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PART A · 

~ensity Data Reduc~ion_ 

.. 

J.arge q_uantities of ~nsitY;ct.ata obtained .frani actual mission 
• 'material must be. anal;yzed to more fulJ.y understand the variable involved 

· in the exposure •and i~·rterrupted processing of higti altitude reconnaissani!e 
photography. ,. A data collection- and reduction program using•a punch; card 
fU'Stern was organiz,ed f'._or .this purpo.:;;e. 

. A single ·program' h;md;les data related to exposure, density, 
acene'brightness, and processing., thus affecting over-all ecoo.onry and fleri
bility~ In addition, the data. has been ~ollected in such a 1manner that it 
may qe u'Bed ih the, future far experiments in the aut:omation of production 
oper.~ttons. . ' . ' . ' . 

·2 •. INTRODUCTION . • 

To improve ithe quality pf space. recon.,ais.sanC;e now using very 
:fine grain,, slow speed,· short exposure lat,itude film, .~thods to optimize 

· exposure are beine d.Eltermi.ned .'thr.outh i.trvestigation • ." 'Optimization' of~~osure 
. to. s.ome erj;ent offsets the severe restrictions placed on photographic acquisi

, tion. by' th~s type of'. sensitized material. Dup_lication of' this rraterial t0 
· , provide max:1Jrrum infortation, also requires extensive iiJ:ve~t:i,gation to deter

. m:ine· opt:inroJn· denflity and cbqtrast levels that are .d4ctated by requirements 
of the viewer and .sen,sitometri'c parareters of the n~gati;ve and duplication 

. ma'terials. 

&th the original 'negative and duplication iiiaterials 1>equire tile 
examination of large quantities of data aptained by objective and subject~v~ 
observatiorui upon the films. Storage and' prQce5sinfi; of· data are. being 

" accolliplished with punch cards_ and data. processing. equipnent. This · proc e 
saves tioo and allows a more e~ent a.Jl~ thorough data study to be 

. SaveraJ. computer progt"EU!lS were ·wri t~n tq :r\trieve ~d. operate on the stored 
data;. . ' ' ' ' ' 

. The rule's for· collection of' ·density data from original negativ~. 
ma~rial,. cate ion 1.rl:t:h r~::,pect to scene ~subject matter, and ( to a 
'limited extent class:ifi.cation of. atmospheric conditions at acquisition_ 
,1;:1.me, :w:e:re· established. · '' · · · 

" 
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2. Maximum oens_ity frcm a _;3peC1.ti.ar reflection; ·e.g., fr~ 
'vat.er, snow,' or ice. 

' J. · Abao'lute D max which can come from (2) or a cl.,oud 
the :value ·is higher. 

Each density cqllectt,id is identified as 4: t~e by a four digit 
scene code, and a .density type code along with other pertinent data related 
·to acquisition and processing. The informs.tion is ·punched on an IBM cl;!.rd 
w~ the densl ty readings are taken. · ~ . 

TER DATA CARIS 
I• 

,,-::- . ' . 

The-lay6ut of the master data card is· £i?s·cribed bel<Ji' and the 
'· · cara is 1µv.strate'a in Figure i. 

. 4.yamero 
J;)ata from 10 s·epa.rate cameras mayr be· •recorded.· CUI"rently, the 
fo~d ·came,ra, is des~ted as (0), and the aft camera a 9 (1). 

" r' 

f;..2 Pass 

Capacity £or 9999 passes is availab'le with a one-digit 'prHix to 
·1ndica t:e direction . of orbit ( from the equator) or other information. 

) 

frame Se~tion · 

This section ·is~ required ,in' special oases such es. the ncn typ:e
syetem where it is- necessary tor-down 'brightness data within 
a frame. Space is provided for 2 gi'ts, thus a.lJ.,.mdng fo:i: ·a 99 
fl"Sme-seetion capacity: , , , . 

