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ﬂ system was crganlzed for thls PUrpose.

‘5, INTRODDCTION

T

. @proved for Rel%‘gei ,2939/1 2/01 C05132023 ‘

PART A - -~
. Density Data Reduction

i S . oo . * B .
. £ - o
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‘ Jaxge quantlﬁies of denslty'data obtained from actual miseion
materlal mst be. analyzed to more fully understand the variable involved
“in the exposure-and interrupted processing of high altitude reconnaissance
photography.c A data collection. and reduction mrogram usxng a punch card

;’ A smngle program handles oata related to eypogure, denSLty,
scene’ brightness, and processing, thus affecting over-all ecouamy and flexi-

bility. In.addition, the data has been collected in such a' manner that it

‘may be ysed ih the. future for experlments in the automation of productlon

operations.‘ v ‘ . e .

e

. - X . . . )
g 3 M . - -

To improve fhe quality pf space. reconnalssance now asing very |

‘flne graln, slow speed, short exposure latitude film, methods to optimize
‘éxposure are being determiped through xnvestlgatzon.* Optimazatxcn of exposure
“to, some extent offsets the sévere restrictions placed on photographic acquisi-

tion. by #his type of sensitized material. R}lcatlon of this material te

"provide mazimum inforgation, also reguires exmensmve investigation to deter~
“mine optimum dengity and contrast levels that are dictated by requiremsnts

" of the viewer and sen51tometr1c paramsters of the nagatlye and - dupl:oatzon :

;.materials.

. a , : -

. Both the original negatlve and dnpllcatlon materlals requlre the
axamlnatlon of large quantities of data optained by objective and subjective
observations upon the films. . Storage and‘prgce351ng 6f data are Yeing

3

- accomplished with punch cards ‘and data processing equipment. This proce nre ‘
. saves time and allows a more convenient aanthorough data study to be '
,Seweral computer programs were wrltten to retrxeve and operate on the stored

s data.

The rules for collectlon cf den31ty data from origmnal negative. k

- »material, categorizatidn with respect to scene subject matter, and (to a .
limited extent 013331f13at10n of atmospherzc c@ndxhlans at . acqulsltlon

tlme, mere establlshed.' ’ ST o ) e
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- Considerable th t is being given to develop the concept of a '
master data card deck, which essentially contains the same type ‘of data. that
" is used in research projects, to aid in automating the production of dupli-
cate coples. Concelivably, printing schedules, cdn labels, film identifying
leaders and trailers, shipping manifeet informdation and reproductioﬁ ‘history,.
could be produced from computer operations performed on a single data deck.

. 3 . \ i
"“3, ORIGINAL NEGATIVE DENSITY DATA SELECTION AND COLLECTION

ot

Mission passes are divided into groupa of four passes each and
‘ data Selection is welghted 80 that. material . sxposed at & sun angle less than
15 degress will provide an adequate’s&mple size. The material im these groups
is scanned and & selection of one of the” four passes is made on the basis of
fresdom from cloud covér and systen malfunction defects. This materisl in
rn is broken down to include one-~third of the framés in each pass and the
selection is weighted to insure that at least ten density samples will be
" included for eaa% sun angle, for each pass selected. The ﬁollauing rules are
. then.applied to’ select densities to be read ‘ o
o4 -
_a. Three or four minimm and maximum densities will be selected in
each frame. ﬂ .

,b. ‘The densities will be selected in an area five inches 1nsiag the

- format in the Bongitudinal direction and onequarter ineh 1nszde
the format 1n the. transvegse dlrectlon ) Y

' . Mlnlmum densitles of tbe folldwlng types uill be read (1f presgnt)

i in sach framez ‘ . v :

1. Cloud shadow.. -

.

C2. ObJect shadow.'

3e Non-shadow mlnlmum which may be uaed to determlne printing
. exposure level. S N .

L

: éf Absolute mlnimum density

'd; Maiimum densities of “+the follcuing types will e rsad (i? present)
in each framef T

-
P K

. s Le Saveral maximum. densities which could be used.to aetanmine
: o "; printing exposure e o o o
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2. Maximom oensity frcm a ppecudar reflection; -e.g., frh@
‘wawr,smm,orlmh e I : A

3. vasoiute D max which can came from (2) or a cloud, if_
the value is hlgher. oo ' ' ‘

7 \

Each density collected is 1dentif1ed 88120 type by a four diglt
‘scene code, and .a density type code along with other pertinent data related
“to acqulsition and processing: The 1nformatién is punched on an IEM card
whqg the density readings are taken.

