.mc;asmeu-as._prior

i ..DFE material wil beuséful here.. Qne of the diaguostic flights will provide informa.

. - , .% 7~ tiog om polarigstion within the atmosphere, dnd-this will be -congidered, ‘Some quantitative

: n.\, -~ sure evaluation will of coarse comsider the reiationships of the film characteristics

"« ‘<. - and solar-iHuminance as related 1o achieving the theoretically proper position on the
¢ =77 ' exposure fensity curve, but it will also consider what tiis proper position really should
- A "-'“;r . ; o f o o o T e
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be, considering all mission requirements. An excellent relationship exists between -
.. . the Jtek personnel who would be involved and the government communities who would

provide necessary measurements and Opinions as to the relative quality of imagery. .

- - .""The stully of the davelupment proeesses will also remain closely Felated to the |
- aim of achieving the best possible output for the interpreter.. It is realized that any

- ‘possibie recommended modifications in thls arew must be consistent with the need for |

-~ expeditious handling of large quantities of film.

- An examination of the reproduction techniques is proposed since it'is at this stage
of the process that a great deal of information can be lost. It is impossible to have
all interested parties view the original negative and only a few first generation posi-
tives are made from it. Therefore, a large portion of the community has access only
to second generation positives and intelligence gathering or judgment of the original

- - superlatively done. - ome agencies. utilize the material for purposes other thar intelli-
%, Jgence and they are as interested in good data display as in imagery. . Rather than com-

. -~ Bromise to satisly all usera, it may be best.to make separate reproductions which best

. - fit the needs of each.

27, The ultimate evaluation of the J-3 reconnaissance system will be made by scrutiny

.+ - of imagery on the original negatives, It is-recommended that the CORN-targets be

- displayed ae widely.as possible, sinoe they allow x direct quantitative evaluation of
system performance, and the measurements taken by the attendant ground crews supply
valuable supplementary data.

Another important evaluation technique which will be used is a comparison of edge
traces. This metbod compares edge traces obtained from resolution targets photo-
graphed during camera acceptance testing withed\ge traces derived from scaming

=-,.,".~snitahig~.gdge_n;$1 ﬂie,gpermaimm Computer techriques will be employed to

- .,.-.,,Are&wﬂie_labor.ahd~'ﬁme,mmlveq in edge comparison.

e il degrihe the reanits,of the night ight-detegion-teat. - The third will repart on the

- J-3 operation wiich will make use of ulratiin bage film at the.mission’s end. Also
during this operation, a split, polarizing filter wifl.be used on the forward-looking
camera. The effeet of fhe palarization will alsq.bg discussed in the third report. The

_ last diagnostic miu_idnjull also provide informatian on ‘bjcaler photography and on the
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-+ + , The J-3 camera system has intelligence gathering as its basic purpose, but it has
+ . long heen realized that.the system-also provides mych useful mensurational and geo-
- .-metric. data, - Jtek proposes that one of the system analysis studies concern itseif with
* ..'validating the calibratiens of steree angles, determining the relationship of the horizon
_.Optics to the panoramic optics,. and performing postflight measurements which will :
-indicate the stability of the panoramic geometry calibration. :
~ -~ Obviously 2 great.deel of daia must be handled if e task is to be dome properly.
We propose that Itek have timely access to all sources of information such as tele-
metric and tape recorded data. If this information cannot be provided in a directly
usable form, we propose that we utilize the necessary methods of data reduction. We
also propose that we have access to and working space in Westover Air Force Base
and NPIC. This space will only be necessary while Itek personnel] are at the site,
- . Since we are already. acquainted and an good terms with {he-personne] in these facili-
+ ties, there should-be.no problem-in inatituting the tooperative effort required.

. Another coopérative efiort réquired is that with. Eastman Kodak in the evaluation
: ,Aplzdevpiqpment-and-repmﬂhctim. .- Here again our long association will be of benefit,

.+ .. Tek fully expects that these system. analysis studies‘will provide specific quantita-

,»-i - *- Lpprovements oyesr the J-1 system mahe posaible.

- tive data on J-3 performance and will also demonstrate the flexibility that the many
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... 2. INTROGDUCTION =

The J-3 Panoramic Camera System development was initiated because the general
community realized that sufficient understanding of the J-1 system existed to allow an
extension of the basic J-1 concept which would increase the information- gathering

i capability in both quality and quantity. The physical restriction of vehicle diameter

©° &+ . which previausly hat prevented this evelution was remoyed when the Thorad vehicle
. - bacame available. - B

... - - The ,coﬁlftantly rotating-lens/drum. concept used in the J-3 camera should be
- - -, inhergntly less susceptible to noise than the J-1 design.. This improvement, when
+" % paired with thé capability of lowst,_altitude operation, shouid materially improve the
intelligence content.of the Photography. Additionally, the availability of exposure and

g

Cenxe R is not.unreaganable;:if one-has faith in the evalytionary improvements, to expect
... . ajmore consistent and better. proguct... Faith alone,: however, can not replace the

N . .}'.-: ... . Bcientific Pproach to the qraluafion <f-a0y vew pigce of fardware. The scientific eval-

e
-

»-  .uation of-the level of this -8 improvement is therefore a reasonable task to undertake,
and it is the subject of this proposal. Such an assessment must consider all system
factors and condjtions, whenever and howeve.r';hq may occur, which affect the final
quality of the product. These elements mugt be. asgpased s0 that their individual con-
tribution to the attained performance level can bé identified. Only in this way will we

fe ;healgle,":qvmake A valid judgment as iq hau:suﬁwsfulm.dﬂelqment has been.

TR
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- -detrimental to the achievement of the thearetically established quality levei.. Recom- -
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> The results of the parametric analysis will identify those factors.which are most

- mendations can, then be made for the eontral of these degradations to a reasonable

degree. -

ool Itek helieves that such a systenyanalysts study is “as'tnndamea_m' to-the total

~ accomplisiment-of the J~8 phegrats aings ps the development of the equipment itself,

-and sineersiy urges favorable comsideration of this propbsal.
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The question of whether a specific system has fulfilled its requirements can only
be answered by observing and evaluating its performance. In the case of the J-3
system, the primary requirement is to produce “sharp pictures.” Specifically, the
v ... . system, thraugh its paroramic cameras, should achieve certain graund resohution at
oot 7w the centernt the format for:a given altitnce:: ndepsndent of the altitile-and the vehicle,
- . ‘*he panoramic cameras should achieve a minimum resolutionon operational film (3404)
- of 110 lineg per.millimeter. for.low coutrast targeta (2:1), AR P R

T « . .:: Vartowa mwmnﬂecttbe;fesogutiM*-of the panoramic camms the resolution
T et 4 Toscapacity of the optics (Petzval leas); the resolution tapacity of-the film; the focus con-

e .. dition of the lens; the exposure and development-of the film; and the blur which, in
st v, 7. JrEenerad, results from &GW&EAQMMWHE film during exposure.
ST -~ .The quality of the-Jens and film determines the upper Hmit of resolutton that can be. .

achieved by any camera using the same lens/film combination. Thus, each Petzval-
lens is statically tested with 3404 film, and it must achieve a low contrast resolution of

at least 140 line pairs per millimeter before it is accepted for assembly in a J-3
camera. : '

T g o sigoificant advantage of the J-3 camera desig (that is seldom appreciated) s
s . 1 moduiar ar mmmmwhchmm cmtmldanbsyst em con-
v =% . . +ostruction aad performance. I consists of independent subassemblies that are basically
_ :»" -’ interchangeable. Thus; the lens includes the field flattener element and the focal plane

. Lt ;‘;vnﬂlers;andim:tamme_te optics: snbeystem. o -

"« T4~  Uhe lens is designed in such.2 way:that s basie Tesolution will not_be degraded in
© ... w7 ©i-2.noTmal operational environment. . The cell and-tail cone supporting all the optical
T L v S elemenis are rigid enough to. withstand the vihration snviroement of the hooster rocket.
Tk cw gh T szWM&ﬂmnm their physical dimensions
= . 77 have-beer selected émfetully 8o that there is 2 minimum of focus shift over the opera-
= - - tional temperatare-(3Q + 30 °F):. Various vibration tests have proven the guitability of
S -« “-ihe lens cell design. ;Furthermore,-each lens undergoes a vibration test &5 a check on
.y . ;- -itsabilify to :ﬂnits':eqphﬂonaﬁerit has been subjected ta a vibration snvironment.

' . %, *3. CURRENT ERROR BUDGET

S e S Blur degrades the basic resolution of the lens[.fﬂm combination, and this blur can
-+ -« o :be attributed tothe following general sources. '

LF

-,
8wl L ew s e em m
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. .. . 1, Dynamic operatxon of the camera
e s : 2...Interface between the J-3 cameras and the vehwl.e
3 '.-. 3.. Vehicle motions =, -
4. Command errors

- » -~ The errar budget that is contained in mu-x .32, and 3-3 is. essentially a
com;nlatmn of:all substantial sources of i:mrge motion and the calculated blur values
. -~ which they-introduse, -mutawum;mmhmatmhackdﬁﬁssbmoa)
<~ - Atmospheric effects and improper exposure of film are not considered. The error
budget provides a means for controlling the large blurs through proper desxgn of the
complete J-3 system. It also allows one to make predictions concerning the dynamic
resolution that the system will achieve under operating conditions.

. It must be pointed out, however, that the errgr budget attempts to predict the per-
wr#or-cs s formance of the averags 7-8 ?ystmmmt&mﬁm of every system: Consid-
o - ‘erably ‘bettér predictions of the aperational performance of 3 specific camera. result .
;'_;_:-_- . - from the simulated dynannc r&soiutinn tests perform,ed atBostun a.nd Advanced T
-~ Prejects (A/P)

Yom b et B shouldalso he pumtackont that the error ‘budget does not account for guality

.-é* I va.rmtmn in the film, which is a separate quality control problem of the film manufac-

e wturee. Spedifically, thefilm manwfacturer must. rontgol the. emulsion turbidity (numer- .

< w0 - ically described by the maduhim:mmterﬁuncﬁm), and the poputation distribution of
grain sizes, as well as other properties of the emulsion. The effects of the variations
in the emulsion become more pronounced in the limitation they impose on the resolu-
tion of the film, which is determined by the emulsion turbidity, by the gamma, and by
the granularity.

e The resolution of the film is. obtained by photographing targets with lmses whose
L 4 rmoﬁhmn.tumier fimctions ave considerably higher than-that of the film. A Tough
- - rule of thumb-is that the modulation transfer function of the lens shou.ld not be less
" — than 90 percentﬁ the resohtmn ﬁ:eqnency of the filmi.

&

sl w U The mleé*fcrmemnngthe resoiution- ofafilm are. essentially. those estahlished

e oW , - —‘by ABA committee PH2-16: vAccording to the- ASA committee rules, for those films

e - With 2 high contrast resolutian of less than 300 cycles per millimeter, a specific 0.30
SRR g numermlapermre,iﬁanﬂ&netm'nhjeﬁivehnsmtobeued ‘Forfilms with high

T T3 % B OONMREE Wwwm;mmmﬂ ﬂ&mnermaia,perture,

i 8-millimeter m1crusccpe dner.!::ve is to be wed. : -

The modulation transfar function of the Cém;mmetez lens maches 0 mlat 301
. cycles per millimeter and fis cutoff fréghency As 3 ,020cycles pet- millsmetsr. The
;- = - resolution of 3404 film is measured uging this lens. The reschition target is photo-
mrev s ‘m,-mmmmn egeai nomber ﬁ:mnhmﬂmmu are tbtained. The
-'-,.,' o irequency of pconrrence of the data points at the varions resokition levels is plotted, . -
e resembhng the faxmhar Gaussmﬂlstrﬂmtmn. The mlculatai mean of the plotted

oo
cA ke s Lae

A -

P S



.o, millimeter. Qbviousty, the variation in the maasured resolution must be attributed to -
T variations in the. film emulsian; smce.me'gptjcal system was.jdmca; for al} dath -

7op-secreT) ¢ (NN

oo .digtribution is 316 lines per millimeter and the standard deviation is 20 Ynes per

- points. .

.1~ The significance of the abibve lﬁsc‘lﬂﬂiﬂﬂmﬂ“ 3*-“#"“4 should nof be mmt”' i

- w

preted. Que should not expect 2 stangard deviation of 2-lines per. millimeter in the

4

© - operatitieal resolution of the B § system; due to vhriations inthe fitm guality “since the

resolution of the system is lower than the film resolution. His e

stimated that a change

in the film resolution of 20 cycles per millimeter will produce a change of approxi-
mately 1 cycle per millimeter in the system resolution. ’

Improper exposure and film development also degrade the resolution of the film,

and they are not accounted for.

in the error budget. . Several tests have been performed

.o 4 t0 determine sow exposure atisnts Mo resoltition:- These'tests show that the film

R - - . achieves maximum Tesolittion for an qptimum expostire of the target. Overexposure or

o undarexpogu.x_fg of the tajg‘e,t‘appreq;ably_ reduces the film resolution below the maximum

value.

,_ o I i obfm-fmm ttuaboredlscngsiontbax any comﬁarison of the operational

_ fr‘._; - 8ystem resolution to that predicted in the érror budget or that obtained with laboratory

oy & tests would npt b\.vﬁiﬂmsm,yem of the operational film wersdetermined,
o Therefore, # is proposed that a piece-of the Operationat fitm {5 feet long, 1mexposed, .
and not developed) be removed from the flight spool at Vandenburg and delivered to the
Itek photography department. The rest of the operational film would then be developed;
subsequently the film would be
department to determine the exposure conditions of the CORN targets. Then it would

department.to provide all ipterested groups with'a filra

- LY

be the task of the photography

R {CORN targets)_i;b.l'hé mignific

analyzed, sensitometrically, by the photography

e a..,_r_esp,fl_gtmn;iq“ﬂaa;_it;.mug_;:gmtt,meft&ma.&e\eﬁqmmm film quality and expo-

. These predictians would be:compared to the perfor-

i i Mwmmumm Sc;.&- 3, amei 3.8, nd the resclution
e T ers-obfained frony the CORN. target images.

3.2 DETERMINATION OF QPERATIONAL RESOLUTION

The systém analysis shadies must provide us with the means for determining:
(1) the resolution of the operational materiad, and (3 whether any. malitmetions which

.

4. ~there are several interpretatio

‘.a#ggt__resghztm- aecurrad d:u-:ing the misaion,

etermined, one must define “resolution” since, in fact,

. Ordinarily, resolution is the spatial frequency at

Ko Mewiadg Wn e M - .

. g
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winch the ‘modulation, transfer function of the complete system (all the blur ‘sources are S
hmladed) intersects the threshold curve of the film.. The threshold curve is detErmmedr s

“experimentally and indicates the minimum modulation of 2 sinusoidal image at"which -
- the.signal is barely discernible from the noise (g-mulatﬁy) of the film. -Since the

- grains of the fdm are much smaller thap the image detail, the filn'noiee tends to have |

. hghirequeng content;: -and the.reguired madulation for a barely. discernibfe high fre-
¢ ih.im — Quency signal is muchc!'eatu;tnth.tmm:tremaipal. .Therefore, the
- threshold curve increases rapidly with spatiai frequency. - - .

Experimentally, resolution is determined as the reciprocal of the smallest dimen-

sion of some pattern that can just be seen in a photograph. Unfortunately, this type of
resolution depends on pattern contrast, the configuration of the pattern, and unknown
human factors, since man becomes the measuring instrument in this case. Thus, it

i .. ... DEecomes necessary to zdentifg.thejpecmcmttemnm,n determiming resolation.
« om s Therefore, the term. ‘?ress‘luﬁn,” asused i¥ comjunction with the §-3 system; denotes
e ., ihe_reciprocal-of the. smallest dimension of the standard USAF three-bar target that

o -; . s.can just be seen in a photograph. - Beyond this definition lie serious questions concern-
- = ing the.guitability ni the three-bar target for determining the resolntion of the system,
m,mm.swaiimanﬂy,,the a:deqtney oi_nsolution itself as a- system performance
: cnten{m

ST .Tlnr&m merﬁ admatamh utﬁm«a-emhiim as a:system pezformance
critenon Of first importance is the fact that resolution has been emptoyed through the
years, and the values obtained have a commonly understood meaning throughout the
photo-optical community. Second, it is easier to test for resolution than for sine-wave
response. Although the basic data gathering procedure is the same in both techniques
(i.e., photographing a special target), the evaluation of resolving power data is consid-

,, erably more simple than sine-wave evaluations. For resolution. data . enaluatmn, only a

o g ,mcmscspe is required, Wam&cmm is.pecessary for sine-wave

- evahuationa: Third, forcthe aevial photographic cise, resohition has-same meaning in

that it is an attémpt to measure the capability ofa film fo record fine detail. Fourth,
: ,resolution- maamsthe_mbuedﬁeﬁgctm all the information transmitting or degrad-

) - ing pargmeigrs-in the system.. kcmhh&ﬂta,mwnt the. performasnce of the lens, the

n j’MC ergor, wﬂ:ra.tmn;iﬂm performance, exposure, processing, viewing, and the
- - obserxer.. .No other system pnﬁnrwmwrmmrau mm upeeta u&-lystem

R S Wmeﬂ

On the other hand; resolution has several drawhacks,,pne of which is its all-
encompassing measuring ability. .K-often is difficult witha simple resolution test to
pinpoint the cause of degradation in.a system. . Conversely, it is difficult to combine the
resolution capabilities of each component of a-§ystem to obtain a valid indicator of total

. system performance. It must.be remembered that resolving power is only a measure
‘ “nig:!w nl'ahtyd.npbemm HNim-te traasgit or record a:particular object of a partic-
| *.:-;_-~ utar eaaﬁgnnﬁon contrzst and sme

)

Ly Resohitlmphke allsingle number m:atmrn,. 4s not a universal indicator of picture

| ] quahty .Image qu.ahty and moluticm most notxceabl conflict when usmg optical
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-~ -systems that _pﬁsseéé ‘nnusual.,apermte's or significant amounts ‘of spherical aberration.

~+.4 is not necessarily true.-that a, doubling of the resolution of 2 system means-a dpubling - . .

- :of the iniormation"gatheriag.capa;bﬂiﬁes.pf the system. = - . -

: - These fundamental questions concerning the use of resolution, however, do not =~ °

o weorcorcernthe system saalyst whose.main objécHve is fo determine whether the complete” ~ -

P77 48 smyslem hasmet the design requirements, becanse the requirements are specified in

et 4 o~ terms of resolution determined-by tfe-threezbar target.  Therifore, the-starting point
S of the system analysis studies should be with the results of the resolution tests per-
formed on each instrument at Boston and A/P.

R

3.2.1 Ground Targets

The question concerning the determination of the resolution of a specific J-3
e eein system (the complete system including the vehiclq)_gs evidenced from the operational
e L Jeaterial can be answerad Rairly-easily:if the operatioial film inchides images of _
. resalwtion targets. To Accomplish this, one would fave to lay resolution targets some-
.m0 where on the ground.. There is & serious practical problem associated with this tech-

- o7- .. migue.- The targets-can-ondy be laid at certain logations in friendly territory. Thus,
... 7 ~they ean emly be phatographed.during engineering passes, and then they are more usefuyl
.o = =, .- to enemy recopnajssance satellites than to our own because they do not lie on the . '
R T .f-terr?toxythat—rms phatogmphy <t ERE T -

In addition to the problem of placing targets, most of the targets are obscured by
cloud cover. It is reported that an average of about two resolution targets per mission
are photographed by the J-1 system.

It is proposed that a large number of resolution targets be prepared for each
mission so that at least 12 targets might be photographed on the average. It is obvious
=~ .. . that the most significant advantage of the ground targets is that they provide a Simple
. - and direct measurement of systers resolution.. At the same time. it must-be remember-
- ..~ #dthat resolutiop 45 a statistical quantity and cannot be determined accurately by a
~ "~ .. . single measurement or 2 small mmber of mensurements.

- -

trast of ground objects. Thus, it is important that the ground targets consist of reso-
lution and gray scaletargets.. The imageg,-ot--_e_tlm ETAYy scale targets should be traced

A . . .~ witha microdensitometer and, by utilizing the D-log E curve generated from the oper-
R mmlhh,,&edami‘tgmeids should.he-conyertsxl to-fug F valtes. Then ft




- e ieen The edge trace technique for determining the operatiénal system resghition is

"' :‘discassed in the following section. . This technique avoids some of the practical difff- . * -

-7 “rulties of phatographing- ground targets, but it presents problems of its own.: The -
Yoo . ¢ o most gignificant drawhack of thistechnigue #s that it is-an indiregt method for deter- -
- --«o'mining-resolution. - Since neither of the two methods {photographing: ground targets -

o ... 2 . sthe system smalyais studies that tﬁey:ma.y eomplement ench other. - -

and.edge trace amalysis) s satisfactory by itesif, it ig proposed that both be used in. S

3.2.2 Edge Trace Technique

The resolution of the operational film could be obtained more conveniently if a

technique were available that would permit one to make some density measurements
-~ on the film, process them, and come up with a number which is approximately equal
st net0-the true resalatian of sha material. This seems quite fessible ginre the basie in-
. i Y fdrmation i present On_the developed filoe -dn fave._edge trace measprements and
T s urproper mlysi-s-aﬁtheseﬂpensnnemants'-smuidvpmvide the answer. . ,
To.ovo Awedge trace is obtaimed by nreasuring and-recording, with a microdensitometer,
i the change:in density between two.areas of contrast deusity in the deveioped film which °
: . .3 .appear to be separated by a “sharp” edge. During the measurement,. the microdensi-
;T &'+ | aiometer’s apertune is 'moaved pe I 1y to the-edge and the change in density .
-7 from one-level to the other amd across the edge is recarded. 07

While the nature of the edge trace measurements is well understood, the methods
of processing the measurements have been rather controversial. In several cases,
some of the methods have been known to give erroneous and inconsistent answers.
There is no doubt, however, that the edge trace measurements contain the needed

. information, and the proper conclusions can be drawn by developing a:sufficiently
e s TEfined data reduction techmique. Some of the-difficulfies arise from the presence of
--. 7. ftlm ooise (granularity} and others from the-fact thaX, “rasolution” i not well dAsfined _
. mathematically, - , L T e P

C ot ~ For several years;. ditferent gronps-in the sountry. have nsed-the edgs trace. tech -

. ' = 1 of the derivative.of the edge trace.. The resolution is then obtained from the moduiation
_ . transfer funciioa by.ouserying its intersection with the threshold-curve of the fitm.
LR e e Ty mmwﬂmmgmnangm rendered
Lm0 A oseless by the presente of fitm noise e adpe trace. Wheir tie derivative of the

. <t edge trace is faken,.::the film noise is"tremendously enhanced; and accurate, repeatable
oot morhulation tmnsferfuncﬁnncanmtbeuhtaimd.Attempts were made to filter the

. e
B o R

4

I S N R

[ TR O SR VY

- e dae e

corent WL



- i

ror-secher/ ¢ (NI

... noise-before differentiating the edge trace, but they faited tn..imijrove “-th_e;‘ repeitability
©of the.fifint product. . In faet; experience with edge traces has shown that good results -

. .can be.obtained'only when a- minimam number of operations are performed on the -

. ‘edge traces. Thus, what 1= needed is a te¢hnique of relating the eflge trace profile
= . directly-to resplution by one or, at the most, tio'operltioqs_a.nﬁ;_deﬁntte}y without
-differentiating the edge trace.:. Thearetically:this has not been a’ccnm_;g_ii_sl;ed yet,

-~ < -z becausk seither resolntton northe film threshold corve ape defingd mathematically

but instead are experimentally determined quantities.

