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ABSTRACT

The Technical Evaluation Report is based on analysis performed by the 8594th Test Squanma o
(AFSPPL). Approximately 2, 790 feet of 9°5" original negative film comprised the total product used in

this evaluation. The 243 feet of pre-flight film was not evaluated. = . Tl

v

The satellite vehicle was 1aunched from Pad No. 4 of the Point Arguello Lannch Complex, deﬁ'

N

AFB Califomia, on 23 September 1964 (26052), in«ﬂight recovery was made on 27 September 1964 (23

ER

Coverage was obtained from 47 revolutions which produced 614 frames of phctographic imagery o

. v

The #ilm was inspected for imaged and superﬁcial degradatiohs. Density and Vianal Reciprocal

"

’ Bdge Spread (V-RES) values were measured. Image MM edge spread techniques utﬂizing w::x:w ”

densitometer traces was accqmpiished by both the 8PPL and Scientiat/ Consultant Teams. ‘

Three of the programmed Controlled Range Network (CORN) target displays were mvered. mmnf
two scheduled RB-47 Blackbird Missions was successful. The best coverage was on Frame 045 (Maﬁ
Camera) which produced a ground resclution of less than ong foot. ‘ ’ o

V-RES values 'averaged 44, which represents an»apprg‘ximité grmnd resolution of 7. 5 fe

. Mo&:lation Transfer P‘unction/Aerial Image Modulation (MTP/AM) values averag’ed 40 cyc »
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o X : . SECTION 1 o i

INTRODUCTION

s

évaiuai;ian are preaented in the report which follows. ' . . ‘ N

’

Paragraph A, Sectimx I, "Known Information,"outlines apeciﬁc mission data, film datg, a brief

| scription of t!;e GAMBIT Camera System; reaolution capabﬂitiea, and subjeot envirqnmental iniormaﬁon

N

angie :md la.titude) Paragraph B, Section II,"Information Derived from Analysis "presants da;ta

rived 'irom the fﬂm mspectim, procesaing, lahoratory evalua.tions, image analysia, and film formaz

etistics evaluation. The Controlled Range Netwark (CORN) and Blackbird operationSWere activated

tixia Mmsioﬁ, the results of which are also included in Pardgraph B.

Section m is completely revised in this report and presents a contige deacriptionof test prccedures,
1

d equipment used in the pbotographic analysis.
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. B roo » N . . B

l‘ . N -+ BECTIQN II U
. TECHNIC.AL bAaTA AND assums

This section presents hﬁormaﬁmﬁ‘ouained from assoctated mission docamem‘s com:ernfng thef :
cameri nyatem and data derived from the gﬁhm:)graphic physical characterlstics evaluatim mthe r
‘ negatives from Mission 4911 ) ]
' A Known Information

. 1. Mission Data
. A Misgion Number"4011 ‘
b . Dates of photography ‘23 -~27'Septémbei"1964

' -~ ¢. Ephemeris: ‘Final ephemeris was aval!ahla. L

d Revs/Roils/and Frames. 8ée Table 1 Misslon Data, Appenﬂdx 1, page 1-1 Emept
for the Stellar/lndex film, the entire Miss’lon was&eceived for evnluation. - . P
. Footage Received: Approximately 3,033 feet (See Miustration 1, page’ 12); R
F Camera&ystefn_ S o V '
a. Camera ' SR B :
N 'TheGAMBrrCamemsystem usedtorthismssion includes two cameras oneﬁtri:y
. and one Sténar/xnm ;'ne objective of this satel  reconnatssance system is to Mugmph specitic .~

, targets, !é; is not intended to ohtain large area reoo%misame. The primary csmem sygzei i

Approved for Release: 2021/05/17 C05134462




R&soitxtibn Capams o e e . .
” ’I’he GAM‘BI‘I‘ Camera Syatem is deaigned to.obtain resolutmns of 100-140 Vmnd at 201

@

ﬁuntrm (2&3 fm grmmd remiution) -
s 8 Best;tipﬁnn of Subject Environment o
‘ ’ Photography from Mimﬁon 4011 was oummd with sun angles fanging from 86° to 5°.
~ b, Geographic Latitude o ,
N - Photographic coverage from Mission 4011 ranged from 82°N to 10°8 Latitude.
"B Information Derived from Analysis '
1. Physical aegradauons o .-
“ "!‘he total Mission product, exciudlng the pre~fﬁght portion and Stenar/ Index gamera film,

'Waﬁ examined far physicnl degradanons. ‘ . o T
- a. Imagad Degradations ' B . : . /\\
R -+ {1) Minor static discharges appeared intermittently throughout the Mission.

- (2) Each frame was slightly degmded by various ﬂares and reﬂectmns.
@ Cmas»track image smear was evident throughout the Mission, particularly on

\

038—925, D48, F’rame 001, Dﬂ Frame 614 and DSQ Frame 001.

Sﬁpérfi‘cial Degmdations
(1) Smnfl 1/ g digs occurrad every 3" along the non-titled edge, on the base side,

(“2) Z{rregular ﬁne emulsion abrasiuns océurred primarily ﬁlong the titled edge of the
YAmes: w Frame 012 ma Frme xmo ms, Frame 008, D10, Frames 002.and

Approved for Release: 2021/05/17 C05134462
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i

far the Masion is pmsented 48 mustration 3 page 14‘
3. tharamry Evaluations

1

2. Sensitometric S ‘ LR

One unexposed strip of ’I‘ype 44204 Film from Mission 4011 wss receivcd far ,

Detailed sensitometrie tests were performed on this strip and on a sample of SP?L cam:ml

same emuldlon type for compariaon. The Eastman Kodak Intenslty Scale Be:;aitoxmter, ’Pypa B ‘

was used for exposure» and the strips were processed in D18 Developer. Sexmitometric meéaBiren

calcylations were nmde aecording to USAF gtandards and are grap’hically preuénteﬁ in mm:wn :
pages 15 and 16. ’ : o T

b. Chemical ' » . i

A A sample of the origina.l nega.tf\ve film was tea‘ted for archival qunlity resu!m

0.0025 milligrams per squaré inch of residual thigsulfate. 'I'his laboratory considers 0. 005 mi

per square inch as archival gquality. Archival tests should be riade within 24 mra atter pmmin& 3

a test sample chosen from an hnap area. Aithou@ these two conﬁitiuns were not meft, tiw e

values were sufticiently low to indicate with reasonable _fmnﬁdenee that the proce&ged film 18 of archiv

\ 4. Tmage Analysis A S DN

' . Image evaluation comsisted of densitometry and amalysia by edga scan technlm
Range Network ,(CORN) operations, and Visual Raciprpcal:ﬁﬁge Spread (V-RES). P
' " a. Densitometry s p ‘ ' :

can be found by referring w the !requency tﬂstribuﬁon,graphs mustration 10, page 21
‘o {1) Image Minimum Deneity Values (Dmin}
Image Dmlnvaluaa mgedfrom 0.32t0 1. Bewithanﬁverw

Approved for Release: 2021/05/17 C05134462




: (red valuea is 0. 32 The range and average for each Rev are shcwn in
disfrimtion of AD va.lnea i;s shawn in Hlugtration 1
3

0, page 21,

¥

e :mae nampiete nstmg of density data 15 preaented in Table 4, Appendix 4, pages 4-1

sr.;an techniqnes produced values for the Modulation Transfer Function
50% Amplit\xda (50% Spread), and Machine-Read Reciprocal Edge Spread

wm:king tenms: the AFSPPL Technical Evaluation Team and a grcvup of
riorm theae measurements.
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B b , i

- EDGK SCAN DATA

e o
Y* TABLE 35

Mission 4011 -
Mission Data Machine RES Spread Pusnction Width at 507 Amplitude MTF AIM e E
R;: F;?:“ T;:ce 1w X 350u{ Iu X 80n) 1u X350x | lp X 88w | 1u X 350u | tu X 80p | 1 X 2504 14 x}@u V-RES | 1w X 350w Subject
' ‘ ’ Microns Microns | Reclorocal | Reciproeal Bmin | Doaw
DRE | o0% 1 21 19 24.2 30.7 41 37 38 9 NN
DIZE 005 H 20 21 28,8 12.1 3 83 78 47 34 1.3
p49E | o0t 3 14 25 47.1 10.3 21 87 72 4 47 0.7%
D4RE 801 4 58 88 22.8 1.2 4 37 kud 38 %5 0.50' 1 1
DEOE | 00y L I 48 24,7 19.8 40 51 . 43 36 45 0,95 {1
DEE | om ¢ 23 23 29.3 23.3 o 43 a4 54 0. 0.2 {4
D4E | o082 1 3% 41 27.1 18,9 37 50 41 -] 4 8,85 | 1
DAE | 002 * 8 L 33 29.2 24.1 34 # i 21 82 o8 |1
Dsg 018 8 18 11 22.9 - 132 4 82 - 24 .57 0.88 4 %
nse | ois 0 3 40 30.5 21.8 33 45 41 35 55 680 ¢ 3,
it 018 11 £ 19 Y L 38.3 14, 4 28 L 38 21 55 6,80 | 1.
Dse 018 1% 27 31 34,1 36,2 zH 28 ., 38 23 85 b8y L1
Dos pi2 138 30 28 B 8 ] 49.3 20 20 54 22 ™ OhE L
DOS 013 T 20 E-] 46.4 24.2 22 b ! 28 23 WO ees g1
Do o 15 ° 4 50 16.4 15,8 8t 0 84 81 . 80 55 .98 | 1,
pip 008 18 3 40 23.6 9.9 42 50 w07 ] L.
D43 ‘011 17 21 24 25.8 25.2 i 0 1
2 H 018 M |l n it 34.1 35.8 ‘2 ¥ 28 1
D54 012 18 25 26 18.5 - 18.2 §1 58 - - 1
DS . 013 20 37 ) s 38,1 24.8 26 40 1
DE | 00 paC-l - . 35 - 85,4 e To28 1.9
DATE | 001 pADSR - 58 - 18,1 - 82 1.8
DATE o a8 - 30 - 18,8 - 54 BN
DarE | ol a4 - 32 e 29.2 Cow 84 11
C|wmeem | obd paces - 18 - 11,0 e 59 1.4
. A - . - - -
DHSE 004 &0-8 35 . z%.a ¥ 44 i
. — L
48 a2 30.4 233 38 . A

menu mql Lucro-Aanr ’r’rﬂues are shown in Appendix§, pagm =1 thr(mgﬁﬁ-w

w L’nh.rm
& Controlled Rmce Network (CORN) frarget (Controlled Sees Brighiness Target)

