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- PREFACE ;

" The DIAMOND II study compares the potential performance
of the manned and unmanned versions of the MOL(DORIAN) system
from the standpoint of the total number of intelligence targets
which might be photographed during a typical 30-day mission.

In the manned system, the astronauts would provide a weather
avoidance function by exercising the option of photographing

= pre-designated alternate targets when adverse weather was en-
countered at the pre-designated primary targets.

“ECECER R _BaET

- Where applicable, to insure realism in DIAMOND II results,
NRO experience in the planning and operation of reconnaissance
satellite systems was used to the maximum extent possible. The

= study concludes that a manned DORIAN system will successfully

: photograph approximately 18-20 percent more targets than an

unmanned system when employed on identical intelligence-collection

missions against average Sino-Soviet Bloc climatology.

The DIAMOND II effort would not have been possible without
the assistance of the Defense Intelligence Agency, the Air Force
= Global Weather Center, the MOL System Project Office, Aerospace
Corporation representatives, the SAF Director of Special Projects,
9 and the National Photographic Interpretation Center. However,
A the interpretation and analysis of basic data, and the conclusiorns
expressed should be viewed as representing those of the NRO Staff
and not necessarily all agencies who provided inputs to the study.

James T. Stewart
Brigadier General, USAF
N Director, NRO Staff
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I. TINTRODUCTION

This study compares the relative merit of the manned and
unmanned versions of the MOL (DORIAN) System from the standpoint
of the total number of intelligence targets which might be
photographed during a 30-day mission when the astronaut provides
a weather-avoidance function. By weather-avoidance is meant

that the astronaut may select among pre-designated alternate

targets for photography when adverse weather is encountered at
the pre-designated primary targets.

Every effort was made to insure a maximum of realism in.the.
study--the use of actual targets, existing weather and climat@iégy};
GAMBIT mission~planning software and operating experience (ﬁn-;::
view of the similar characteristics of the GAMBIT and DOR&ANaaz?f;'j
camera sub-systems), etc. Further, to reduce the effect of  ff:fﬁ ;
variables to the maximumsdggr?e,_whexe possible, identical |

‘operating environments (orbit, target deck, weather, target. =

‘ 49électian:technique,ﬁyhéffgxaphiégréqairemeﬁtégwé_ﬁ}m&ﬁdﬁte

- .characteristics were as _éﬁﬁféry”QChrmaﬁneaiu antied systet

‘compatison, -Additix n h variable "frozen" was :
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However, prior to attempting a comparison of the potential

target coverages of the manned and unmanned systems, it was

o

weather avoidance function, and that weather patterns are such

as to offer the opportunities to do so.

. necessary to establish first that the astronauts can provide a
r

£ N
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. - 2. THPE ASTRONAUT AND WEATHER AVOIDANCE
i :
ll - Certain aspects of the astronaut in a weather avoidance role ‘ %
'. - were examined as a limited measure of the feasibility and practi- '
- cality of this function. These were: weather patterns;'we&cher
relationships between primary and relatively-close (30-50 miles) ?
:
7
alternate targets; the effect of oblique viewing angles on the 14

ability of the astronaut to estimate target cloud-cover; and the

time available for the astronaut to evaluate weather conditions

at primary and alternate targets.

SRS TR R

a, Weather Patterns:

e TR

Analyses of cloud patterns by the Global Weather

Center and NRO Staff of index camera photographs, weather satéf

mosaics, and KH-4 mosaics (see attachment 1 for examples), p%usx];fﬁ

the observations of aerial weather observers all seemed to

RIS

SR IR RS SR O

support the following genmeral conclusions:
S .

(1) Randomly:-spaced, similarly:SizedtanﬁHShapedQ*TfﬂV'

v cléudSuareuseldom foaﬁd OVEfzaﬁeas»evenfasmsmailwaSqISO;x_

| (2)  Cléuds tend to group together

 -cléarﬁareaé;
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30 miles away, the probability:of«a'small-aﬁeavﬁékiﬁ~tévanal,
. targed being clear is spproximately 10%. Fifty miles from'n

© the probability of clear skies

" 60-100% cloud-cover

TALENT-KEYHOLE-BYEMAN
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(3) Cloud cover amounts change radically between

local areas (for example, 5-mile radius '"local" circles with

centers separated by 25 miles), even though a much larger overall 4
area may be cloud-covered approximately the same percentage. é

b. Primary-Alternate Target Weather Relationships:

The general conclusion drawn in a(3) above with regard

to radical changes in cloud cover over adjacent local areas was

further verified by GWC analyses of more than 132,000 frames of

KH-4 photography. The technique employed by GWC was to sort the

frames into different groups of a spread of weather conditions -

at nadir (i.e., clear; overcast; 1-97% cloud-cover, etc) and théﬁﬁff"

analyze adjacent weather at 10 mile intervals out to the frame

extremities. See Attachment 5 for graph-plots of the various.

conditions analyzed,

For example, the .analysis of 17;000-framesswhichfwerergqﬁi

cloud=covered at nadir (&kin to a primary target) indicateg‘ﬁﬁéf3f}

“As might be anticipat
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been misled by seeing the sides of clouds as well ‘as th