It is possible, however, to experimentally correlate resolution and edge trace

profile. In fact, this is the solution to the problem of determining resolution from
edge traces. Even though the relationship between edge trace profile and resolution

may not be explainihle theoretically, it can nevertheless be established experimentally,

PR .,Therefnrg,..igiaprm_tha; the first part of the system analysis studies begin im-

- . . 7 -4 mediately. withrthe dexelopment of a Teliatile edge trace technigee. “This should be

S -n.,dividgc_l into-twe tasks. . First;a technical literature. ipvestigati‘bn-w?uld be c_cnducted,ﬂ
ok (sincé‘,ennsidegahle_ accomplishments have been made in previous work) to provide

C =" "% the theoretical basis for tire development of the edge-trace data reduction fechnique.

g - . Taskiwo, to be run almost simultaneously with tasic-one; would be an experimental
#  investigation which would establish the correlation between resoelution and edge trace -

L - . Ebe film to be uasd for taskdwo wonld be Wfﬂimqvméh contained images

'~ of sharp edges. and:resolution targets which were photographed simultanepusly.

Actually, photographing the étandard USAF target should be satisfactory, because

the target includes a large square. Unfortunately the targets used with the target
wheel for d_eterminin'g the resolution of the J-3 panoramic cameras are only small
portions of the standard USAF target and do not contain satisfactory ed_ges. The

e cswo Fequirement.for photographing targets and edges can be met on either_an optical bench
© ¢ . oorinthe-dynamie-tests, provided timt acceptable targets are mounted on the target
~ « Wwhesl.- The optical bench._requires only one target, an experimental Petzval legs, and

o ¢ agood eollimator.: The target must be photographed many times and in such a way
- o dhata range of resolntions from 28 mlmmnrmﬂhmm:ismmd-m can

. v 'be atcomplished by pruperty focusing and defocusing the collimator. Qbvibusly, the
7" ..: collimator’s modulatier transfer function roust be considerabiy:higher than that of the

ot vmmﬁ*radumh(m to 140 tines per millimeter) would be to run photographic
tests in the L-block with a panoramic camera and purposely mismatch the target

T e 7o o wheel speed to the'camera’s FNC _rgh?;i,_f!‘he.nesult wouid be a Joss .in-nemh:rtion due

- to the artificially thduced image motiof in the FMC direction. For a specified reso-

.motion. Since it.is anticipated that, in the J-3 system, the loss of resalution will most
.- -~ probably be due to.image. motion, it is recommended that instrument number 299 be

adiee, Bele: sl
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. utilized in conjunction with the dynamic simulatar at the Itek 128 facitity for obtaining
-+ ~resolution photographs that contain various amounts of image motion.. Targets'can .,
‘be provided for the target wheel such that both resolution targets and edges canbe = . - . |

" . phatographed gimultaneously. - T T

= o L Heis expectsd that the edge trace profile will change.siowly with resotution. As. - ST
* . . many edge traces as passible wilt be obhained from ‘exch resolution target using a o
vo ol mieTodensitometer.  These ‘edge traees will be ‘tientified with the group numbér and S
-+ ~=° target number which is barely resolvable in the target; rather than resolution in lineg -F
per millimeter. Then, all edge traces identified with the same target number in all
the photographed targets will be averaged to filter the film noise and to obtain a stan-
dard profile for that target number. Thus, the end product of task two shall be a set

of standard edge trace profiles, each one associated with a specific target number.,

we e L, Having developed a sef of stamderd edge trace profites, » questior now arises as :

o T toits use with the-eperational materiag. An-edge appearing on the film cannot be A o
¥° - :.analyzed'dnless it can be verified that the edge was produced by 2 sudden change in @~ . .

i wotrefloctance betweentwo areasof & groynd object.. Natural ohjects seldom display

SRR ectance, .excemt: perbaps where a body of water is separated

=t £:.2from dry land. On the other hand, man-made objects, which are definitely more in-

B e e — s . aa

.
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: » o .oateregtingtothe Phatointerpreter, abound with straight edges and sharp changes in :
e Ly refipctao. ‘Hnfortmately, due.to. the scals invotved, satisfactory edge tracescan be - - - - }
obtained only from objects darger than approximately 80 by 50 feet.~ Under these cir- : !

cumstances it appears that one should be able to record good edge traces from shadows
of buildings falling across a street or an open field,

Thus, it seems possible to state some of the requirements that might be imposed
on a ground object which is expected to produce acceptable edge traces. First, it
i’ ... Should consist of -two areas having geparate amd approximately constant reflectances
Te 7oA -aeparalad Gy a straight edgsat least 89 feet long. Phetwo areas should be af least
t. 7w, 80 by 30feet each. The reflectances of the areas need not have a 2-1 contrast. The C

CL threshold curve of ﬁ:é-ﬁlmg..Mr&emom,rtﬁe edge trace will be normalized when

#7- o noise, fkisvery imrtant thet the conirastof the two areas séparated by the edge i}
R mnmwmmma:m - achigh sigmei-to-noise ratio ]
- In addition, the artuat adgewwhere the change from ne refiectance leved to the other ;

occurs need not be infinitely sharp. Since the ground resbh_ﬂ;iuh ;ﬁ the sysfem .is nbt
expected to be better than 6 feet, the real edge-may actumliy be ap area a8 wide as
-1 foot without geriously affecting the accuracy of the edge.tracg data teduction.

B N

o ..»;g‘t BMMWM&WW&W selective when
i wn s Tryiegstordecide Which-of tire- edges appearing on the filmr shouid be analyzed. In fact,
e . one would have to search the film for aroper images. However, it should not be.

et
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- di,ffiéu;f to find'a_c'c.;ptable images if the operational film inciudes pictures of poputated
" .- areas photographed.at low sglar aititudes. ~.Alternately plowed gnd cultivated fields. may.

Produce acceptable edge traces even though the c.hangegn refleﬂa:;ce’_}evel;agd sub- ¢ ¢

 8equent:contrast between. two adjacent fields, may be rather low.

: M P ~After the edge image on'the:ﬁlm-hﬁs be!nmlectad, it will be traced with 2 micro- R

© demsitometer and an edge traee will-be-ofkained, both graphically and in numerical
- . {orm{computer cards) 50 that-it cayw beprocessed-in a computer. Then, the computer
would compare the edge trace to the standard edge trace profiles-determined in task -
two and select the profile that best fit the edge trace in a least-squares adjustment.
It is then assumed that the target number associated with the best profile would have
been the barely resolvable target, if a standard three-bar target had been photographed.

Thus, the spacing of the bars in this target would provide the system resolutian in
- lines per millimeter. -~ : '

, E farget sjpw. that exch target number is farger than the Previous one by a factor which

. ,; Sl e .. #15 the sixth root of two ('1;'1‘22).'" 'Thﬁs, the seale change from one target number to the
c. e ..snext ig approximately. 12 percent. - When the standard three-bar target is used, the

s 4 weo” SATpet sumber which ik barely vessivable datermines thereatlution: Therefore, due
to the quantized nature of the three-bar target, a system’s resotution is described
by one number from a given set of numbers where successive numbers differ by ap-
proximately 12 percent. Hence, the accuracy of resolution determined by the three-
bar target cannot be greater than 12 percent,

malities during the misston: -

3.3.1 Examinatien of the Photographic Record
S . Paperamic €amera Imagary

. .= %, Examination of the data recorded on, the panoramic frames will disclose important

LTI T

[EFens

B i

BTN T SR N S



oeschr o 0

. . information about the operation of the panoramic cameras. The timing marks gnd .-
.. the nod dots will besused for this purpose. . = . S

.+~ »The mumber pf timing marks over a.specified section of the format can be con-
-~ verted to a.cyele time or period of & complete. scan rotation which will indicate if

v ... the camera Was, operating at a scan rate consistent with thg éox:t"e_ct V/h In fact, the -
‘relationship between the cycle period and the number of timing marks ver this section

;_“

‘...130

¢+ - The DISKC imagers, especially. that of the index samern, can be very useful in

. of the format Is-
T, = 2.57 x 1072 N o : | (3.1)

where T, = cycle period in seconds
Nt = number of timing marks over 79 degrees of scan angle

e - . The ndll dots essentially momnitor ghe gperation of the nodding or FMC system.
" i Varigtions ig the spacing of nod dofs are expected and indicate mechanical vibration

. =L ip the cimera structure or ' FME mechapinm, The mod dot-spacing.cam be amlyzed

for the purpose of determifiing if the FMC mechanism is operating properly. Missing
or extra pulses most likely result from electrical noise in the xenon flashtube circuits.

It may happen that some instruments have higher resolution in the FMC direction
than in the scan direction (at the center of format). This effect could result from large
blurs in the scan direction due to excessive roll rates af the vehicle, whase least stable

) axis is the roll axis. In this case, it ig pos‘ﬁﬂe&,m_}reniyw Existense of large roll
. ratesby examining and 'Qonnhﬂng the panoyamie photography. ¥ the vekicle was
.~ s.rolling, both panoramic fsmeras would be affected, and each of the two panoramic

. cameras would: show.reduced resolution in the scan direction. S

Toondadi1.2 DISIC: Imagery

:

- < Sxplaining reaclytion inssia e panpraguic tmageryy. Becausyof.its large coverage

.. f{one frame of the index camera govers seversl frames of the panoramic cameras),
the index camera will more clearly show a weather front and areas of cloudiness and
haze. This can be used to provide an indication as to where, in the panoramic imagery,
one would expect to see a reduction iy repluﬁm.—d_ug‘to hazinsas or the proximity of -
cloud cover. » _ : - o ’

7w« - The diagnostic tapgs are magnetic. tapes on which is recorded, in digital form,

e



b

R
I

' mfenmc_

data acquired during the mission... Thege tapes contain extremely. valuable information
© about the operatton of the system; and are expectad to provide positive answers about -
" .--varioug factors: that:bear gpon system performance. The informatian that is being ~

- - recorded in the diagnostic tapes mcindes the firing of the attitude- Jets and time data h

°as. \uell as the ontpntx of 1%& system function monitors.

3.3.2.1 Kftitude_.let Firing

The knowledge of when the attitude jets have fired will answer questions as to
whether the vehicle was experiencing large disturbing torques. Also, changes in the
resolution of the panoramic cameras from before to after jet activation might be
correlated to and explained by the jet firings. Initially, the purpose of recording the
jet firings was to monitor any sudden changes in attitude that would affect.the accu-
racies of making maps. Obwieusly; the-recording af the jet firings miso provides in-
- fprpation is40 the chunges of the vehicle Tates resulting from tha.operatmn of the

- - yehicle control syste,m

3 3.2 2 Tune Data
The rec.ording ottime datn is va.lua;ble because it allows one to correlate the in-

- formhoa reporded byibe tape recorder, pandramie. unager;,. DISIC. nnage;-y, teleme-

- try data, andthetrackmgandorbital data.

3.3.2.3 System Function Monitors

As mentioned, the diagnostic tapes record the outputs of 120 system function
monitors. The outputs of these monitors are sampled by utilizing commutators, and
recorded on two channels. Thus, 60 monitors sequentially time-share one channel _

= w-and the other 6 monitore time-share the ather.rchmei. .'.Ehe:system.iuncﬁﬂn moniters
T . are déscribedin'nabiés 3-4 and 3-5.

aasTehemengData S R

"H K »Asimaatmdinfu:mm mrhe systmopentm istelemetered N

- to groynd stattons during a portion of each orbit. A large part-of the telemetered ,

" data is pertitrent to the system analysis stadies. This data isgenerated by monitors
LY Mmmmmh the syetert’. - Fhe monitors relevant™to the

*panoramic camera operation and the tempera:hz.re Sensors are discussed separateiy

in the following paragraphs.

3.3.3.1 Monitors-m to Pasoramic Camera Opération - .

< M*ﬁpmtiu Wmcmm is monitored and

kS

trmmttteﬂthmughthe telemetry system-

1. Filter pasition _
- 2.7 'Blit width position

“3-1% -




or 600 AN

L. %ESlit width faffsate Ao .
» . <+ . 4. PFilm change detector . N ' - S
' - 5.. Tachometer.feedback voltage - : o S ey
. -G.,"'Seryonmpﬁﬁer output voltage : : :
'+ 7. .Drive_motor voltage @ .

~ 8. Cyele counter :
%Y. Center-of-format switch

10.
11.
12,
13.
14, Shuttle position
15. Center-of-scan switch
. +16.. Supply spool matar. voltage
_ ... .17. Takeup. spool motor voltage
. - . 18..99/101 clutch operation
o 48, - Cleck serial word :
e 20 el Time Command and Stared Program Command status monitors
: -. 21. Yaw programmer 1
&~ . 22.. Horizon optics platen solenoid
< o7, 23, -Horizen optics shutter solencid
24, V/h control voltage
25. Voltage and current monitors

Horizon opties platen position
Metering roller potentiometer
Idler roller potentiometer
Framing roller potentiometer

3.3.3.2 Temperature Sensors

PR

e The recording of the temperature of various critical components of the system |
- -vw ¢ indicates directly whether.these companents remained within their designed operational

z', temperature range.. Some componenta; Nis transistors, fail when they are overheated..
" Others, like the Petzval lens, suffer a deterior‘_-at_ion’ in performance either under ex-

-

'" ) A e 4reme tmmmsmmmmew#M;Mmm 80 tem -
+ ..: . ¥ i peTRiure Sensers-in.the J-¥%system, .of which 24 gre allocated to the_cameras.

-+ . Temperaturs sensors are-placed'st fhe mounting points of the.deita structure to

-

s ¢ the vehicle for the purpose of testing the paint paitern agphied on the external sgriace
.. - OLthe vehicle, . Thess pensars also progise infermation ahout-changes in-the distance
. a g mmmm&mm mounting point of the FMC linkage. This is

- a critical dimension in the FMC linkage, An increase of this distance from its ambient
dimension reduces the stereo angle‘..,:[‘lms,te.p:ggx;me variations in the delta struc-

v

. . - ture affect the stereq angle, but js fhe magnitade-of arc-seconds. The performance

et =, 0f.the sygtem.is nat.degraded, Lut_since the pteree angle is calibrated at the West
© .~ waCoast, ttig desirable to determine whather the gtereo angie ims undergone amall

s : ..changes during the mission” Actuaily, # the stereo angle has undergone changes, the
« 5. " changes would be detected by the nodding shaft encoders of hoth panoramic cameras,

.
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~Thus, very accurate measurements of the change of tie stereo adigle will be provided by | ‘

.. the displacement of the zero nod dots of both cameras from-their initia} pogitions on

- the format. - Pherefors, the.temperature data related to the stereo angig MI'G be cor-

 related with the information provided by the nod dots. -

e A temperature sansor is iocmd on the scan iﬁve motor t&recpi'd 'any &erheating '

- . 9f the. mator due either % excessive overbading of the matoy-or insufficient heat-
dissipation, - , o
A temperature sensor is attached to the power amplifier portion of the scan servo
electronics. A very high temperature measurement by this sensor could be correlated

with a possible failure in the scan servo, and it would identify the overheating of the
transistors as the source of the failure,

G e T ROTR ATE tempeTatuTe. sensars en the film gide rails for.the purpose of moni-
.. toring the dimensional changes bf fire -TRilg and thug the-changes in the panoramic
" - geometry ealibration of the rail holes. - - '

Lt e sy Finally, there are iwo temperature sensors ga the Petzval iens because it is known

E2

-

Y

“; ~that the lens resolution isreduced When.there are large temperature gradients either

B . along or across the lens system,

2o e 3t hag Besn mentioged Shat, in the=J-1 system, the temperature data has ngually -

been reduced 8o that the average temperature per orbit of temperature sensor was
obtained. Though this type of information may be useful for testing the temperature
control system, it has very little value for the system analysis studies. The tempera-
ture sensors should be sampled frequently during the photographic passes so that fast
temperature oscillations may be recorded faithfully.

.~ ..3:3.4 Ephemeris and Tracking

‘ufilizing a computer. Therefare, the computer programs described in the iollowing ‘

P -3 ipazkgraphmeust he written wad checked out.

P Y SN N
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2. A computer program which fits edge traces obtained from operational material
-+ - :to the standard edge trace profiles in a least squares sense must be developed. This
- .. program is also needed to check the.standard edge trace profiles obtained from item
-~ .1 {above).and to statisticaily establish the variance of determining the resolution by
. ~the edge trace technique. -Jt.shouid also be made clear that, when the edge trace tech-
- nique is used for determining the resolution of the operational material, as many edge
" -~ iraess as posgiblg should be processed with this computer program, and the final
~umo. ot resolution should be the-mean of alt the resolutiong obtained by individual edge traces.
In this manner, the final resolution will be a statistically determined quanfity,

3. Separate computer programs are needed for examining the diagnostic tapes
and the telemetry data. As far as it is possible, this search will be conducted by devel-
oping a typical data output for each of the two sources of data and comparing it with
. - the data obtained dyring the missiop. ~Thus, ane should be ahle t Scan the data rapidly
e i WD the computer-and cheek # for ahnermaiities. ¥f the data differs significantly from
. .7: - the standard.data_ it would then have 40 be examined more closely, o
SRR The orbital dats will be recorded acocording to pass number 80 that V/h and altitude
+would be readily available, o o

. " 3.5 DATA BEQUIREMENTS AND ACCESS TO: FACILITIES

For the resolution analysis, it is required that a first generation positive of the
operational material (panoramic and DISIC photograph record) be available at the
National Photographic Interpretation Center (NPIC) or Westover Air Force Base for
scrutiny by the systems analysis group. This positive will be visually examined by the
group for the purpose of selecting appropriate images for edge tracing. It is also

required. The orbital data-is:processed by A/P. and Should be made evailable to the

o Systems analysis group, both in the form of IBM cards and copies of the computer
s> 4 e-RrikS. The telemetvic dats sheuld by recorded beth on visicorder paper and analog
i 5 mAgWeticAmpe, sinee it will be hecCeEmTY {0 convert it to either IBM cards or com-

w "

o
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* - Table 3-1 — Cross- Track Blir Budget 2 44- Mxlhsecond Exposure
. 3o Values, 3404 Film

Error ~Imige Blur, o 'Micxons,f' ". Accuracies
Type 80 nm 100 nm Assumed
Camera Sources
Vibration R 2.0 1.0 _ _
Film lft e B L8 - 7 21,42 ¢ ¢ 0.007=ineh film lift

Lens distortion . 'S - -8.83 . .+ 0.64 - .  :-5microns distortion
| ST T .. . . at edge of format

_____ . Nodalpoint -~ F .- .0.44 . 0.36 . - °  £0.002 inch
. location .
' ;-;':.,'Cms&rtrack image S 9.8 sin 26 7.9 sin 29
motion

Interface Sources
Yaw alignment F 0.24 cos? ¢ 0.19 cos?® g 11 minutes
Pltchaugnment F . 011sin20 - .0.086sin26¢. = 11 minutes

) Vehicle Sources . o _

L " ~ Boll attitude "\ R @l%sm?e .. 0.13sin* ¢ 0.54 degree
L% et W< Yaw attitude . 1.11-cos' o | --0.89cos! 4 . D84 degree
UL Yawprogrammer . R 120 costo . | 1.06 cos? § . _ 1degree
vmos sl e - Pitoh gltiide . ... %43 %in.26 .. ¥ 0.83'8in29 - . .0.70 degree

Roll rate 012 . . :. -032 . - _ 18 degrees per hour

'ﬁab:vw

el 3 : T .; f- ’ At
’ e H e ‘
+ . . a - 3_!5
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.Table 8 2 — Along-’i‘rackﬁlur Budget, 2.44-Millisecond: Exposure,
30 Values, 3404 Film

-

Error Image Blur,

'""‘;ax‘ws’me RIS s - 3

Terrain height @ 'R .

variation

Type 80-nm
Camera Sources
Vibration R 2.0
IMC servo . R 2.23 cos 6
.. IMC cam error R . 223cosé
' Uncompensated .  § - 1.85.
. image motion
~. Interface Sources
Orbital - . R . R23cosb
determination - :
V/h command R 2.23 cos @
Roll alignment F 0.24 sin ¢
Pitch alignment F 0.120 cos @
Vehicle Sources 7
..~ Rol attitude R A0.68 sinéd .
-.cPitchattitude . - B - Q47 €080
:Pitchrate. =~ . R

- Ql0.cons

-.0.108in 8

0.36

. Microas,

100 nm

1.2
1.78 cos 8

- 1,78 cos ¢ -
. 148

1.78 cos §

1.78 cos @
0.19 sin @

0.095 cos 6 -

- 0.%4 sin @

S 0.3T coB 0
. 9.10cos 6 .

: ~.¥08m o

;029

Accuracies
-~ Assumed

3 percent
3 percent

- At edge of format

3 percent

3 percent

11.4 minutes

. 11 minutes

0.54 _degree

- 0.70 degree

~14.4 degrees
o per hour
+-14i4 degrees
" .per hour

"~ 3,000 feet
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Table 3-3 — Performance Predictions, 2.44-Millisecond Exposure,
2:1 Contrast, 20 Values, 3404 Film

Along-Track Position Cross-Track Position

in Format . in Format

At 100 nm . D° 30° . 0° . - 30°

- Blur; microns S 252 224 260 9.28

Resolution, lines per mllhmeter o135 187 134 . g0

- Ground resolution, feet -~ - 7.6 8.7 T 14.9
At 80 nm

Blur, microns | 3.28 2.93 3.56 11.90

Resolution, lines per millimeter 128 132 126 72

Ground resolution, feet 6.4 7.2 . . 8.b 13.2

S I,
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Tabie 3-—4 -—Byatem Punciion Momto:s, Electromc Commutator Ring A

> Pin Descriptmn
.1 :.Calibrate one,mailf.
‘2 Program seleet—tives
3 Program select—units
4 Left and right stellar platen position

5 Panno. 1 and no. 2 exposure cont. —fives

6 Pan no. 1 and no. 2 exposure—units

7 Terrain platen position

8 Yaw programmer enable/dlsa,ble—umts
<8 Yaw and oblateness operate _

10 - Recavery.mode and fairing sepamte e ¥

~ 11 Eceentricity fnncﬁqnpaﬁtioa car e
- 12. 4<cycle counter '

- Operation select cemtrol

Panno. 1 and o, 2 slit m.dthfausaie

Cahbra.te &0 ., L.

Pan no, 1 cycle gmnt-r-—Wa
Pan no. 1 cycle counter~100’g
Pan no. 1 cycle counter—10’s
Pan no. 1 cycle counter—1’s
Calibrate zero

,14
15
16 -
17
18
19
20

21
.. 22
.. 2%
21,

Pan no. 2 cycle counter—1,000’s
Pan no. 2 cycle coumter--100's
Pan no. 2 eycte counter—10g
} Pan no. $.cycle caunter—1's

. 25 DISIC control selector

"2& - DESIC: terrtin cycle “coumter~-1, DDD’S
+ 21 DISIC. ‘terrzin cyels counter—100’s
.28 DISIC terrain-cycle counter—10’s
.29 DISIC terrain cycle cm.mter-—l s
3D -Calibrate plus - <

LY

- ‘w o FHQMMM?!}M

« 32 .V/h eccentricity start cmnmmd and
operate relay.

..~ .33 Panna 1slit position ~ = o

34 Pan no. 2 slit positien
. 35 BI&Q.:-%! mode and te:rnin &xposure

1

} B8

V_Pin.

| 3€ .
37
38
39
40

41
42

| 43

45
48

.48
49
50

- Bt
52
53
54

55

57
38

1159
80,

. Description

Pag na, fxlter position

“Pamwno. 2 filter pesition L
Emergency bypass enable/disgble

Pans exposure command

Pan no. 1 and no. 2 film change detector

Exposure control delay select—fives
Exposure control delay select—ones
No..1 takeup spool and film diameter

- {f-44.-Pan no. 1 operate. voitage .
Na 2 ta.ke;lp,Soni and film diameter

Pan no. 2 operate voltage

47, Stellar spoot and film diameter

DISIC operate command and 1 RPC cam
Terrain spool and film diameter
Operate selectar ne. 1—fives

Operate selsctor ne. I—ones

Operate selector no. 2—fives

Operate selector no. 2—ones

Camera control and operate mode
select—fives

Camera control and operate mode
select—ones

“RBIE mode select

Calibrate zero
Sync
Sync

Sync
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. Table 3.5 -~ System Function Monitors, Electronic Commutator Rir_xg B

Desc ription

dJ
5

Calibrate one-hatf .