Approved for Release: 2021/05/17 C05134462
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' curwa are plotted agamst the mamxfacturer-mmished Aerial Image Modulation (AIM) turve (low

' ~t‘aét~2 1} for Type 4&04 Film. The point of interséction fé‘r the AIM curve and the MT“F rve is the

/i AIM value in eycles/mm that is recorded in the table. Approximately 2% of theae cept values

il be detex'mmed only after visual smoothing of the MTF curves, For comparison purposes, the M-RES

e, MTF/AIM value, and V-RES value should be compared to the redp}ccal of the 50% Spread value.

e :watage MTF curve and the * 1 ¢ deviation of all edges for Migsion 4011 are shown in Ilustration 12

; ‘x350,u slit), and Mlustration 13 (lux 80;1. slit), pages 23 and 24, The frequency distribution of M-RES,

50% Spread, MT¥/AIM, and V-RES is portrayed in Illustration 14 (lu x 350 slit), and Nlustration 15

A‘f;x 280;1. slit), pages 25 gnd 28,

e (b) summary of the SPPL edge analysis a from l\'rﬁssism 4011 is presented in

Table 6 page'8. \ |
S (2) Sctentist and mnmn-ant Team

: ”daa appendix 5, pages 5-1 through 5—8 A summary of this daia for Miesion 4011 is
'ey 7, i:ase 8.
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N - . .

‘Mission 4011 . - No. of Fdges - 26
Method of Arithmetic Mean | Standard Deviation .
Analysis i 350,
Spread Function Width in
Width Microns .
| \ Reciprocal | g4¢ 49 10.3
at 50% Amplitude | Width . 18.7 23?; ﬁ .
Machine-Read RES | 20~ | 82 10.8 | 13.2 - 38%
MTF/AIM - 45 36 - 14.2 | 118 31%
Visual RES - 54 , 142 ey
( N Kl : .
- A ' R /4
. TABLE 7 - Bummary of Edge Scan Analxais
(Scient V
» ~ Mission 4011 - L . No. of Edges - 30
, . ' - Method of | Arithmetic Mean Standard Deviation
Analysis - - 1 % 80u ip x 8op
) WE—— . ﬁd,th ‘ . : . E S
Spread Function in o 40.3 . 15.0
Width
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' Bar ]arget (low contmst), the Controlled Scene Brightness Target (80 edge),
: "Pomt Source.”

:‘ments presentedinparagraph4 b. (1) above, page 5. . E
. {8) The resolntion of the "I Bar Targets (law and high contrast) was read by three
mrs ami the results are shown in Table 8 Bélow: ;

. TABLE 8 - CORN Targgt Evaluation
) ‘ , omvsn V
. ‘  NUMBER - NUMBER 2 - NUMBER 3~
- ‘ Bar Groups Ground | Bar Groups  Ground Bar' Groups Ground
Orfentation Read _ Resolution] Resd  Regolution __ Resolutivn
A3 A-g A-3 A-g A3 A8’
B-3 B8 B-2 B-12' B3 | B
A0 . A0 1 a0 |
B-0 Bps | gy Bplusl g 8 plus
s | s 2 | | s | e

: '(4) I’hotographic eniargementa (10X and 40X) are included in Appendix 6, pages 6-1 to
MicrmAnaIyzer traces and Site Manning Reports of the CORN displaya. '
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o cAMERA |
S ka2 KC-1 . A
. Film §0 180 . L5401 (Plus X) .
Focal Length ) 12"  6" S o
< . Fiter . Wratten12 Wrazten 2. <
Expoemrew 1/500 at £/4 o 1/500 atf/a
; Altitudek 9, 000' (ﬁasﬁc) A B, 0@0’ {mosaie) .

17,000" (matn ine)  17,000" (main line) j

o e. Visual Reciprocal Edge Spread (V-RES) - o :

an average of 44. V-RES measurements are recorded in Table 10, Appendix 1, page 7-1. .
(2)- The frequency distribution of V-RES values is presented in muatration is

Average V-RES values for each Rev were computed’ and are portrayed in Mustration 11, page‘%

Tiustration 18, page 29, shows the average V-RES for the ﬁve nreas of the fraxma V
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]

i v:an falr-to good throughout the 47 ra;oh:tion's‘o!

¥ Mission with title smearing
Franes 004<013; D15, Frames 001-013; D25, Frames

1-037; and D44, Frames -

.&, N ‘ »

' Fiduelal lines were distinet throughout the Miss
4. Double Yaw Slits : S g : . ‘
L awmitmemmments were vexry ﬁiﬁicult tefmake due to the double imagery caused
the tontimual image smear. - ‘

FrameSee | R :
VM& frqme lengths were-programmed throughout the Mission.
aérmp yam'i Bidsiap = . .

“ A , )
i “Hev D42, Frames 017 and 018, were jheasured; overlap was 92%, a.ﬁd sidelap was 86%.

. B
e

Approved for Release: 2021/05/17 C05134462




: 2021/05/17 C05134462

Approved for Release

Handle

¥

via wwmmpmm

Controls Only

ORIGINAL NEGATIVE FOOTAGE DIAGRAM -

=

k3

—Bplice at 29 i,

g

24y

ot

s 36mm x 66 £,

Index Camers

4400, 0mm x 134 £t

Stellar Camera

: 2021/05/17 C05134462

Approved for Release



Approved for Release: 2021/05/17 C05134462

. S , B g
: | | ., ‘ ge
1 - 3 5 7 9 11 13 '~ .15 17 19 21 2o :
mlluﬂltlnnl!ll!IHHHll!iulul'!lillllilllII[HlIUHHUllHIHHHHHIHHIHHIHHEHIRHIHH)H PRETRIRE SRR IR NSR ANNRA RURSE S0 80N O D) HIHH,HIH] * L “
R  Base + Density 4 ! = Dar
~ Time , Gamma Speed(B) - Fog ~ 2ist Step, Temp. oZ% up
| e . ' : = 2o Pry
PRIMARY  2.14 1,90 .08 2.30 74°F = <3 .
gvgEe - . K A : : . B Ty,
|INTER, . ‘2,39 ° 2.6 A0 LT 231 ePF ' » Cr
| 2 o . ‘ = V M,
: 2,18 416 .19 | .2.43 . 6TF == } Ex
v — N ] = ; Em
e =+ =t - Ex;

£ NOLLVHISIITI

Approved for Release: 2021/05/17 C05134462



*

9]
&}
oy
oo
]
o
et
w
Q
=]
oot
ot

i

uriIaig vrA S7puey

€ NOILVHIENTT]

Approved for Release: 2021/05/17 C05134462

Mission 4011 é ) T o : aE
: . . . : Mow
: 1 3 5 7 9 U = S - 17 - 19 24 TE
D‘@t@ 2226t 64 3’0 T T T T T e e TR T T L L L el FEASERREY SRR ALY H?lgifi 5 Ism& L!”M N E ?%: ?ﬂ; :
x - o " ’
UP Mo, R = : 2*'””*@” . % =
bropvy AFEPEL 2.8 - i i
— = - = P .
Type MO, F = = ?mii,xﬁ % .
Ciass Head & Tail — : = % = I "B .
Mgt . Eastman Kodak 2.4 = e 3 %
£ xp. date 28 May 64 - = ! e %
Emul. Mo, 4404~42 2.2 et = = M
Lan;{) . 1802 7 : ’ =2
A 2.0 = =Fg : - A
Expaiine /26 sec. - & = 27 . &
Wedge No. T1i-15 . 3@ = ’gj{' - = SEE— L
Dev. m ps - . - - ’ *.
Time 2 &L~ 18 = 7 = = S .
S o K
Témp.. * 87 F 2 -
AL 1.4 - == .3
Totat Densities” ,4?; '
f LR S 1.2 = = = S
i e | = F .
bt i = i
2 [ P . ;
R PR 8 = : ' |
bl ey — : : == e ; ‘
$ .. .13 91 4. 43 B e =T WW : m
¢ . Bse Den. =  Emme : = T
 JR— . DUS—— . : 2 5 : :
‘&1 4 o | : 3
! 1§ e « : ’ 7 : e
Sensitometric "Prop. : : =
Spoed(B) . £33 2 £  Seen &
gites - Daglight =+ O a . & 9. ¢ 12 18 18 24
Filtor fact, .. 908.10RELBO-10 7 RELATIVE LOG £XPOSURE
. S & ' . " ’
3 L R ) LI , LN wi:\\“‘jmw . : -

Approved for Release: 2021/05/17 C05134462



Approved for Release: 2021/05/17 C05134462

E 2%

Approved for Release: 2021/05/17 C05134462

SEVEEREN 10V e ER MR A LR SRARERN

k.