"lﬁiﬂde_feet above;ﬁhéq
 écannihg;on1y,a;£;'“”
‘point is already:
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reducing amounts of cloud cover out to 50-70 miles distance.
Conversely, under 0-407% cloud-cover conditions, the adjacent

areas tend to have increasing amounts of cloud cover out to 50«70

miles distance. Sec Attachment 7 for a plot of alternate-ﬁaﬁget
weather probabilities 30 miles away from the primary targeﬁ %ﬁédir). é

c. Effect of Oblique Viewing Angles:

It is an accepted fact that ground observers aa‘
over~estimate the amount of cloud-cover because of the dif
the mind has in estimating the total amount of scattered c}
elements seen against the sky hemisphere and because the é
sees the sides of clouds toward the horizon as well as thé
This therefore was cause for some concern as to the abili
astronaut to perform effectively in a weather avoidance x
However, a point generally overlooked in,consiéeriﬁgt

ground-observer's tendency to over-estimate cloud-cover:

is that the obserwver for the most part is;lbﬁkiﬁgvatkvei

obliquities. Most;SigﬁfficautsWﬁather_hasacléﬁ‘#béﬁﬁsgie
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Botin GWC and University of Michigan studies on cloud-free

line of sight probabilities (based on sunshine-illuminated ground

vs various cloud-cover conditions at various sun angles) indicate

that the reduction in "seeability" is approximately four times

as much between 45 and 70° obliquity for 50-90% cloud-cover as
it is between 0 and 45°, According to the U of M study, the

reduction in "'seeability' between 0 and 45° obliquity ranges from

- about 5% at 50% cloud-cover conditions to about 30% at 90% cloud=«

cover conditions. Thus, the total reduction in viewing effective«

ness is not significant up to, perhaps, 50-55° viewing angless

d, Time Available for the Astronaut:

Attachment 2 depicts the time awvailable for the

astronauts to view the weather at the primary and alternateth  

oot

through their tracking scopes and select a target for photog

It appears that at least 15 seconds is available for this w

scan function.

€.

' astronauts would ha
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area of best wecather through their tracking scopes; that the
effect of obliquity on astronaut seceability would not be significant
for the most part; and that the astronaut would have sufficient
time to perfoxm the task. It is believed that future ground

simulator activities will prove out these conclusions.
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3. _APPROACH

*“3' The general approach to the comparison of manned and unmanned

MOL (DORIAN) systems, with the astronauts providing a weather

avoidance function in the manned vehicle, was as follows. First,

the potential maximum number of targets which might be photographed -

by an ummanned system in a 30 day period (uninhibited by expend-

able limitations or system malfunctions--only limited by weather)

were determined; then, the manned system potential was determined

for an identical mission against the same primary targets plus-up .

to three optional alternate tarzets (where ayailabLe)_for,e&ﬁhhﬁ :

primary target (with the astronaut providing a;wgather avoidanc
function). | :
More specifically, the following sequenge:of;study-eveﬁﬁ
- was - followed: :

a., A suitable MOL: ;t‘a:rge:t;..-d%eck,.was.-f__(;i;eve;]_sdp:ea‘-s.i£xam_i.,

" intelligence community thinking and the GAMBIT target deck

- performance character

' a 30 daymlsswn. , )
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c. Necessary assumptions (re control gas, power, drag
- make-up, system malfunctions, etc) were made to minimize the
effects of variables.

f? )

d. GAMBIT software was used to select the maximum

possible number of highest value primary targets for the unmaﬁned

system, limited only by system constraints (roll rates, timéfx”f

required to photograph, etc).

e. Up to three alternate targets (where availabiei}
each of those primary targets were selected manually for thé
manned system, with a restriction imposed that alternate. t&

for a primary target could not be so located as to precludé

possibility of photographing the next designated primary -
f. The number of photographic attempts which re

in target photographs was then computed using several we,

- The sub-sections whlch follow discuss the
a, Target Deck:

. Several versiqﬁ§ 6f%§9RIA 
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this study was a combination of the latest GAMBIT/GAMBIT CUBED
target deck (Mission 4027) and 361 DORIAN targets selected by the
Defense Inteliigence Ageacy (DIA). Siuce many DIA targets did

not have COMOR assigned numbers, site shredout numbers of existing

GAMBIT targets or suedo-COMOR numbers were assigned.

A1l Mapping and Charting and World City targets were deleted

from the 4027 target deck, All lateral pair (search) targets and

targets with diameters of more than 1.5 NM were also deleted,

All 4027 targets with larger than zero diameters were reduced

to zero to accommodate existing software and identified by a

special code (1911). All DIA originated targets were assigned

priority one and identified by a special code (361). All remainii

targets were also identified by a special code (1156). Other

than the DIA targets, all 4027 target priarities.remained.unw.;Qtﬁf”

~.changed.,

- The MOL (DQRIAN):targefﬁﬂeékg;aSWfinailyfasﬁeﬁbiﬁd;tﬁﬁtﬁ L

3428 targets. Of these,-ZGSEtargétstEre,exféfﬁaiﬁﬁéfthéhg*

Soviet Bloc and are Iccatgdgin,Algefia,;Middif‘Eaa4;5Gﬁ§§;

'wjindbﬁésigﬁ,Rhodesiag1ﬁ§iﬁ¢ﬁgArabpﬁ@pgb;i¢5;[

ko g ;Aq‘f Lo 1 oL Ut P o ‘
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A The deck consists of the following number of targets in each
COMOR category:

PRIORITIES
3 4 5 6 7 8 9 IQCal

(R
(SN

Category 1

Missiles 176 8 3 10 / 8 619 131 962
Aircraft 36 1 1 2 11 467 187 705

Nuclear
Energy 50 1 1 2 2 4 32 14 106

.' A Naval

: ' Biol/Chem

r Warfare
Electronics

Military

Urban
Industrial

Unidentified
 Installations

| Totals

b, Orbit:

" The MOL' (DORIAN) 30=day orbit
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This program used the entire DIA-provided target deck (361 priority
one targets) anc determined that orbit which minimizes the sum of
" :”55 squares of the distance of each target to vehicle nadir. Thé#‘
limits of the inclination angle search were 80°-110° in oneddggxee:
increments. The limits of the period search were 88-93 miﬁﬁfﬁ%f

x in .25 minute increments. Two orbits with near equal scores-were

selected by the computer. Of these, the orbit more favorabl

the spacecraft was selected for this study. The parametersiofi

selected orbit were:

Period 89.33 Min

Inclination Angle 36.01 Deg

Apogee '193.08 NM

Perigee 80.72 NM

Eccentricity .016

Lat of Perigee 55.71 North- latltude
The attached reduced EURASIA ASC map (Atch: 3)fdf _f

“through 11 of Day 1 and a representatlve revulo;

1 _day through day 9. It-can:be-seen.that theao

coverage of all targets ”orth of 21° Nort

-coverageyoverlaps;*’*
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‘The desired orbit was assumed to have been achievéﬁLaﬁﬁf@

b‘_(via.auxiliary propulsi@ﬁ)}far the BO?day—missioﬁg

‘requirements as presented by the COMOR pro
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between 598 and 219N exiscs during which targets are not available

nineteen days,
The orbit was not pexmitted to decay nor was orbit adjust

used. Drag was set equal to zero to simplify computations.

AN ITAATTCS NS 8 ST ol AP o S AL AT 8 NP P TP VA0

c, Assumptions:

Several assumptions were made and employed throughout the
study:

a, This study would not concern itself with limitations or.

constraints imposed by vehicle consumable, i.e., batteries,

control gas, power, film, etc. The effect of limiting consumables;.

A YA TR N Y T TR M ARGV KA L A PO R R TR AR A TR A

of couise, would greatly favor the manned system. Consumable

limited unmanned systems must operate against predicted weat

b, That the vehicle would continue to provide maximum

capability (i.e., no malfunctions) for the full 30-day mis:

‘¢. That the intelligeénce community photographic
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be used for the DORIAN vehicle (for example: photograph 7A and

20 categories in wmono; limited use of color film, ete).

d., That the weather for each target was relatively independent
of all others, including the‘primary and alternate target within
a selected group, and permitted probabilities to be summed in
the classical fashion.

e, That each group selection of primary and alternate targets.
could not aifect the preceding or following selected group of
targets.

f. That if 100% clear skies existed for the full 30-day

mission, the manned and unmanned systems would return with an.

identical photographic product. This assumed that all targecs‘A f3i“

were selected on the ground, and that if the primary target WEfgfﬁf.f

cloud-free, it was the most important and would be photographed:

by the manned system regardless of weather at the alternates

g. That the unmanned'systemswauld”point:éﬁt&éiéﬁtﬁﬂrxa,

without significant pointing errors,

d. primary Target Select

|

el e e ey

Dok
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The specific parameters uscd for the MOL (DORIAN) system were

s follows:
L
(2)
(3)

[

5)
(6)
)
(8)
(9)
(10)

an

a2)

Camera Field of View
Time for camera operation
Maximum obliquity

Mirror flip time plus
settle time

No automatic frame extension
No ascending photography

Sun angle cut off

Roll rate

Roll settle time

Optimization of Target
Selection

1.10 Deg
1 sec.

+ 40 degrees

4,67 sec.

0 degrees
6 deg/sec.

3 sec.

(a) Cosine of roll angle squared, i.e., I

degree roll optimum

(b) Infinite weight between priorities B

(¢) Stereo/mono weight 1 to .4

Total“sféﬁedfcéﬁﬁérgence aggléﬁ-;iﬁ

Mono photography .
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The GANSIT solftware provides the optimum sequential series of :
photographic operations based on target availability, the orbi t, n
target priorities, target obliquity, photographic mode desired »n

4
vs vehicle capability {(i.e., maximum obliquity, roll rates, I
stabilization time, camera operating time, etc). The sequential B
list of target operations computed thus represents the maximum E B
vehicle capability. : B

In the Diamond Study concept, the unmanned system would

photograph each designated primary target regardless of weather.
The GAMBIT software identified 3988 camera operations as the
maximum possible for the unmanned system during the 30-day periﬁa;f;;
Attachment 4 lists the number of camera operations against EhE-:#
target deck category/priority matrix.

The 3988 camera operations also represent theAmaximum,numbgzi :f

possible for the manned system in view of the targe:

and relative weights imposed. Thus if 100

prevailed for the entire 30-day mission,
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could be so Located as to preclude the possibility of attempting

puotogranhy of eltner the preceding or subsequent designated

[

primary target. The selection of alternate targets is discussed

in the next section.

e, Alternate Target Selection:

The 'ground rules' for the selection of alternate targets

essentially were as follows:

s

(1) Those targets selected by the target selection soft-

ware (i.e., by the computer) were designated as the primary

targets for the manned and unmanned systems.

vy .