115-volt, 400-cycle voltage (C phase)
Pan film door and DISIC C & S position
PMU outlet pressure switch

PMU bottle pressure

Total payload unregulated current

. 84-volt umcgnlated wol’tage

Pyro current - .
«.Pan no, 1 drive motor vo!tage A £

com-:lm o Lo DD e

10 Ran no.-1 tachometer fewdback voitage

" 11 .-Pap:pol-1 drive motor-voltige B .

¢ «12. Pan po. 2 drive moter voltage "A

R

13 _Pan no. 2 tachometer feedback voltaa b
i .14 ~Pan pa. 2 drive motor valtage B . T

15 LClock internat 24 volts

16 DISIC motor voltage

17 Yaw and oblateness position

18 Yaw resolver output

19 Total payload unregulated current
20 Pan no. 1 supply motor voltage

..21  Pan ne=2 supply motor woltage
22 Pan no. 1 H.Q. platen positions
23 Pan no: 2 H.Q. platen positions

«~E4  Pan no..1 H.Q platen a.nd shutte:

e e COmHmand -

H Eanno 2 HO. phtena.ndahutter. .

- cammand
,25..J.eft and right stellar eapping command

2% Panam. ) andne.-2 taunch mode

28 - :Termis and stellnr clutch eommnds
29 Calibrate plus-- =
30 Left and*rlght ltlllar deor separation

v

60,

Pin.

31
32
33
34
35

36

37.

g

1-39

40

a1 -
42
43"

144

4%
46

47

58
59

Description

Pan and terrain door separation
Total payload unregulated current
Terrain capping command

A and B SRV separations

“A"” SRV recovery battery voltage

“A” SRV water seal positions
“B* 8R¥ recovery battery voltage
"B” SRV water seal positions
V./h start level seleetor-—fwes
V/h start level selector —ones

V/h half-cycle leve] select—fives
'V/h half-cycle level select—ones
V/b delay start selector—fives
V./h delay start selector—ones
Total payload unregulated current

Pan no. 1 output idler rotation, 99/101
clutch command

Pan no. 2 output idler rotation, 99/101
clutch command

Pan no. 1 angular position, CF command

Pan no. 2 angular position, CF command

Calibrate plus

Pan no. 1 output idler
Pan no. 2 output idler
- Panqno. 1 irame metering rotation
j?an no.-2.frame metering rotation

- Pan ne..1 supply metering rotation

.Pan no.. 2 supply metering rotation
-Catilrrate zero

Sync
Syne
Sync

T 3419



- - TRt s ey s e ~ e am e cwean w4 e
) ] : L R T T L R A I T LU, e -
t ' “
v T, ‘ ’ ' '
. B ; - : ’
' : . . [ . - '
A . 1
i .
; !
. : . ~ .
. v “ L -
) ; K e
. 4
) +
i)
. : '
.
i
. L
. [ "
i - T
. v i B
A&,
£
ks - N ‘._.
) L
'
L ]
N . .
i
-
. ) -~
. . ] - " -
s s . e . .
B o T~
. .
* o K
* .
.
A
) .
-
NJ
-
T .
“
.. B .
L f i
.
y
‘ . .
3
'




. tor-secrer/ o NN

- 4. PHOTOGRAPHIC ANALYSIS

Whereas Section 3 dealt with the first portion of the overall J-3 performance
analysis (i.e., the identification of the reasons for variations in the J-3 photographic
quality induced by the hardware), this section deals with the effects on image quality

_ emanating from factors external to the equipment. - This general category. of photo-
e wo . graphic xarpu@mmmmmmm @moupheric haze, and film
o = ..~ Processing ._(;'_epnqa_nctinn),, The prime objectiye of this portion of the system analysis
U - studies will be:ta identify the;sefpl_xntﬂgramj.c variables and assess their effect on the ~
= coverall performance of the &3 systeqs. -Thig effort.is described in Section 4.1,

" ivy 4. o < The secondary-objective of the ‘Photographie analysis will be concerned with the
ol :7 .. evalnation of the satellite test prograrg. At present, four J-3 missions (CR-1 through
SRR CRz4) are schedgled te aifow oparatioml type testing of the most promising of the new.
T reconnaissance techniques investigated to date under the- BKIT program. The basic -

e s g photography;-a_;;mggmendaﬂoq,has bgen _made. on the a;plicabﬂity'ni each of these
TP “.otechniques for satellite use. - - "

7 T oo Aifigrenl. The satelltte testevaluation is concerned matly with the yakme o the mate-
# 7. <-dal or, technigue itself {i.e., is.night photography feasible at satellite altitudes),
i <, - Whereag.the sysiem amalysis stadies are gonce / with system evathuation.

.~ - - . basis so Mmmmhpmq”mumm - This computer
s L modeling york-is described in Section 4.3, T "

> 4

"
SR
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Cae 4.1 PHOTOGRAPHIC "EVALUATION ' : ' E . o

© o eystem is-somewlmt difficult to clearly défing, since photographic quality is not a
- precisely defined concept., Many factors enter inta 3 digcussion as.to wh_eﬁm:z.or_;_:ot

- ° ' an image is good or bad, or better op worse than another. However, the major factors -
.- -Which effest photographic performpnce are knows, ran-be isdlated, asd will be evaloated: S

The major areas of investigation in thig portion of the proposed effsrt are as
follows h .
Exposure Analysis. It is commonly known that exposure (or exposure variation)
alters image quality. It is not commonly agreed, however, as to what constitutes
proper exposure. The problem of adequately defining proper (or best) exposure has
. .. been with us for some time. The. exposure contpol of-J-3 affords the firat real oppor-
e e “tunity.feinrestigaie exposure effects in a_scientific manner, = o

-

] ;ﬁparﬁmrﬁ:tbeﬁborqm‘.sy\itg@,'mqtheste'm-the"majn. outputs viewed by the photo- _
*wii v interpreter. Any. degradation introduced by the duping. process must be known to allow
= % .:them tobe factored in (or.better yet, sut of) the J-3 camera analysis.. It wilt not be our
w7 - ..purposé te evaluate the Physicai dupticatios process: per-se, but ondy to evaituate ¥ from -

the standpoint of its effect on the assessment of camera performance.

Atmospherics. As with the exposure problem, it is well known that atmospherics
play a significant role in the quality of satellite photography, Further, as with expo-
sure, the practical relationships between atmospherics and image quality are not known.

. 4.1.1 Exposure Analysis &

s# % . Thepréblem td aseeswing the adgqualy of expomdre dbtained with the, Corona sys- - -
v . tem has been g continning diffieulty. - There are groups in the community who feel that
E e mphwmm@om,mmemammmmm thag. it isproperly ex-
e 7. posed {and in fact for gome targetd,* pearly always overexposed). .Many hours of dig-
- . -.cossion have been divected.to thig .qmm,uww--mmmﬂﬁn.rm;mmmty
i i« les inthe fact that there is littlg upefy Qumastitative data upon which to base & meaning-
s - fuldecigion. .o 7 oo o a0 s T S - BT :

The main technigue used today for quantitatively agéessing exposure is the density
analysis being conducted by Eastman Kodak and Westover AFB.. In these analyses,
minimum and maximum. “terrain”. denaities measured within a number of frames

' : B, E

- 3 I . w N

S e *{Jnleu !therihe_shted,_Mes to targetg-refer to grownd.objects (airfields,
. -- migsile bases, etc.), that were an objective of the mission, ' |

"~ The work invoived in evaluating the overali photographic perfqrma.nce of the -3 N -

T awe .

e
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-fof ach misston. - This information is summarized to.show the percentage of over/
~underprocessed, and over/underexposed original material. -Further; the data are = .-
. :/summarized inte histograms ia the attempt to define the percentage of minimum den- -

: - sities recorded as toe low, and the percentage of maximum deneutles recorded as too
.high.. A sample of this ﬂlm summery for misgion 1029-2. i8 shown in Fig. 4-1.

C o

T

Y

. This data s umed for several types ufmylg.sig bui* mogt freqqenuy it is used to

- aid in the assessment of correct exposure. Fig. 4:2 demunstrates a summary plot

that has been recently generated to illustrate the overall density relationship for the
past several missions. This is compared with the amount of each processing level
(primary, intermediate, and full), in order to illustrate (or at least suggest) that more
exposure is needed, and that we are dangerously close to the absolute minimum expo-
sure that can be given. Perhaps this is true, and perhaps it is not. The point is that
this type of analysis does.not. really give the information desirved for an expasure

--fecision. - This is not 4o saythatthe :ienaityanalysis ‘work is of no-valoe, for it has a
-_& Y
_Seen by a satellite photographic system. More details oh the de.terminatmn of exposure
whymnn&&.deﬂsﬁyamiymmmmdmAmendmA :

4. . +% *The results of this m?esﬁgation and work done in canjunction with NPIC leads us - _
- 49 propose that the_ main emphasis for photegraphic:. evzh:a.hmba.eentemd in an analy-

‘real.application for.evaluating.apparent object luminances.and brightness ratios as

sis of targets rather than texrrain. #n support uﬁ*thw"hymm the following pages
discuss the work done with NPIC.

4.1.1.1 Prior Missipn Evaluation

Some work has been done in conjunction with NPIC to evaluate the relationships
between target and terrain minimum and maximum deviation. This work was done on

. two missions, selected at random, 1023 .and -1034.. The basic analysis procedure of

botir missions wes tn-meke misvodensitométer traées {using 10-x 10-rhicron apérture)
"of operational COMOR prigrity targets. - These targets were selected by NPIC. The
. .pgaks and vaileys.an the traces were thosen as the. Dygy and Dpin respemvely for

P Eel the h:l:gat ~Fhe: usnlt af ﬁnesaana.lyse&amdiunssad below.

Missmn 1023-1

TAES & Wmlmu;mmm umjnrmsm'msremted to be

T —_g—

- significantly underexposed by the processing contractor, while the photvinterpreter
reputed that it was an exce.uent mission. The processor was basing his conclusions,
of course, on the terrain densxty measurements

One of NPIC’s ma.l'yslss rmdomly selected COMOR prioritjrtargets and these were
-measured an tln:micmdenaitomem. The results are shown in Table 4-1 where they
+ ape _comgpared with the mﬂmmm Thix comparisen provides

"~ some interesting observations.

~
J
[+ ]
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Table 4-1 — Mission 1023-1 Density Analysis !

Mission : ' . ;

- 1023-1 Mggmremqnt - Dipjn Range Dnige IVErage - 'D_min" .- Number of Samples ‘ i

 Forsasq ~ AFSPPF/Terratn . 0.15t01.26 0.39 S

;o oTWATS NPIC/Target - . 0.18 to 1.41 0.76° 0.7 - 16 ;

ARt © - ¢ AFSPPF/Terratn . 0.20 to 1.40 053 . o021 269 '

: - NPIC/Target 0,77 to 0.99 ' 0.85 _ 0.10 5 :

~Mission _ o _ _ e i

(1023-1 . Messuresient . . Drpgy Mamge Dy average D . 0" " Number of Samples
Forward  AFSPPF/Terrain  0.43 to 2.41 1,22 0.36 278
wa NPIC/Target 1.22 to 2.05 1.61 0.27 16

Aft  AFSPPF/Terrain  0.41 to 2.21 1.31 0.34 269 -

. NPIC/Target 1.33 to 1.81 1.44 0.12 5 :

]

?,‘ - L 'I
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. First, in general, the target Dmin values are higher than those of the terrain
. .. Dmta. +This is verified by the higher average Dmin . value for the targets,

. . Becopd, the lower levels af the target Dyjay values irve higher than those for -
- - terrain values.: The upper. limit of the Dpyay values for the targets are, however,
. - .lower than that for the terrain ¥reas. What is significint, howeyer, is that the
. average density level of the targets is higher than that of the terrain areas.

R Third, it is most sighificant that both the Bmin.atd Dpiax value of the target
areas are higher {from 0.1 to 0.4 density units higher) than their comparable terrain
values. What this suggests is that, in fact, the target areas are more heavily exposed
than the terrain areas. This fact could explain why the photointerpreters thought this
was a good mission whereas the processing contractor thought it was underexposed.
They were making observations on different things, the photointerprefer on targets and

cox . .the processing cantractor.on tarraja areas. - ' T '

v ., ..~ Fourth, whatds parficnhgtgamterest@g.ism the-target. density analysis seems
+ v ... toagree mgQre with the photointerpreter even though the ‘sampling was considerably
. . .smallerthan the terrain-density analysis. '

- Mission 1034

.« o, 1t was-reaiized that the missien: 3023-1 anatysis was-somswhat limited in its -
scope, hence, a further study was undertaken. NPIC made similar measurements, on
mission 1034, on 60 operational target airfields. Again the targets were selected by
an NPIC analyst. The results of this evaluation are shown in Table 4-2. In this case
the comparison is against the Eastman Kodak measured density values. As with
1023-1, some interesting observations are possible.

First, and again in general, the target. Dengp values are higher than the terrain -

© g .. Dpmim wiues. Infact,on the 1834-2-portion, the farget average Dpis velues were
.+ over 0:80 (0.83-and 1.28), whareas the terrain measured values were relatively less

v . « " +.._.being 8.50. R is inferesting.to note here that, by .the analysis of terrain density data,
R R -:_°j;ﬂxg-mn/pmmm.isdn:mecmmmﬁ;z.,..;Dﬁ'm- ‘between -0:48 and 0:80). The
e e ;-_“_-'T?f‘;_:.'hl'kt Dpnjis- information says we are out of specification, being either overexposed
ls - = - _or overprocessed for the targets. :

m s J»"w“&:’ fﬁéﬁﬁ;%mn mmgets om thresof the four portions of the
b .misstien went to-absolote Dyysy (2.89)- The target average Dyiax values were con-

siderably higher than the terrain Dmax values by an average of about 0.5-density units.

' Third, and again as with 1023-1, the analysis. of taxget densities yields a different
picture of the expesure givemthe material as compared to the terrain density analysis.
The analysis ia gemeral-illesirates what many have claimed; that targetlareas are over-.

‘ .' ‘,,_;;;;a,-,; . sanposet o at;least of & higher density than the typical terrain areas.

.
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Misgsion
1034-1

Forward

Aft

Mission

‘,,..,1034-1:“
B Forwifd(; :

A

Mission
1034-2

Forward

Aft

Mission
o #1034-2 |

vor-seceev ¢ (D

Measurement
EK/Terrain
NPIC/ Target

EX/Terrain
NPIC/Target

Dp,in Range
0.25 to 1.45
0.48 to 1,35

0.38 to 1.35
0.41 to 0.80

- Tabie 4-2 — Mission 1084 Density Analysis

Dpmins Average
0.53
0.78

0.50
0,54

. 1.20
24

1.30
1.30

Dpin» average
0.50
1.28

0.50
0.93

Number of Samples

Dmin"
*
0.26 12
* .
0.16 §

S

5.7 -Omax Range - Dmay, average . Dpa.o. - quer,bf .Mples -

*

0.46 12 -
*
.. 0,42 - 6 -
Dmin° Number of Samples
*
0.30 34
*
0,32 ) '8
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EX/Terrain . ..(0L35 o 2.20

© . NPIC/Target - . L39t0 2,69
.+ EK/Terrain’ . =~ 8.52 t0 2.25
. NPIC/Target AT t0 1,65
Measurement D, in Range
EK/Terrain 0.38t0 1.25
NPIC/Target 0.74 to 1.85
EK/Terrain 0.35 to 1.55

NPIC/Target . 0.35 10 1,39

-, Dmax;-@verage . Dmaxo . Number of Mples"

R g - ER/Terrain . 0801020 . 14 . o
) .F_, - NPIG/Target .. 17810269 .. .. 214 . . 0:22 _ 34 .
S Al e EK/Tertatn oL .. W55 t9 3.0 .30 L e e
Sy R NPIC/Target L 45840860 T 182 838 . - 0 87

*Data estimated from histograms, ¢ md'nimber:nf umples'mi available.
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,‘ :. been ieiected cap only be determined from a quant:tatnre analysns of the resultant
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-. This initial wark. tends to confirm the original hypothesis that" exposure dnalysis

| shauld be made from target arsas and not typical terrain areas. By.using this approaeh o
.., we {eel that a2 -more accurate inchcation oi system. periormance un.ﬂ be. atta.ined -

- 4.1.1.2 UaeafExpasureData “

. «_The two specmc goals cithe emesm mlysuwr;, m M) to evaluate the
E vahdity of the exposure control system, and (2) to evaluate: the exposnre vi&-a-vﬂs the
targets and their locations.

Validity of Exposure Control System

The intent of the exposure control system is to provide proper exposure over a
greater range than is currently achieved with the J-1 system. How well the exposure

~ control system performs, however; is.a valjd question that needs:to be gvaluated. Two :
3 *prnne questions will he amswered in this analysis:. (1) aver what solar altitude range -

{and therefore latitude range) does thie exposure control system give proper exposure,-

ar!.d (2) are the expoa.ure changes made at the preper place. The exposure.cam changes

* the exposura at preprogrammed intervals, Whether or not the proper intervals have

phoiograpﬁy

Exposure Vis-A-Vis the Targets

The exposure for the J-3 system is programmed based primarily on solar altitude.
No input is made regarding the type or location of the target. In the previous discussion
the point was made that exposure analysis should be done from target density readings
instead of typical terrain areas. We plan to use this approach for all our proposed
. exposure work. To obiain target density trms frnm om.thmal material we feel that
we can vork with EPIC as in the past S

- xn, By knowing the geognphicgl lacution of the-rprmrity uu'gets and their reproductzon

: a’vmmeunwmmm canbepeﬁormed For.exampte, the current J-3 exposure -
changeisbasedmangmla:am ,Jt is peesible, however, that this may not
. by the best: method for, making expesure: changes...lfa inrge percentage of targets are
maglmhﬁtudehmd{mmw} ‘then. it miay be desirable to bias the expo--
wm infaxor-pl the-bast, mmww of targets.

In support af this work we recommenﬂ strongly that the CORN targets be used
liberally on these missions. The CORN data will allow correction of the target density
traces to known Juminances. Also it will allow quantitative evaluation of the exposure
latitude of the system. Most important, however, it will allow the specification of how
objects arg being reproduced; i.e., fay examglle, the Jowest and highest reflectance
wjenz.ﬂnt can be mﬂmommjammm;m purpose of the
_.-Corona sysiem, - Some. ddails on thean&lgsia.oi CORN j:argets are. “contained in
. Appendix B.

4-9
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+4:1.2 Reproductmn
€K

usedto dnpucate the original negatzves - This, work is Tequired since the main product -
.“used by the photointerpreter. is the dupegosmve ,and ail his statementa ‘regarding J-3
performance (quality) wilk-be ‘made #rom the dupe positives. To factor the photointer-,
~ preter commems. into thema.lysma J-3 sy!tmpeghrmam praperly, wa shoulg at .
_.least be aware of what affect the dupmg process had onﬂ:e m‘mgery The point is that
image quality can be affected by the manner in which the tone reproduction process is
put together. What we are concerned with, therefore, is the relationship of the repro-
ductive process to image quality.

It is not envisioned that considerable work is needed on this area since the basic
question is simple, that is, have the dupes reproduced all that is on the original nega -
- tive qr is there a disparity befween the two that would significantly reduee the informa-
. . tion content and lead the photomtemeter t0 a fanity judgment of camera perfarmance.

Com Appendix. C pmsents the,detailed data relatire to the reprodud:inrn analysis.

S 4 1.8- &ystern Pzrformm an&Atmospherms ' )

+ % ..o optimize system perfcrmance, a closer look must be taken into the ﬁeld of
.. ©% 3. atmospheric optics. The atmogphere, of course, acty #8.3 light gcattering medium

s . between the camers and the-ground; and its effect on the photography is one of degra-

dation. Since the scattering is wavelength dependent and for most atmospheres is
predominantly blue, the classical approach in aerial photography has been to incorpo-
rate a minus blue haze reducing filter in the camera system. This approach is basi-
cally sound for general application. However, in attempting to optimize system
performance, a more scientific approach should be taken to the selection of a spectral
I:.lter For a given system and a given application, the speciral filter should be,chosen
- 8o as to give the maximnm statistici] hanag redection with accompanying mc.reane in
obJect contrast. Also to;be considered in this selection are the tradeoffs of exposure
A " time (as it affegts image motioh) amd tha,pgss;bleJoss of m&w detail due to over-
w2 attenuation of the mdmnnnﬂgmne smdow light. o

: IntheCnmsystem,the‘pmb:em ummp!iweghymcﬁcttmm two. main

, " eamemiookat&eearﬂtﬁmﬂﬁfexeﬁdimeﬂm&mmw&emrﬂu .

. ,i;; :_inio the sun}and ane looking aft -G way from. the sum). . The. guesticn.arises a8 thuif and
et 4" . B Seging penditiops wry in these tws directions. - Gbvicusly, much will depend on the
; position and setar altitude of the sun relative to the camera systém. Under certain
conditions, opt1m1zat10n of performance may require the same filter in each camera
.. .. - or different filters n each camera. - may. even be adyantageous to change filters from .
o - time to time in ong or both of the cameras. :

AT,

The vyatem analysis studies will mcludsmme :miysia,,ot,ﬂ!e -reproduction procesn‘
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. . .- Another consideration in optimizing the system might he the use.of a polarizing
o ., filter.* The degree uf polarization and its affect on a camera gysiem.is dependent.on
- . ~maby factors such as the-compesition of the stmosphere, the altitude andazimuth of =
. .. the sun;the position of the camera, the look angle of the .camera, the ground Hlumina-
..+ tion, the reflectance of the ground objects, stc.. A careful evaluation.of this problem -
S . - -~ . should reveal the degree of polarization ina given direction and how gffective a polar- .
. ~_ . . izing filter wouid be in redncing unwanted enargy and thereby in-enhaacing optical '

- periormance.

To answer these and other questions pertaining to the effects of the atmosphere on
the Corona system performance and to increase our overall knowledge in this field,
Itek proposes an effort which will attack the problem on both a practical and theoretical
basis. The practical effort will be directed towards evaluating existing Corona photog-
.. . raphy and the photography of the new Corona system. This effort is discussed in
S+ Lo s .parsgraph 451,310 The theogetical effort wilkbe directed by Richard Barakat, am inter-
© «-- .+ . nationaily known authority in the field of physical optics. It wilt be direeted at the ba-
.. . sics.of atmospheric radiative transfer, and-its goal will be the possible establishment
.- . _. - of modelsfor satellite photography. Thia effort is discussed tn paragraph 4.1.3.2.

# .+ 41.3.1 Andlysis of the Index Camera Photography

- N .

o ww e Hele Toelerthat the imfprmation patentiat of the index camreTa photography has.fot
‘ : been fully exploited in the J-1 system. The index photography provides large area
coverage of strategic regions throughout the year. As such, it naturally provides a
graphic record of these areas which can be used to extract both quantitative and quali-
tative information. In addition, however, the index camera also has the potential for
being a well calibrated photographic photometer. Utilization of these two potentials
R makes data available for studying the seasonal and temporal variations of large areas
. .~ =-t.:~ - throughoutthe year. -These data provide information oa the effects on the photographic
. __ -7- =<parameters of weather, ground scene reflectance eharacteristics, solar azimuth amd
.+ _ 3. plevation,latitude and longitude, etc. This information, handled. statistically, can then

P ,?mmmwmmmmmmmwmmtm .condi-_
sz tioms for specific targets and target areas. '

o s s el cHears of mm.m,m-ma*smm;smwwemzm;a corre-
w4 I ..Zs:% . iatien between the visual appearance of the index photography and the image quality of
L e aTET ,v*mmmmmmmwmtdue to
. e e = - heavy mmmrﬁlﬂxthemmtcpmm is poor. The converse
is true, i.e., when the index material looks sharp with good contrast, the panoramic
photography is generally excellent. It would, therefore, seem only natural to exploit
this correlation. - S ©

4

I S W S-S - _«Eraiser,R. 5. Apfarest Contrast of Cbjectson the Earth’s mi:e;u Seen”
SO . - .From Abowe the Earth’s Atmpsphere, J. Opt. Soc. Am., Ser. 3, 54 (March 1964).
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e .The index photography with its 1!4-inch leas and 70-millimeter format produces

photography at a_scale of 1:5,000,000 at nominal altitudes.* .. This amounts <0 a ground -

. area coverage of roughly 200 by 200 miles, . The optical parameters.of the lens (T-
,nnmher) and the shutter exposure time are well calibrated. The 3400 fitm is sensi-
. tometricaily progessed to a gamma of . 1.0. It can, therefore, be used to acquire

shsolute photometric data about the characteristics. of the ground scene and the inter- - '

- vening atmosphere.”