Aoy Do o D

0N

s o5 - ‘mwm IO e
g “i“ifﬁﬁ‘!ﬁgﬁlﬁQ“?iiiil?““iﬁ“ﬁ TEERINGRRENRRNY
5% JE B ) £

e v

Mission 4011
: S 3 5 7 9 1 13 5 17, 19 21
?M% & 3.0 EREREIRARE LURALERRIE AR ARRRR LR IR BL RN N SRR ANA RN IR KON NL S IEIH/]HH]HU!!II: IEEENELANERN DURNYARRRLAEINE RN IERSNERE AN Hljlqllﬂii!.ll! FENRLARR0E AR
' Base + Denaity ok
25| Time Gammsa  Speed (B) Fog st Step =
2min, 1,69 1.08 .08 2,40
26| 4min.  1.988 1,44 .08 2.46 s ' :
6min. .1.98 1,90 .05 2,47 === :
8 min.~ 2,03 203 i 2.50 —
— 4 ; j, - ’ o e 1 "
: = = S
;& v . ( {A w4 5 ’.-lr =
= ==t
: " e ﬁ " NS § =
."ﬁ - 252
s —— -
:§ -
% — 4
== =

w:



Approved for Release: 2021/05/17 C05134462

4

X -
oo .
ab :
g £ ‘ . -
3 ﬁ Date 27 Oct 64 . 3.0 IO n:mm!immmnnrmm};mumu‘nfmmm 1
,&‘«3; UP- NO. : : ’ . Base'+ Density
S5 P bW 2g| Time  Gamma Speed (B)  Fog mstszep
@ rep. L
<E d , 2min, 188 1.0 6 241
g Type__ 3404 2eldmn 216 134 .06 2.47
Ctess SPPL Contr] Stk. | 6 min: 2,21 1.85 .08 2.48
o - ; .
Migr . Eastman Kodak 24 8 min. 227 2.03 .07 2.50
' Exp. date
Emul.No. 37-4-8-3 2.2
Lamp WW‘YM :
o
Exptimel/2 sec.
Weﬁgeﬂo.’mé—iﬁo 18 .
Dev. D-18 ‘ e
Timé 2,468 min._ 16 =
Temp, GBDF
e ) : 1.4 s - :
Tota! Densities : = =
e B 1 1.2} ==
1 § 17 ‘o === ==
R e [ | gy = e :
-3 | P § 8k —
§ '12 0. . ] = E
! "y § i3 ” ; _5
"B b o BseDen
g T =
E‘ ' Sensitometric Prop, =
g Speed{ }m, 28
S Gemme . B ' E
& Fiiter '19,339_@_2@:‘51@9 e

AR PN

Approved for Release: 2021/05/17 C05134462



oproved for e2 7 446%

St IO R e LB S SV E . e ga' 7l a
¢ z i b i E SR
Mo Y b E 2 . E &

DIFFUSE DENSITY o
 DminRANGE =~ .

1IN s .
ol
4 i
» . L 3 E 3 “
v ‘ L3 x‘ 2 2 1 *| b §
8 . -
DOS DOT DO D0 -DI0 DIl DI4E DISEDISE DIS D20 D21 DS D33 D24 DI5 D26 D30 DILEDSIE D3I D35
& . o i . - B
. . ,
T DIFFUSE DENSITY
i . DminRANGE . , ;

<° < ; N B

Approved for Release: 2021/05/17 C05134462




5/17 C05134462

e
~GAM

5
o

BCS 24577-64 ‘ ‘
SPPL TECHNICAL REPORT NO. 101-1-34

- DIFFUSE DENSITY

5 _ o Dmax RANGE .
! 3.00 :
i 50 \ " ” = T : : 'ﬁ
AN 3 ~
- ' .
I >‘ - = ‘ ") .
: it
ko
% L B 8 L - *
# = a )
o .50
E ’ ‘ | .
1.60 '
E S0 .
e = \ :
: DO4 DO§ D08 DOT D08 DU DI0 DIl DIME DISEDISE DIs TR0 D2l D82 D3 D34 DS DI8 DI6 DIIEDUE D33 DS
& @ . . . . . ) ) I
. : ' .. DIFFUSE DENSITY )
. S X , Dmax RANGE ¢ A ‘ c

. & .

Approved for Release: 2021/05/17 C05134462




for Rel

ease: 2021/05/

S e % A

17

P

: . DIFFUSE DENSITY R

g - = ©_____ DRANGE : \
¥ 'um : ; : " J ' .

Y ‘

} i

50 e — - _ ’
£ - w
&
2
8 : - “m
Q

. k] . . .
D04 DOS DO DOT DOE Doo D10 DIl DI4E DISEDISE DIS D20 D21 D22 D3 D24 D25 D26 DI0 DILEDIZE DII DI5

. o DIFFUSE DENSITY
D RANGE

2
e

Approved for Release: 2021/05/17 C05134462




2021/05/17 C05134462

‘Approvéd for Release

-BCS 24577-64

RS

SPPL TECHNICAL REPORT NO. 101-1-34

)

DIFFUSE DENSITY

DI0 D31 D33 DAY D24 D35 D36 09O DSIEDNIE D33 Dis

AD RANGE

k.

<+

o

" L

L o

50

300

50

100

50

Y

). Doe bpig 911 DI4E DISEDISE Dis

i

DO4. DOS DOE DET Dos

DIFFUSE DENSITY

0

3.00

: 2021/05/17 C05134462

Approved for Release




: 2021/05/17 C05134462

Approved for Release

3C8 24577-64

‘PPL TECHNICAL REPORT NO. 101-1-34

}
.60

.40

.80 2.60 .20

} ", 66

-4
DERSITY

E2

S0 Lo

.88

.40

.38

2 8 I B¢ =

ADNANDTRS

0

FREQUENCY DISTRIBUTION

.80

40

20

.80 2.00 .

2 B 3 B
AoNanbauy

Handle via w%@ﬁ@n
Controls Only

: 2021/05/17 C05134462

Approved for Release




BCS 24577-64 , 4
SPPL TECHNICAL REPORT NO. 101-1-34 :

DENSITY

DENSITY

40

24

0g

40

60

40

20

o0

80

B0

S :
21/05/17 CO
B NERY

o

> “l Fy
A = fas : & & :
& & & L i
6l ﬁ?_ﬂ
&
& A s Aﬁ
0.8
0*. L Y .
L
@ L
. " > -
. €
94 80 ke 80 50 46 36 i) 10 R -

SUN ANGLE ' ! . U

Dmin & Dmax AVERAGES VERSUS LATITUDE

Approved for Release: 2021/05/17 C05134462




ed

o

rRe

‘CYCLES PER MILLIMETER

30 40 50 100

Approved for Release: 2021/05/17 C05134462

, ‘ AVERAGE MTF CURVE - |
S ‘ lux80p LOG-L0OG -
1.660 U ) ase
: G (N NN [ N i
‘ ; : ' — ATM ==t
.250 4. |
] & .200 ‘ 3 1l +1g
- S \
’ g .150 - o MTF -
2 AR
o : . g
~ - E 100 S
. §2 : . G B B =g =
& 1. .
. .- .050 s .
.. .25, - .l
) 020 : - ; ‘
% .91\5 ; n 3 & ‘
P . . E - )




TF CURVE

g x 80p

2021/05/17 C0513446
2021/05/17 C05134462

AVERAGE M

Abproved for Release
Approved for Release

00

5

[~ TR - T - S
28 8 8

a

. 050

: NOILVINGOKW LNAONId

1




Approved for Release: 2021/05/17 C05134462

AR
N .

Approved for Release: 2021/05/17 C05134462

¥ ’ :
- FREQUENCY DISTRIBUTION .
; ) MEASURES OF IMAGE QUALITY
T ' ' A . - j
3 . 8 . " p
- E
. ) ¥
. . g & . Gt
‘ . g
: ) %‘-’4 : o
1 Py '
. - 2 .
60 70 80 .50 100 110 130 130 o 10 20 30 40 50 8 70 80 90 100 10 120 130
ol  MTE/A : ‘ ' ‘ Spresd Function Wicth st 505 Amplivate
o iResgbetion ey/im) (L% 3604 sitt) Reciprocal of Mjccons) (lu x 350u slit)
' - 0 TTTT]
. oF
o
B - -1 - . .
N g b N W
. \ g . :
“'Q - N -
; \ . ’ !
B0 %0 80, B0 100 110 120 130 0 10 ¥ S 40 50 0. .70 60 90 lep 110 130 15
o4k m 3B0u slit) . ¢ {Of edges which were machine traced)
O | o :

b
.o
=
=
-
=
et
e
w
=
=
e
i
.
H
.
.
£
.
:
;
.
i
.




i

@
o
=
Lanal
"
o
=
A
Q
bt
=
et

Approved for Release: 2021/05/17 C05134462

jav
b
=}
£
@
=,
» .
. N > FREQUENCY DISTRIBUTION
3 L e - MEASURESOFMGEQWTY
g A0 . TT o T
- ‘g ¥ ] R B
. . o ° 5 ’ -
L :
¢ 2 - ’ T : a’:
0 102 30 40 80 g0 7 I8 80 100 110 130 1% o 1 W

. _ . MtF/Ama -
N (Resolition cy/mm) Gy % 80u pHI),

. ) \', v ' i ‘»/ | o

10y i : ’
” ’ N e - B ¥ :
' 2 5 ) 5
- 49‘ 5 eo w. 80 907100 110 120 130 §
) § . ’ w Klp £ 804&‘3111,) LT
§ ol
=]

Approved for Release: 2021/05/17 C05134462



Approved for Release: 2021/05/17 C05134462

k1

PE-T-T0T "ON JHOATY TTVOINHOSL 1dds

4 « - 8
. I | I
5 .
M Py « R N - “

& ¥

N & . ‘ .

| _FREQUENCY DISTRIBUTION

£

.