(2) A photograph of any primary target or of any alternaﬁﬁ.f“
target designated for that primary target could not interfereAwith; j—
the capability of the system to photograph any other primary
target (or any of the alternate targets associated with it).

(3) The highest priority targets available were fir$f  T;L

: coﬂéendérs for alternate targets. . The next caﬁsiﬂéﬂation:wasyf
,abilityvtc-abtain a stgrea}@ﬁbzcgrapha The tﬁiré&éﬁd-lastt”

- sideration was to obtain the minimum obliquit

. The GAMBIT target sel
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targets on cither side of nadir for each pass over the area and 1
V :
indicates the primary target selection, A description of the

process used in selecting alternate targets follows.

In the following graphic, the symbol @ represents a designated
primary target. The symbol <§§}£9 indicates camera operation; two
of these symbols on both sides of the symbol EI , with arrows
pointing to the symbol @ , indicates stereo photography of that

target. The circled numbers indicate possible alternate targets,

i A A i ik : B

with the encircled number indicating priority. As a starting point,
assume a primary target and its alternates have been selected, with
the selected alternates identified by an asterisk. The relative . .

position of the primary and its alternates is depicted below

L3,

GIe nadit QQ
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Now the same group of targets are displayed with dotted lines ]

representing the maximum system roll capability (i.e., rate of mirror
roll) to proceed to the next operation. The "worst case' from a ]
non-interference standpoint is a combination of targets. The é

area below the cross-hatched line now represents the area which

is "free" for the next primary target and its group of alternates.

\nadir
\

/
/©

7 hV@PlC1e
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for the next primary target ( #2) and its

alternates now apjears in the area bounded by the copss-hatched
lines. Note the lower line is determined by the third primary in

this sequence which must not be interfered with. TIn this exanple,.

the priority @ , , and @ targets would be chosen as

alternates 1, 2, 3 respectively, for primary target #2.

NivehicTe nadir

3
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-g_g For the 3938 primary targets sclected for the manned and
unwanned systems, 1934 were found to have one alternate, 1316 of
those 1934 had two alternates, and 985 of the 1934 had three
alternates (Note: in many of the 985 primary targets which had % g
three alternates selected, there actually were from 4-20 alternates §

available).

The obliguity sumnation for the primary and alternate targets é

is shown in the following table:

Roll Angle  Primary  Alt #1  Alt #2  Alt #3 -
0 - 10° 961 386 271 217 |
10 - 20° 910 462 333 244
20 479 330 246
30 - 40° 1186 607 382 278
Totals 3988 - 1934 1316 985
Finally, the alternate-:argets-averagedmapprUXEma@ely.30*f':
‘nautical miles from the primary-targets. Nowpaﬁtiéularyeffbé
was made to select altezﬁatgs«at,aumaximum;ﬂiSﬁangeEﬁrbmxthé*”;”:

primary; rather, the alternate selection criteria was based

-priovity, obliquity, and photographic mode i
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summed to develop a probability for each camera operation.
‘a primary target had no -alternate, .the manned system probabf

of "seeing' that target was the same as the unmanned system.

f“maﬁned system pzobabiii:ywdffﬂseeiﬁgﬁ_ﬁhaf&f“
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f. 0 VCrobunilicv Suwiacion Nethoedology:

Zariier in this paper, it was pointed out that the unmanned 3
system would attempt to photograph each of the 3988 primary targets g
selected for the 30-day mission. To determine the total number %
of targets actually photographed (cloud-free and/or partially é
cloud=~-covered), it was necessary to know the existing target %

weather at the time when photography was attempted. Depending
on the source of target-weather verification (ground observers,
weather satellites, forecasts, climatology, etc), a probability
of "seeing" the target was assigned for each camera operation.
Added together, these represented the total usable unmanned
system ''take' for any given weather situation or model.

To compare the potential manned system ''take,’’ the probabiliﬁy,n

of each primary plus its alternate targets (where available) wete .

Where an alternate (or alternates) target was available, th
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(i-P3)
i "seeing' (i.e, photographing) the é

- M I . b
Pp = Probability for primary target 7
P, = Probability for lst alternate target ;
. i

1

Po = Probability for 2d alternate target :
P53 = Probability for 3d alternate target

£
i

cF
oy
1

The summation o manned system probabilities for each
individual camera operation (primary target plus alternates where
available) represented the total useable manned system ''take' for

a given weather situation or model and could be compared directly

with the unmanned system.

The weather situations and models, plus probabilities of
"seeing'' the targets associated with each, are discussed in the

section which follows.
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Sino~Soviet Bloc weather has been observed by various means

and recorded

C\
E
Q
r
3|
[
je]
<«
<
o
0
H
0

Correlating all sources of informa-

3

tion and reducing this data to a readily available source is a

D’}

time-consuming task. Nevertheless, recognizing that the potential

results of the manned and unmanneu systems would be quite sensitive:

to the weather encountered, the study therefore investigated a
wide range of weather models and situations, as follows:

a., 'Werified" (i.e., observed and recorded) weather for
the period March 7 through April 5, 1960.

b. An average-climatology model based on the analysis

of 132,000~-plus frames of KH-4 photography.

c. An average-climatology model based on the anaiy&ié

of 1159 frames of GAMBIT KH-7 photography.

d. An average=climatology model baséd40ﬁ3 heuaﬁﬁi’

.of thq results of 3007 1nd1v1dual GAMBIT KH= 7 camera'OPer

-”Ver&fmed?n(;‘“;, observed by.