The two major uses of the index camera photogra.phy are seefi to be:’ (1) analys1s
of weather, and (2) analysis of terrain characteristics. Although the Corona system
does not provide hourly or daily coverage of points on the earth, it does cover the same
general areas on a fairly repetitive basis. There is generally one mission per month
‘with photographic acquisition for 1 to 2 weeks during the month. Thus, enough coverage
is obtained to study the gross yeather, gnd terrain characteristics throaghout the year
..and tg-determing. if there nge predictahle patterns-to the changes. I, indeed, these
factors can Joe. predict&d then steps.can be. taken to improve the system performance

1;m_'ough biased filtration and ﬁxposun with the result ofa smustically higher informa-

tionyiddper mission.

kS Lin terms of mther, the most obvious analysis is that of cloud cover. By evalua-
L tmg the amount of clapd cover on an area bagig,.one can determine the percentage of

A mwmmmmmﬁmmamuamm area.

The index photography is useful for evaluating photographically not only impene-
trable cloud cover, but also thin cloud layers through which some photography is
possible. Often, because of the larger scale, thin clouds are not readily discernible
on the panoramic photography. The resulting poor imagery is often dia,gnosed as eijther
poor system performance or unusua.l haze conditions.

= . When there are.clouds, them are cbviously dmmbws ok the ground The area

covered by the cloud shadow will depegd on the sun elevation and the camera look angle,
" Since the shadowed area receives. less light than the direct illuminated area, the expo-

. .;..:;smvwaﬁaa@d;theemure, mwm,tﬁmmww Theneﬂttnshouldbe

".;‘.;.-f_added to the weather picture.
- _,; o ‘I‘hemﬂexphotogmphy mdmmeummmmehzumm of the

,e'_‘

P

;o S *For J-3, gfcenm,-t‘he PISIC mme-tp;mmus, slthough the area

.

- - o .“.., . e - .{" PSR
R LI

étmmpiem OWEY nerhinugms. The cause of haze is well known; it is due to water
the atmogghere. ertain regians: have nermally typical
haze conditions associatdu with them “Jungle ugions have hazy atmosphere due to the
high water vapor injection. Deserts, in contrast, have generally clear dry atmospheres,
except when the wind is blomng to create dust storms Indusirial areas have haze

N & - .-
- e e - Lo :

coverage is about the.same,
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. . - .. produced by heavy combustion byproducts. Temporate regions have generally clearer,
. .. dryer air in the fall and.vinter.as the'cooler atmosphere holds lesn.water vapor.. -
- .+ ...+ .. Haze particles:affect the scattering characteristics of the atmosphere both quanti-
.. " 1atively and qualitatively: : An increase in haze particles causes increaséd scattering
... .- and an accempanying loss in image-contrast dua toincregsed sonfmige-forming light. .
 The type of haze particles, and particularly their size, affect the spectral naturg of the .
- -scattering. For a given lmze condition, one typeof spéctral fither will be hote effec-
tive than another. Certain target areas may be characterized by a particular type of
haze formation which analysis of the index photography might discover. Such knowledge

could then be applied to future missions.

Atmospheric haze as it affects image quality can be evaluated either quantitatively,
i.e., calculated from measured values, or determined indirectly by the effect it pro-
vom e oo .duces, i.e., a reduction h,,sceqe-cqntrmﬁgm.must and, rost cammon zrethod of
e .t mensuUTIRg scene-contrast is Dpjgac-Dmif determinalion. The density difference on a
LT comparative basis is a measure of gcene contrast. On.a hazy day the density difference
- ... will be geduced., Thig fechnique can be extended through contrelled sensitometry to

- ;. dptevmine the scene hrightness-range or the effective scene comtrast as seen by the
S .t L p.camera. Though this technique has drawbacks due to (1) the possihility of human error
;s ... .Ain gelecting the Dpmgx-Dmis vAlues, and (3) the selection.af a proper size measuring _
4. # . * .aperture, it dees bave the advantage of simphcity, pius the fact-that these measurements

have been routinely made on the index photography. We, therefore, propose initially to
use these data to evaluate haze conditions for selected regions of index/Corona
coverage. '

~ In the future, a more complex, yet possibly a more accurate assessment of haze
might be made by determining syzygetic scene contrast (see Appendix D).

.;_: ",_ . LR 4.1.3.2 Thém:etiel.l Investigations

« 1. t.vx The advegt of very high altitude photographic platforms for viewing the earth has
e e i iptroduced 2 wumber-of new factars into-the problem:of determining the quality of the
. o, photographic imagery tnvolved, - At Yower altitudes, the main factors affecting the
. .. 4% “*imagéare turhplence.and haze.- However, at higher altitudes the turbulence problem
., iy isme longer the limiting factor and it becomses of paramaunt interest to determine just
* e tiaATpan fherelative vpinexd ihese Houiting fxciors ace...To.a greal gxtent, the-probiem is
T L ome of radiativetrapafer firthé stnvesphere: “fowever; {t-is a peculiar area dof investi-
gation in that the main problem is the determination of the relative amounts of scattered
and diffusely reflected radiation directed outward from the atmosphere into the camera -

system of the platform, and the relative quantities do not remain constant. _
Although a aumber-of mmﬁgztarsme':begm wark an this probiem, it camnot be o

it b that Ay feat-conciusions save beaiTeachnd 1t faot, i anything; the. conflfcting

6 Hciﬁmﬁ of ;inre_sﬁgatcgs!me‘.tended.to.nbscurethe.mm issues. Very high altitude

g T
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-, photography.of the earth is ultimately limited by the degradation of the object contrast

.. bythe intervening atmogphere, and this loss in contrast results {rom nenfmage~-forming

.. .. Yight in the-optical path between the camera and the object (due to atmosphveric scatter-
.- .. ing of ' molecular and aerosol grigin).. In the farmer case, the scalering is termed ~
- . . Rayleigh scattering.. The conflicting influence.of these two scaitering regions is one of -
. the principal causes of difficulty. :Rayleigh-scatiering usualdy occurs on-cledr days,

.' . .&. . ... whereas aerosol scattering is prominent. in.a hazy.aimesphere. Of conrse these results

have been known for some time, and with the advent of high-speed computers, detailed
calculations have been performed for various Rayleigh atmospheres, No serious cal-
culations have as yet been performed using aerosol scattering and its influence,
although important, is still not known quantitatively. The people who have carried out
the vast majority of these calculations are geophysicists and meteorologists. Optical
physicists have not as yet undertaken studies in this area and it is for this reason that

v, ne - .,We strongly feel that it is necessary fo assess the nfluenee of *the.atmﬂgphem“mon

JEOTE * We propose to. devote, the first 4 months to a detailed review of the pertinent litera-
7.+ - ..ture and to the preparation of 3 csitical review of the state of the axt with-emphasis on

- ... problema that meed to_be solved. At present a critical review of the literature on high

™ .

-altifude photography does not exist, 80 that the preparation of the review ig itself will

.~ -j. ; be s worthwhile topk. After this review has been propared ve.intetd to begin investi-

éation into various problems which we feel need studying. For example, because the
light scattered from the atmosphere is polarized, the use of polarizing filters in one
form or another hag been advocated, However, in the calculation of the diffraction
image, one of the main assumptions is that the incident radiation be unpolarized. In
fact, all of the calculations performed have, without exceptions, been based on this
unpolarized premise. Therefore, one topic seriously in need of investigation is the

_ geae- sO8Velopment of a theory which allows one to calculgte diffraction effects in polarived

S i . . light. A second tapig.of practicak impartagoe is the deternrination of optimum filter

;g o ai o Jdtmustbe strongly emphasiged:Wnt the dewelepment of photegraphic models which

7 oy el ons to predict workiog parametens for actual field use is presently a mear im- -
.. _°.-.poasibility.. Exhmination of-same of the literature indicates that there have been two

T M

- ¢ maiwlings of attack, . T first being an ad hoc empirical parameterizatisn. The phi-

" results. Unfortunately, this method, by its very nature; tamot possibly succeed be-
cause the underlying physical theories are not utilized. Any correlation with actual
data is probably more of a coincidence than anything else. The other line of attack,
which is just coming into prominence, is to assume a Rayleigh atmosphere. (or some
modification of it) and to utilize the radiative transfer equations to calculate various

g @Mﬁchmd@msmmmﬁmm of coneee, the more power-
YL~ ful of the two. Nowsver, ff has not Besm_carvidd to #ts logical conclusion, The people
T e wiwha:vejnvemated this srea bave ia themgelves 6ot-been opticaily or photographically
- L F o
Lo LS e
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-System, i.e., camera System and photographic film,

niques by utilizing a photographic System similar to the J system in a high flying ajir-.

crait, The philosophy, generally, was that if 2 technique proved to be unsuccessful in

the aircraft, it would not be recommended for a satellite test. The EKIT tests and
... .results gare Summarized in Appendix E. ‘ . '

o ~ - Series j;iili- alinna;tnduwcmcmﬂm a8 to the ﬁﬂﬂﬁyﬁﬁmoﬁgmaj—ph-mise,* and .
© & . i establish wbetb_erur.not further testing is warranted, _ ’
L . Thg,iauuwng Pages deseribe the am.lrmtet:hmqm that are torbe used on each

R ;a,mmm;;_mmpmsmm nPportior each of the missions summa -
% «. <~ .rizing the test itself, the mjyasmﬂormed,and Tecommendations concerning the

usefulness of that technique.

4-15




Table 4-3 — Summary of Satellite Test Conditions

System Camera
CR-1 Forward-looking
Aft-looking

© . ER-2 . ' Forward-lopking

R

CR-3 Forward-looking
Aft-looking

CR-4 Forward—looking'
Attlooking

Film

3404

3404

. 3404
‘B0-180

3404

<. 50-348.:

3404
50-380

3404
80-380

3404
3404
30-236

Filter

W23A
w25

W21

w2ia

T W23A .
. W15 plus W98

wet

‘Nome

w25
Polarizer

w2l
w25

w25

wai
w51

Purpose

. Filter

... COMPArison

‘Use of camouflage
detection film

.- Night photography

Ultrathin base,
evaluation of polarizer

Ultrathin base

Evaluation of $0-230, bicolor,

W25 *.and wide bandpass filter

. Evaluation of SO-230, hicolor,
and wide bandpass filter

h ki e R

[ P



o _190ki_ng-,into-.the.sunfwhﬂe.ﬂreaft-lmking €amera is looking away from the sun. Occa-
- sionally; however, aacending photography is taken as the 'vehicle approaches the north-
e grn.Jatitudes froma -Southerly direetion. Thig affords a good opportunity to compare

S* + e 4.2.1.2 Amalysts of CR-1 | |
S ,* , -+ Jhe prime critgria.fan‘deteﬁntn_jggthe-hntrﬁ!ter.fnr.mh.mme::_a:wm"comeimm
. . - .o the bheteinterpretpr’s evaluations of the materia]. . Siace the imprbv;mentsja‘,re_'oriented
R igmrgi;_hia;#;m be primarily hia decigion ag 1o which is best, :
L *.. P support of kis conchemions; Several physical evaluations will be performed.
There is a tradeoff between the filters (their effect on the image quality from the con-

trast and sharpness aspects) and.the alit width (the effect of image blur) necessary to
use these fir_lte{g;_._‘ .

4-17
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L .1 The quantitative data-analysis has.the uriique advantage of being able tausembite
ey eoRu targets when domestic passes are made. ;With maxjmum deplaymeat of mobile -
. r..#CORN dargets, sufficient. edge samples can be ohtajnedior a mnd,qaality estimate of
oo - the resolution performance ﬂm of"the:ﬁlters

employed will be similar to the first-four quadrants of the graph described in the bi-_
color work of Section 4.8.' Density readings of the CORN targets will -give the required
measurements for the fourth ‘quadrant. With the sensitometry of thé-negative and sen-
sitive materials, the atmpspheric (quadrant 1) effects can be determined. - This, then,
would give an estimate of. the effects of the two filters on.the contrast mdependent of
the processingi:mdmon

v g - 31 @mmmrwrmmmmsmwmcnnm

Cuh .. conditions provide an additional source-of data. This material will be utilized.as com-
Lol s o plementary zmﬂu ummuu mmsdzamfm the CR,J test.
. ;--, S pewill e necessary to go:through the flight:1ogs" and pick out those missions where

. _different filters were used. Next it will he necessary to select those framies where -

o .‘.,;:nmparmwe!:pectmi {magery exists. CORM. targets, i displayed, or a iarge building -

& .+ would make. good nrgets Jnaelectmgfmmes for mmmmm be made

to match frames 26 Liosely as poastble for }.ook angle a.nd golar attitude and azimuth,
Similar weather (atmosphenc) conditions can be obtained by referencing to the index
camera photogranh!y .Once 8, well- correlated set of frames is obtained for the different
filter conditions, the’ ‘same methods of analysis would be applied as are used in .the
CR-1 test, We will Fequest NPIC to provide both ‘microdensitometric traces of selec-

..o . - tedtargetsin ‘thege frames from the original negative,.and high quality. dupes and en-

BBt .la:geneats _ARitizing the microdensitometear:traces. and the: controlied mission sensi-

s u 't stometry, we will thea be able o compare the effectiye object tontrast and MTPF for the

» 2 ~ 4 ..varying spectral filters used, and thus determing if there:is. ‘a.difference in fore and aft

R Aeging, and, i SG,..‘!m spectral filter-ahould be naed te optimize the performance of
% each’ ca.mmﬁAphmmterpmter’s qwaluahendthemoﬁenaﬁometricalty evaluated

— .;;‘ '?;— ;mmmmww mmem.ﬂmﬂd tenlitn emnhuﬂte.the ob;ective :
T ‘t_ﬁndinga.. e B ‘ _ . | L
S ] cabrmeﬂwﬂg_wphy‘red (czds S

In this test, themst 14,600 feet .of the secaond bucket.wﬂl.hn flown with the Wratten
no. 23A on the forwatrd-lovicg.cifivera, and a no.: 91 on the aft-looking cariera.. The
oL last 1,500 ﬁetﬁt&io;nrﬁboﬂn;mnemviﬂhetype SD-180, which is camouflage
% mvy;-m'mlar-ﬁhrm'xmwmmjhk used, the. fiiter will-e-changed fo a
b ‘-af_.. .= %, nag15; plus the appropriate neutral densi m,andflﬂ:widthcnnibimﬁmmmoum{or :
LT ,r L ,the ingrease in speed._,OI thsrema.ining 1.500 feet in the aft-lod:ing camera, 1,000 feet -
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.--will be type 3404 still using the same {filter, the no. 21. .This will provide 1,000 feet of

S sy film that.can be used for a.comparisen of the black and white and infrared-color film. -« -
.-r.vy 4z, This will alsp allow the.two materials to be viewed in sterea. _The remaining 500 feet , ~
«.of type .SO-180°will be used in.moNo'as additional coverage with this material. -

.. During the ascending aight passes of the laat portion of the fight (500 f6et) the
-aft-1ooking ramera will'be nsed a8 a night activity detector with type SO-340. The ° _

. P .. specific analyses to be pexformed on each of thmjtukwe;n.iscume&is the following
: sections... - o . : _ o

42.2.1 Analysis of Infrared Color Film (CR-2)

As-in the first CR test, the prime analysis will be subjective in nature. Areas of
interest will-be sought by photointerpreters with the goal of answering the question of
: . what typeof information ias the CD -film given that:the black and wiite could not keep
wow. o -o<im mind. What interesting characteristics wilt show up is-difficult to predict.’ There -
Voo . <= -have been a limited pumber of tests performed by the manufacturers of this film to
& -+ . evaluate jts petential. .Itia nown, for-example; that this material is not useful for
;¢ water pen€iration due te-the retatively high degree of infrared absorbed by water. The
o .+ @ a ¢ mraterial s useful for detecting objects timi-reflect 2 large amount of near infrared en-
. m.st2 v ergy: The best-naturally securring cbject in this category is living vegetation that con-

’ﬁi o

RESRILCUP PSSP s - B MM."Mmmmmm%mw potential a8 & source of miof-
‘mation that camnnot pe-phtained with: the m-dimryqamchrumaﬁc-matermi The tests that -

the manufacturer of the film have perfermed-aiso indicate that the results from ground
photography do nod correlate well with aerial photographs taken under the same condi-
tions. The mzndacmrer’s pelief is that at ground photographic distance, the individual
leaves and details of tie vegetation are resolved, thereby presenting to the film an en-
. tirely different subject than at higher altitudes. This may be an asset when the material
VAU P ig-used at orbital altitude - The small differepce within one general CTop AIeA, for ex-
el 5.2z~ ample; would then be averaged out, giving one general appearance to that area. If do- -
.. 40 i mestic coverage is obtained with this imagery,a field survey could be undertaken to
v e ., - massessthe ‘Wf;mmswme -crops and farmlands in-that ared. As.an ini-
s =, .o tial attempt, this would be 2 good ‘way to corzelate the photographie results with some

tests have shown that when these steree images are viewed, the good characteristics of
each material are presented to the eye;~ The chserver Sees.an almost full color image
with high resolution defail W«lﬂ-ﬂn the color. . This CR flight will be a good
test of this.viewing, techniquecfrom. saieliite photegraphic scales. & ..

oy

P e

e T e oo s Hothe photographic portions of this ftight canbe programmed for domestic cover-
L .. . ... 0= age, mobile CORN targets can be deployed 1o obtain an estimate of the system’s
... .- -+ performance. In this case, the evaluation would be kept entirely to the resolution tar-
. oraomet since. MTE bednﬁ;ue&invemnt-beenadeqnateiy developed for-color materials.
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.. With an-engineer at the mobile CORN location with a radiometer, such as the:

) _ can be obtained for the. spectral energy reflected from
L the grag.spale,patches. The procedure is straightforward with black and white material®
" . ~.nsing photographic phofometry, and two patches of known reflectance on'the ground. It ‘

- is not too difficult to alter the procedure to,make it apply to color material using radi-

- - ometry . With this information,a

R ) 7 vmcomplete.kmm'zepro@ctim,mlysis.mbeger- .
.. formed to evaluaie the exposure-and fil Feiih In the EKIT flight no. I (EKIT

. . ‘ReportNo. 4), a technigue was used that th cally predicted a maore suitable TC "
filter for color photogriphy at low Solar altitudes. . This same technique can be expand-
ed with'an estimate of the.atmaspheric haze effect to predict not only the CC filters,

but the haze attenuating filter. -

Binée this is not an ordinary type of color film, it nor- ',

mally does not use a CC filter; but dees use a yellow Wratten no..15. For optimum
results, though, there may be-a requirement for CC.{filters. '

- e
g )
. & 3

T . H the. Vande -area can be coxered; thea in all probability.the Las Angeles area
" g ae . wouldbe covered and this, foo could be used far a control point. The conclusions of the - -
e EKIT  night report weve-algo that cars, though net rescived.at orhital srales, could be -
T M_;%demm&mdprwgemmdﬁmmrym atsatelite altitudes, Since the
PERE U ,mwwm iots ave presently known, personnel at the.
area could count the cars.and make groumd truth photography ... These.personnel can
also give a detailed weather reportfm‘ that time pariod also. .. . = . ST
The system resolutionfrom nigis phosogrphy would, he's.2meful number te know.
It can aid in interpretation pf-sbe detertion curve that-wns uged.in "BKTT Report No. &~
b ¢ oToms ".‘g.g.ﬁ;gihde“‘d illuminajton Tersus groum sive necegpary for detection of images in
?‘é i e cvmight phatography).: For-sach future calculations, and perhaps refinersents on this- :
.. < . cuTve, it would be helptdl to have 3.double check on the system’s high contrast reselu-
" _~tion, . Therefore, if mobile. CORN targets were te g placed in some well illuminated
i S -
' o 4*” i

_——

v 4222 Arialysts of Night Deteetion Photography (CR-2)

v, the night coverage will be obtained byusmsthe aft-looking camera in mono with a

. TrisX type emiuisien; 80-348.

¥

Tris EKTT. flight test nos. 4.and 5; described in Appendix E,
. i .« - has made some gpecific recommendations for this flight. .One of the most important
p _¥conc}i1_sinns was to loak into lower gamma processing nf the ariginal negative.

! I T - The analysis of the pight detection flight will be primarily subjective in nature.

It will give data that will help asswer thefundamentat question a8 to whether Soviet
missile launch activity. cati be detected at night. However, it is possible that the target
areas will be cloudy, or just inactive. Because these conditions could occur, a negative
answer does not necessarily mean this is a useless technique. ‘A method that could be
used, though, is {0 photugnph Vandenburg AFB at night with the lights on for formal
Jaunch activity. Thus, the predictions of the EXIT night detection test can be verified.
. +.This coyld he nsed.asa control.to avpid problems of weather andfor nonactivity. There

L ;.17 (imthough, still not necessarily &

%4, Dighttime launch activity. -

one-to-one.correlation between ours and the Soviet's

. . :
AL o ki s e £
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<% (bath high:intensity and even distribution over a large area) terrain, this support data

«»» would be available, . The most logical place for these targets would.be in' Chavex Ravine
. .Stadiwm, since it has beensshown in the EXTT: tests tobe a. wd!.immmuted stadium in-
. ‘the- Los Angeles area-that could be- covered if these areas mrmuslay descriﬁed are
pmgra;mmed into the flight. - . . s : T

- Since a‘lower gamma dev:eh:per. will hmﬁe been formulated'by the time of tius test
it.is suggested that-it-be usedon the night-material of CR-82. km-reprodnctmn
analysxs will be‘peﬁermed to see how well this formuiation has worked jn : (1) improv-
ing the useful log exposure range, and .(2) enablmg one posttive dupﬂcﬂ.te to be made
which has all of the:tonal range present. ‘

4.2.3 Polarxzatzon Filter (CR-3)

The thu‘d LR test-is to test the effect of- 2 polarizer at various: suhr:aititudes to

.-be-used in"place af-the Wratter na. 2\ bare-cutting Filter £ There are two specific areas’
-+ ~in which a-polarizer filter may-be of help. -Specular refiections-are ‘poiarized, there-

~fore, if these occur (as they do.on-aircraft wisgs, off rivers, stc. },-the polarizer set at

' the corvect orientation should redmce:theiriimtensity. : These high itensity reflections,

tlwugh.stﬂl nright, would not be se bright to cause the “‘hallooning” effect that distorts -

- the aircraft shapes and prevents precise identification: of these aircraft. . The second

. area of fmprovement shanldbemﬂxeredxﬁiomdthepnlmzed hazelight. The advan-

tage of using a spectral filter fl.e., Wratten nn..21)for:haze pemetration; is that most of

the scatterad light urthe atmosphere; is:in the spectral regmn'that is attenuated by this -

filter.

The pohnzer mter shonld also reduce the hazelight, but by a different mechanism.
Even if bothrfilters may have the same effect on the hazelight, there will be distinct :
differences in the fimal images. The sharpness from image mation should be about the :
. Same ‘sigpe there is-unlyw- m gifference in theix: filter factdr (2 for Wratten no. 21, i

. : B . R 4 i - :. - ]
TS T LRI AP (e iy werar YO TRV TR PR SR
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‘_ ot é~ 2% for peIarizeri, -Since-the entire speciral region is osed, it may very well be that

~even at an adjusted focus positinn the-lens may n&peﬁormas well 2s with the 1
- Wratten no. 21. ~ . .- . . i
:
L ]

Apoaibh mwuoﬂdbe‘the unprmment im.ﬂwtmrmndmon due to -
W‘annrmeddhmmd spectrat-diserimination: The Wrattenno. 2& haze filter does

* 3 mmmmmmmm, for.exampis, sisce both are aﬁac-

tively black to thefilm when plintog rrooghr this filter. “The polgrizer, though,
does not have this:characteristic, and haﬂnc ﬂ:ese addltimal tones fromva.rmus colored "
objects may be an:dvantage - _ e g e e

Since the m&,pdannm:m afuaetionnt'the mwmﬂmre will be a
different effect at each of. tire solar-aititudes. . The zaiure of satellite photegraphy is v
, -that_photography wil be -madeat almont all anlar aititudes at some tiwe. - Thevefore, - i
2 the analysis-of the effect:will have. to be made 2s a finction of solar.aititudes.” The H
, .gmtml evaluation will eomgist of viewing the imagery.and looking for gross.effects.