Approved for Release: 2021/05/17 C05134462



- g
et
i

3

o 2R
DO D05 DOS DOT [0S DO DI0 DI DILE DASEDISE P19 D30 Dt

; AVERAGE V-RES PER REV

50 —

]
e

Approved for Release: 2021/05/17 C05134462




Approved for Release: 2021/05/17 C05134462

i

IVIINHOHAL Td:
PoLee S 2

PE-T-T0T "ON LHO

e

Approved for Release: 2021/05/17 C05134462



i .
EPPL TECHNICAL REPORT NO, 101-1-84

&

49

- ~ 1

90 80 R 0 s 40 30
o SUN ANGLE

AVERAGE V-BES V5. LATITUDE

Phree

¢
e

Approved for Release: 2021/05/17 C05134462




pproved for Release: 2021/05/17 C05134462

SECT!ON 28
xswaﬂps AND EQQIPMENT IJBEI) IN THE ANALYBI]

ﬁents 8 Q@sﬁrﬁpﬁ@n of the test procedures, methods, and equipment used in cmduztm
nalysis of missions, results of which ave recorded in par. B., Section IL

photographic m;aﬁma« oxxmmg products fmm the same camera system and under
ndm@na are evaluMd with identical equ&pment and techmqnes, where possible,

<<<<<<<<< omparisons of individual missions can be accomplished. The report of the first mission

‘handling data, c@rrespmdmg revisxous pecessitate an eapla»atmn which is outlined in the
I‘iﬁe par;gmphs of 8pction II. When these revisions are minor, in scope, they are mted in an

15 2 mmglate revision of Section I for the m Series missions. All changas which
3!;00 the lgst major revision (SPPL Technical Beport No. 101-1- 22; Misslon 40086) have

Ws, and io;’ gegrg;}g;iops w,hich are ﬁup.ert,icial to the imagery m;,cb as film tears,
8brasions, or foreign marks. The degradations are described, and any notable defects
mu, ~and Frame. No attempt is made to determine the source of each degradation as
eamera operation, improper Ia.boramry procesamg techniques, or other causes.

-
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stra.ight line.. The slope of 8 straight line which coiucidas 88 xwarly a8 possible mth
‘curve is termed gamma (v). °

Co b Aerial Film &ueed,md ethaer senaitqmetric mmm:xs are mm;i
with procedires described in ''Federal Specification for Black and wmxe Msnphic
dated 17 December 1956, as amended. The film speed utilized to measure the serial reco
described herein is accomplished utilizing Method B of referenced specification where ﬁim
to one-half the exposure (E) in Meter Candle S8econds reguirad at the poiut on the H&D curve whe;
slope 18 egual to one-half of the gammaof the curve,

2. Chemical

respect to storage or agi;ag. Two analytic technigues are ampmymi by this labamty : the M ﬂ?‘m
Egtimator Test, applied for production testing, and the American Standard Association PH4. 8-3.358 .
_ technique, periodically employed as a control reference.
2. Kodak Hypo Estimator Test
This rapid method is used for determining residnal thiosulfate dnz‘iag MMVQ a&d
positive production.
(1) The test standard utilizes.a shest of film on which Eastman Kogak Compeny W
placed four numbered color patches. The yellow-brown colors are arranged in ymi& densities m m
standards for the test. “Instructions and test solution formulation accompany the ﬁwd,
t (%) The ares of the sample film to be tested is Aot the final product, Mrgﬂmxa
portion of !:he leader or trailer which "brackets” the ﬁx;al proguct. :
(3) One drop of HT-3 test solytion is applied tc the em,ﬁlm o be tﬁﬁtm and a#saggg
to stand for two minutes before blotting off the excess reagent.  The resulting stain is compared Wi Q&
patehies on the standasd in subied Lght s the matshing pateh mumbsr noted. T
(4) Test ﬁpots matchlns the various Mﬁﬁ on the standard sfwsﬁma@m

Approved for Release: 2021/05/17 C05134462




pproved for Release: 2021/05/17 CO5134462

S

{3} T,;w area 53! the nmp;a ﬁlm to be x;esteid 15 not the final product but rather a port
. “chkﬁtﬂ" the final product. .

(8) A megsured aves of flim (1 sg. in. %} 18 immersed for a sufficient time in a
A,t,gﬂmm the tjme of sample immerai?n, comparison solutions are prepared by
&nh;tieﬁ;; of. g;mpmaﬁ mmmtion and quantity to the required volumes of test solution.

3@ is thus !wantitgzivaly determlnegi,

8 o Milligrams of Anhydmus ,
) Sodium Thiosulfate per Square Inch
0

0.0035 +  0.001
0.005 * 0.001

0.00  t 0.002

0.02  t  0.005

o0 & o010

R 0.1 £ 0025
N 02 . n.fiso
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C. Image Analysis o s
1. Densitometry S ‘

"- ' a Density Values

a 0. 5mm diameter aperture disc on the
« (2) Measurements :

Measurements are made on all frames of each Rev m " ]

determined are: Image Minimum Density Values (Dmin) of terrain image; image m:n
(Dmax) of terrain image; Cloud Maximum Density Valuaa (Dmax Clonds); and Gross ?05 >
(Base plus Fog) measured along the frame format edge outside the. image area,
{3) Measurement Techn;gue ot

The film 1s viewed gubjectively, and terrain image sreas ;vgp;:@

“““mt measured. g’ i . g
b.  Computations , o s 2;{ e

(1) The Zmage Dﬁnsity Qﬁﬁfme values (én)m cor . . . L
subkracting image Dmin imm image Drax: @m}:@m -

Lo (9 StandwrdDevighion (o) !
The stmndasd deviation (o) 1 sbculaied
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4 of. dge . w\@aﬂ‘ aamm, ineludmgthe equipment usedmdthe samplmgprocadures
Function Width at 50% Amplitude (50% E,pread) } .

() Equipment -

(p.} The edge traces used in the analysls :

accomplished by the Mann-Data Micro

on g&gﬁs‘ tapﬁ xor s;imct mm:i analysia on the BM 1710 Computer
- ' {b) The IBM 1710 Computer, a,nd associated component gear, is used to process
b wﬁm ;ige vgmjcng d@t& Fmtran programming is used.
. TR Bubject Selection .

g (a) The small photo geale and 1arge slit lengths umit selection to subjects having
aight sgges sucb 48 rUnWays or a;&remaly long buildings. These subjects are carefully selected as
thoge Mmgmg cleanest adges possible ( e.g., runway edges {ree of debris or other objects).

< {b) Bubjects selected are located-on the frame by the magter grid (See Hlustration
47) md the coordinates are recorded in Section I], Table 5, Edge Scan Anaplysis Data. Edge
cted subject is also mcﬂme.d»by degree of inclination from the line of flight (See

A mj;ﬂmum of 20-25 edges is selected for tracing throughout tpe Mission
- ?mcammp ..
{ﬁ) &lﬁ&;}l processing G}'Lﬂa E) curve for the film and frame being anaiyzed and
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the 50% Amplitude of the Spread Function. 'I‘he s:!istance of ﬁggamt’;m mm these
on the slope curve is the value reported in microns as tha Ygpread mam Width g 5% :
{Qustration 22, Diagram 4a, page 49). . . &
b. Machine-Read RES (M-RES) - ' :
(1) (2) (3) - same as Paragragh 2. a. ahove. '
{4) Procedures
(a) Sa.me as Paragraph 2. a..(4) (a) above,
(b) . Same as Paragraph 2. a. {4) (b) above.
{c) Same as Paragraph 2. a. (4)(c) above."
(d) Same as Paragraph 2.a. (4)(d) above. v
- {¢) The minimum and maximum E val;:es are then mym&l}mﬁ o the »
0to4.0, : S ‘ '

procedure and a ma.ximum 8lope is determined.. ‘I‘he total sample lmmth used in tg;;;
of eight microns. e

(g) The slope of this line is computad and supplied as qu;gut

"‘f'mmndﬂw to the linear mpe wmwted. The a;cpe value mua mm;m
multiplied by 1000 (Mustration 22, Diagram 3a, page 49).
dulation Transfer Function (MTF) N
(1} (2) (8) - same as Paragraph 2. 3. Ahove. : : ,.
{4) Procedures _ S S
a8 Parsgraph 3.3. (4)(a) phove. L
: agraph 2.3, (4)(b) ghove.
h 3, 8 i&){&) #hare,
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« {h) Th@ Fo rier tr;i,nsiorm of the differentiated edge response Ls computed ina
' san;ple 18 regarded as & mctangular pulse. Only the modulusof the Fouriertmaxex:

‘ d xn the next wb—paragraph : , .
(i) Given a function F (x) which represents the convolution of 2 step stinmlus with

apxead iumtion, the 1mpulsive responae of the system is giﬁ;n by .