- • 0 -

• II I • 

' ~ 

Frame Number 

Frame numbfr- ca~i tlee of 9999 or 999 ~lus a pref~ are .a.v,i4ble • 

. . \, 

•. 
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. ·: •, _r4.5· ~~~ti~G·e~gra~ (opti~nal) . . . 

Climatic, geographic or othe-r indices not.exceeding fouf' digits·may 
:b~ recorded.,' 

.. 
·" 

.. 
4.~ Object Data . ,, 

,.. 

, .. 

., . 
, ~ ~-.. • ",~j,► ;. 
.... :;,' ·. ..-~- .. 

. Objeet,aata ·one -divided lnto._four sepe:r,:t.e Sf!ctions (~.6~1 

. 4.6.4) ·that are -liste(below .... 

;4•~;1 Date 

through 

..r .... 
.... ~ ~ontl:/.s of· the yea:s a~e divided ~- s·1..x: groups o;f two · 

,· . months. eac~ as ·follovs: .. 

Atmoi,pheric Conditions · 
A • • • ii_ ' • • , • • • 

The second- digit describes atmospher:t-o conditions and some-: 

l.. · effect o.t',-~r:M!-ill on. th, inctdedi_ nt 11.ghde. t. A'bn
1
?si~:_rie.

1
. 

· eon'd.:ttione and· their eorrespon ng co a are ewd be ow: 

,._ 
Direo t Sunlight. P .... _ 
Cl:q!fd shadOW', ru,..ze :.... * _ ..,. 
Objee\·sbadqw-, haze ~ 
Sunlight, haze _ ·· _:; .5. = ::, 

: Cloud shadow·, haze./• · • :... 6 J. ...:: 

Object sbadCIW' 1 n&.;:e " . . _ 'J _ . 
<:tdcU. t;tonal m.nneral.:e:. f' or cod~ growth) 

· . .. :•, ._ 

: r ♦ , .. 
j. 

. -· . . 
•• 1_ 
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4.6 • .3 .Subj~ct Surr0UI1a Type . 
,- . .. - .. 

< • .. ' 

· Th~ thlrd .digit describes the surround' of the area fo~ whi~h 
a· density is to be taken .. 

Urban 
Industrial 

.Airpoz,t 

. Agriculture 
Mountain ·· 
forest 
Lowlands 
.Valley 
Desert 

1...· .'coastal ~ea 

. Code 

-.-

....,; -

(1 

1 
2...; 
3 -4_ 
5 :.. 

,6 

7 
8 
9_ 

4.6.4 Subject Type 

-

. The fourth di'gi t descrtb~s the ·-area for 'Jhicb a density 
.read~g is to be' taken. 

I. 

· · Descrlpt;j.on Code 

ilDigit_three sufficient ,... - _;,. 
0 

Sparce Vegetation -·- - + 
Heavy ~egetation 2 - - ' . "·: Water: 

___ 3 

. Snow-. and ICE; - - - 4 
Clouds _...,_5 

··r 

. fsand, Gravel. - - _· 6 
~ Cone~~ -- - 7 ... 

8 Buil gs . 
A~<;/tiona~ .. space -·~- - 9 .. 

' . *Subject _surround type· code·, :3Uff:f.ciently ~xplaine su}?ject type codll;! w 011 • ... 

.· 

·• . 
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' 4.7 Duplicate Data. 

This section has four subdivisions that cootai.Ii. information concern
ing printing data for duplicat-ion 'of the original. Data is punched 
<;m only, one ca,rd p,3r pa.rt~ The in.£ orma tion will be used to a.id in 

·, te..sting automatic .exposur..e cQntrol._ printer formuJ:ae atld to asSeS-S 
duplicate. exctHlence- in general. '!)1e subdivisions are listed belcr;..r. 