R
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- Most likely these effects will be immediately evident and the best type of analysis
..-1- -v2 ‘would-then consist of making a.series of prints of the comparisons at the various

.4 : golar altitudes. ‘The problemswill be:more difficult i ‘the differences are sinall. ‘In e

ST '.additﬁuﬂ'i_o-rzfmmacmterpmmfn evajuation; physiccis-meﬁfu will have to__’.' )
-+« pe used to suppart his finding$. Mobile CORN. targets.should be used as'a system °
v oo vpeBolation cherk though amalysisfrom: edges found wjthin.the:phdm will have

+ .+ . tobe used towccount for:the vartable of solar attitudes. This will give an estimate
swm - - of the system’s pérformarce fram an image quality standpoint.- The "CORN gray

scale can be used for a baa@a,Me.reproductioh analysis,

If the effect of palarizatioo is afunction of solar altitude and if the polarizing
filter does a better job at the lower solar altitudes, then the filter switching capa-
bility of the J-3 system will be of great value. One filter could be used up to some

3 specific solar altitude {to be determined by this test) and then the other one shifted
- »sv - -into.place to-complete the missioa. - The resuits canld in bothxrased, be good haze

% .z o ~penetration;.andis one case, an.additional benefit of better tonal rendition.

. 4.4 Bicolor Photography (CR~4) o o
. e aos -+ Phe theory behmd bicoler photography is covered in Bection 4.3.+ The reader is

_#++.. apeferred tothese sections for the details on this subject. -

o' The immges from fis mission wiil have to #irst be rectified. ACIC has oifered to

perform this service... They will then be additively recombined, either as small areas
on our additive calor viewer/printer {ACVP) or as a whole frame in contact mode.
The analysis in this case will again be predominantly subjective: What type of informa-
tion does this technique offer-that they could not have obtained in any other way? Are
the colors availab}é in biéolor photography too restricted, or are they sufficient to im-
prove the interpretation? o s

L3 e é x4 The bicelor printing will be 2 key factor inthis work. - Since the full range of
g ---itnlors cannot be reproduced at the game time as neutrals, images will be made under
RTSE each of the_sevaral combinations that ourrerest. labaratory work has.developed. For
.. example, neutrals can be formed {witha considerably restricted range of colors) or
., an almest full Tange of-colors can b= made:at the expense-of the neutral tones.. The

¢ mmmnm'mmwn he used to Wmmrﬁhu;.

e = YT Even though dhe-cysn wmﬂ%&hum us the vrange or the
lens was not designed for that spectral region), the effect on the final image quality
may be very small. With the superimposition of twofilm images, the signal (the
image) remains the same and the noise (random grain pattern) is averaged out. There
is a 41 percent improvement of the signal:to-noise ratio. I perfect registration is° " -

L obtained, there should be a corresponding increase in resolution.. Therefore, the faet
s . it Suxdhat onetenshasnot performed as well wsibe other may wot be s serious problem.

o enes With mobile TORN targets fir the imagery, this effect on system resolution can be
= - .,z vdetermined. The colonresponse patch will alsoba used in determining the accuracy

i n i mae RO i e
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.-~ of color reproduction with- this technique. This wiltl enable a cvontrolled test to-be-made

BRI
S-Sl

vl

e .+ == of the accuracy of color reproduction for this system. Natural objects such as trees; "

Lo o« water, sand,%mhtnsedmdetemthe repm’ductm'chafaqteﬂsties of these
" » types vi objects. T R o S

o . ’MWAMIJSIS "MODEL

- ~4, The gonl. of thie effort will se.to develop 2 :
the best exposurse for a particular filter; geographical location, and local sun time. The
basic program will be'elementary in that it will be based on data that is currently
_available, but it will have the capability of being continually refinedas new information
becomes available. As data becomes available from density analysis ‘of strategically
important targets from the panoramic cameras, and as studies are made.as to the rela-

tion between types of weather.and its effect on the phot raphs, the computer program

e - will e expanded: forgive mmamimmmmﬁm _As data becomes
Calg el T avaﬂahhfwoﬂmrigpesﬁpmwgmm {i:e.5:color.and infrared color) the program will

Ly ¥ e bezpprnpriatni?- expa.ndedinr. £Xposure and filter recommendations with these materials.

+ - Theactual pfogram wilt take The iarm of snalier separate programs {modular form)
... . -sthatare linked together B 2 lbgical mamer. ‘Advantage will be taken of existing pro-
. . grams, or sections of existing programs, that have a direct relationship to the particu-
» oo dn solar probiem At hard, i‘ﬂhﬁn‘mpm:rpmgrm,ﬂ:emabmt; of the variable expo-
S sure Aitter mechanism can be wsed o effectively increase the-intelligence gathering
potential of the'J-3 system. - C

4.3.1 Computer Facilities and Past Work in Photocomputer Analysis

There are two completely independent éomnufer' unitsat tek. . The complete facility is
- . . . shownonthemextpuge..Ths wmmmmm;smmmmm '
L LR ~x-...]arge photographic -tasts;;ﬁ-il,ﬂmmﬂhhlefoﬁ other engineering efiorts throughout

.+ o+l ®e < 2 the company. liisa high-speed digital eomputer ‘cpmplete@ith:tape nnits, disc files,

R mmmymmﬁmmmatmbm”mmam reader,
o . wi® - xcard pundh, Hng primter, and Migital plattey. - The ather_computer facilityis a CDC-924,
Lt ' wiichis ﬂ:_e*;;redeeassor tﬁ:he larget-maching. -} i8 2 medium speed computer, by

e tpday’s standazds, amd has the feltowing rime:fonctions: ;. {1).» backup-machine for

downtime on the mwm;mmmmmw

Lm0 g
- . o
s

dn:ge - city,-and ma-mw‘ionphoto-optim problems.

- mhe ‘CDC-924 timg uit of tie peripheral equipment that the larger machine has, plus
an on-line CRT.dishley unit. . This s 2 20.inch diameter scope that provides a very
convenient methad for resedrch with photo=optical camputer probiems.: It has been used

RS A

F T g e e rgwith the computer 38 esspntial- " This thearetical work has been performed in color °
'_ . - . 3= .:.<. photography, tane reproduction amlysis, and MTF determination. "EKIT Report No. 4

a0 .o .includes such an analysis where a better color correction filter was recommended,

... - . :sachased on data from a‘missionusl color fitm at fow:solar altitndes. In this analysis,
E e . .‘_.. , .; __ e ‘.2 fl-"‘-",;!:_' :.: L o= M e -—T—- ) ‘-‘ . : L - :.p; PR

pbe o T oo JOEET the past yeaT in shearetical raphic research where real ime communication
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s tfy_e_crite:ifz for a better reproduction were met when filters were used that resulted in

. w50 a neutral image. Ina related area,.several programs have peeg'developed» to simuiate . =
. . .+ photographic. tone reproduction problems..In an:effart to determine the capabilities of - *:
.. .bicolor photography,a:camputer program was writteny that simulated the tone repro-.. =

+ duction characteristics of a bicolor.additive proeess.. This was® study designed to-. . = .~

= = learn howtoyrogmm.;mamgnpmcprcblems for a.computer and to get 2 better theo-. - -
retical understanding of bicolar phntography : S S

- The'ﬁogram;..dipnnﬂed‘ above have been written in modular -form".'sp ‘that anjr one

_section can be puniled out of the main program and used as a.small program by itself.

“For example, one could be used to compute filter factors, and arinther could be broken
down for black and white tone reproduction or calculation of the CIE coordinates of
images. Sections of a third program could be used for manipulating D-log E curves
or for smoathing experimental data. -

e ~ Smoe m‘a—nr:f ﬂmesé"subromjnerinve-aireaﬂi.bm ﬂeivéluped,they,}:an also bé put” .
together to form other larger programs. 1t is the intent that sections of these pro-

g ... grama, and.many others:inour computer. library, e used 25 the basic building blocks

+ for the proposed model.

o 0

‘ :313.2 Factors Influencing the Model

P -

and filters for orbital surveillance systems. . Perhaps one reason is that not enough is
known about ald of the parameters that have a significant influence on the final image.
A basic reason for this type of program not being written is that the criteria for good
exposure are not precisely defined. Although there are many guantitative measures of
photographic speed, these are all derived from some qualitative basis. Eliminating the
dozen or sa photographic speed measures for-amatenr phot ,there are three

= ;_ .-*: .- spead criteria for-aerial phat phy:. {1yhalf-gamma speed, 12) B.ﬁ'-gammé speed,’

e v - s-and (8) aerial expesure index. . The fact-that there are several different measures in-

. dicates that there is 2 guestion as to which one is the best._In fact, none of these
e SR ~:mm¢mmemwﬁe-m £ 3 -in specific cases, since
. .. 25 they don’t fake into account the cameras involved. R i

e e w s ~The-desisiom of yhut haze cotting fitter to use 18 So-difficnlt. Tt has been the

AN S

- PR LY

o= 3 v - zrpolicy inthe pastin ase a2 stronger haze cutting filter: o the forwardsionking camera.- - -
- This memwﬁmwmmm

in the northern Iatitude on descending orhits. “In.this sitnation the forward-looking
camera is looking appraximately in the direction of the sun. “The resulis with this
camera may be good in amme.areas and 1ot good in others.- For.example, 8 Siberian
cold front may tlexy the xiv.over:ihe Soviet Union, while a humid atmosphers in .

o et e Southern mwmrmsjminmtmtmm of the light:scattering

-~ .= particles in the air.

y g el
-~

B e —————— i

~ i Computers are ot being aseﬂ:toﬂ:e:rﬁxﬂutmahimymthe seleetion of exposure .
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. - “In the foi}éﬁ.ing discussions, the term weather is not used to mean general cloud

+ .+ 4+ :cover, but rather.that aspect of the weather that has a significant effect on the imagery
. : . that is obtained, for.example, the ever present haze or.the thin veiling-af clouds that =

. .- .:are notapparent on the main cameras but cbvious on the index material. Weather isa

:. .. ..major factor.that has.net been fully taken into account in previous satellite missions

...+ = wfor the selection pf the best expesure level and haze cutting {ilter. . Of course there i
T - good reason fer this; anly one expnsure setting and ene filter conid be used, since there
« 1w - - ~were no adjustable mechanisms ox previous cameras.” With the J-3-aystem; four ex-

posure. posmons are avaliables There is also the option of one of two filters-on'each

camera. These will be: controﬁedwa device on the vehicle and real time commands
from ground- statmns R

The curren_t method of adjusting the density level of subject material is done
through a three-level developing process. - Although this is.an ingenious approach to
& .. -the problem ywith.the lack of flexibdlity s ihe camera; it is perhaps.not the best way
% ¥¥ .f . to.solvethe problem.from. an image viewpoint when.camera adjustments are possible.

: -.that is to be recorded. These sreas wonld receive full processing. -Target areas of
iw. ». - & higherluminanee must necessarily be overexposed (by full processing standards) and
LI S .' compensated for by under-precessing. With the adjustable slit widths in the J-3 sys-

i = w3 + tems thesecompensationprocessing techniques wonld not be necessary. With variable

s speed processing - the infrared densitametermaku the decision of processing level
based on its interpretation | uf the scene’s luminance Ievel. - For proper use of the vari-
able slit widths, a decision as te what luminance level-is bemg photographed must be
made without such an aid. S

H1stor1ca.11y the imaggqmlxty from the forward-looking camems has been lower
than from the aft-looking cameras. Explanations for this have been given but no con-
e i T -orete ewidence-supperting any of these.bas bheen published. - Such degraded imagery
s @~ roomaight be due to the dens looking intothe smm, or thata filter for which the lens was not
et vy . «Originally deeigned-was. used, or that longer shuiter speeds were used, etc.

« s ¢ .- .. This probtemrigintimately retated-tn the chaice.of fitterand exposure level:- There .

L & is a tradecff:between the image quality.characteristics and.the haze a.ttenuatmg and
e niE qpectral quahties, of the filters that are used.

, rgsE i . = I T hooming the:proper filter; one shoutd take Macmnt the vontrast tha:t is

-  necesszAry ir the tnmge-amd the inage quality that-is alse required.-: The exact reiation-
ship between these two filters are not presently known. -By studying the past J.magery, _
both the main panoramie scagning. tameras and the index camera trends in target con-
trast can be seen. If there.is zmﬁnnshipheftween the twe, then this can be pro- . -
grammed into the mathematicalmodel.. These cansiderations and how they reiate to

B e thamathmatm%mmhtmﬂ be. discussed in the foliowing parapraphs.

[P

A §

‘ye . | -4 With this processing method, the exposure must be set for the minimum luminance - - -

Al Bhm . W e b we
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-4.3.4 Generation of the Model

S e o Two considerations must:be accounted for, in the model: -{1) the factors i;ﬁlueﬁcjhg‘ B -
- " the image formation;-and (2)the:evaluation criteria for a siitable density level of the ~ e

. target. At this time.there are many. unknows elements in these two considerations. - N

. .= The target density.analysis and tone reproduction studies outlined 'ip_@eipEeViflqs o . ‘

. - paragraphs wili-be used for the.second consideration. A P -3
. " The first constderation-will constituté the bulk of the-progtam. . The initial phase 4

of the program can be written from currently available data... Geographical positionand * =~ "~
local sun time wilt be taken into account in order.to compute the solar altitude. -This '
stage in the process cax be -accomplished by taking advantage of the_computer’s large
storage space, and storing the tabulated values required for this initial phase of the - .
. program, The exposure levels determined will have to be quantized to the nearest of
. . . the four exposure-levels availabie. “The exposure information will be basically the EV . .
cgse.. o Lcurve forthe oifaterial involved: with fhe featrre of antomatically determining the solar
g7 oy 0 7 -altitude at""any"timeandplzce-.-‘“"The'es-sential"dﬁference'wi.u'bé inthe -criteria that are
2 am e e s uged.for the particular. EV.curve.in.question, as discussed in the target density

FI-ten

PO ST

S v 0.+ -An snalysis of the: index material will'be designed to find any weather patterns that ‘
i cams v .-havea signMicant effect on the photography. i such an effect does’ in fact pccur ina .
e - ' predictable patters, then a. compensating change i the exposure and/or fittration can t
be made. : For example, the monsoon 3eason in.Southeast. Asia may. have some far
reaching effects in the north that would degrade-or improve the ground scene imagery
through changes: im:atmospheric contrast. ¥ this type of occurrence does have some
particular effect on the photography, appropriate corrections can be programmed to
account for it.- Both panoramic cameras and the index camera will be used in conjunc-
" tion. The panoramie cameras can sometimes “1ock through” Jight cloud formations
oow s . ouhich are-act jmmediately obvions mless the index material is used. It is this rela-
. %= .-v-. $ionship that will provide the most meaningful data. '

R T Section 4.1.3 details the index camera amlysis. ~H-is intended that this imagery -
. .ior +s be nsed pomtipually to inerease our-understanding of the periodic weather patterns that
evLpn3 o «wpeeur, and e wixiate the program 8o that it can provide more accurate exposure and
e h o, filker recmmznrkﬁms:;.rﬁs.mk.im-_mtmal:bacmmﬁahle;,the'pzst predic-
G ® ee Y tions of weathar patierns can be verifisdas phetographically significant.. Thus, the ;
: computer program ¢an be expanded or reduced in size. :
When photographicatly significant patterns are found, they can befed into the
computer and stored in the form & globa} maps, suckas that illustrated in Pig. 4-3.
This map was plotied by the computer from storage. of the appropriate data ppints
representing the ¢coumtries.. Eais typenipiot can e used torstore and study.the data
-t .. dromithe index material. S :

e T -?.-;;. -poe 0 o4 Wfith the flexibility that has been built-into the J-8 System, materials other than
- .:3404 can be used...,Color.phot.pgraphy with either a_standard color material or an

FREESUE = .
] R R 1 . :

. mE - - v 5 - .

o - : - :
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- ..infrared color-{camouflage detection) emulsion, or high speed black and white emul-

S --sions for night photography might be used.  There are very special problems involved
"+ .:lin-using color-materialg at high altitudes that.are not.present when using 3404. ' Color

" material-photography canngt use the deep orange or red haze-cutting ﬁlhers, since the

- .. images will lookorange. or. red. .Instead, a pale yellow haze-cntting filter (i.e., Wratten D
Li'mg. 2K or Wratten po. 4) must be used. Though this effectively. cuts the sensitivity of
. <the blue-seniMtive record, its nse is necessary to reduce the bluish hazelight to a tol-

erable level.  When this is done, the. image produced is yellow. To compensate for
this, a blue CC filter must be used.- Though.this seems like a paradox, the use of both
a blue and a yellow filter (which o the eye may look neutral) does not affect the film/
haze relationship as i it were neutral. The filter combination corrects for the haze,
with the only significant disadva;ntage that deep blues may not be recorded accurately.

Though the: cnmputer techmqnes avallable at this time cannot give the correct filter
4 « combinations for different weather and/or salzr-altitede conditions; it is. expected that
as mere data.becemes available, this programming. system can be used effectively.
. The fact that the computer programs discussed prevmusly have been written in modular
J« form permtts -reagsembly into other forms :

el A o
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. ... ~%. GEOMETRIC VERIFICATION

The geometric integrity of the J-3 panoramic camera: ‘system has a direct
- influence on both the intelligence and mensurational potential of the output photographic
imagery. This integrity is primarily maintained to fulfill the fundarhental requirement

PR ]
b L e e s . eba = s A e L

of the acquisition system, i.e., to provide extensive stereoscopic photographic coverage - -

srve e o of the ground with soffirient detaiito allow 3 photoisterpreter to recogrize, evaluate,:
Sewle v iolo 0 andmondtor selected targeta: - The guatity of the resultant photography verifies this-
E ‘% »  Pprimary geometric integrity.

wEs T e g Mnﬁammmﬁ timmb}gctuf:the secondary :
Py T s Tzqnu-ement.of the j-8 system, isthe geametric integrity related to the mensurational
. 2,5 : tasks of dimensional intelligence and mapping,; charting, and geodetic (MC&G) opera-
. e cwa sl 4008 fysiem provisions: (stability and calibration) have been made for these latter .

. requirements and, just a8 it is proposed in Sections. 3 and 4. toperforar system z.nalyms )

studies on the primary system requirement, it is proposed in this section to perform
system ana.lysm studies for the purpose of verifying these metric system provisions.

The proposed analysis will be divided into two subphases: relative system
orientation (described in Section 5.1) and internal calibration stabmty (Section 5 2}

Sl _5-.1 PEASS!MS!STEM GBIENTATIDN

et RTE e  The total acquisition system contains nine photographic subsystems, six af which
T o - ai.ATE canfained in the main J-3 system assembily and three.of which are.contained.in the.
ey DEIC +~assembly. Eachmembly,ismwnpmﬂightmhﬁmsmm ‘orienta-
e -vtiom calibration; however, the separate assemblies avre-in no-way. calibrated with
T T ._._mspeﬁt.to eachother.  The primary effort in this:phase will be:the postflight verifica-
A ;,---Mﬂ the-preflight- caltbrated relative orients angles between the miin J-3 camera

m- n S - Subasssmblies i.e:; panorawic stereo angle and auxilixry optics angies. - A secondary

effort in this phase will be an analysis ' of the rehtrfe_change in orlentatmn between the
two major assemhlie&U?S/DISIC). .

The principllm‘ﬂﬁhpm wm‘beﬁe mtﬁltgence no'mmnntty ‘at whose
request the relaivenrisnfation calibration 4s performed. . The rapid orientation and

=.: 0 . .. of theangular values to be verified. -As 2 comfirmation of the scope of this-phase, the
- . jnvestxgatlons pragposed in pa.ragraph 5.1.1-were discussed with a cognizant member

e TR '3(:.?:;,. w4k redaction techniquis emplayed by:-this comnmnity-ave based-on direct tilization
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. of the intelligence community. His opinions and experience are reﬂeqted in the

- ‘-‘proposed effort.

. is proposed that phase 1 eperations be performed on the first four operational

missions.» The reasons for.this are: . (1) the first four missions will carry a diagnostic

,,‘

. ....tape-which will provide caollateral data-on geometry,infiencing environmental effects .
-~ and will also-provide data on attitude *jet” firings to indicate object-space “breaks” in
_ the geometry, and (2) a sampling of four missions will aillow a sufficient statistical

analysis of the relative orientation parameters.

5.1.1 Main System Relative Orientation -

The objective of this portion of the system analysis studies is to determine the
relative orientation between the camera subsystems that comprise a complete J-3

system.. This is to be accomplished from.recovered photographic records, and will

v SETVE to verify:the preflight calibration of thre rehtnre ariemntations.
- . It is proposed {0 accomplish this determination through the use of both frame and

panoramw. imagery.that has:heen expoged-over known terrain, in which sufficient photo-
gdentm:hle gronnd contrel:is located. : The procedure for carrying out this determina-
. tion is-described in the following paragraphs

data defmmg the mtercamera relationah:p: obujmd from the assembled camera/
vehicle system, and forms the basis for checking this ealibration. These relatmnships
are illustrated in E}.gs. 3-1, 5- 2 _5-3, and 5-4.

Materials irom all camerasystems, taken dunng passes over areas of geodetic
control, must be furnished.

The panoramie imagery that is proposed for use in this analysis will consist of

mples -of fore and aft panoramic records.that have been exposed at essentially the

. s Same fime. This isnot to say that times of midexposure must coincide, but that there .

.

-is game oye:lappmg time interval during which.some portion of hoth panoramic frames

.is being exposed. Iy other worda, exact synchromization of the panaramic cameras is
not necessary.

s

Ty e Themumber.of frame phu;ngmphs withmcltthe,pannramic records overlap may

' <. be-a# iarge as fqur-copsecutive exposures. . i is-recommended that all frame photo-

graphs that overiap-the panoramm imapery be processed.

Ground control poiats will-he identified oa the selecteﬂmgery, ang- survey .
coordinate values will be egtablished. . This can be done either aver areas for which’
accurate maps exist, or ov,em» of.the Government maintained test areas,. &.g., the
. Arizona Test Ares : ' e Range which is sitnated at 33° 19''N, 112° 11' W,

f_;_-;,? mmmdsxasa; West, anﬂﬂmthoi?hoeuix,Arizﬂna. Destgned for the test and
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... evaluation of aerial cameras and mapping techniques, this range is based on- existing

s e “¢.r.road networks and utilizes premsiontrwndsmﬂﬂ to 331\13791 hlgh degree of -
. c- U7 lraecuracy in the knowledge of point position,

.. e e e Eachstaumotthismgeconsists ofxmommentmdaeompauimplmtographxc
VL .. point... Complete data on each station within the surveyed area is available, in card ~

' ' fnrm,tonepartm&tufDetenuagemesma“nochnrge, imbasisﬁ-omtheﬁrmy
Map Service. - _

- Measureinents from these photographs can be processed by nek*s 'FQTO 3
program, which is essentially a block triangulation that simultaneously processes
frame photographs and imagery obtained from the J-3 panoramic camera. This pro-
gram is a completely weighted solution that is constrained to the appropriate orbital
parameters. It is capable of accepting any number of frame and panoramic exposures,

e sub]ectmthtutnraga limitations of the data processing eqmpment

;: L j- ¥, “The applica¥ion of thel FOTO 8 program to. ttmqmmrmic amtframe records will

4
Y

. .Ll

L e provu:le the orientations of each exposure at the middle of scan, i.e., a = 0, for the
o -z pannramicphd:og-apm, together-with the coafficients of a timeﬂependen:t polyriomial
gy e o that expresses the vehicatar attitude in terms of the angular velocities, acceierations,
A i‘ and rate of change of scceleration. Consequently it is a matter of arithmetic manipula-

Lowes oL sk tiom to.reduceihe camera orientationa to some rxarenne.t:me during the interval of
R “COMMman exposure.