B s Fm . T

pa "

isre esentative of the convolution of the spread function with an impulsive function. Due to the sifting
' ¥ wrty of the impulsive funcf.i;)n, this result is therefore the system spread fxmction 8 (X) Since this
m operates a8 a wuvoivmg operator, o o

F (x) SS(T-X) F (X)dx

.

rier transform of an object distribution F, (X) 18 modified to a new transform by the relationship

¥

COF[R M =F[F,®] . FE

m;mgm the Fourier transicrm of the spread function represents, on the basis of a lﬁm&r hyp_githesis,
" ﬁt;vg Imgr which modifies the syatigi pmpa;:ties of the object distribution. ‘
Since the function I {X) 18 normally of finlte length and con;ta.miaatéd by noiae,

18 w 5:32;6 #o oblain a amootlwd eatimate of the transform by convolvmg the tranaform with an even
Such an operation is mwiva;ent tva mumpucatm in the spatial plane. We can thereiore obtain
setimate by mulﬂyly;ng 1(X) by a suitable even function. In the present program, this
ion is of simple traingular ahag:se although it will soon be modified to the conventional’ spentre

g function. ,\ ©o
" The location of the center of the wewmng function is found by numricg,;
the step J‘QW, mme;; "ol mnxm" ﬁt 8 mgtant levelfor regions outside the maa&urm

f M MM@&MW

Approved for Release: 2021/05/17 C05134462




 Output 15 the transform modulus:

#

W

! ‘a*f":if'm - '9{1 *x) }‘
. ) Aerial Image Modulation (AIM) curves for Type 4404 Fﬂm wﬂh 3'1 contr

Plotted against MTF values for each trage to determine the point of intersection. These values kwy 168,
l « &re recorded in the table of edge analysis values. In those. cases where a normal tntersectima of tb#ﬁé ;
curves does not occur before noise diarupts the curve, the x-esponse curve is sometimea axtmwmd
ina normal course to determine the intersection. Should a large discrepancy exist which waul;i ,mgka
' extension of the response-curve uncertain, the dats is declared invalid. The percentage of the mzmber m
eddges which raquired such curve extension to determine the intersection pomt is always reported.
' Controued, Range Network (CORN) Operationa ,

‘The Controlied Range Network (CORN) is a program designed to meaiure properiy utilize

l & series of fixed resolution target displays of varying izes and types located throughodt theT 5. andCanads.
-

. in addition to these fixed sites, there are three ground mobile target units and two.air mobile target units

stationed at key poihts in the U.B. " The complete descripticn oi this program and the targets used themﬁn

"is found in the Controlled Range Network {CORN) Manual ) .
& Ground Mobile

. (1) The transportation unit provided in subport of the ground mobile target displays
congists of a prime mover and an operations and residence fratler. The prime mover is)a tmﬁ%mger
4' x %' vehicle capable of cross-country operation with target units loaded thereon. The mstmmgmn
aud,residence trajler is a standard trailer fully equigped for the self-sufficlency of a thres-man crew. m :
trénsportation unit will permit off-road operstions for periods up to six days in isolated aress withno
demamis for other gmumi or air support.

(2) Each unit congists of combinations of the following target armya mrM wpon

_ request. Ti;guser may mquastthasugpoﬂafmy part, mmmhimnmwparta orxhemtal
Thataxge&am .

o

]

O i?m‘, Mv comm;t Maear
®
{c)

o Bay, Mm

@ Modified MIL-STD 1504 - ;f
{8 . Tri-Color & Polnt Souree :

o
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(ﬁ) %“u}} ;nmmmemtm, in acmr@m with Cqutroueﬁ aange Imwork pmcem;ea, wil
sed In gupport of this wnit. ‘
B Air Mobile
) Eaﬂh unit 18 composed of el aapg,rg,tg target gwwg avauable for movemnt b m,
' ?@i}iﬁlﬁ m 8 &m&ablﬁ site Ypon reguaat The user may request the support of any pa,rt, any ﬂombma‘t;on o

‘‘‘‘‘‘

e mrta, op the tqtal Qispla&' The targets are:

Vs . (@ Bar, low contrast
Sl e ) (1?) e Bar, high co;ztra.at
e () ABullva-aye (availa,b;e for use, but nat norma.uy mclugied in eppra}:iomu
. display

5

| {d) Trl—Color & Point Bource - . R
{a) antrol fcene Brightnaaa ‘I‘argsat (small sections only)
' ‘ {2) Full mﬂtmmentaﬂon, in aceorda,nce with Contmlied Range Network procedures,
r L 3 ﬁ operated in support of this unit. - , .
. ¢, Bite Instrumentaticn ’

s -

# The mgtmmema use support of a mobile disgla,y are identica,l to thos ed
thmggmut the Controlled Range Networ:id will parmit the repnrting of: |
A ) Atmospheric temperafure
> I  {3) 1@9&1 bargmetric pressure )

(3) Local humidity | o \ g
(4) Windsp 2d ang naﬁure {gusaty, stea.dy, ete.) !
(5) Wind direct] . .
: ' (8) fCloud cover in (phﬂtq record) T ‘ i
. v ’ (7) "Cloud cover by type (visual and ‘photo)
- . {8) Ingolation .
, (8) Target component reﬁectance
. (0 'Vi?ihﬂr data (rain, snow, duat, etc. ) =
 feanvas Target Displaye :
T}waa Imbila unite congist of varying combinatiﬂns of the fonow;ng canvas target

a
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cqmpaa&d of 1", 1. s:, m a' mﬂ am m@ tmm, m m, 15’ m;%
paxches

(2) Bull's-eye . e
The Bull's-eye tmat 188 rmd mmy. ’1&’

of five dﬁfarmg mﬂmmﬁeﬂ.
(3? wpn Bar Taraat (High Contrast)
The high contrast black angd white "T‘” Bar Target consists of

equ;u to twice the \ytdtb of thp black bar elﬁment of t;wsum@gw smalles

normally displayed in theform of a letter "T", with one legaparallel with 3‘99 W of fHight
perpendicular to the line of flight. Cirrently-thess "T"" Bar Targets are belng modified 1o 5
have 2 B:1 length to wigth ratio for each kar in: camgponagm with past pational 5
- targete instend of the Gonstant 30' bar pngth discusped Wﬁ' A such time 88 ¢
the tables which follow will-be changed. . a

Bar Group . . ' . L '

" Pand] 1 AR R}
,? | - $f., 8.9 -, 20f |

’ PO 3., 99971 T N
° Pty - Pf 83 .

5 B S E T S
v B, 0 o T &Qﬂ
8 pawel 4T 1f, 9978 } ST
S S S 3RS 1

Ho b
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18 | M, 0 20 ft.

14 ‘ .1 égg in. . 30 ft.
15 . C esw < .
- 1 Pael 6 ‘ 8.5 in. 30 1t.
S A “ STt 7,562 4n, 20 it
o ’ 18 . 8.75 in, 205
B 6.0, 20 £,
(4) "T" Bar Target (Low Coptraat) ¢

The higl} contrast xpgg;mmn targsts mzrrantly in uge are nqt entirely suitable for
niping resolution of ;;;gh gltitude mcqnmigsame phqtogmp};y because normal camera exposure for
;g ;}c;t correct for the Mgh contragt "T" Bar target which has an average reflectance of about 50%.
' reflectance is approximately 3(%

Thig new reaalut:on ta;a ot ig called the "T'" Bar Target (low
. '}‘h@ ;a;{ ;: ggns;lﬁta of two lega, pach 30' x 337", utilizing three bar groupings, beginning with
‘ '3@? bar group, g wmﬁ bar group, and 3 4' wide bar group, and then decreasing theveafter
t@ 8 Q*‘ wide bar gmlgp All bars are tweply feet long and are perpendicular to the long sxis
g&&b har Sm%?}!?ﬁ GQQQ;QW of three b}@rﬁk hars and two gray bars. 'J.‘he bar groups are

B 1t. | 0.
8. | 01
2 C . .
3%@75&» V Cgog :
IR L T A

R 9937 i
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7 o 38k, 6.25 . TS
RN Bt 2.997 1y w8

v SR, om0 e
o Panel 6 1ft., 0.874 - . a0
" : Cif, T.080 - 201t

BRI 1., 6 ip. 20 .
13 Panel 7 L., 812640 - 204t
* 14 1f., 1.54n S TN ,
15 - 1, 0dp. " B 38 ‘
| s © 10.687 in. Caos R
U . asm .1 2 |

| 18 Panel 8 8.5 in. 20 1t. | L
, 19 ‘ 7.562 in. 201t R
20 . 6.75 n. 0. ¥

21 . 8.0 in. 20 1.

(6) Tri-Color ’

This target consists of three canvas papels, each 12" x 207, gz 50l
blue colar.' These are normally displayed #s & 12' wide unif, parallel to the uﬂﬁ-%’mﬁ%
Source displayed in the center of the blue panel.