-
€

- : T B

4o TEMMASTER DATA cms S

The. layout. of - the master data card ig described beloq and the
. card is illustrated in Figure i.

F«A.l amers, - . '_; o . - ' .

v
. Eata from 10 separate caiieras may” be’ recorded.» Currently, the
. . forward camara 18 designgted as (0), and the aft camera as f1).
. (/m ¢ I - ‘ .o ‘. ) , i .
‘ B 4.2 Pass ‘ B T _ T S . ‘ !

-3
. Gapacity for 9999 passes is available with a. one-digit prbflx to
e indicate direction of orbit (from the equator) or other information.

4e3 Frame Section , ,;’ : - .

:

» o This section is required in sp601al cases such a3’ the "G" type .

- S system where 1t ig necessary to break .down brightness data within
. .+ & frame. Space is provided for 2 ¢dgits, thus allewing fora 99
B : frame-section capacity s N S

3 * b

s 4.4 Frame Number

~- Erame number capg?ities of 9999 or 999 plus & preflx are available.

ety - ) .
T ~ RPN . . T - : e
- . N [ . ° e B Lo PP P .. L
. R L. - - Lo : . - :
R N - . - R .- .
S
- "
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T,_L.5 Climtic/ Geographic (opti’.cmal} o - L e

Climatic, geographic or other indices not, exceeding four digits may
“be recorded; ot

-
B
PN

1..6 ObjectData \_~ PR -

o o E iject data one -divided inte four separate sections {4eb.1 through s
o 6.4) ‘that are listed belows : " :

o . /“’V»* ',4' O 406 1. D&te } . ’ (- . - . "‘ ) P :, ‘! oy
‘“ oo . The months of the vear are dlvided in six groups Qf two

. - < " months each as follows: - _ :

¥ Moﬁth ' S . GCode
. . . . . o . : A Lt
- N aw e N .. . i ] > b . P
O L e f Bec, Jan. be R, . .
A T T 'Feb, "March o ‘ 2. ‘
e R April, May [ I
o )mil,m?, R S
e . fugy Sept - : . S i
e " foet, Nov . 6 "
S PR TE (Addition&l npmerals for code growtﬁj
. , Lt hebe? A’anospheric Conditicna o B .
- ) :: o . ) The second digit dascr1bes atmospheric condltlons and some:-”
: ICREP { " effect of “terrain on the incident light. Atmospheriec :
S -'conﬂitions and their corresponding codes are listed below:
K ‘ ‘ - _‘ L é - ‘,;«‘ L

L e e ‘Direct Sunlight 0
P T . CYoud shadow, haze - .. - L1
A . " Object shadow, haze T “2
ot e e - Sunlight, haze .. TsC
R .- . Cloud shadow, haze¥: . 6y ) S
SR “ " QObjeect shadow, hage - o7 ot e

' (Additmnal smmerals for ccde grcvt;h.)'

l@l i

@
4
" - o * 2
- @
- “ ® L "l *
- ¥ *
- K bd
N * @ & . B N #
2 " .
s * s
. R S
P '
&
i [ -
% % -
N -
I
- NIRRT
3 . Cute
. i B
[N iy .
. AT X G e
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11,.6 3 Subject Zurreund 'I"ype

‘I’he third digit describes 'the surroand of the area f’c’;r which
& density is to be taken. . o

’ \ Description . T " Code
’ Urban - - 0
Industrisl R
- Airpont . w2 N
Agriculture - 3
- : * Mountain ~ b
Do . . . Forest , . ' -5
*. . Lowlands . . - - __b_
" Valley . s s
Desert ' + - 8
\"Coastal Ares = __9_
4.6 A Subject Me
L. iy - * » .
- -+ 'The f'curth digit describes the area for which 'a density
‘ read&hg is to be taken.‘ o
" Description : Code
, *Digit_thrée sufficient __.0 7
R S . Sparce Vegetation - T |
.- . Heavy Vegete.tion -2
- . S X Water - I 3
' T Snow and Ice ek ]
Clouds . , _—e 5 "
Tsand, Gravel: ‘ ___6 :
v " Concrete SR ——
‘ Buildings. ST R -
' -Ad‘dyf‘tiona}. space - -9