'I‘he panoramic camera mentations are then transformed into the two onentatlons
that correspond to the midpoints of scans, but free from the different vehicular atti-
tudes that might-exist at these separate times. The reduced orientation matrices are
readily transformed into the relative orientation matrxx and compared with that obtain-
ed from the preflight calibrations. -

B e SN ﬁiredueﬂwbtmmd wﬂ:h':tha concmentpropagatinn of the
L -*ﬂieva.ntmmce- covariance matrices, the statistical significance of any difference :
N £romﬂ1e px:eﬂzght reizhve m'ientatmxns readi;y determined . :

The procedure described abm mbemﬁzeﬁ to give miormatinn :egarding the
calibration ef the angies hetween te horizon optics (HQO) and the agsocinted panoramic
instruments. Calibration of these angles is performed in the A/P laboratery:prior to

- o . flight, Tmmmmwam&mmmmmmmm
S e o ogiand ol of the pamoramic camera at-am-instant of exposure. - These same angles can be
TR Jetemmed from the timk ad]nstmenf LEDTQ .3 program) deseribed ahave

5
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- Comparison of these should

W .o - .differences can be attributed to eith
_ . ~¢invalid calibration procedure. -

. -+ .. The'protitem uf svahatmg the third orientation

reveal validity of the preflight calibration.

. .. This.angle tan only be determined from the horizon photqgrzph if clear

-~ s _“terrain features are also visible.
. Whemr distussing e BO check with

Significant

er 2 change in HO angles after calibration, or to an

a.ngle,ya'd', femam iﬁsﬁiuble’.‘ _ o
ly.identifiable @~

‘twe:primary user.of this data, he concurred

with the desire to-check these angles; however, he reminded us:that the-measunrement

of the horizon image would linmit our an
poorer. than) the calibrated’valees. Therefore,

questionable.

5.1.3 Performance :

alysis to input values well in excess of (much
the usefulness of this check is' ~ ,

(7 SRS TS Although It -1s desirable to perfarm thispusﬂngtt"pmne&ic'mvesﬁgaﬁon.for each .
i " gystemithat is flowm, consideration of time and cost seems to rule this
+= -+ month 16 intended for the reduction. ~Thereiore, we propose to perform this adjustment

b,
"
-,

R

- £

v b

that the stellar frathes for this analysis be reduced before any other of

photography.
U484 Maw System/DISIC Relative Orientation

out, since one-

___ ¢ <'aga check on the firstfour systenis. - Should- difficalties. be revealed and remedial
s #=acttons taken on successive Systends,

. " *kind shoiild reduce ail deviations to within the preset tolerance levels.

The:block adjastmrent programs discassed
orientations during the adjustment, if these are
adjustment would require imposing the orientati
present we propose. that the information. on the pe
us within a week of the recovery of the material.

fhe reduction would be repeated. Iteration of this

above are Tapable-of impusing camera
éstablished. apriori.. The most complete
on given by the stellar cameras. At
rtinent frames be made available to
“Fime considerations would require

the stellar

controlled areas, tn reveal giffersnces in. relative

‘stellar/index cameras.

_: x ¢ ¥ two subsystems withr respect

.+ . ... -(bengding due to mmequal thermalexpansion) batween the main system and the DISIC ‘
;- Linosystem.  The-end-resuit will-determine the value of calibration {bore sighting) of the

-to-each other. A negative result-{excessive flexure) will"

». -+ =3z . eliminate farthercansideration of this calikration - A positive result (relative rigidity)
- may enalite direciase ﬁmmemfnrpammmitm'iMM L :
The model developed for Berction 511 is firectly applicable to this analysis. It
is only necessary to be abie t0 perforn: the black adiustment for different gasses over

orientation betwee.npannranﬂc and .

*

Sl el v
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. . .panoramic geometry {PG) calibration.
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. 5.2 PHASE.2—INTERNAL GEOMETRY ANALYSIS | e e

.- ..Each of the camera subassemblies’ constituting a'J-3 system is p};oviﬁed‘w'ith,g o
This.calibration of internal.camera geometry:

--not enly provides a means of recovering correct image. coordinate data of ground. .

- .z points, bog ronversely provides a means of -:qpete:m.ining ﬁ}ysical»camer:t_ opmgtmns as’ . -
-~ yeflected inﬂse-genme‘tric(?{i) record. - I S S

.

The g!;al uf this phase of the preposed system ., ysis gtudies will be to determine

the stability of.the operation of the camera. It should be emphasized that the work
proposed for this phase cannot establish the accuracy of .the PG calibration, but it is
“yather an analysis of camera dynamics (vibration, film motion, etc.) as evidenced by
the distribution of PG calibration data (rail holes and PG traces) along the format.
This, in turn, will provide insight for PG utilization and possible camera engineering
improvements. . U . ; ' '

. M. . -Thebeneficiaries of this phase will be:the users 5. PG in MCLG operations

. . and the nsers of -PG for-camera performance analysis. ‘The scope of the iiwesti'gatibh

. _proposed in Sgctiom §.2.1 +has. been fornd (through experience on J-1 PG systems at
..+ the Data Analysig Center; Army. Map Service, -and Aerial Chart and Information Center)

. L
¥
a e
[N .
R
A Y

e - Jo-pravide the greatest amount of infarmation for the eﬂprtuinvolyeg,

N7 | mp;apusedthﬂpkae 2he;neﬂnmeﬂ on e¥Ery Iuission. Tt is believed that the
engineering benefits to be derived and the “preapplication’ information on image
geometry will be invaluable to. the total community. -

5.2.1° Camera Dynamics Analysis

One of the goals of the system ‘axialyéis'smdies will be to determine the stability

of the camera’s operation. . The means fo determine data with respect to. stability must

.-.» be basedugon.the a angles of.the. rail holes and the 3. angles of the scan traces as

established during preflight calibration. - Additionally, the test sample must be large

. enemgh {say six frames.par cemera per-bugket) sa that the results are statistically -
o significaat. BRE S e

;15 .. It in-proposed fhat the following. procedire be used io extract;. reduce, and analyze .-

3

ot §. A Mamr 880 compagator will be: o measure the coortdinates of rail holes
and a similar distribution pf points an the ‘scan traces: Since the Mann 880 has an 18-
inch stage, the paporamic images wiltbe measured in.two segments which overlap at
the center of the frame. Observations will.bg made in duplicate in two Separate passes
to ensure the elirpination of errors and the imprevement of coordinate values. -

2. Using:s digitsl camputer; (he-mesgurements trom-thetwo passes will be

. asr gz -ayedaged andeerroneous measurements will be €linrinated.. “The logic for the latter
Lo a o operation must be budlt inte the computer program. This logic will comprise the

L .y
A it ] £y - . LA
N 5-9
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’ . tran.sfnrmedto & réctangular coordinate system wherein the ordigate passes through

Tor-seerey/ AN

;. setting of a limit on the differences from. the mean, and the el.umnation aof points when

"the limit is exceeded. BT S

-+ 3::1ising. a.digitat computer anda Ieut-squares prngram, the sngment eaordinates

#ﬂlbetrmsformedmhasmgiecmdimtesystemhytraﬂaﬁmmdrm _' s » :

- & - AlsQ uging adigitalmmpaer md.a.least—-aqmm Program, .coordinates will be ’

the center-of-scan rail hole; the origin is at the imaginary trace of the principal point
and the abscissa. is the best- straight line paraliel to the scan traces.

]

LA d1g'1ta1 commter a least-squa.res Fourier analysis program, and the pre-
flight calibration data will be used to determine transformation parameters which will
reduce the residuals in. Y at rail holes, and the residuals in X at scan trace points,
to negligible proport:ons ‘

- et o G Conpdinstes mﬁbeh'msfermidmm ﬂmtheoretncai cyHindricat caubration :

R e~ ,systemusmg a digital computer-and the transformation found in step 5 above.

-t .Usmg adigited computer, the avm transformation coefficients for all

.-__-.-.‘, ‘smmps processed for each camera will be determined.

yel.3" « 7 2.8, Using a digital.computer and the average transformation coefficients, the
PR .mor&nutesjound in step 4 for all samples will be transformed iato the theoretical

cylindrical system

9. The digital computer will be used to calculate the determmahona.l precision
for each rail hole as based on an average transformation.

10. In sequence, the higher frequency terms will be eliminated from the average
transformation found in step 7, and steps 8.and 9 will be. repeated,

U ¥ Wy Amevahmﬁmvﬂlbtmadeoiun frequency. components found in step 5 and
Mx»ﬁriatmn Sample to sample, with respect to phenomena within the camera/film

:-_:gystem. ,This exaluation is directed toward camera improvement and should be cor-

.o Lrelatedwithdmtakenmncernmgimageqnamy

o Al Mremmwwwmmu&nlaﬂuhem -
" ad ‘mwanmmugwmmsqamammmm community,

Theﬂbove ‘arocedere requires the preparation of computer: programs for steps
2 through 9. . _

-

5.2.2 Enwronmenta.l Mnénce e
The. ﬁmm-wm abowe. m'aride methmm ﬁetzrmmingthe ef.fect of the

f e Wmﬁmneﬂmﬁemdynmmm;uxmmﬂmdimmu-

< “wtion of the calibration. data over.the farmat. . Environmenta] influences on resolution,
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.+ structurat-stability, and thermal sensitivity can be detected by the application of these
... -sprocedures, and by correlation of-the-ohserved anomalies with environmental.data
... which is recorded. on the diagnostic tapes.

_©. - These tapes-contain digitally recorded flight data indexed on a time word, including -
- ~temperature, certsin mechanical functions, mdmnmtnrmgdatﬁm:ie jet firings. It is
-understood that these tapes are praduced in 2 formgl which is o} directly computer

readable; but that can be vonverted to:a form which is acceptable by the computer. It
is assumed that the- converted data will be made available for this investigation.

The technique employed will be to scan these tapes for anomalous data and, if any
is found, the materials exposed during these periods will be investigated for resolution
and for panoramic geometry stability. Should no obvious environmental anomalies be
detected, a sampling technique will be developed to select a random sample of imagery
from the fotal. flight duration. . This samrple wilk be reduced as in Section §.2.1, and we

. et wms Will sdterapt to detarsvine i deviations from calibration can be correlated with environ-
~ mental conditions. ' : :
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o .7 8. PETZVAL THERMAL VACUUM TESTING

6.1 BACKGROUND '

..* Temperature gradients are to be expected in the Petzval lens cells when used in
flight applications. . During the passive phases of a mission, a linear temperature
gradient may occur along the principal axis of the cell. As a result of the construction
and mounting proxisions of the cell, it may be-agsumed that-sach gradients will be

2k o s gRxisymimetric. ~The lens cell and taticone bave-been dsmgned to. be thermally self-
%vww;: cw 0 orcompensating and; over the course-of-a:mission;uniform temperature level changes

s  o» - o pf-210°Fare permitted.  However, during an operating cycle, transient temperature

N

e s tHities of reflected solar energy (albedo) and earthshine; these responses may be non- -
»  stes oot veoeymmetric.., The above-mentioned factors.may re.suitin a thermally mduced image
T = v degradation. o

6.2 P’RUGRAM

Itek proposes to-modify the experimental equipment for the existing thermal/
optical research facility to permit a series of experiments in which two Petzval lens
cells will be subjected to an identical set of thermal-vacuum optical performance tests
in autocollimation. - The proposed test conﬁguration is.illustrated schematically in
Fig. 6-1. . .

S Tt e A‘mcuum of at least 18-% torr ‘will ‘be-utitized to eliminate the effects of gaseous
f -conduction and ctnvection heat transfer, pressure, and turbulence. Tests will also be
. s 7. ronat apressureof 39 micyons to:assess the effect of the pressure makeup system.
R ,,.W' ‘Thermat testing will include: uniform temperature level changes of £10, +20, and

L et : ' *30.°F; and axial temperature gradients.in:the cell elements. (anhieved"dunngtransieﬁt‘
poLERE opezatioﬁ. Mhahiohﬁam&ﬁe:entjaltempemes will he recorded during these -

s

‘ftek’s Inser unequal path interferometer wili-be used to-obtain inferference fringe
patterns, and thusevaluate the changes in thése patterns resulting from the imposed

thermal conditions.. By incorporating additional optical equipment {smch as a bar tar-

get) together with tremntely aperated detector, other thermally induced changes in

wm mE L ek <PPtical parameters-will be evalaated; thess will. mchanges in equiva.lent focal
S e ~-”iengthandresohstwn .
N The results of the proposed testing will be completely reported and will include

mgupmrﬁngthermlud optmal miyses of the test data.

3 . responses of the optical traim-can be expected as 2 resuit of exposure to vyarying quan-
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-'""“-'DETEBJ\&]NATION‘OF EXPOSURE BY MEANS OF T ﬂ
L DENSITY ANALYSIS e
In order to validly apply the type of density analysis presently utilized to the o
exposure problem, the following assumptions muat also be valid. ;
I T T .1.. The minimum asd: maximum: amptablndenmtmeeIs chusen have a physmal _ ,
s e - . - .meaning : i

e T ﬁ?’rmmaﬂmm values bave a direct correspordence with “target-
o4 s -7 -, measured” density values

S P S © %3 . The plackng-of a minimum brighiness at some specified level on the D-log E -
©-.curve is important .

Let us consider ‘eachoné of these assumptions.

1. MINIMUM AND MAXIMUM.DENSITY LEVELS

Fig. A-1 illustrates the principle behind agsumption 1. .In order to make any

Coowess 0 -« o interpraigtions fram thedengity data one must-makean assomptionas to what is a
s My, v goodY. density and what is a #bad” density. - Fig. A-1 illustrates the assumption )
R {'-"‘ : “a;rrmtly being employed in practice. That is, that minimam densities below 0.48 are ;
SRR . tog low-exd that maximum densities above.2.0. are too high;- At the-high end there is ¥
L .« -probably little disagreempent At the low end, however, there is considerable disagree- ,
| ;x ";, E 'matzstowhatis an-accepiable (i.e.,.usable) minimum density.. For example, if we
R L LN .,f ;refer back 6 Fig.-4-1, we can make-a nseful comparisan. . Table A-1 shows what the :
“S I -f-*‘*vi i *memwmmtm !

aceeptable Dy, . :

- Ris seenthatﬂwdms:tyﬂutmclmsenasthemmmnm acceptable pla.ys an
unportant role in trying to draw comchisions aboot exposure and its adeguacy. How-
ever, the fact alone that minimum aceeptable densities are agaumed a priori is not, by
itself, justification for discrediting the density analysis technique. It is perhaps more

"+ Berw o _aih - ool3partant to-investigate its relation (or lack-thereof) to the targets.
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..+ 2.-TERRAIN-MEASURED DENSITY VALUES

P :-%¢ The density analysis values reperted are measnred from “terrain” areas. The

' ., densitometer-operator reviews the. material and makes Dmgn-20d Dy 4x measurements
| iw “terrain-aress of interest,”. -These areas do net necessarily contain targets, and in

.~ - fact there is Do-assurance.that any of the:measurements. have-beea made in target

)

. the population-measured, It is not necessarily true that this is a statistical process,
A statistical process depends upon the random occurrence of events. The targets of
interest do not fall randomly within the frame, nor are they necesgsarily random in
terms of their luminance distribution. The targets photographed with the Corona
system are not a random collection of items but a rather well-defined series of nearly
exclusively man-made objects. Because they are not necessarily random (but are
-. .. - -Bpecifi¢) i nature it follows that their hrighiness distribution -may not be-randomly
& w -, distributed. -Once one comes to this conclusion, it car be seen-thst there is not
‘e wr-T . necessarily a-correlation between arbitrary “terrain Dmin's,” their adequacy, and the
CoerTL R target deasities, and thaeir adequacy.. Statistical apalysis is not mecessarily valid
-+ 7.4 . just becanse there is 3 great ynantity of data, . :
. & ’ ‘
S .- 37 MINIMUM BRIGHTNESS UTILITY _‘ _

o - Referring once sgain 1o Fig. 4-1, we can assess the utility of the minimum
luminance concept in expogure control analysis. The data presented in Fig. 4-1 rep-
resents the distribution of minimum liminances determined from the measured mini-
mum densities. These are determined by “back calculating” to take into account the
film sensitometry, camera characteristics, etc., and thus determine the apparent
luminance as seen-by the camera above the atmosphere. This type of analysis is

. *.mi-.edm mmchm:emﬁsg eaposm édecpméy. Referring to the figure
(which is only an exampie for illustrative purposes)-the argument would be as follows:

1. -The D-log £ gurve shown is thw process curve to which we must \‘wdrk. We
would like to exposp the majority of detatl ‘of intarest between the Dmin 28d Dy
- .. . limits indicated. e :
- ¥ NiE w%2The resolving power versus leg E‘corve telld us witere'en'he D-log E curves
7 el Wewant to.optimize qur exposure for, after we consider the latitude available.

. e - oo LI . . VR S _:.‘t.'-
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S 3. It is now a question of properly placing our scene brightness on the curve ,
..~ . Within the constraints of 1 and 2 above. .Curve 1. shows a large percent of the mini- |
+mum luminances.recorded below the 0.48 level and hence partly uriderexposed, Curves
- -Zand 3 indicate:greater exposure with curve 3. being the most acceptable, sfnce fhe .~
« .. .7vast majority of the minimum juminance values are recarded above, the 0,48 density
- level, T o 0T ’

.« .o

- .

- - Thistype of analysis is intended to prove that_4f the freguency of ocenrrence of
low minimum Juminance values is high, the photography is underexposed. As stated,
this conclusion is valid oily if the above three assumptions are valid. Let us now
consider these assumptions, .

The question of whether or not the data is meaningful relates directly to the ques-
tion that was discussed above. This type of analysis is meaningful if the randomly
v 4. . gathered ‘“terrain” data relates directly to the targets, That in, if-we can assume .
T g {from Fig..4-1) that 40 percent of the targets had a minimum luminance in the 300-foot- .
<= e~ . lamBert cell, then the analysis can lead to conclusions about exposure. I, however, it
oz ol 18 not assured that the targets are in the same population as the “terrain-measured”
2 -values;y then the extrapolation is invalid, The possibility exists that 2 minimum lumi-

i, . ' mance histogram for target areas would look quite different from that for random
o P =7 terrain areas.. The assumption, then, that the calculated minimum Juminance values -
2o D hewe u physical ralation to the targats is;. 2t best, questianable.

The second assumption; that the data is accurate to a realistic tolerance, is also
questionable, Photographic photometry is at best a difficult task, Even with an
extremely well-calibrated camera system, precisely controlled processing, and careful
analysis, the very best accuracy that can be hoped for is +10 percent. Unfortunately,
in the case of the Corona system, the conditions are not ideal. We know much less than

ki - WE WOuld like to shoyt the characteristics of the camera while:flying, and the proeess-
s W« ing cantrol is not completely adequate. *

%~ The point is, that to make truly accurate Juminance measurements from photo-

. ews =i gTRphic photometry-requires that: 'ﬂ)‘mm;tha ‘exact exposure time, (2) we _
« ¢ e Accurately know the lens transmission, (3) the actual filter factor. for the filter used
s i 18 lmown, {4) the lens {/stop is weﬂhown;{ﬁ).th&smsﬁomeﬁyjox the frame pro-

Y ¥ -t 4 CEBsed in-well Jnawn, and (6) we knew something abowt the target, _Although we know
o TR, ,.MW@M&!W, ‘they are.nat walt encugh known (nor can they be

“
"
*.!':
)

certify that we can calculate the object luminance to +10-percent. ' In fact, if one
carefully ‘analyzes the errars that could exisat in the knowledge of the above, the calcula-
tions of minimumluminance'cmﬂdfhenﬁ by as much as 100 percent. T

KirT Sy ke ou - 210 this context this impiies enly that trwe ‘sensitonwetric-processing with the
i Mltimate in controls.ig pot being given. Jt is:realized that this.is impossible under
: - .. . operational conditions.

e atbiamie bl o wad LT



TOP-SEGREF/ C

©¢s .. Attacking the third assumption is somewhat like attacking a sacred cow.
*- .~ -Historically, exposure vaiculations have been made. by placing some minimum lumi-
v . pance at some density pn the D.log.E curve. : But the huminance values themselves -
} »"Are not the important factor, but oaly ‘a means by whichto make entiy to the D-log E
Ceo s furve. What is impertant-is the reflectance of the objects, or better yet, the-lowest
S ;;:s._aﬂec_m_obj"eca of interest, . In other words, in exposure. consgiderations it is not
' important that some minimum luminanee is reproduced at a given density, but rather
it is important that the minimum reflectance object of interest is reproduced at some
density. It is obvious why this is true when one considers that a given object with a
given reflectance will have a continuum of luminance values depending on the solar
elevation, cloud cover, haze, etc. Therefore, to make conclusions about exposure from
minimum luminance data is somewhat dubious since the luminance values measured
say nothing about the reflectance of the target,

. The above argument is somgwhat oversimplified, for, in fact, one is not really

L . inferested in the minimum reflectance objact of dnterest, but in the total frequency dis-

. -+ tribution of target Feflectances to be encountered on the mission. It is realized that
- -there is g limited gxposure latitude available on the film -and that under any conditions,
'y v gxposure selection is 2 compromise, To make the best possible compromise, it would

> .~ ’-4 ultimately be desirable to know the frequency distribution of the known targets to be

o o
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Appendix B
- ANALYSIS OF CORN TARGETS

~The controlled range network (CORN) is a series of instrumented permanent and
mobile optical reconnaissance target displays located throughout the United States.
_ _ - The mobjle arrays contain 2 medium contrast “T”.bar target, edge analysis targets
T oL e {which can atso he nsed for photometric analysig), = gray scale, a high contrast “T" ‘
2 = - e bar target; a modified” M- STD-1504A, a tricolor target, and a point source target. _
" * .. . The targets of importanee to this study are the gray. scales and the photometric targets.
. . ~...The physical dimensioas of these are shown in Fig. B-1.

if wwiel e i, For each mission these fargets. can be, and often are, displayed and monitored.
& o= "5 & . I photographed, we then bave a.control in that we know how the system recorded

S- .+ .+ objects of known reflectance. We now plan to analyze these step wedges and photo--
metric patches to establish a curve of original negative density versus object reflec-
tance. The analysis will be made by microdensitometry. A first analysis indicates
that the microdensitometry may not be too much of a problem. We need, of course, to

use the largest slit we can to reduce noise in the trace due to film granularity.

In the process of preparing this proposal, we reviewed the AFSPPF reports on
cor ot oo Corong missions to shaerve their traces m,gny;gcales._:-s‘hese.meaes were very dif-
TV o ficult to svaluate because of the noise that was presest. ‘EPPF¥ traces the gray scales

s 13 308,000, - With this in mind; fe. felt that a larger slit conld be used To'prove our
« (7 point we conducted a =simple experiment. _

trast resolution.” This, it was feit, would simulate the operational case. The reduced
step tablet was traced on an Intectron microdensftometer.r. Portions of the actual traces
are shewn in Fig. B-2. ¥rom this preliminary laboratory analysis it would appear that

3 16-microp slit would be better for tracing the gray scales on the original negatives.




- since we will know the exact scale and size of the targets on the 3404 film. However,
~ .v:for-mere useful analysis of the CORN =step tablets,. a minor alteration of the CORN

-« array would seem: in order. . Specifically, we saggest that-the gteps of the wedge be
-~ physically separated, amd surroumded by a black background. In this mamer, we can
+ 7. . .. .eliminate the influence of adjacentitargets and/or ground terrain lominance on the
-1 0 densityrecorded from the . CORM. step wedge. B

. There is a second approach that couid be used,"however; if tracing the step tablet
becomes too difficult because of the noise. This approach would involve a multiple
tracing and computer-averaging technique. We have developed techniques for perform-
ing and feeding into a computer multiple microdensitometer traces of a target. The
computer averages the multiple inputs and plots out a smoother trace. K necessary
this approach will be employed.