: - {8) Point Source . . |
This target 16 8 highly poliahed melsh hemisphere, 19.5" in diametsr, i
displayed on 2 blue canvas panel, 13' 3 20'. When rpguggsze 4 the ?@Q&t Soures il be ‘
center of the hlack 9&;9?! of the Modified MIL-8TR 1504 Target.
' Wﬁ § #ne Brightness | ’;’
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;)umg the operational life of a mission, CORN targets are aciivated thmugb the CQBN
;:ammunicauqn network.” The activation of targets rggui;pa \t{m;mmg of fixed gites and dispersal of tl;e
~ mobile units a pxegps;med locations. mmg the activation period, the temperature, baromstric
pmssure, hﬂm«iﬂiﬁ’» alr movement, hazs, cloud cover, and gpectral measurementa are recorded.

f.  Denslty Traces of CORN Targets

(1) In addition to those selected for edge analysis, special traces are accomplished
o ;x‘p,mes containing imagery of remmtion targeta "Traces and photo enlargements are included as
inmmmm to the report. The density measurements obtained with the Mann- Data Micro- Analyzer are
read out as specular density values, but are correlated with diffuae dansity by calibration with diffuse
dﬁnﬁity standards. The values are measured as the mean of the grain structure within the fiim being
ans. Y&ant :

oo {3) Density traces of CORN targfet‘s are produced on the Mann-Data. Micro- Analyzer
containing 2 5. 8 micron spot, ohbtained by 40X optical reductjon of an actual spot size measuring 0. 0025".
4 scan speed of 0.5mm/min. ‘and a chart speed of 101, 6mm/min. are used for a ratio of 200:1. One inch
op tl;e graph equals a distance of 12.5 mierons on the film. Values are recorded from electronic sigm,ls
mm'@rtad to the chart and digitizer as density. The digitizer further converts density values to paper tape
* for direct readout and analysis on the IBM 1710 Computer.

4. Visnal Reciprocal Edge Spread (Y~-RES)

The vis&;&l method of measuring {mage edge spread, as an indicator of image qua,lity in
pho}og;g,g}uc gvalugiiaas @&crihed below, is an historic topl in the analysis of photographic reconpaissance
satellite missions. This method determines the effectiveness of such missions to obtain maximum detail.
Values o]qtg;ngd are called Visual Reciprocal Edge Spread (V-RES). Tests are presently being conducted
to determine the value of V—-RES compared to objective measures of edge spread {par. 2. above) in mission
evaluation and to identify any Hmitations which may exist in this techaique. Analysts are continually being
trained anc; tested in edge spread measurement to jmprove vandity of results When the term "RES" is
used alone, it refers to V-BES as described here.

" #  Equipment , .

(1) V-RES measurements are made with an AO Spencer microscopg contalning 4X%, 10X
angd 29X Zeiss ?} napo objective lenser, and with either an 8X or a 163 Zbiss Screw Micrometer Eyeplece.
The mierg 59999 is mu;zi;ﬁd on a quamy inspection viewer and can be movag vempal}y or horizontally aver
wing ares. B s gggipyﬁg with a device which allows it to he mckad into positiop. The Zeiss

¥ §.‘I@B}§9§ ogntains a mﬂvm}m’e crogs halr wh;ch b;sacts the mwim area. The entire

-
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device, ag
the subject.

; follows: .
Objective - Eyepiece Power
; o > S 92X

> S () 64X
; 10 8% 80%
® x © 18X - 180%

: 25X ‘ 8X 2008
j 25% 16X 400X
b, Frame Sampling ‘

' V-RES measurments are accampnshed on selected frames ot%gc;; Rev throughout the

c. Bubject Selection
Subjects selected for V-RES measuragaem; must have good mm‘w contrast W!ﬂ} thei
.aasociaﬂted shmjnw image, and relatively atraisbt lines or ng;gg such as the e dgg g: 2 W@g, Wﬂmﬁ, ;
or voad Culural feptores prasent the best sdgos for mepsurement, bt cortain naturg) features cap be
measu;'ﬁd tp some d,egree such 2s 2 Fiver bank or mountain mggg, An ngpct containing edge 8 both

measwemgm wggs ;zppqssible due to ngr CQanona or mxmmm

4 V:RES Measurement '

~ The objert selected for meagurement will m.ye ane or more ’m@ﬁ"}? ﬂt}' o sdges
guch a§ the sldes of 8 QQM; Foag, or stream. Dup to resalving power limitations of th I

e 9; Q}ﬁ 9’?}&5} %g 3. 1"
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? Image Mation
& Two V-BES measurements are gcmmpughed in each area of a tra.;x;e, where possible:
one on gn edge that s spproximately paraliel and the other op an edge that is agpmx;mtgly perpendicular

’ ,119 the M%Q}g@t (Rlustration 38, page 53). A difference in the smount of dégradation hetwesn the two

- ngcﬁmﬁ (8 difference in V-BES value) i considered to be an indication of the relative rksreﬂ of image

xs;g;z}gn« The direction Qf imags mqtion 15 perpendicnlar vé}g the "edge" measuring the largest V- RES value.

Jo the tahle of Y-BES values, the méasurements are recopded ag follows: measurement of edge spread

8&?&3&#3 to the line-of-flight is entered ynder the "W column (With the line-of-flight), and edge spread ‘

!}?%inlﬁ;‘ to the line-of~flight is entered under the "A" column (Across the line-of-flight). No attempt

18 made in this evaluation to defermine whether the image motion s due to incorrect IMC settings or to
_Yehicular motion, bt merely to identify that some image motion does exist. The exact single direction in
which motion oceurred is not measured. The use of the word "direction” indicates the component of motioi
QMW parallel or perpendicular to the line-of-flight.

) b. The accuracy of the sdge spread mea«suremggt technique has not heen firmly establishec
Therefore, 3 amall difference in V-BES values parallel and perpendicular to the line-of-flight in one area
of a frame may not be 2 valid indication of image motion in that area due to measurement technigue
inaccuracies. As a result, 1deu§iﬂcati0n of i;mge motion, as discussed in Section I1, will be cofisidered
M,.wicﬁm oply when a difference oi ‘more than 10 V-RES units is noted. Tests are presently being
cpggucgeg to Qetarm;np the gpcuracy of the gdge spread teckmique, a.nd the results will be applisd tothe study
of mage motion as soon as valid data is available.

8. pgaﬂr;ption of Subject Environment
3. Sun Angle N
The sun angle for each i;'t;me evaluated is extracted from the ephemeris received for th
{sslon and is entered in the table of diffuse density values. |
b Geographic Latitude
The geographic WQB for each frame evaluated is extracted from the ephemeris ,
rg,cﬁmﬁ Sar the miseion and s entered ;n the table of diffuge density values.

¢ Qther Environmental Fastors

 Bate 15 presently belng gathered and recorded, snd techniques are being estahlished for

op of eRYironmERtsl faciars With the data measured as part of the photographic

F1oF8 Inekude ebject tvpe [ utidings, -roads, runways, tanks, quonset

J climatic gopes, wga;;w cguﬁmnns (atmﬁp!}ﬁm 69(,: itiops), and
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. - B. Analysis of Fﬁm Format Characteristics
’ -1 Fitling . )
_ The tithing information throughout the mission is }Mpﬁm‘«ed for m;gp}amaggg
’ defects are described.
2. Time Tracks
: The time track is inspected for legibility throughout the M? ﬂﬁ}?& W dﬁ!ep;g g-rg @gp;‘
3. Fiducial Lines ‘ :
«  The fiduclal lines delineating the p;rimary image zone are inspected am:.l defects mgﬁy;wgv
© 4. Double Yaw Blite
The double yaw slits are inspected for quality and defects are described.

Qverlap and Sidelap
One get of stereo pairs is selacted, and the percentage of overlap and sidelap is p;gmg.
E. Film Characteristics g

1. The standard H&D CHWQS for Types 4400, 4401 ang} 4404 az-é shown m m&t?ﬁﬁ@ﬂ? W’ &ﬁ,
and 29, pages 64 through 56. o .
¢, Film Types 4400, 4401, and 4404 have extended red sensitivity. They are sengitive to. &%’m
lengths up to approximately 720my, with a pesk red sensitivity of approximately 690mu. This exended red
sensitivity meg;;g that any of the three films can be ysed with minus-blue hazﬁ reﬂuci&g ;j,}zgrﬁ w;}}g@g;g
2 excessive loss.in le speed, \
! 3. The apm;g;a spectral sensitivity determinations are shown in Wiustration 30, page & . Thes
‘ graphs demonstrate the absolute spectral sensibivity of Types 4400, 4401, and 4404 mﬁ)ﬁ Qﬂ?ts@ﬁ}g
1.0 shove Gross FQE Following 18 & description of the greph: The spectral sensitomster g o :
terminis sensitivity of 2 photographic matekia
ged ;nlmpe 151 sﬁmxmmr to mopachromatic radidton.

Approved for Release: 2021/05/17 C05134462




Approved for Release: 2021/05/17 C05134462

ID FOR ORIGINAL

o T . TITLED EDGE

.

TEPWY mD OUmm

-1’7 s
3 ———VX " ’m
]
, : o8
+— , g @
| iz
e s gm
. g
‘ 8

Approved for Release: 2021/05/17 C05134462



pproved

Approved for Release: 2021/05/17 C05134462




DESCIUPTIVE DIAGRAM OF ANALYEIS BY EDGE SCAN TECHNIQUES

k4 .

a - B

(_ih Edge Trace ai
Beavs. X

LN
'ROTE: A very smooth sdge trace 18 used
for ease in representation. A typical edge
of the misslan would show trregulnrities.
particularly on the talla of the turve.