4. 7.1 Density Data : 
'II;> • • 

. . 
The·minimum and ma~ densities used to calculate the 
printing exposure level _are _listed by tljl.11 tiplyi11g thE; dens.i
ties by 100 and trunc{lting the .prodyct::i to- 2 digits. 

f+;.7.2 Printing exp.osure ·Level 

The printer· attenuator den.si ty (2, digit r:ian,tissa) multi plied 
by" 100 antl trancated to 2 p.igi ts· is listed ... ·...-

4.7.3 Dupli2ate Excellence 
,· 

A me~sure of excelle_n'ce; n6t yet agr~ed 1,1pon in :form; ....-ill 
°Qe recordedl One _digit will be aJ.+oted for this, quantity • ., . 

"4. 7. 4- Acceptabili t'y Range 
t.~ • • 

-T_his ;meas1.l.I'€ will be u~ed· with the duplicate excellence 
meaSUI'e to determi?-e the limits ,of •printer exposure abc;,ut 
a. le~l- which pr~ces ~he most excellent pr.int.· The 11mi ts 
are ,expres8€d as t_he · log a'tterruation to the source multipHed 

• by 10 cand~ one· 'digit is provided for each lim.i.,t. : · 
. ' 

... 
4-,;8 ·Fog.Level, 

This card section _is pr;_vided for radiation and_process level' 
• studies. A thl;3e-digi t< space is. provtded. 1 . · 

.f+._9· . Negative Density Data 

T,his_ section is primarily· used wi:tJ;t the Objec~ Data Section to~iect 
part,1cuiar typee of _scene dene;tM.es. · A sec·ondary use is the statia
t;f.cal -exmnina n of the processing of·. the original negative mii,terial. 
'l'hi~. section: diyided iri.t,o' three subsections ·listed tielow. ·. . . . 

zs f e ;: .: ... 
'. ', 

• ., ; • -1 '
1 

• . : j ··•, •~ .'·I! " 

~rtbL~l . f ~1ftilWltil 

·l 
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Currently, densities are classified' in five· cate.gories: · 

.Category . 

• :1-'.inimuJn Detail,Density 
,. l',aximu:m Detail Densfty 

Special I~terest'Density 
Absolute Kinimm1. 'Qen.sity. ·. 
Ab-s.olute Ha.xi.mum Density 

Code --

.o 
1 
2 
3 
4 

A two-digit space is provided which allo·,rs for 100 
classification tYP3S• 

,. 

4.9.2 Density Vaiue 
I • 

The· o 
by ,1 

cal density of the specified subject multiplied 
is. lisited and tl:lree digits ar:e provided for the· data. 

L.9.3 Process Level 

The data: are intended fo!' use primarily wit~ three condition " ' 
processes. Tms infotmati•n is necessary in computingrscene 
brightness and process evaluation'd:a.ta. The three condi-
tion processes ancl ,their respective Cf?deS axe_ as foJ.;lbws: 

' ' _,,--.-
~ I:~·~ 

: ·~. 6 

J 

4 .. 10 Cmtera Lens Data ' . . ' 

.Proce~s 
' . ._ 

. Primal"y : 
· 'Intermediate 
'Full ' . 
• 

Code 

o· r 
2.' 

. ~ ; 

This sactiort provide~ a six digit -spa~e· fo~ a tra.nsmis·s.iori. f.:;ictQ.l' 
which incl1,1des i:ni'ormation on 'lens, vehicle 'w:i:ndn1', ~it an:J'}> and 
filters.. The , data are used in scene bt'ightne ss computations. ; : 

' ' ' ' , ' . ' .. 

', t 

.' 
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\ 

:~, ~~!"" ;·•: 
,JJ . / 

Exposure time is express¢ in :millise,s:onds and fo·..:r-a.igit, one• 
_d~irnal space _is pr_ovidet:!._ Th_is• infor.mation is req>1irej for scene 
brightrieeis compntations. : , 

4.12 Sohr Aftitude 

. Solar altitude is recorded in degr~es and a tl'.ree-ch;_;'it, one
decimal. space i~ provided, 

Scene 

.. 