. - -5 T
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REPRODUCTION ANALYSIS

1. 'DISCUSSION OF PROBLEM

The purpose of a reconnaissance camera is to record as faithfully as possible
L e . information roncerning the.ground scene. - For the purposes of-high aititude panchro-
A R - . matic aerjal reconnsissance, this information is in the form of luminance distribution _
N ‘i ' /and geometrical configurations.. Unfortunately, the photographic remrdmg process
e e *-alters.both of these. basic tnvage characteristics.

e g ,}_.;I';l' Effect ovatumzpher.e omr Photographic Contrast Attenuation

eem e o s 'The atmogphere complicates the photarecording process in two ways: (1) it
reduces object luminance-through scatter and absorption, and (2) it increases object
luminance through the addition of its own energy. This phenomenon can be expressed
mathematically as

By = IgR,Ty N B, (1)

L v .- where .By=.luminance of the object ahove the atmosphere
fie e oo 7n by = molar Allumination
sieTe, w0 f o Rg = object reflectance

*

+ - - s .s:.Ta = atmospheric transmission
Crtne e Ba atmnspheric luminance

4 ’ - S mmmwm ground sbjsct luminance.:. Becanse of the :tmsphere
N ~amd camera flare, however, the relationship is-nonlinear. Asimple rehtionshipcanbe
established to calculate the effect of atmospheric luminance ona given camera system,

On-axishghtlossesthroughalensmbeexpressedas__ CeeT

Vg et

. :, T H thers were mmmuea:ﬂmm fhre;'there-vould be a'linear relation- -

‘."':"‘;!"-C -1 e

L b 50
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.~ where" Iy = illumination in focal plane
' Ty=.lens transmission
-+~ {/mp. = relative aperture
' F=1fiterfactor -
'~ By = object luminance

- e Substituting. Equation {1) in Equation (2}, and taking camera exposere time #nto account,
*  we obtain

_t(IsRgTa + Ba)TI
= T (t/no )F 3

where E = exposure in foot-candle-seconds
t = exposure time
. . .. F = filter factor
. - .-f/ne.=relative aperture
-z .. Ig = salar illumination
: e Rg;_ abject raeflectance
w0 a3 Ta = atmospheric. transmission _ , .
o ... Ba=atmospheric luminance ) ' -
ce Co T} = lens. transmission S

Equation (3) can be made to yield exposure in meter-candle-seconds (a term more
commonly employed in film evaluation), by the multiplication of the numerator by 10.76
(1 foot-candle:=10.76 meter-candles). Thus, Equation (3) becomes

2.7t (IgRgTa + Ba)Ty
E= {@/n0.)'F | @

‘.. 74 #.-Equation (4) can now be usedto calculate the effect on a giver atmosphere on the
el Miéqemm;.;&maamm,ms.affect:ﬂtexs-:m-famem-aexpome.. Fig. C-1
. . - illustrates-the point. .The sffect on a constant atmosphere-was caicuylated for a given
e .» ‘rangeof ground hmme'memed lens and atmospherie conditions are noted
- o ooon'the figure. ~From this figure, ibe exposure resulting after atmaspheric attenuation w
©o.i% . daclearly demonatrated, The contreat iows accrued by.the atmesphere is-1lustrated
i#s .. = by dbject:b and s hackground b’; which are presented to the film 25 2 and 2’. There
is a definite loss in contrast. ’.

The figure further emphasizes an important point: the atmospheric attenuation,
being uniform, produces 2 nonlinear siteration of object luminances. - This nontinear
degradation of the original scene complicates the recording process in that a simple

TitigeTe o IBCTEASEiN famma, £ increase ¢he recorded oijert contrast, does ot truly compen-. .-
w2 sate fgr the iMteration’th original bieet contrast.  The purpose of the-reconnatssance
.- .. .. mission ig to record information ahout the groumd scepe and, yltimately, the greatest

- b —bea &
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f.. .+ information will be recorded when the groynd scene is perfectly reproduced. Obtain-
"<+« - .ving-a perfect reproduction.is difficult, however, unless.one considers not only the
. - taking material:but tie duplivating material as well. For optimum reproduction of
.~ ground scene-detail {from the tone reproduction.standpoint), it is necessary to select
o= .. = leth the proper.negative a.nd-;msiﬁ’ve dupXcating films. . & .
ceot¥® S Toaid in-the selection of the appropriste camers negative film for a given mission,
T tone reproduction theory can gainfully be employed. Fig. C-2 shows a typical tone
reproduction cycle in aerial photography. The original object luminance is altered by
the atmosphere and, as shown on the figure, presents the film with an altered camera
exposure. This camera exposure becomes, of course, the exposure for the negative
material. When processed, the density of the camera negative images becomes the log
exposure for the positive stage. If the first generation positive is the last stage in
o the reproduction process, then the reproduction can. be characterized by a plot of
e et 2 Aemsity. versus log lamimance of the originai-gronnd objects.

- » .

.2 -° ® .7 Figs., C-2 and C-3.ilustrate sample tome reproduction cycles for high altitude

- 5-.-.-. . aerial reconnaissance pnder.conditions of moderate haze.. Fig. C-2 illustrates taking

*a = 2 :.-0n 3404 film and duplication op 8430 film, whereas Fig. C-3illustrates taking on 50-190

R ‘ri;._, .film, and duplication on 8440 film. The é&xamfnation of each of the figures demonstrates. -

- §.e-"u 4 1; the imperfection of the final Teproduction in both cases. Althongh the shadow detail |

e ws -z hAas been somewhsat enitanced, it is stid-recorded at 2 contrast lower than the original

- contrast, while the highlights, in both cases, have been seriously degraded due to the

limitations in the photographic materials, In particular, SO-190 film produces a se-
rious loss of highlight information since the excessive gamma yields a density range
which cannot be accepted by the duplicating film.

N Consider now the case of extremely clear weather. The atmospheric contrast
ivoa % e gegradation is leas, meking the reprpdaction even warse than for the moderate haze
-+ < .. conditjon if conventional aerial fitm processing is employed. Figs. C-4 and C-5

-

T #z.; illustrate the point, againfor 80-190 and 3404 film duplicated on 8430 film. As can be

«;mfrgm&h&npmdmtinn qna.drant,_,me_-.repea*q;‘_mﬁmsme worse than for the mod-
CaTo e s €Tabe haze condition, particularly in the highlight and mriddle tene region of the ground

.0 - -luminapee range: This result ean be directly attributed to the fact that the increased
" p . :-e0bject coptrast due to the reduced, haze; reaching the film plage,:producesa density S
F % s Tanget00 great $n he duplicyted on the 8430 fitm, “This s paxticularly tree with 80-190
L edn -m,mmﬁmwzw the appropriate selection of
film processing tonditions, however, the reproduction ean be considerably improved.
Consider again the clear weather case, this time.as illustrated in Fig. £-6. The 3404
camera film has now been processed such that the resultant gamma is 1.2 instead of
the normal 2.2. . This reductitn of the grogess, gamma stgnificantly reduces the den-
»~ »; = v §ily range that the duplicating material must recard. . The resulting reproduction is ‘
£t o -congitepably tmproved: a3 Nindtrated en the figure: ~in-this case, the hightights are
&+ < i, nearly perfectly reproduced, while the.mid-tones and the shadows maintain a slight
- «.reproduction error. = ' : :



a4

22y ) Positive, typs 8430 . , T . . Reproduction
20} : . : : Conditions
. -k Atmosphare
. Ler ‘ .. Laminance = 720 ft-lamberts
18k B B Transmission = 60%
_ 2. Camera o
1.4} _ Flare = none
_ 1/no. = 4.5
1.2 + Tranamission = 90%
.m 1.0 _ Exposure tims = 1/250 sec
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Conditions

1. Atmosphere )
- s Lamdesece s TR ft-lxmberta
o 4 .. —.Tranamissicn = 0%

1. Camera
Flare = none
{/n0. = 4.5
Transmission = 90%
Exposure time = 1/700 sec

3. Negative
Film type = 50-190

o e
T

Posttive Density
- - -
[ g

Processing = 8 min, D-18 at 68 °F -
Gamma = 2.5

4. Positive
Film type = 8430

. ...Procsasiag = 8 min_ D-10 ai 68 °F
.Camma = 1.5

40.25

4 0.08

J1.8s

e e e T J1es
’ T 1 . . J1.45

. i : - | B
- —— 1T o0s

- | , . : . e T ..160 B . 3,000 -1 ] =
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Log Camera Exposure
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. 3. Camera
Flare » none
\ i/no. = 4.5
Perfect - Transmission = 9%
Exposure time = 1/225 sec

3. Negative
Film type = 4404
Proceasing = 6 min, D-19 at 68°F
Gamma = 1.95

4. Positive

-+ Film type = 8430

" ..~ Protessiog = § min, D-10 at 68°¥
Gamma = 1.5
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~ The adva.ntagé of this approach to the selection of appropriate fiim and processing
is that one can also determine the appropriate film characteristics for a perfect re-

desired curve appears anomalous for photographic emulsions, in practice such a curve
isnotimpossible. With special processing, S0-105 duplicating film will produce a char-
acteristic curve quite similar to the desired curve of Fig. C-7.

For a variety of haze conditions, then, one could determine the desired duplicating
film characteristic curve for perfect tone reproduction. Fig. C-8 shows such a family
of curves for light, moderate, and heavy haze conditions.

The above discussion illustrates two points. First, that simple contrast enhance-
ment through increased gamma does not, of itself, correct for the distortions intro-
duced in the aerial photorecording process by atmospheric haze. Second, that for max-
imum information transfer and optimum tone reproduction, the selection of a camera
negative film cannot be made independently of the duplication process,

1.2 Tone Reproduction and Microimage Quality

The prior discussion wasg somewhat idealized, and is only intended to lay the
groundwork for a more realistic analysis of the problem. Simple tone reproduction

Experiment Background

Maximization of the performance of photo-optical reconnaissance systems requires
optimization of photographic processing and reproduction techniques. There is evi-
dence indicating that the present high-gamma processing of the negative is not the best
way to reproduce the aerial image. Simonds et al* report that in a negative-positive

* Simonds, J, L., Kelch, J. R., and Higgens, G. C., Analysis of Fine-Detail Repro-
duction in Photographic Systems. Paper presented at Spring Meeting of Optical Society
of America at Jacksonville, Florida (25-27 March 1963).
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photographic system, microimage quality is influenced by the order in which the pro-
cessing gammas occur. They find that when the printing modulation transfer function
has a cut-off near 20 cycles per millimeter, low gamma processing followed by high
gamma processing gives better quality than the reverse order, This difference is
apparent upen visual inspection of the final prints. The authors find that, ‘with better
printing conditions, the order of the gammas makes no difference. Although the print-
ing methods used in the processing of satellite reconnaissance film are far better than
those mentioned above, it is possible that this effect still occurs if the quality of the
negative is commensurately better. If thisis the case, optimization of the reproduction
cycle would provide improvement in the microimage quality of satellite reconnaissance
photography. Itek has been investigating this phenomenon, and this work is discussed
below.

Experiment Performed

A master positive was assembled which included an aerial scene, a sine wave
target, and a sensitometric step wedge. Negatives were made from this at both high
and low gamma, and under two different printing conditions. The intent was to repre-
sent an aerial system with the master positive representing the original scene, and
the negative printing conditions simulating the actual taking conditions. To emphasize
this, the negative printing conditions will hereafter be referred to as the “taking” con-
ditions. The high gamma reproductions were made by developing Tri-X Aerecon film
in D-19, while the low gamma ones were made by using the same film with D-76 de-
veloper. The development was carefully controlled so that the low gamma was near
0.70 and the high near 1.40. The good taking condition was normal contact Printing,
and the poor was through a spacer of Cronar matte surface drafting film. Two repli-
cate negatives were made for each of the four experimental conditions given above,

From each of these eight negatives, two positives were made. The four low gamma
negatives were reproduced at high gamma (near 1.40), and the four high gamma nega-
tives were reproduced at low gamma (near 0.70). Each pair of negative replicates
was used to make four positives under the two printing conditions mentioned above
(see Table C-1).

It should be noted that in both cases, the gamma product is approximately 1.4
times 0.7 (a value close to 1). This means that the system tone reproduction is, in
all cases, nearly perfect. Also, the product of the component MTF's gives the same
system MTF for all cases. I the order of gammas and the order of printing condi-
tions MTF’s makes no difference, then the final images should all be similar.

The measurement of the modulation transfer functions was made from micro-
densitometer traces of the Images of the sine wave targets. The procedure was to
measure the maximum and minimum microdensity along the trace, convert these spec~
ular densities into diffuse densities (as measured on the TD-100 densitometer) by
using an empirically determined conversion formula, and then use the appropriate
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Table C-1 — Listing of the Final Images Which Were Analyzed -

Negative Stage Positive Stage
No. Taking Conditions Gamma Printing Conditions Gamma
1 Good High Bad Low
2 Bad Low Good High
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D-log E curve to find the maximum and minimum log exposure. The difference be-
tween these last two numbers is called the exposure range, R. Modulation is given
by the following relation,

modulation = (10R - 1) /(10R + 1) (5)

The ratio between this output modulation and the input modulation of the sine wave
target is the value of the MTF for the particular sine wave traced.

The photographic noise present in the microdensitometer traces made it difficult
to estimate the maximum and minimum values of the microdensity. As an indication
of the difficulties the noise Causes, the modulation that could be mistakenly ascribed
to a noise variation of +0.01 density units was calculated. If the gamma of the char-
acteristic curve is unity, then the exposure range due to the noise is as much as 0.02.
The modulation is calculated as follows:

. 1092 . 1.0
modulation = m—m

_1.047 - 1.00
T 1.047 + 1.00

= 0,045

With noise of £0.01 density units, one cannot expect to measure any modulation
smaller than 4 percent.

An attempt was made to alleviate this difficulty by superimposing the micro-
densitometer traces of many sine wave cycles in order to average out the noise.
Microdensitometer traces were digitized and recorded on paper tape. A program

superimpose up to 10 sine wave cycles, and plot the computer average sine wave cycle.
This averaging facilitated the selection of a maximum and minimum density.

Even by using this superimposition technique, it was not possible to distinguish
one MTF from another. This technique is presently in a state of refinement. In order
to complete the analysis from a practical standpoint, the images of the simulated aerial
Scene were compared. As predicted by Simonds et al, and shown by the theoretical
analysis in this work, there was one image that was significantly poorer than the re- .
maining three. Processing at high gamma in the negative portion of a two-stage pro-
cess produces inferior quality images if the printing MTF is poor relative to the
quality of the original negative.

The following is a technical discussion of the phenomenon.
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Theotetical Discussion

A simple mathematical model for the photographic process presumes that the
incident image is first blurred by scattering of light in the taking system and in the
emulsion, and that this effective exposure distribution is then transformed into a
photographic density distribution according to some D-log E relation. The scattering
of incoherent light waves is a linear transformation of the incident distribution of
electromagnetic intensity, and hence the methods of Fourier analysis are applicable.
The photographic transformation represented by the D-log E relation is not linear,
This fact makes itdifficult to formulate general conclusions about thig transformation.
It is most convenient to use quantities proportional to electromagnetic intensity as
inputs and outputs in this analysis. For this reason, the D-log E relation is expressed
as an equivalent transmittance-exposure relation. The simple photographic response

D=y (log E - log E,) (6)

is equivalently stated as
| T=(E/E)"Y =kxE~7 (7)
Fig. C-9 illustrates a model for a negative-positive photographic system which

is merely a cascading of two of the above models.

As an example of the use of this mode), the procedure for calculating the output
pattern resulting from a one-dimensional input €Xposure pattern is as follows:

1. Take Fourier transform of input exposure pattern

2. Multiply this spectrum by the first MTF to get effect of light scattering in
taking system and negative emulsion

3. Reconstitute the effective exposure by taking the inverse Fourier transform
of above

4. Calculate transmittance pattern due to the effective exposure pattern by using
the first T-E relation

9. Take the Fourier transform of this pattern

6. Multiply by second MTF to get result of light scattering in printing system
and positive emulsion

7. Take the inverse Fourier transform toreconstitute the effective exposure
pattern for the positive

8. Calculate the transmittance pattern due to above by using the second T-E
relation. This is the output pattern.

ror-secrer o NN
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.. Needless to say, electronic data processing facilities are required for such an
analysis. )

This model is not suitable for simulating adjacency effects, If these are promi-
nent, the more complex model used by Kelley* is applicable. Extreme agitation during
development minimized these effects in this experiment,

I a sinusoidal input pattern is acted upon by a transformation which is both linear
and spatially uniform (in the photographic context, this means that emulsion is uniform
and that the printing system does not affect one area of the image differently than
another), then the output pattern must be sinusoidal and of the same spatial frequency
as the input. The MTF for such a transformation is the ratio of output modulation to
input modulation as a function of spatial frequency. For such a transformation, the
sine wave response, as expressed by the MTF, determines the response to any other
input.

The MTF concept does not strictly apply to two-stage photographic systems
because of the nonlinear step intervening between the two linear steps. A sine wave
input does not produce a sine wave output, though in practice, the difference is often
80 small as to defy detection. More important, the “sine wave response” for such
a system does not determine what happens to other types of inputs. The transforma-
tion is said to be image dependent, because each image is a case unto itself, This is
the reason for the theoretical poverty in this area of photography.

This model predicts that the microimage quality of the experimental system
should depend upon the order of gammas, especially when the positive printing condi-
tions are poor. This effect will be explained for the case of sinusoidal input patterns;
analogous effects should hold for most other input patterns.+

Consider the transformation of a sine wave input pattern according to the non-
linear transmittance exposure characteristics of a typical film:

JL exposure | transmittance

distance distance

*Kelley, D. K., Systems Analysis of the Photographic Process. I. A Three-Stage
Model, J. Opt. Soc. Am. 50(3):269 (1960).
T Simonds, loc. cit., carries out calculations for a square pulse input.

tor-secrerc SENNNND




%=

Yor-secrer ¢ SNENEGEGD

The purely sinusoidai input is distorted into a more complex type of periodic
output. It is more enlightening to consider the same transformation in the spatial
frequency domain. By using the Fourier theorems for periodic functions, it is possible
to examine the harmonic content of both input and output.

}  amplitude | amplitude

P

wave number wave number

The effect of the nonlinear T-E transformation is to introduce new spatial
frequencies called harmonics into the output. These always occur at spatial fre-
quencies (more properly called wave numbers) which are at all possible sums and
differences of the input frequencies. Since the input exposure pattern varies sinu-
Soidally about an average exposure, the input has components at wave numbers of
Zero and K;, the fundamental spatial frequency. The output has Fourier components
at wave numbers zero, ky, 2k, 3k, . ..

A program was written to calculate the harmonic content of the periodic trans-
mittance patterns which resuit from sinusoidal inputs. It was found that the harmonic
content of the output increases as the input amplitude increases, and as the process
gamma increases. This isquite reasonable, since high gamma amplitude inputs tend
to fall more heavily upon the curved portions of the T-E graph. The harmonic content
also depends upon the value of the average exposure. If this falls upon a relatively
linear region of the T-E curve, the output will have little harmonic content; if it
falls upon a more curved portion, the output will have more harmonic content.

When one nontinear T-E transformation is followed immediately by another,
and the gamma product for these two transformations is unity, then the cascaded
transformation is linear. A gamma product of unity implies perfect tone reproduc-
tion. The output transmittance distribution is proportional to the input exposure
distribution. Such a simple linear transformation should not distort a sine wave
exposure pattern. It must be that the second nonlinear transformation eliminates all
of the harmonics generated by the first. If a spatial frequency filter, like a typical
printing MTF, intervenes between these two steps, then the second transformation
cannot completely compensate for the distortion of the first.

When good taking conditions are followed by bad printing conditions, the order of
the gammas is significant. If the order is low-high, then the harmonics generated in
the negative stage are filtered somewhat by the bad printing conditions, and the positive
T-E transformation is unable to reconstitute the image exactly. If the order of gammas

Tor-secne?:c D
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is high-low, then degradation is much worse;
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Appendix D

SYZYGETIC DENSITY ANALYSIS

When attempting to make a measurement of contrast that hopefully relates to
photointerpreter performance, it is first necessary to evaluate what it is that the
photointerpreter sees. When the photointerpreter looks at an aerial photograph, he
almost invariably uses some sort of magnification: a microscope, stereoscope,
viewer, etc. The use of such auxiliary devices enables the photointerpreter to
examine the information of interest, i.e., small detail. The main goal of the photo-
interpreter is then to examine, measure, identify, etc., microdetail. What is impor-
tant to the photointerpreter is, then, the contrast of small adjacent detail. If he has
optimum contrast in the microdetail areas, the contrast of large areas should be
more than adequate. However, the converse is not necessarily true. Thus a measure
of microcontrast logically appears to be the most meaningful technique from the
Photointerpreter’s aspect. It is hoped that the syzygetic contrast technique will
perform this function. '

1. SYZYGETIC SCENE CONTRAST

Syzygetic* density differences are the differences between two adjacent or
contiguous areas on the film (see Fig. D-1). This is not a new concept, and was
originally proposed in 1951 by Jones and Higginst as a technique for measuring
film gramularity in a manner that related to the visual sensation of graininess.

The applicability of this technique to the photointerpreter case was noted, and it
was decided to evaluate its connection with photointerpreter performance. Although
this work is not complete, a computer program has been written by Itek that takes
the microdensitometric input to produce a trace of SDD versus frequency of

*The word “syzygy” (Latin “syzygia”) is defined in Webster’s New International
Dictionary (second edition) as “a joining together, conjunction,” and so is appropriate
in referring to two elements that are intimately joined or immediately adjacent to
each other. From this noun, the adjective “syzygetic” is derived, and-the symbol SDD
or SAD has been adopted to refer to this type of density difference.

' t Jones, L. A.and Higgins, G. C., “Photographic Granularity and Graininess VII.
A Microphotometer for the Measurement of Granularity,” J. Opt. Soc. Am., 41:192

- (1951).
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occurrence, and preliminary studies were carried out to determine if SDD traces
related generally to scene contrast.

2. SDD COMPUTER PROGRAM

The SDD computer program uses the paper tape obtained from the microdensitom-
eter trace of the film images. The densities should be taken at intervals equal to the
scanning aperture diameter. For example, if the scanning aperture is 50 microns,
then the sampling rate is one density point every 50 microns. These recorded densities
are then the differences between the densities of the adjacent scene details for the
scanning aperture used. The computer counts the number of each density difference
that occurs and stores this information. The final output is the frequency of occur-
rence of the adjacent density differences.

The program also has the capability of determining the syzygetic exposure
difference (SED) from the same paper tape, provided there is an accompanying
density versus exposure table that has been fed in prior to the microdensitometer
tape. The computer, in this case, determines the exposure difference from each of
the density differences and counts them. The output from this part of the program is
similar to the above, i.e., a plot of frequency of occurrence of exposure differences.

The SED has a use different from the SDD. Whereas SDD plots are to be used
for photointerpreter correlative work, SED determinations can be used for film-
filter studies. To study if certain filters give more information for certain types
of detail, SDD information is practically meaningless. This is true because pro-
cessing conditions greatly affect the resultant image. I, however, films taken with
different filters are evaluated on the basis of exposure, then the results are
“independent” of processing and directly relatable.

3. SAMPLE SDD ANALYSIS

To demonstrate the SDD program, three positive images, differing from each
other only in contrast, were made. Figs. D-2, D-3, and D-4 show the three scenes
used. A microdensitometer trace was made between two easily identifiable objects
in each positive print. Since the traces were of the same objects at different con-
trasts, the final SDD output can be analyzed for contrast effects. A total of 1,400
data points were taken with a 50-micron diameter aperture in each print. The
densities were digitized using the Itek microdensitometer digital output control unit.
The paper tape was used with the computer program to calculate the SDD.

Fig. D-5 shows the final SDD traces from the three scenes. It can be seen that
there is a high frequency of occurrence of small density differences in the low contrast
scene. In fact, the largest density difference is 0.34, which is approximately the density
range of the scene. The medium contrast scene has more density differences that are
larger than those of the low contrast scene. However, the frequency of occurrence of
smaller density differences is less. This trend contimies with the high contrast scene.