- -

2 B
. \// ¢
o . = -
. » el .
AR SR
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. N
. ) « MACHINE RES+ N
{3) Edgs Truce as {3a} Hormalize Rel. £ s and measure
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(421 8pread Function Width at -
' 50% Amplitude .
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2.5 mil Estar Bage 1 3 5 7. 9 11 13 15 17 19 . 21 B
D't' g!! Aﬂzji 1&61 30 ”'I{HI A G A e L e T L T LT )H!H!H FERRRRLANNRTEARBIZANIS £Y . 1 g

’ o A Base + Density i e e .
UP No. 62174D - Ft— ; = N
g : 28 -Time Gamma BSpeed (B} Fog  21st Step = 7~ ,fi? : 5 R
Prepb ) : . - . s e .

Y ‘ Smin. 1.0 8.8 .07  3.19 = = g |
Type__ 4400 _ 36| . Smin 1,98 13.44 .10 3.48 =ca e e e B M
Class ___ : v 8 min  2.02 29. 82 18 . 3.58 5 ,:b;' : g .
Mrgr .Eastman Kodak 2.4 12min. 1,98  25.00 .30 3.66 SrE= =i LT
Exp.date. . . L : 5 5 ”‘ = ,"; s = . a
E mut.No, 0-130-2-1 2-2 s e & ﬁz‘ . %
Lamp __B500°K e . S

f' p 2-0 ’ :’ ?‘
Exp.time 1/10 ec. = 72 7 2 'y
°wm§a‘Ne.§§7-150 1.8 = - Lt 7 = PN <
Dev. D-19 - + = 5 £ 2 =

TS EriEmr 37 = ~
Time 3,9, 8,12 min, - 16 : kz.f%"': + S e

- == s z Fa et .

Temp. . 68% = == 2 i 2 : ‘ .

s ———— 1.4 :.*.:::::-r e = = z 5 ; : : = i o
Totai Densities = . =S s S =E ST es===0nut 2 s B S
L 18 e ‘1-.?2’-'“3@# = ,‘ e = e
. coa T 1.0

2 18 :
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Base + Density.

Time Gamma Speed (B) Fog  21st Step.

2min.  1:40 27.41 .08 2.20
26| 4min.  1.72 42,37 .08 2.88 == z

| 8min  1.88 52.30 .09 3.+ - =F =
24| 8min. 1.88 5480 .13 3.+
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, ADSOLUTE SPECTRAL SENZITIVITY OF 44oo,ummm D-18°AT 68° %
© SENSITIVITY: RECIPROCAL OF EXPOBURE (crp/cmz) REQUIRED TO PRODUCE
: . Dl cmamm . ) . .
< ‘ e ’ '
., # i .
N ) ; o “
. + $ropt -

. Lo 400 450 - 50D 850, Co8s0 . . 8% 700 0

. - - WAVELENGTH my o

e "~ ABSOLUTE SPECTRAL SEMSITIVITY OF 4401, 8 MINUTES, D-19 AT 56°F
oo | EENSITIVITY: RECIPROCAL OF EXPOSURE (ergs/em? ) REQUIRED TO PRODUCE
O s . D-1.0ABOVE GROSS FOG. -

Approved for Release: 2021/05/17 C05134462




C

) SPPL 'fECﬂNICA,L REPORT NO 101 1-34

I P

l. BoBMsTI-64 e

© A gecTiON OV
oassnvuxo g Am)‘ S}JMMA‘RY
1, This'section presents observations derived from data Usted fn detail msmion L. Sabjects émered
ark Density Analysis, Analysis by Edge 8can Techniques,  Visual Reciprocal Edge Spread (v-axzs)
Controlled Range Network (CORN) Activity, | mckbird Missions, and l’hysiénl Degradaﬁopa. leu valus
are then compared to other reports in the 4000 Serles. Fma]ly, 4 brief aummm'y of the overstll ﬁeﬁhﬁiﬁai ‘
‘, evaluation of Mizaion 4011 is presented.

: oA DensityAnalysis ~ T : \ s B

1.  The table below is a summary of mea&xred and computed image density vaiuea'
-Sandard

l\ A . Ramge . Aversge  Deviation(o)
Dmin - 032 - 1.50 o 0.74 . .0.28

I ' . Dmax":  0.74 - 2.32 : "1.58 : . ,"0.31‘ S
- » D 0.57 - 1.75 118 B X
l‘ ~* AD 008 - 1.80 0.8 . 0.2 :

Base - 544 - o0.32 : 0.25 0.04
Fog . o , - N

omax 10T - 243 R ! o
2. The range of Dmin, Dmax, and D values for Mission 4011 18 narrower thisin 4006 and 400’:
. wider than 4008 and 4008, and similar to 4010." The range oi AD values for this Miasion is amnlar !;o
4006 and 4007, but wider than 4008, 4009, and 4010. ' S .
8. The averages of Dmin, Dmax, and D vaiuea fbr Mission 4011 are near the mean for ﬁﬁs
seriea of missions and slightly higher than 4007, 4008 4009 and 4610 The warage AD m&m 18 W the
series mean and sm lower than 4010; but mmr than m, 4008, smd 4009.
B. Analysis by Edge Scan Technigues i
The analysis by edge scan technjq\ms proﬁncea valnea tm' tﬁe M
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: li lu % 350;1 slits 6n the Maxm-l)aia MicrmAnalyze}‘ A summary of this data 1& presented below .

Summary oﬁ Edge Scan Analysia (SPPL) ' / Coy .

a,

Mission 4011 o . No. ufEcgea -2 (’

“

; . -
Arithmetic Mean | Standard Deviation | Coefficient of Dispersion
Spread F“”m‘”‘,‘ ~ Width in 30.4 | 23:3 9.4 gs | af 36%
© Width Microne ) . _ S
" at 50% Amplitude | ReCIProcal. | g 49 10.3. | 18.7 2%, | 39
A IT0 AMPHHCE 1 of width ‘ : R G : :
Machine-Read RES | 20 | 32 108 | 132 | 38k 42%
,, . MTF/AIM 45 38 142 | e | @% | a2
‘vmuaz RES 54 o142 . 26%

b. The average vaiues for the. three techniques {comparison made with the 1p x 350y slit
nly) from Mission 4011 were slightly lower than Mfsainn 4010 except for the MTF/AIM value which is
ughtly higher. A.verage values were considerably lmver for this Mission when compared to Missiong 4008,
007, and 4008.. - ‘ . o e
2 Scientist”and Congultant Team o B

a) The Consultant Team traced 30 edges on the original negatives with an Eastman Kodak
bdel 5 Microdensitometer using 2 140 x 80 slit. The resulting edge data was analyzed by tvm methods:
‘d 0% Spread. Data from the 50% Spread is mcorded in microns. The complete repartof i:he Belentist/
' Team analysis is included as Appendix. s pages 5-1 thmugﬁ 5-8 A summary is preaented

) Summary of Edge Bcan Analysia»Bcienﬂst Con.suitani*l‘eam
Miasiou 4011 o L : "No. _of Edges - 30

Standard Deviation | Coefficlent of Dispersion
“ipox 80p In x 80p
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B . g

b.  The ave value of the MTF’/A!M and: 5% Spread ol Missizm,*ﬁ’il m mi&

lower than Missions 4006, 4007, 4008, ang,4010. S - S
c.’ OontrouedRangeNetwork(CORN)AMyﬁy o i e e ,

1. Ten "Mobile Target Displays" were programmed for tms mssm Hwever, anly msn
‘were displayed, of these seven targets, ‘photographic coverage was obtained on three, )

2.  Targets covered were the Air Mobile Unit at Wheeling Co. Airport,%hio (Rev 134?3, Frm
001); Gmund Mobile Unit No. 1 near Morganaville, West Virginia (Rev DATE, Frame 002); and Afr l&:biia \
Unit at Cherokee Alrport, lowa (Rev DS4E, ‘Frame 004). . V

§. The resolution of the "T" Bar Targets (low and and high com;rast) were rea rammg ma
ground resolution of 8 to 12 feet. The Controlled Scene Brightness Targets wgwmaxymd on the mn&a ;

| Micro- Analyzer withaly x 80y slit, a.nd meaguredvalues are tncluded inthe Edgeﬁcan Analyais Tahle,page 8
D. Blackbird Mission .