I 

tness in Apparent foot lapt·erts is compt:ted frora .ob~ect 
'type, density, pr:ocess 'level, .carer&, le:ns data, and 
data. A _six-digit ~pace is pr0vided f.,.pr this quantity • 

:. 

.,. 

... 
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CSURE EVALUAT ON PROO 
.i 

. This. program compute.s the ro.inj,J:tmn ahd ma.:d.m:um density, means, 
and. sto.ndar:d deviations for each processing level performed on the origtnal 
negative. mat�rial;_. The pro� is 'int�mded to aid in an- evaluation of 

· pr9cessing with regard to process lave+ _seleGtion; 1. e., primary, inter-.
mediate, or full. ·In addition, the program can indicate to some- extent
the corl'lectness of original e,rposure, since the process can, be· 11 subtf-a.cted::..
out. ri · • A ,sample of the program output is illustrated in Figu.pe 4 •.

,,,. Conside:rable man-bours Cl}D be saved by using the punC'h card 
system .. /n. th� Scentt Brightness Program. In the �st, appro:rlmatel1 five 

_man-days (40 hours} were required to reduqe 240C.pieces of da_ta 'by hand. 
Using t}le, system described in this report, the same number of da:ta 
(2400 pieces) can be reEl.ueed on th� IBM 1620�Coqiputer in about fifty
minut_es. · · · · 

' .. .. � , 1 ' 

,.·. Firm con�lusioris. concerning scene.brightness levels at var1ous 
sun' angles have n9t bee_pr reached �nce the da� collected. are still too . 

_allow. a -q�s.ion. r . . C •
r--.., 

The data 'c'ol1!3ction �nd processing proc.ecrures -were "de-buggt! . .: 11 

and s�ve:i;-al operators. were trained' to obtain the data by the: rules desc�·ibed 
.·in this report •. 

� . 
, · The effe!;tive,ness of the Process Expo.sure Evaluation Progr� is 

now under sto<ly ... Corre'l.iition between the photograpbic.resul_t and �e--numer:.:. 

·• 'foal output of the )?rqgra.nl ha!;: not been. compl:eted. -
/·i 

l 
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PART B 

Color Processing 

1. RAGOOLL 

A Kodachrome type pI11Dcess_ was estahlished On the Ragdoll 
. processor .at a machine sr:,eed of three feet per min•.1te. This proces·sor .. is 
_ the only one in existence that is c.apable of handlir:ig width::; greater than, 
35~-. · Whereas the si.mplier Ektachrome procesA develops the· couplers 
al,ready •in _the film in ·a single step, in. the 'KockchroQi!_ process ( the most 
complex in· corn:rrercial use), reaction of the dye fortninc coupli;:rs takes 
plac~ selectively, layer \;y layer. As a result, the reaction rate con-

. trolled by time, temperature, 9-git.ation and. chefilistry i.s very critical 
during trie fir.st five sdiges of the process. · 

Deveiopirent work on this. system hzs beer. 1.:.r.derway for some 
tire, but the decision to rc.n practical tests of this typE. fiJ:. in the "G" 

- . Program drastically chanced the urgenc:,·· nf th"is acti,vity. Control of thEl 
process proved to be a major proble:-:1 tecai..;.se o±:' the n-:J71bct of variables 

. involved. After a long shakedown, :he rrin::irlc ca:.is.es nf erratic •behavior 
were discovered ancl. C'('lrrected to a reasonable der,ree. -h~chanical changes 
t0 further improve the operation are in pr'ccress::,,-· 

) . " . ' 

. Informatio~ recei~ed hei'ore the ;irst "G" color mispion irldi-
cated that t,he film .wo't1ld ·be considers't>ly overexposed, An intensive eflort 
was madE!!. to reduce filrr{ speed ,CT'/ changing the process and a 0.30 log E 
rErductiori was a'Chie:v;ed!Tur the process. Image quality of the test mater
ial, although not equtl' to ttiat, obtained with H;igb Defin;i tion Aerial Film 
Type ·LLOL, was judged remal"kedJ.,y good~ Evaluation of th8 ·photography · 

· indicated_ that the ma:teri91, because bf H,s' short latitu~ would h?Ve been 
hardly usable had the process not been mod;i.fied to corrpensat{i for inco_rrect 

:exposure., · ' · · 

' Duplicate copies ;rare produced using another exper~ntal 
Irodachron:i type color product. The Ragdoll proces2or was modified to

1 
pro

;vide removal·of the rem-jet backing on this product~' 
• t ~· f . 