Top-secker ¢ D
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There are even less density differences in the 0.02 to 0.10 range than in either the low
or medium contrast scenes. But, since the high contrast scene had a high density
range, there are many density differences over 1.0. All this was known before, but
this program will enable the operator to add quantitative estimates to hig prior quali-
tative knowledge. '

The implication of this example is that scenes that are not different in terrain
can be characterized according to contrast by their SDD plot. Research into this
area is still necessary to determine if not only contrasts of scenes, but types of
scenes can be characterized by their SDD plot. Also still to be determined is
whether there is an optimum curve shape for maximum photointerpreter information
retrieval, i.e., whether there is an optimum syzygetic density characteristic attendant
to the “best” print for photointerpreter uses.

4. RADIANCE

If the radiance of two ground objects can be known, it is then possible to quantita-
tively determine the amount of atmospheric haze. From densitometric analysis of the
two known objects, their apparent radiance can be determined. The apparent radiance,
Rg, of an object as seen by a lens can be expressed by the relationship

Ro = RTa + Ra

where R = original object radiance
T, = atmospheric transmission along the image path
R = radiance of the atmospher along the path

Simultaneous solution of this equation for two objects of varying radiance can lead to
determination of Ty and R;. These two quantities are directly responsible for con-
trast attenuation.

Itek has successfully employed this technique in two recent contracts_
with RADC to de ine the spectral radiance of ground objects from spectrally filtere
photography, and with AFCRL on satellite meterorology. In the latter
study, a calibrated camera was flown in an aircraft at altitudes varying from 1,000 to
85,000 feet. With the above approach, the atmospheric transmission and hazelight
were determined as a function of altitude, as shown in Figs. D-6 and D-7. Fig. D-8
shows the two areas (A and B) used as the targets.

By the same technique, the reflectance characteristics of ground scenes can be
determined. Again, the measurements can be either relative or absolute depending
upon whether or not suitable known reflectance objects can be measured. The terrain
reflectance characteristics change with vegetation which in temporate regions is
seasonal. These changes are manifest both in the overall luminous reflectance and
in the spectral reflectance. Thus, both exposure and spectral response are affected.
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Known or potential targets may therefor be photographed against a changing back-
ground. To optimize performance in the recording of such targets, a knowledge of
the background reflectance characteristics is as important as a knowledge of the
atmospheric conditions.

In summary, we propose to investigate selected areas of past Corona index
photography, initially on a limited scale, to determine if it is possible and feasible
to catalogue and predict gross weather and terrain features. The analysis will be
made from existing data on the original negative index records. Only a limited
number of geographic areas will be selected for analysis. The flight logs will be
screened to select those areas where enough repetitive coverage exists to perform
a good statistical analysis.

Should the initial effort prove rewarding, we would then propose to extend the
effort towards automatic scanning and computer analysis of the index photography.
This would provide a means of statistically predicting optimum photographic param-
eters for any given mission.

Hopefully, the fallout from the preceding proposed evaluations will allow predic-
tion of optimum filtration to be used for a given mission or target. With the ability
in the J-3 system to change filters in flight, this extension is only logical. This
filtration might be either of a spectral nature or of a polarizing nature, or both. It
is quite conceivable, for example, that a specific target might only be covered at a
low sun angle at a specific aximuth. This circumstance might dictate use of a
polarizing filter for optimum imagery. In another case, haze of terrain character-
istics might indicate a change in spectral filtration from a Wratten no. 21 filter to
a Wratten no. 25 for best coverage. The possibilities are unlimited, but the advantages
are unmistakable.
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Appendix E

EKIT PROGRAM EVALUATIONS

With the added flexibility of exposure and filter control in the J-3 system, new
photographic techniques can be used in pursuit of more useful information. Though the
exact plans concerning the use of this added capability were not formulated in the initia]
J-3 design, it was realized that these two remotely controlled features would be the
basis for almost all new photographic techniques. Twelve basic questions concerning
the usefulness of these techniques on the J-3 system were posed. In order to answer
these questions, a high altitude aircraft test series was planned. The reasons for air-
craft instead of satellite tests were that manned aircraft (1) could be more easily con-
trolled (e.g., repeated passes over the same target area), (2) were less expensive and
could be run presently instead of waiting until the J-3 satellite system was in operation,
and (3) were amenable to specialized tests (e.g., split slits, dual filters, etc.), whereas
the currently orbiting satellite systems could not be used this way without degrading
the operational objectives.

The manned aircraft test series was designed to test all 12 of these questions with
a camera system very similar to the J-3. The objectives of this test series were to
limit those tests in the satellite System to the ones that have the most chance of suc-
cess. The philosophy was that if a technique proved to be unsuccessful or showed no
improvement in the aircraft, then it would not be recommended for a satellite test.
This does not mean, however, that if successful in the aircraft test it would work with
similar success in the satellite system. It means only,that these few techniques have
a better chance of success than the others. A summary of the questions which were to
be answered under the EKIT test series is given in Table E-1, followed by a discussion
of each of the problems and the conclusions that have been reached at this writing.

1. EKIT FLIGHT TEST NO. 1 (EKIT REPORT NO. 4)—
TYPE SO-121 AT LOW SOLAR ALTITUDES

By the nature of polar orbiting satellite photography, some pictures must be taken
during the early hours of the day. There is, therefore, a very low level of illumination
in the northern latitudes. Eastman Kodak type SO-121 is a high speed, high resolution
Ektachrome type of color film. Exposure value curves are available down to solar
altitudes of approximately 30 degrees. The performance of this material at lower
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Table E-1 — Summary of EKIT Test Questions
Flight Test Name Specific Question to be Answered

1 S50-121 at low solar altitudes Can type SO-121 color film be used at solar
altitudes below 30 degrees?

2 Bicolor Can pan scanning type photography be used to
obtain bicolor imagery ?
3 S0-362 versus 3404 Is there any real advantage in using type
: S0-362 over type 3404 in the Corona system ?
4/5 Night detection Can activity be detected at a missile launch

complex at night ?

6 Haze filters What are the tradeoffs involved in using
various wavelength haze-cutting filters with
respect to spectral information and contrast?

7 Index Is there another materia] that may be more
useful in the index camera than type 34047

8 3404 exposure - What is a good criterion for exposure using
type 34047 '

9 Comparative color Which of several color reversal films is

most suitable for high altitude reconnaissance ?

10 Polarizer Is there a significant gain in either contrast
or aircraft specular reflection causing bloom-
ing with the addition of a polarizer?

11 Missile launch Can type SO-180 (camouflage detection film)
be used to detect a missile launch after the
fact?

11A  FEvaluation of SO-180 What in general are the advantages of using
type SO-1809

12 Metric color What are the advantages or disadvantages of

using color materials in the J-3 system
from a metric standpoint ?

13 Low gamma Is processing the original negative to a
lower gamma advantageous ?

At the conclusion of this test series, the most promising photographic tec;hniques
will be recommended for satellite testing,
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solar altitudes was the subject of the first EKIT flight test. The flight test consisted
basically of repeated flights over one location (Bakersfield, California with mobile
CORN targets) from early in the morning when the solar altitude was 5 degrees to
midmorning when the solar altitude was 37 degrees. Each camera was loaded with type
50-121, though the exposures were different by a factor of 2 in order to have adequate
éxposures over a wide range of solar altitudes. The flight test analysis has been com-
pleted and has been issued as EKIT report no, 4. The conclusions described below
were drawn from the experiment.

1. SO-121 can be generally employed at solar altitudes as low as 10 degrees,
For certain conditions SO-121 can be usefully employed at lower solar altitudes. Cer-
tain types of information are recorded at solar altitudes as low as 5 degrees. The one
case of a picture taken with no direct illumination and a slow scan velocity illustrated
what could be done if the system could operate under these conditions.

2. In the J-3 system, a full load of S0-121 could be properly exposed (by slit
controi)to solar altitudes aslow as approximately 13 degrees. Exposures at 10-
degrees solar altitude would be quite acceptable, being only about one-fifth of a stop
underexposed.

3. The maximum resolution that could be expected with 80-121 in the J-3 camera
(assuming correct exposure and correct lens) is approximately 60 lines per millimeter.
The system will achieve a higher resolution with a Wratten no. 4 filter than with the
Wratten no. 2E currently being used. This higher resolution is due to the fact that the
MTF of the lens is higher with a Wratten no. 4; the apparent ground contrast will be
somewhat higher, and the focus shift of the lens is smaller with the no. 4 than with the
no. 2E. For a full color mission, the Petzval lens should be refocused for the com-
bined color correction and haze attenuating filters.

4. Color reproduction is poor (restricted) at very low solar altitudes when using
the nominal color compensating pack. A separate color correction pack should be used
for these cases. This pack is practical for a full color mission, but impractical with a
split load of black and white and color films.

5. Improper exposure affects both resolution and color balance. This, of course,
is not startling but it is interesting to note that perfect color balance is not a prerequi-
site to obtaining useful photography for photointerpretation. Further, it should be noted
that, by selective printing, many of the poor color balance originals could be corrected
quite well to produce a properly balanced print.

6. The limitations on the quality of the resultant SO-121 Photography due to the
lens are apparent. The Petzval was not designed to be well corrected for the blue
region. It would be worthwhile to consider what improvements might be effected by
using a specially designed color corrected lens with the SO-121.

7. The contribution of the blue image is relatively small. The contrast attenuation
of the atmosphere in this region is significant, and causes this effect. Information con-
tent would seem to be affected little, and color balance enhanced, by the use of a
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Wratten no. 4 filter instead of a Wratten no. 2E. However, for a partial color mission
(when only one filter pack could be used), the use of a Wratten no. 2E would be accept-
able at low solar altitudes.

2. EKIT FLIGHT TEST NO. 2—BICOLOR PHOTOGRAPHY

Color photography is ordinarily obtained by using one film that has three emulsijons,
each sensitive to approximately one-third of the spectrum. Color photography can
also be obtained by using three separate cameras, each with a black and white film and
a filter that transmits the appropriate third of spectrum (e.g., red, green, and blue).
The color image is reconstructed by additively projecting positive duplicates of these
three negatives through their corresponding red, green, and blue filters. This is by no
means a new technique since Maxwell did this over a hundred years ago. Since the
EKIT test camera system and J-3 systems have only two cameras, this type of tricolor
additive is impossible. However, tests have been performed using only two records to
additively reconstruct a color image. Successful bicolor photography has been
obtained: (1) in theoretical computer studies, (2) in laboratory tests, and (3) in air-
borne frame-type camera systems. The filters used in these works that have, in gen-
eral, given the best results are the cyan (Wratten no. 44A) and orange (Wratten no. 21)
filters. The cyan gives a record of the blue-green information and the orange record
gives the green-red information. Since there are only two separation records, it is
theoretically (and verified with practical tests) impossible to obtain full, and true color.
It is subject to question, however, whether or not full and accurate color reproduction
is necessary for an increased intelligence gain. There are several advantages to bi-
color photography over that obtained by the standard color materials.

1. Color is added without the loss in high resolution of the black and white
emulsion. With perfect registration (which may or may not be possible) resolution will
be increased due to the 40 percent increase in signal-to-noise ratio.

2. The standard 3404 emulsion used with the Wratten no. 21 filter is still available
since this is one of the records.

3. The cyan portion of the spectrum is not as much subject to atmospheric haze
effects than the blue-sensitive record of the color materials.

of control available.
Though successful bicolor photography has been obtained with airborne frame-type

cameras, to date none has been attempted with pan-scamning type cameras. The basic
problem, then, in carrying on the bicolor test is obtaining properly rectified images
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for the additive Superimposition. There are other problems such as: (1) proper
exposure, (2) image size change due to wavelength change, (3) focus, etc. ACIC has

offered to rectify the images for this test. The images will then be additively printed
on the Itek Additive Color Viewer/Printer (ACVP) to make the bicolor reconstruction.

This flight test has not been completed; therefore, there are no conclusions at
this time.

3. EKIT FLIGHT TEST NO, 3—80-362 VERSUS 3404

A question has been raised concerning the possibility that, if a faster film were to be
used in the existing and future satellite systems, a real gain in the overall image
quality would result. With the faster films, shorter exposure times that would reduce
the image blur could be used, However, faster films are generally of a lower resolu-
tion and higher granularity, Therefore, there would be some degrading effects from
the film. However, the question still remains that, if the faster film were to be used,

speed. The test was broken into three separate tasks:

Task 1: General sensitometric and image quality characteristics
Task 2: Static pictorial comparison for subjective image quality analysis
Task 3: Aircraft flights for a dynamic system test

Task 1 involved a sensitometric and image quality evaluation of type SO-362 in
order to determine the material’s basic characteristics. Standard sensitometric tests
were performed to evaluate the emulsion speed as compared with type 3404. Relative
spectral sensitivity, resolving power, and granularity measurements were made on
the two materials.

Task 2 was a static pictorial comparison to obtain 2 subjective photointerpreter

several areas in California using both materials (split loads) in both cameras. In order
to test at varying exposure levels, split slits were used, giving a total of four different
effective exposure times on each film. This test has been completed and has been
issued as EKIT report no. 5. The conclusions from this test are summarized below.
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1. SO-362 is approximately 2.8 times faster than 3404. This varied from 2.3 to
3.4 times faster depending on the developer formulation. '

2. SO-362 produces a higher fog level, at a greater rate, than does 3404. This
effect is noticeably worse with high-energy developers such as Eastman Kodak MX-577.

3. In general, SO-362 produces a slightly lower gamma than 3404; however, the
differences between the two films are minor.

4. SO-362 produces lower resolution than does 3404. In al) evaluation tasks,
80-362 produced a lower resolving power. This was true even in the 112B flight test.
In this case, the SO-362 Produced a lower resolution even though the exposure time
used was one-half that employed with the 3404. For example, flight test samples of
3404 exposed at 1/325 second had better image quality than the samples of SO-362
exposed at 1/800 second,

5. SO-362 possesses both a higher granularity and graininess than 3404. The
rms granularity evaluations indicated that 850-362 was approximately 1.7x grainier
than 3404. This was verified in the subjective photointerpreter evaluations where the

8. It should be noted that 80-362 was a difficult film for the manufacturer to
make. The characteristics of the film changed from batch to batch. The SO-362
used for Task 1 had a higher Dmax than the SO-362 used for either the model test
of the 112B test. We also understand from the manufacturer that SO-362 was a difficult
film to make as concerns repeatability, i.e., from a quality control point of view,

9. SO-362 has been recently replaced with SO-230, The replacement material ig
intended to possess the characteristics originally intended for S0-362. It is recom-
mended that SO-230 also be evaluated for its potential, and to determine if it is
worthwhile to consider it for use in J-3.

4. EKIT FLIGHT TESTS 4 AND 5—NIGHT DETECTION

There have been several situations in recent satellite reconnaissance history in
which seemingly unexplained events have taken place. One of the more confusing ones
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occurred on a recent mission in which the same target location in Russia was photo-
graphed once a day for almost two weeks. During that time several missiles were
known to have been launched and there was no evidence on the satellite Photography as
to which pad they came from. A suggested answer to this problem has been that they
are doing their work at night and therefore avoided detection. The question then arose
as to what could be seen in a missile launch facility at night from the J-3 System.
Since workers must have light to work by, parts of the complex should be illuminated,
and if there are illuminated areas, they might be open to aerial surveillance. The
purpose of this EKIT test was to determine if some activity could be detected around

third. The J-3 system will be able to use approximately 1/60-second exposure time

Night activity was clearly detected at this launch complex. In addition to detecting
nighttime activity at the Prime target area, activity was also detected in a Minuteman
complex in the northern end of the base. The photointerpreters examining the material
knew that there was a high degree of probability that there would be activity at the
Corona vehicles’ launch complex. They did not know, though, that there would be

decrease in scale.

A theoretical study was undertaken to use the data from these flights and extrap-
olate to obtain an estimate of the orbital detection capabilities. In general, the con-
clusion from this analysis was that large areas such as the concrete around the pad
would be above the minimum detection level if illuminated as well as the Corona and

though objects below the resolution (such as cars) could only be detected if they were
very well illuminated. Since cars were below the resolution limit, they would be
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detected only as points of light. With preéise correlation with day pPhotography, these
points of light represent the cars in the parking lots and should be countable,

In addition to satisfying the prime objective, other interesting observations were
made. Sporting events were, on the 112B system, clearly visible due to the high
{llumination level on the playing field. Urban areas were very clearly outlined by the
streetlights and store window illumination on the sidewalks and roads. Major roads
(freeways) were not illuminated well enough to be seen on this Photography.

Two viewing techniques were used in order to make valid correlations between the
day and night coverage. By viewing the day positives in stereo with the night positives,
the effect was to see the full day image with the light patterns superimposed on their
respective locations. Since the majority of the night photography is black, it is almost
like viewing the day photography with one eye closed. The second method was super-
imposition of the night negatives directly on the day positives. Since the negatives are
essentially only at a base and fog density level it does not significantly interfere with
locating targets on the day coverage which have been detected on the night imagery.
Once the target has been located, the stereo approach is quite useful. The conclusions
from this test are summarized below,

1. High speed black and white coverage at night has a potential for broadening the
scope of photointerpretation of strategically important targets.

2. Comparable day coverage (preferably in the same portion of the format) is
desirable for locating and identifying specific targets. Even if the precise location is
known by calculated methods, the day coverage is still necessary in order to interpret
the minute details of the image.

3. Viewing techniques such as stereo with the day and night imagery are very
useful for locating specific areas and understanding sources of illumination. Viewing
the day positive with the negative night coverage superimposed on top is also a useful
technique. These techniques must be uged with the materials on the viewing table
since multiple printing of negatives from day and night coverage is not very effective.
The technique utilizing slight movements in one of the negatives on the light table is
also useful for identification of sources of illumination. This cannot be done when a
multiple print is made.

4. The panoramic distortions in the photography made comparisons of day and
night photography difficult if the images were not in the same format position. This
became less of a problem as smaller and smaller areas were studied. The main
problem came from locating images in one area, while targets 5 or 10 inches away
could be displaced by 1/2 inch due to the differences in distortions across the format.

5. With the lack of hazelight and nature of the targets (intense lighting to black
areas), the dynamic range of the SO-340 was not sufficient to record all of the infor-
mation that was available. In addition, the entire density range of the negative material
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was used. This meant that dyal exposure level prints were necessary in order to use
the information on the negative. It is suggested that a film processing study be under-
taken before J-3 night missions are flown in order to improve the sensitometric char-
acteristic of the film for this application. Another suggestion is that a low gamma
developer be formulated. This would alleviate the problem of the large dynamic range
on the negative and to some extent lengthen the usable log E range of the negative
material.

6. The overriding characteristic of an emulgion used at night is its speed. Though
there must be adequate resolution, without speed there is no image. This means that
the relatively slow speed types SO-180 and SO-121 have only a very limited value,

7. The principal target, an illuminated missile launch complex, was detected on
the night photography. Calculation based on the signal-to-noise ratios involved indicate
that it will also be detectable on the satellite photography. The identification detail
within the complex itself will, however, be quite limited. Night activity such as that at
Vandenburg will be detectable. Objects as small as cars will be detected if they reflect
more than 2.4 foot-lamberts. However, cars are smaller than the resolution limit and
will show as points of light. Their location (i.e., in a parking lot) may indicate that
they are cars, and if they are illuminated sufficiently, the photointerpreter should be
able to count them.

8. Static and fog may be a problem, particularly for long missions at the low
atmospheric pressures of orbital altitudes. Some modifications on the camera (e.g.,
less tension on the puck arm of the takeup spool) may eliminate some of the static.
Chamber tests are recommended before a night flight is made with these high speed
emulsions in order to Properly assess the magnitude of static, corona discharge,
and fog,

5. EKIT FLIGHT TEST NO. 6—HAZE CUTTING FILTERS

This test is designed to study the relative tradeoff between the information loss
due to more hazelight versus that gained from the added spectral region used. Since
the hazelight is primarily from the shorter wavelengths, the more of this energy that
is filtered out, the less contrast attenuation occurs. With a deep red filter, the haze
effects are minimal. But blue and green objects are effectively black with respect to
the film as filtered by a red filter. Therefore, the cost of increased haze penetration
is a loss in spectral discrimination. If no filter was to be used, the opposite would
be true. The cost of Spectral discrimination is very low contrast due to the unfiltered
hazelight. Either extreme is probably not the best method for overall intelligence
gathering purposes. The Proper balance, though, between these two aspects is presently
unknown and is the subject of test flight no. 6. The Itek nine-lens camera will be used
for this flight test which is planned for April-May of this year. The filters chosen are
Wratten nos. 29, 25, 23A, 21, 16, 15, 12, 8, and 106.
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6. EKIT FLIGHT TEST NO. 7—INDEX COVERAGE

The index camera on J-1 presently uses type 3400 film. The processing of this
material is rigidly held to a gamma of 1.0. It is therefore a direct representation of
the ground as it was seen from the camera. Since its scale is approximately
8,000,000:1, it gives an overall view of the territory surrounding that imaged by the
main pan cameras. Since this is not the prime instrument for gathering intelligence,
its ground resolution is not of Prime importance. The question is then raised as to
why should this particular film be used. Possibly some other film type might be
useful in gaining information that is not a resolution dependent medjum. Perhaps a
color film, either standard or false color, would be useful., An attempt to investigate
these possibilities is the subject of this EKIT test. It is scheduled to be flown in the
spring of this year.

7. EKIT FLIGHT TEST NO. 8—3404 EXPOSURE CRITERIA

For years, the exposure for satellite missions has been computed by standard
tables. The results over this period have been good. There were few, if any, instances
where underexposure has been a degrading factor. Unfortunately the criteria for these
exposure calculations has been influenced by the criteria for the amateur market,
These criteria are based heavily on the shadow information or on some minimum re-
flectance value. Though this may be a good criteria for pictorial purposes, there is
question as to whether or not it is suitabie for strategically important targets. If the
targets of interest are of a high reflectance, then shadow type of criteria are not
necessarily the best approach.

The objective of EKIT flight test no. 8 is to obtain several exposure levels of the
Same scene. The material would then be €xamined to give an indication of the exposure
required to achieve a certain level of quality. The flight has been made and the analy-

have been made of strategic targets from operational material. These data will be
very useful in determining the relative Placement on the sensitometric curve of the
areas of interest.

The analysis has begun and no conclusions have been reached at this date,

8. EKIT FLIGHT TEST NO. 9—COMPARATIVE COLOR
The question of what should be used, color or black and white, will probably never
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be answered when stated in such general terms. When asking such a question, reference
must also be made to the particular application of the Photography.

mining the spectral sensitivity, the dye curves, and the sensitometric curves. In addi-
tion, their physical characteristics such ag layer orientation and physical dimensions,
and their image quality characteristics such as Principal resolving power will be
studied. The third task will consist of a static test using the same model as used in

9. EKIT FLIGHT TEST NO. 10—POLARIZER

This test is designed to evaluate the effects of a polarizing filter in the 112B
system and to extrapolate these results to the J-3 system. The specific effects sought
were: (1) decreased image “ballooning” from specular reflections, and (2) decreased
atmospheric hazelight from removing the polarized component of the scattered length.

One flight was made, though inconclusive results were obtained since a late air-
craft takeoff did not allow testing at the desired solar altitudes; hence, a second flight
is required.

10. EKIT FLIGHT NO. 11—EVALUATION OF TYPE SO-180

The evaluation of type SO-180 has taken two forms: (1) a general evaluation, and
(2) a specific goal of “Can you tell from which launch pad a missile was fired from ?”
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on this film,

Rather, the effects on the surrounding areas were to be studied: (1) would the heat
temporarily effect the vegetation, or (2) would there be some other effect on the vege-
tation from the excess moisture created during the launch and subsequent water bath,

Stereo mode instead of an overlapping mode. This test will draw upon other sources
of information for support material. For example, tests that have been performed at
Wright- Patterson AFB, and at Eastman Kodak,

11. EKIT FLIGHT NO. 12—METRIC COLOR

would be printed. Inthis Case, forestry and vegetation detail would be more apparent.
Yellow light printing could show detail in water areas.

This flight has been made and the state-of-the-art report is in the writing stage.
The analysis of the flight material has not been completed to date.
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