St ABELTIE S

i Y
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Maps were analyzed in three .categories with category 1 repres
‘observatlons of O through 2/8, category 2 1ncludlng 378 thro-'

’5/8 and category'B 1nc1udi

LY AN

TALENT-KEYHOLE BY £}

R I et i aged

S N weF e e i

Toe woove ore discussced in some detail in the sub-sections
wizleh follow.

fied" Wearher:

?"»

& 1960 "Ver

Actual cloud cover which was observed and recorded during

Lo

the 30-day period from March 7 through April 5, 1960 was used.

Because weather observing stations are seldom located at target

sites, a method had to be devised to determine the actual cloud

cover over the targets. The following technique was employed,

{1) Sino-Soviet Bloc
Actual weather reports nearest local noon have been

plotted and hand analyzed by meteorologists to produce a four

year (1957-60) series of daily cloud cover maps of the Sino-Soviet. .

through Dec 31, 1960 over any point in the Sino<Soviet area.

g 6/8 through 8/8 1eudﬁcover."

YiA

AN

CONTRDL SVSTER

DORIAN GAMBIT

area. That series of 1461 daily maps represent the best pOSSible_f.

source of cloud cover information for any day from Jdan 1, 1957- 3’T

b
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ouacul the Sing~Soviet arca. That grid point cloud cover

data was stored on magnetic tapse for later use,

since weather obsevvations have improved somewhat in both quality
and cuantity in recent

April 5, 1960 was then compared to data from the same periods of

1957, 1958, and 1959 to verify that 1960 was neither an abnormally

good nor bad Spring weather period. It was not, so 1960 data may

be considered as reasonably typical of Sino-Soviet cloud cover in

the Spring.

After consultation with the GWC, grid point cloud cover

categories 1, 2, and 3 were changed to representative percent -

clear sky values of 77, 57, and 12 respectively, A computer.W583 '

then programmed to compare target locations to grid pointSﬁan
interpolate a percent clear sky for each target for each day

the mission.

(2) For Areas External to Sino-Soviet Bloc (Indonesi:

‘Middle East, etc)

Actual weather observations and weath

yﬁdﬁ_gﬁiyhs for tﬁe;'
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of the frames, were meastred. Graphs of th£¢GWCuané1yses-§

in edch category, plus: |

— TALENT-KEYHOLE-BYE&I A

CORTRAUL SYSTEM

DORIAN GAMBIT

LanuGaLy excnined to determine a dailly noon percent clear sky ;
Jigure Ior euch target extertal to the Sino-Soviet Bloc. 2

In view of the recognized inaccuracies in weather observers' %
estimares of cloud-cover {(i.e., percent of clear sky), the %
so-called "verified" weather as used in this model must be %

adjusted accordingly., The NRO Staif has developed a technique

or making these adjiustments, and this is discussed in Section 5

The Global Weather Center has analyzed more than 132,000

frames of KH-4 photography in its continuing analyses of cloud

cover and cloud patterns. The frames were correlated in terms

of sky condition at nadir (six groupings: clear sky; 1-9%.016& 

10=25% cloudy; 26-50% cloudy; 51-99% cloudy; and 100% cloudyv‘

or overcast--at nadir); and then, sky conditions at 10 milse.

intervals, out from madir in both directiors to the extremi

sixuskyvcﬁnditionSwat;nadir:aré?includedLQSPa*’

-if  §n7View]éfft5¢N'
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Gii conwicions from clear skies to complete overcast conditioms,

may be assumed that these analyses also are representative of

s e

e climatolozy conditions in the Sino-Soviet Bloc.

e

herefore, assuming that the results of any additional frame
analyses would not change radically those already plotted (i.e.,
that the plots do represent climatology), the percent of total
time thet eecn of the six weather categories are encountered can
be determined by summing the arcas of identical weather conditioms
on each graph. For exemple, for overcast conditions, add the
~area percent of each graph covered by 100% cloudy conditions

and divide by six. (Follow the same procedure for the other

“NmEmmEmm.

five categories). These computations are plotted as a bar graph
and included as Attachment 6 to this study.

Using the bar-graph (Atch 6), a manual distribution was made
in smaller percentile groups to graph a smooth curve sky cdndf 
That KH-4-derived sky condition climatology distribution: is

| included as _Attachment 7 to,thi_sv S-tdeYo

The KH-A Sky Condxtlcn Dlstrlbutlon representb'the perce'
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the clear sky probability of adjacent (oraalterﬂare).targea
8ince, the alternates selected for this study av _éged~3gﬁ

distance for the. pf;ik&éry;;r---fﬁh’a‘&;:;p-isévb'a‘fbfili?ﬁ. h
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20~29 percent clear sky, the graph indicates that these conditions

wiil oe encountered approximately 2%% of the time, and in that

condition, the probability of photographing a target is 25%;

similarly, overcast conditions will be encountered 167 of the
time, with photographic probability, of course, being zero.
If the entire graph is integrated for probability of achieving

photography (i.e., 16% overcast times zero probability; plus 10%%

of 1-9% clear sky conditions times .05 probability; plus 6% of
10-19% clear sky conditions times .15 probability; and so om
through each grouping), it indicates that photography of all .or
part of targets (depends on size of target) will be achieved.