*Subject surround type code.sufficiently explains subject type code "O", |
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- L Duplicatevﬁaﬂa
Thisg sécfion has four subdivisions that contain. mformation- concern-
‘ing printing data for duplmat-mn ‘of the original., Data is punched. -
~ on only.one card per part. The information will be uged to aid in o
e tgsting_automatic_axposure control. printer formulae and to assess -
duplicate. exceéllence -in general. The subdividions are listed below.
4e7.1 Density Data - b
. ) - -~ The mipimum and maximum densities used to ¢alculate the
o S printing exposure level are listed by multiplying the. den31—
» ties by IOO and truncatlng the products to 2 diglts.xf

o heTed vPriz_lting expogure -L,eygl . : ¢

The printer attenuator density (2 digit mantissa) multiplied
bleO and trancated to 2 digits’is listeds —

)

- ‘ Le7e3 "Duplicate Excellence - C , *

- A meagure of excellence, bt yet agreed qpon in Form; will
ke recorded) One diglt will be alloted f‘or thls quantlty.

Y S A Acceptabili‘tjr Range

) Thls ;neasure will be used with the duplicate excellence
. . & measure to determine the limits of printer exposure about
N : *» - - alewvel-which produces the mosgt. ‘excellent print.s The limlts
S - are. expressed as the log attemuation to the source xmlltlplied
*< -, by 10%and-one dig:_t is- prov'ldeci f‘or sach 1imij;.. .

A;8”Fog Level

T

o4

"~ This card sectlon is prov:Lded for radiation and process level
:studies. & three-dlgit/Space is.provided. = .+

o . L =
~ .

- PR3 Negative Den51ty Data '

This secti.on is primarily uged with the: Obgect Data Saetion todelect
parigicular types of sceéne. densities. A secondary use is the statis-
Coo Tt tieal -examinaton of the processing of .thé original nega'tive material
ELL L - This section if div:_ded 111{«0 three subsections listed helov.
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- 4.9.1 Density Type: o C . !
oo Currently, densiﬁies@re classified in é’if}e'caté.gories:x
- (fategor‘y - Code ~
A - ’ Minimum Detail, Dens:.ty -0 ’
o ; » HMaximum Detail Density 1 )
. , L Special Ipterest Density 2
) Absolute Minlmum Bensity . 3
© .+ hvsolute Maximum Density h )
. ‘% o A two-cb.glt space is. p‘rovicied f:hlch allom for 100 .
S o classlficatipn types. i - ‘
a o v ) A ’ ,
h 9 z Densl’cy Value R ' A )
R The- nptlcal densa.ty of the spec:d‘led "ucgect rml‘clphed
- : © by 100 lS l:l.sted and three. dlgltS are prov1ded for the data.
- . ha9.3 Procass Level, A ,; ‘ \\ T :
V . ’ . bee data are intended for use primarily with three. ccndltmn e
processes. 1his 1n:format19n is necessary. in computing scene
A brightness and process evaluation 'data, The three condi- ’
" tion processes and thelr respective codes. are as follows:
Lo o ) Process T o Codé . : .

S o : IntemMa’ce ‘ S e

—_ ’ Ful:z, : L L2l .

. : $ - ) ®

- h.lO Camera Lens Data 2 ; “

. T, This sect}.on provides g six dlg:.’r, space for a transmss:x.on fac‘ba“r ‘
.+ . which intludes information on leéns, vehicle windok {if any)y and.
o filters.. The data are used in scene br:xghtness compubationg. ;.-

. ; :- o ’ ) . \/ . . N

N - .’?‘,, ‘ * & - € ‘ - A4 A ) i ’

R AU
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I b Exposnre Time . - . ‘//”§,m AN
f‘w£$7 V Exposure tlme is express in milliseconds and four-digit, cnee
e - ' decimal space is providefl. This informatien is required for sScene
o brlghtness conpmﬁations. ' . T .
¥ V ) v B i R
L.12 Solér ABitude S

* . -Solar altitude is recorded in degrees and a three-dirit, one-
.. o decimal. space is provided. .

.13 Scene Bri htneég. 0

, Scene trness in apparent foot 1amhert3 is camn%ted from oniect
data, génsity type, density, process level, garers lens data, and
- i e time data. A sly digit space is yrnvided.ﬁpr this quantity.
- - < :
. ] e i /
¥ ¥ ¥ s

S
\!

%
&

B

~.