1. Blackbird Missions were flown on 25 September 1864 w/coincide with Rev DﬂE and on 27
September 1964 to coincide With Rev D64E of Mission 4011. No duplicate coverage was recetved !mm t!ue
Mission’ or, 25 Septemher 1984, but was obtained on 27 Septemher 1964 of the CORN Target at Cherme
Airport Towa. - L

& The "T" Bar Target (low con;:rast) was read, resulting in a ground résolution of less than
“one foot for the KA-2 Camera which ‘contained 80 190 Film (Frame 045, approximate ncakv 1:8,000). A
ground resolution of two feet was attained for the KC-1 Camera coﬁaining the 5401 Fﬂm(?mme 048
approximaie ‘scale: 1: :18, 000). .
E. Visual Recipmcal Edge Spread (V- RES} ‘ ,
‘ 1. V—RES data consisted of &44 maasurements. The values mngadfmmzo to vawﬁh amw"
Cof 44: ‘ . . R
' 3 2. 'I‘he average V—RESvahxeislowerwheucomparedto Missk)q‘wiﬂwhinh m;mai
68, and is less than half of the average V-RES remrted for mmamm {97), m @13, 4668( ).
F. Physical Degraditions S L
L. Imaged negmwmns o ~ S
A, cross»tracknnage smearmwmmmtw muiun,
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o S ”Wltsi m‘e emptwn of. crosn—tmk umge amwmg this Misaion was relattvely fnee from
; tmage &@M%ﬁtmﬁﬁy observed thmugimut thn 4000 Bbries mtasiozxa S A -
zxpomre and ?roceaslnz was eonsidared emuem V SR

.  3; Thafaverages for Dmin, Dmax, D andADva};uea are near the metm forthiswriesof
'?@isbibhélv . :

S 4 Analyals by adge scan teéhniques shows this Mission to be of gen:erany poorer quality than
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LT L f

: .. REFERENCES

i

1./ Messages, 23 and.28 geptemher 1984

2. Eastman Kodak Company, Rochester, New York, Mamsl of I’hyzicai
. . Propéxties oixgdak Aerial and Spocial Bensmm Materialy ’
‘ . 3

‘

3. - Data Coiporation, ysAF Contrm ma(mmz'm bayton, Ohio,
' Ccmtroned Range Network.
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3panata 8 _
L . 4 m@ﬁeﬂﬁygm@_;“w”“ S 4.1..4.5 )
SR ‘ﬁ;xgémwsggnéx;(s;xmwwmua&)‘?l,:a..'_." s1-sa

8 Photographic Enlargéments & Micro-Analfger Traces. . .~ 6-1-6-19
S B -{8ite Manning Reports) . )

- RES Values per Rev & Frame. .. . ... ,......5%.. 7-1
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*

&

TABLE 1 - Misilon Data

._Rev Roll
D04 lof1 (
: DO5 lof1 - 001-02
. DB 1of 1 o01f018
DO7 1of1 001-012
008 1of1 .+ 001-013
D08 1of 1 001-027
) D10 tof 1 001-015
DIl 1.0f 1 001-002
DI4E 1of1 001-004
DISE 1of1 | 001-013°
DISE 10f 1 001-008
. D19 lof 1 001-004
D20 10of1 001-011
D21 Lof1. 001-013
D22 1of1 +_001-081
D23 1of 1 | 001-010
|7 b 1of1 001-012
. b2 lof 1 001-031
D26 lof1 001-023
D30 1of 1 " 0b1-002
¥ pme/ lof1 001-012
" D3zE 10f1 001-005 | *
- Dss lofi - oo1~m§'7\"»/‘
: D85 laf 1 001-002-
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! .
L ' TABLE 3 - FimDasa
Mission 4011 . . e )
. . . - Film Type Nominal | Aprx. Exp.
Camera | Type of Base Index
; ' Base Thickness nayiight
R PR ¥ ) :
B g 717 Estar | 2.5mils |- \
S Polyestar mils
| chvmir | Estar
v Thin ’
i’ Basge T
&
% v : . o
1 (4401 &  Estar |, 2.5miis | 64 0.31 | 0.24
; ' . 7 | Polyestar . ) tils 1 . mils
. ¥ ‘ «{Dyed)
- Stellar S | . S .
Base '
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. Summary of Microdensitometer Derived lmage Quality nm Caueeted ‘from ﬁiation 4621

" e

i
|
. sECTION I INTRODUCTION - : R «,
l V Microdengitometer tracing of acene edges haa been used as an objaeﬁw teelmlqwe for g
evaluanng photographic system performance, In this report, the evaimﬁon dats m pmuem ﬁt
I spread functmn width in microns and resolyving powr in lima per mm{&wtet. A 5&1&&&&
summary of the’ edge data ta m-esented in aecti(m I, giving the lrl&)mtic mem: stimdard e
' deviation, coeffictent of disperaion :md nutiber of edges. - Sactifm m 15 & mmmary of afl 4006
' Missions traced to mte. Image Quality Rankmg of -all 4{}00 misgions w'mmd in Section m‘A :
Frequency plots of the spread function and reaozving power data are preaanted as Section IV to’
-, show the diatribution of values. A tabuldtion of the- Imaﬁm dencritman and image qmﬁity Ma
for each edge is presented in Section V. A diagram of the' re’ference aystem used in mm‘ﬂﬁng
the orientation &f an edge and 2 temporary coordinate ‘system used to locale the e@ea within a

[

_frame are presented as Appendix A, . : o
The image quality diata was obtained from'?imrp scéne edges in the original negative by

scanning with a Ko&ak Model 5 microdensitometer., A 1 x 80 micron slit was uxed The data

re}}uction consigted of the following stepa‘ ! )

{a) hand smoothing of the micmdemitomemr strip chart remrrxmg ]

{b} key punchmg of chart (density) valuesn at smpte dhtazwe Wm& of 6 m :

() LB.M. 1620 compmm coaveraim of chart values to mwiva expmmre vaim :
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SE:CTION I SUMMARY SHE’E'X‘ Co
Mission 4011

Ramiution in. lmes/mm based on the aerial image modulxtmn - 4404 curve from edge trace

 data reduced by compiter techniques S I S T
S R Q\@mhmeuc Mean . . 33.3 '
. ~ Standard Deviation L TR o .
o e o - ~C'k)ceiti.'_éiﬁx1t of Dispersion - 33% . . ‘
L 0. Number of Edges S s
e : o S K
‘ r;\’fspr’ead function width at 50% amplitude in micz;am from edge t:ac'e data ‘requced by cdmpﬁter
 techniques, T ’ '
SR "Qm:smgtxc Mean ( 40.2 " |
o B ‘Standard Deviation 15,0 _

Coefticient of Dispersion . .= 37%
‘Number of Edges
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l - 'SPPLTECHNICAL mapomno 101-1-34 . e \
. . * i . . N ~ s . - ‘ . . ) ,. .
l C Apalysis of Photographic Image to Evaludte System Performance
: \ SECTION Il - MISSION. 4011
Summary of all 4000 Missidns Traced to Date '
I | Mission Number- | 8pread Function Width at 500 Resolution in Lmtea/mm for 418, -
S : - Ampplitude i Microns, Computer - | - 4404 Curve, Comqmter Catculat!m
of ' :Calculations ) R 5
Number | "Edges |  Arithmetic | Standard | Coefficient aﬁmmettc Standard |Coeffictent |
‘ ~ Mean Deviation of © Méan Deviation| of7 '}
- - Dispgersion S v L ‘ ﬁiﬂpera‘im
"~ 4001 15 18.5 | 5.1 31% 3.5 | 27.3 | 7% . .
1400 30 1.2 |57 |0 40% 77 26,1 | 35% .
4003 32 12.3 2.9 | 24% Ba.8 | 18y | ag b
400 | 18 84.4 s2.7 | s1% | 1903 <1 85 ] w%, - |
R . i - & . e.w(' 1
4006 * 108 13.8 6.1 45% . 854 * 48.8 34%
2007 | d0e | 14.4 a7 | s | w05 | 210 | 30%
4008 | a2 . 85 2.7 20% | 1006 | 28.1 | 28%
|4009 20 6.4 | 71 | 43% 26.4 | | s f
_ |s010» 24 | " 25.% 0.5 | 4% | 544 - | 2307 4%
4011+ . .30 402 15.0 | 3% | 333 ] 1a | 38%
! - S - a m ; e
T %A 1.x 80 micron slit was used. - ' ) Lo S L o E
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Edee No. Pags Frame Index Location Orientation  Subject {m}:i»im)
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2 '0-14 .ot 007 A5 088 - a¥re 2z
24 D-14 004 0T A5 088 . Alrfield 18
Loa D-¥5 005 - 008  H-8 085 Bulidings 26
4 D-15 008 o1l c-8 085 ’ Butldings 51
‘ 5 D-14 - 004 007 P-4 . 100 Bulldings 50
i 6 D 00r oz 3 . o100 Buildings - 26
9 A D-07 007 012 H-3 0 puldings 37
a 7 D-08 030 33 8 -5 ' 095 Alrfisid < 48
. 74 D-08 020 o83 BE-5 095 Airtield 42
§ , e 8§  D-08 015 024  C-3 ¢ 095 Buildings 36
’ ' 9 D-10 005 008 K-d. 090 Buildings . 48
" 8 . p-10 o005 008 K4 080 Buildings® 18
, 10 D-10 006 - 010° U5 - 085 Airield 3
h D-10 006 010 5 085 Alrfiéld 40
Iy p-i6  oo7 013 D-3 090 - Atrfleld © 55
1A D-10 007 o012 - D3 080 CAlfield 47 ,
i2 D-37 o1 03  B1 o Pulidings 33 40 S e
’ 13 D-32  Obd 007 -3 oR0 Butidings 86 L
14 D-32 . 005 009  C-4 085 émwngs o om :

Approved for Release: 2021/05/17 C05134462



S R P R ST P i

Approved for Release: 2021/05/17 C05134462

- .

v ‘:5?3{‘577"“ S ‘ - » V Controls Only =

SPPL TECHNICAL REPORT NO, 101-1-34 o oo
APPENDIX "A" o
S o s ——*

Reference Sym For Orientation Of "G" Mission Edges
original negative - - emulsion up
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j ) original negative - - emulsion up
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BLACKBIRD Mission - 27 Sep 64
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Ground Resolution:
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