55-plus percent of the time. This compares favorably with-lang#wf

term GAMBIT experience (54.1%) which generally reflects averagéﬁjif
climatology (see Section 5).

Additionally, the KH-4 graphs can also be used to detes

”Seinéiﬁﬁedwas Att ~f 

7 Weather Mode
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SEsliaed W woealoaer Glstrivution model based on analysis of 1159

coparace fraaes {cach approximately 10 x 20 miles) of KH-7
photography from three 1965/1966 missions. These frames were
sorted into complerely overcast, cloud-free, and tenuother
groupings irowm 1-99%% cloud-iree conditions. A plot of this analysis
is included gs Actachment Y to this study.

This sky condition distribution model can be used in the

same manner &as that derived from the Ki-4 frame analysis (i.e.,

26% of the time, overcast conditions are encountered and probability
of photography is zero; 11 percent of the time, 1-9% clear sky
conditions are encountered, with a photographic probability of

.05, etc). When integrated over the entire graph, it indicates.: =

that photography of all or part of a target (depending on diamete

can be expected approximately 50 percent of the time. ThisAisff11 
approximately 10 percent leéss than GAMBIT experience (see S¢
5) R d

d.. KH=7 Weather Model Based on Operational Results:

-Another weatherqdistﬁib&tionqmodeiLWaSngv; oped
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e CANLIT cxnericnce (sce Scetion 5) aend individual frame

cloud~Cover Councs were nanudlly sorted into a "best-fit" distribu- | i

tion of sky condition distribution. A graph of this model is é
included as Attachment 0. 7 ;
Thaks sky conditicn distribution wodel can be used in the ;E
|
sane manner as thac derived from the KH-4 frame analysis (i.e., | éi

for any percentile grouping of sky cover, those conditions will ; |

be encountered that percent of the time, and the probability

~at least partial coverage, depending
on target diameter--will be the mid-point of the percentile

A ; grouping). When integrated across the entire graph, the results,
of course, match GAMBIT experience (photography of at least a par:l
of the intended target approximately 54% of the time).

e, 19656 "Verified" Weather:

During July and August 1966, on a day-to-day schedule Wﬁz”z”
did not interfere with normal GWC activities, the»GRESOLVE~f";:;
| selected primary taxgets plus manually-selected alternate f

e

‘ determlnatlon of Ver1:1e13_1<~~.

tar-g.e;t ;ba::sis'.. In other words, G‘WC was re-q_'
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Thie resueles of ¢ experience, in terms of probability of é
obtaining & paotoygraph oL a target under a given sky-cover é i
"verified" conditlon {(see Scccion 5), were then applied to each 5‘ E
target in che sane menmer uscd for the 1960 "verified' weather, ; %
f. Climztoloov for Lorge Tarcet Complexes: f %

Climatological values of cloud amounts observed at two 1

locations in the USSR were used to compare probable manned and
unmanned system results in a typically poor~weather area and a
typically good-weather area. The Moscow area is fairly repre-
sentative of USSR weather west of the Ural Mountains (worse than
average); Kakterin (near Sary Shagan) is fairly representative

of the semi-arid, south central good weathex area of the U3531~. .
Sky condition weather distribution models for these two are&swaiéf_
included as Attachments 11 and 12. |

Both GAMBIT probability experience and Ki~4 alternate

~weather probability were .combined to estimaxeﬁtheaptobable;}

results of manned and unmanned systems against these areas

% L e T




NRO APPROVED FOR . e s
EBELEASE 1 JULY 2015 '

TALENT-KEYHOLE -

- o . GG b

DORIAN .GAVIBIT

oyt ANy A
I LPRTAVED SR A S TSR EAY

The Wk0 Scall requives a cepability to estimate the GAMBIT

S

wed a given target on a given day

(as a basis for planning subseguent days' operations in the same

.5 the probability of photo-

ok}
g
[
[
O
o
rt
jor}
[t
v
£
E
=
b

%
€]
F
C
r
N
jak
L'\
<
[P
r vy
.
[\

raphing a tarpet or targers against average or seasonal clima«

tology (as a basis for scheduling & mission or series of missions).

As indicated previously in tais study, recognizing the inaccuracies

in observer-verified weather, a technique has been developed

based on a large sample of actual results which accurately com=
o y

pensates for Chese inaccuracies,

3007 camera operations, from seven GAMBIT missions, against
p

3007 primary targets (the aiming points) were analyzed in terims .

of "verified" (i.e., observed) weather vs NPIC reports of aatuax

results. The 3007 camera operations were distributed (i.e., | '~

* pexc€nt of total vs pe centxle groupings of ' verlfled" clea

m»condltlons ranging from OVercaSL tc clear) as. graphlc

.'»'--::Lnd:x.catea in Attachment "3
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" weather {(in terms of probability of photo-

ing a target in each "verified" percentage of clear-sky

grouping). achment l4. Note that

Attachment 14 is plovied im terms of probability oi photographing

a complete partially cloud-free with

scattered clouds covering & portion of the target, and a target

clouds covering a portiomn

partially cloud-free with heavy broken

of the target.