.
3
¥

\
* s - N .
' - " - .
.. . .
N
) *
‘. Y * -
e d . d
- . % 1
- - . .
" .
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.. R B
"
. . 0
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2: ?SC@NE‘BRIGHTNESS PROGRAMS - - IR

b 0y

Two computer progfaﬁs Mere writtea to cal;ﬁlate and- present scene -
‘ brlghtness information. The 'first’ program computes ‘the seene brightness ih
apparent foot 1amberts from the data contained on master dsta cards, The
- second program performs various statistical calculatioung on the outpat of
] the first program and presents the data in.a set of tables numerically
Varranged acaording to sun angle. S

‘ 5 1 Brlghtness Caleulatlcns i ) o -
, ‘I?he card output format for th’s program is. the same as the mas“wr
. - " data deck, except that scene brightness is added. The description
e this walue as stored on the card 1s discussed in.the Hasder
: " Data Card Section. When this card deck is gemeratdd, it supercedes
“the oid ms.,ster data deck. '

' The camputatlon of scene.brightness requires information in addi-

~t10n to that stored on ‘the original data card. This information is-

. log exposure values thgt correspond to particular densities at the

¢ . several. proceaslng levels. Density-log exposure curyes are siored  -a'. -
in the computer program as semgral sets of tables - ome set for = + .
each levél of -processing and ghoh sens;tized material used to obtain -

* the original negative.” The process level code. mumber on the cdrd ' - -
-calls in'the apmroprlate curvg data for the deaslty listed on gach’

separate tard.

v A s&mple of . the 11 

. édfbutput for a t&picﬂl deck is shown in -
g;m‘f,Flgure 2.» - - ' . S ”

ey .

‘ §Q?“ Statlstiaal Program for chne Brightnesa Inﬁo ion Q - }-
Ehls*program uses the outpuf from brightness c lculations to com- ‘
. pube “the nean,- stamdard deviation, and maximm and mi ' values. - ! .
- -for.tHe minimum brighitness, maximum brighbness, and bri Tness Lo
R T ~range at gach sun angie for which there is éufficient éata. el

: »The program parametera may be changed readily to generate 1nforma~ .
) ‘tion for 3900 scene brightness categories.f ) .

- , . ,mmp}'e;ﬁ prcgram out,put iS ill’t:{g;tmtéd 111 Flg‘mf\%?
: 5?‘"3,5?;1”“ e
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" &, PROGESS ‘EiiPwUREvEVALUATIGN PROGRAM

This program computes the mi nimum. and maximum density, means,

" 'and standard deviations for each proceasing level performed on the original
_negative material.‘ The program is intended to aid in an evaluation of
‘processing with regard to process level selection; i.e., primary, inter-. .
-mediate, 6r full. 'In addition; the program- can indicate to some~extent
the cerrectness of original exposure, since the process can be " subffacted-

- : out. A sample of the Drog*am ouﬂﬁut is illustrated in Flgure A.

t . T
'

. -
T~ 7. CONCLUSIONS

. A } : . -
) - » Considsrable man-bours cgn be saved by using the punth card
s 'system in.the Scene Brightmess Program.- In the past, approximately five
mﬁn~days (40 hours) were required to reduge 240C,pieces of data by hand.
" cw -, ° Using the.system described in this report, the same number of deata

(2400 places) can be reduced on the IBM 1620 Comﬁuter in about fifty %A.‘

] mimtes, : ) . e
o NS o . . . -
-~ Firm COHClUSlGHS concernlng scene brightness levels at various’
© - sun’ angles have not beer reached since the ddfa collected are still too
' ;smallgig allow.a cahciﬁsion. (’ . <
B
- ) " The data collection and processxng procedures were "de-bugge.”
and several operators were trained to obtaln the data by ‘theg rules desc¢¢bed
-in this report. - _ oo * .
R o " The effectivaness of the Process Exposure Bvaluation Progrgm is’
: ncw under stady Correlation between the photégraphic. resulﬁ and }he ‘numer=
S »_iaal output of the prograﬁ has not been completed. ‘ ‘
. . - - e
N - : :‘3 )
SN 4
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PART B . v

-ﬂ‘ .
" Color Processing

-1. RAGDOLL

. A Kodachrome type pmocess was established on the Ragdoll

.processor .at a machine speed of three feet per minute. This processor.is

" the only one in eXxistence that is capable of handling widths greater than

35mm. “Whereas the simplier Fktachromé procesg develops the couplers
already in the film in a single step, in.the Kodachrore process (the most