• . The :further increase in eJq)O'Sure p~d fori the second "G" 'test 
requi.re~~dditional testing- to. de~erm:iI;le·. ;mat further proe;es~. ood.ificatio,ns 

- · cou1d :be. mads. · These effor~ ware only partially successf'ql and the· teat 
was· processe4 at conditions si..milat to the previous one.. Because of prob-
lems. elsewhere, no .usable photography was' oota.ined~ • 

1111' 

• • 
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i 
·' . . ,Dea pi te le+1 ty,. the Ko4achrome procea~ was originai~f : 

sel-ec_tetl bec~u.se _the ·definition tak:t.ng color·.fUm:.1;.b.a.t the ny~ \. 
·"Re-search Lab~ato:ry could produce was a Kodachrome type caterial. . • • 

• . I , ·,• 
that ti.ml:;!, a.n Ektac:hrOllle type taking film baving silllilar'" definitien islt.,~ ·, 
under~develoµnent. Samples should 'be a.va.ila.ble fof flight ~.si.,.,.fu~rig' the 
. quart.er... In_ the foreaeea.ble future, hovever, 1 t -appears~ that only 
the hrCiile type films will be. 5.a tisfactory for dupl}.dfting this quality" 
level. For· this reason~ further d.e✓eloµnent of thi~ 'pfocess appear.s· ~ be 
juat~:l.ed. · ( - · · . , . • . 

processor at 
experimental 
able macp.in_e s 

' _Ekta.chrdli&-type process was esta ah~d on the Graft.on 
feet per· minute vi th considerabl ess diff°icw ti,. An 

tempe.tature process (100 F) was chosen to ,achieve reason-
d. ,, - . . q 

. ,., 
Fabrication of the ·experimental processor ws· just' completed 

when the color Brass· Knob mission was ·flown.· Ma±:imuln effo.rt was ·put on the. 
Grafton to deliver the original and duplicates IJit:hin a reasonable time. 
Co.lor quality waa the best to 4ate for'high a.;J..titude photography, but image 
quality was not equal to ezj:,ectatio11s~ .During the end of the quarter, · 
prelill1inary tests. were conducted -on the Grafton to determine. specifiedtions 
for·an improved def1nit1on ·taking filJ:lt. Assuming reaso.nable success, 
samples. will. be ava.ilable 'for. fligh~ ~sts in the near future • 

. . 
,• \ 
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PART c· · 

,~, Photography .. ... 

. ' 

.... 

I·. 

Laboratory te~s indicated that the exposure required for night 
photogt-apby could be reduced if a uniform expo~ure ws applied si.multan
:eousl.y 1..;i th -image exposure-; A breadboard devic•1 va:s fatr'ica ted for a small 
hand-held cainera and actuai' fl t;;at t,:sts wer•] :::onduct,ed to evaluate· tto 
prac-t;,ical advarytage of this technique. A report is being prepared. 

(' 

2. Flight Testbg. ,. 

Fabrication of the circu.;it and mounting brac~ets for 
. the pair of Maurer.~odei ·_p_ (w-8A) Gameras for tl:ie high a:). t!tude research 
vehicle should be• ·com_pleted the next quarter. Thie system will pro-
vid~ 'a rrieans of ~quiri!14:; ·p tography that siJ!rulates th'e C and G systems,. 
Tests ple.nried .for .;the 3rd a 4th quarters, principally in th~ areas of 

· exposure determination , color, will b~ pqstponed unle?s additional fund~ 
are a~ilable. 
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