The coverage of partial tergets is largely a function of

1 targets were 'point' size, there

Hn
fat
",._._l

terget diameter (i.e., i:

would be no "partials') vs cloud size and spacing. Since the

average MOL (DORIAN) targets will be somewhat smaller than

GAMBIT targets in diameter, the MOL can be expected to have a

higher ratio of "completes' wvs 'partials' than the GAMBIT; how-

ever, the overall ratio of targets (partials plus completes)

‘total -attempts shQu1dmbe ébdﬁtJthélsameu

 The GAMBIT results p Attachment

lowss For example;
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entive Irame is cioud-izee), eleven percent can be expected to

rtial targets with scattered

clouds involved, and four percent can be expected to result in

photograpnic coverage of partial targets in the presence of and

+

interfered with by heavy broken clouds.

E
%
s
]
i
E
7
4
4

When integrated across the entire graph, Attachment 14

indicates that 54.1% of all GAMBIT attempts result in at least

(3

partial photographic coveraze of targets (41.8% resulting in

cloud-free coverage of complete targets, plus 6.9% targets partiall

covered by scattered clouds, plus 5.4% targets partially covered.

by heavy clouds and haze).

Additionally, the frames which resulted in complete targetSS:‘

ee (41.8% of total) were checked for

being photographed cloud-fr

647, of

overall frame cloud conditions. the 41.8% frames were

cloud free (26.8% of total GAMBIT attempts, this correlates
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used in determining the sky-

model (Attachment 10) based on

-tachments 13 and 14 were used in

itk i

4

determining menned and unuanned system results using ''verified"

(i.e., observed) cloud cover conditions,

et i
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The results of the caiculations of probable numbers of : e
targets successfully photographed by the manned and unmanned o

the six weather models described =
“in Section 4, axe escr;bcu i the following sub-sections.

a. Againsrt 'Ver Lied” 1960 Weather:

As indicated in Séction 4, the primary targets (selected.by
the GRESOLVE software) and altexpate taroets (selected manually,.

where available) for each day of the 30-day mission were sent to
the GWC for identification of the March 6-Apr11 5 1960 ' VerLf ed"

' _{observed) weather. When.appropriate, the weathgr for indiwvis i

't‘téfgets waé computer-derived by GWC by integrating between |
"-.appmp late grid poiats. ThLS, a ‘unique observed clcud-cove

versely, clear sky} amount was. prov1ded fox ea hvprf

_alternate t'argeﬁ:-‘"; "
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and 100% clear sky.

'~

Then, using GAMBIT-experience probability (Atch 14) derived

R S E S

e

from actual operations against ''verified" weather, the probable

AT

A

nuzsber of targets photographed was calculated for the mamned and

unmanned systems (See Section 3 for technique). The calculations
indicate that the unmanned system would provide photographic
coverage of 2019 tergets, and the manned system coverage of 2533 -

targets (an_improvement of 25.2 percent in favor of the mapmed -

svstem). The tabulations are included as Attachment 15 to this o
study.

- GAMBIT experience also indicates that approximdtely 20 pex é‘

.of the total targets»succéssfuliy»photcgraphéd}

and unmanned systems«wguidibéggartially-ceVeﬁéd&b
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weather produced about

rasns for the unmanned

the sky-condition climatology model

(See Section & and Attaciomer

,J
r

depicts the actual percentage of

grouping will be encountered,
is the mid-point of ea
probability of photographing all tars
. A Y
etc).

percentile grouping is 25%,

with the distri

probability of photograp

77. Since this weather model
time each cloud-cover percentile
the probability of target photography

ch percentile grouping (for example: the .

Alternates for the manned  :.f-‘
system were distributed in each percentile grouping in accd?ﬁf
bution of the GRESOLVE and manualiselecti°nS 

“h‘ﬁg primary and,alteraagg_raﬁgéﬁ'

"t;ons was. obtained by summlng the- prlmary:pfo

erxe distributed against

rived from KH-4 photography

ets encountered in the J0«29 -
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systeny. The tabulations

DO S VA R P R S P B Ao iy o~ o ¥ Y]
Gre inciuded &g Attachment 16 to this study.

approximately 20 percent of the total targets successfully

1

photographed by the manned and ummenned systems would be
partially obscured by clouds. However, since the MOL (DORIAN)

i a1

targets nave

f
9]
o
1)
}.

k

6}

r average dlameter than past and present

GAMBIT targets, the percentage of partially-obscured targets

should be less than 20 percent.