. complex in' commercial use), reaction of the dye formins couplers takes

place. selectively, layer Wy layer. As a result, the reaction rate con-

Jtwolled by time, temperature, agitation and chemistry 15 very crltlcal

during the first flve sthges of the process,

Development work on this system Has been underway for some

-'timé, but the decision to rgn practical tests of this type fil~ in the #GH
- Program drastically changed the urgency of this activity. Control of the

process proved to be d& major problem tecause of thé number of variables

. involved. After a'long shakedown, the princ irle cauces nf erratic -behavior
were discovered and cerrected to 2 reasonable degree. - Iec%anlcal changes

to further 1mprove the operatlon are in yft"“euu{*

-,
s

Informatlon recelved hefore Jthe . first ngn color misgion 1nd1~

- cated that the film would ‘be con51derehly overexposeds  An 1nten31ve aﬁfort

was madé. to reduce £iln speed ty changing the precess and a 0.30 log B
reduction was athieved/Tor the process. Tmage quality of the test mater- -

. ial, although not equal’ to that,obtained with High Definition.Aerial Film

: _Type ‘LLOL, was judged remarkedly good. Evaludtion of the photography

- hardly usable had the process not been mo
‘::eXposure.i<(,‘

indicated that the materlal because bf 1difshort latitude would have been
iad to compensate for 1ncorrect

' Dupllcate copies were produced using another experlmental

"Kbdachrome type color product. The Ragdoll processor was mudlfled to pro—
wide removal of the rem—aet backlng on this product.’

The further increase’ in exposure ﬁlanned for the second "G test

bt requirecf additional testing to detsrmme what  further process modifications

. ‘could ba.mada. These- efforts were only partlally successful and the test
' was processed at conditions similatr to the previous one. DBecause of prob-

lems elsewhere, no usable photography was obtalned.v ®

JEEN
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‘ <0 eDeapite its com plexity, ‘che Kmdax:mmm pmcess\ was originall;;
P 4»‘~‘$blected because the highest definition taking color film thet the Campgaya*%
" . " ‘Researth Labdratory could proguce was a Kodachrome type material. Slnce v 0
. - thal time, an Ektachrome type taking film having similar’ definities is:
-, under;dévelopment. Samples should be available for flight ;agts»&uring the
' cum£ng‘qpnx%erﬁv In the foreseeable future, however, 1t appears that only
‘the Kodachrome type films will be satisfactory for duplie#ting this quality
level. For this reason&>furthar devélopment of thig p%ocess appe&rs to be

5us§;5_fied. . .
ST ( ;
. * ' ¥
" L ; ‘; v
Ekt&chrdméwtype process was established on the Grafton

processor at

5 feet per minute with con81derabl a5 dlfflculty' An -
) experimental Jo!

temperature process (100 F) was chosen to achieve reason-

-~ able machina spedd. - oo T
. ) Fabricatlon of the’ axperimental processor wa s just completed i
i when the color Brass Enob mission was flown. Maximum effort was put on the

Grafton to deliver ihe original and dmpllcates within a reascnable time. :
« - Goleor quality was the best to date for 'high altitude photography, but image
' quality was not equal to expectatiops. During the end of the quarter, &
preliminary tests were conducted on the Grafton to determine specifications
for an improved defdrition talking film, Assuming reasonable success,
gamples will be available for,fligh@ tests in the near futurd.
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© PART C

'ﬁﬁi Photography

A

1. Night Photography , ff o ) f. o

¢

Laboratory te§ts indlcatpd that thﬁ exposure required for night
pbotography could be rsduced if a uniform exposure was applied similtan-
~eously with-image éxposures A breadboard device was fabricated for a. small
" hand-held camera and actual flight test wers conducted %o evaluate the
pract1"a1 advantage of this technlque. A report 1s belng prepared.

2. Flight Testing . .

_ " . Fabrlcatlon of thefcontr ol circuit and moéunting bBrackets for
_the pair of Maurer. Model P-229 (KB-84) Cameras for the high altitude research
vehicle should be. ‘completed dbiring the next quarter, This system will pro-
vide 'a means of é%quirlng phptography that simulates tie C and G systems.
Tests planned for #he 3rd apd 4th quarters, prlnc1pally in the areas of -
"exposure determination gné”color, will be pastponed unless additional funds
are available, - B . ) ' :
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