Against this weather model, the ummanned system provided
about ome percent more targets than would have been expected
on the basis of current GAMBIT experience.

c. KH-7-Derived Weather Model (Individual Frame Cloud-Count):

Next, the 3988 manned and unmanned system camera operatiois

1
-
X
N
v
B
B
II_
A
N
X
N

 were measured against a sky=condition weather ‘distribution m

;éﬁéfrbm.sortingﬁi”79i_ﬁdivi&ﬁaldﬁ

:egfiqnué'and At ﬁ.bm§ﬁ£~9§finﬁo,éﬁpf»-
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the wid-point of each percentile

e e T T I -
Lol Ciin Wal ey 'Lu\_lCik..’L, 14

grouping is the purobablility of primary target photography for

that grouping (i.e., in the Z0~29 percentile grouping, the

sraphing each primary target encountered
in those conditions is 23 percent). The probability of photo=-

graphing aiternate tergets was cobtained from the appropriate

s A e sy A ke e

KH-4~derived alternate target weather probability (Attachment 8).
Computations made as described in Section 3 indicate that the
ummanned system wouid provide photographic coverage of 2023

targets, and the manned system coverage of 2365 targets (an_
a———tt

improvement of 17 percent in favor of the manned system). Tab; €# f'
tions are included as Attachment 17 to this study.

As noted previously, something less than 20 percent of the
total targets successfully photographed by both the manned ahﬁffii

unmanned systems would be partially obscured by clouds.,

‘4, KH~7-Dérived Weather Model (NPYC Results pi




NRO APPROVED FOR
RELEASE 1JULY 2015

CONTROL HYHIOM

DORIAN GAMBIT

3908 wroimary cimera operations were d¢istributed into each percentile

grouping as incicated by the appropriete frequency of occurrence.

for elternate targets were cbtained from the KH-4~derived alternate 7
weather probanility (See Attachment 3). }
Computations made &s described in Section 3 indicated that o

the ummanned system would provide photographic coverage of 2153
targets, and the manned system coverage of 2592 targets (an. -

improvement of 20.4 percent, in favor of the manned system).

Tabulations are inclﬁéed as Attachment 18 to this study.

As indicated in each previous sub=~section, something leééf
than 20 percent of the total targets successfully;photograﬁh.  
by the manned and ummanaed systems would be partially obsc::

-;by:clouds. .

_ "Verified" 1966 Weather:

. The primary and-&
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unmanned system would provide photographic coverage of 1120

—y
I8

15-day mission, and tihe manned system coverage of

i

Q
fo

targets

i

¥ L1 T L e o

367 target (én Zmnrcovenent of 22 percent in favor of the

hl
N
U2

manned svetem). Tabulations are included as Attachment 19 to

this study.

As indicated in each previous sub-section, something less . -

than 20 percent of the total targets successfully photographed

by the manned and unmanned systems would be partially obscuﬁed:j'

by clouds.

Climatology at TWO»SeléCEed‘Targets’

f.

4s described in- Sectzon 4 {Weather) cllmatology for th
' VCSCOW and Kakterin {near Sary Shagan and

-uéééaag1répresentatIVé:Gf

— - - TALENT -KEYEOLE - %
e ———— TALENT-KEYHOLE -4 2o sibd
CLeIR0T 3YSTEM
DORIAN GAMBIT
]
cuslrned & waliue indiviceal Yverified" weather. The probability L
B N . . ¥ . . - . - . : "{;
¢l nhocograzining cocn pyimery ond alternate target was obtained »
7
T qa e R 7T . s O e T e T ¥ T £ ¥ -
from GANZIT experience operacing against ''verified" weather =
%g
{(Attachment 14). -
-
Computations made as described in Section 3 indicated the 2

iR St
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(1) Moscow Torzet Complex:

Against the Moscow target complex area, the manned and

unmanned system missions achieved six good photographic passes

on the 30-day missicn. Using the target deck described in

Section 3 of this study, plus the GRESOLVE selection of primary

targets and manual selection of alternate targets, the six orbits

through the Moscow area totaled 24 camera operations against

primary targets. No alternates were found for two primary target

operations; one alternate was identified for two other primary

targets; two alternates were found for two other primary targetsjy:

were available for the remaining

and three or more alternates

18 primary target operations.

of occurrence of each category of observed .

The frequency

The probé.

:Moscdw area weather is depicted in Attachment 11.

-of photographlng the. prxmary target was obtapfed from GAMBI

Tne apprOprlate
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that the wmanned system would provide -

COTPULETLONG L

| B A P P U S ol S SO [ RO U DU ST - by i
photographic coverage of 58 individual targets, and the manneéd. .

system coverage of &5 targets (&n increase of approximatel

percent in fovor of the manned systemy. Tabulations are

as Attachment 20 to this stud

(2)

The same approach was tazken for the Kakterin are

was done for the Moscow area. During the 30-day wmission;-

manned and unmanned systems had seven good photographi:

-against Sary Shagan and Tyura Tam.
- The frequency of oceurrence f£or each sky ¢

“grouping is i.ndicat’:'e_a..Lfiﬁ'_';.A,Etacmneﬁt' 12, The
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LA TP SR SIS N U SR, o) S e e e L AT m Syl
Lailfe]d dLatTLiuclin av o wely Suu.g&n and iyura iram indicated

-

that 51% of che primary torzets would have no alternates, 9%

would have one eliernace, 7% would have two alternates, and 33%
[} -

would have three alternates (roughly comparable to the average

distribution of aliernates

<

s primary targets).
The results computed for cne year's operation (i.e., six

successful 30-day missions) indicated that the unmanned system
Y J

would provide photographic coverage of 160 targets, and the

ot

manned system coverage of 183 g

arsets (an increase of 15 percent

in favor of the menned system). Tabulations are included as .

8

Attachment 21 to this study.
It should be noted that the Kakterin area climatology

averages about 10-15 percent better weather than the overall*__:il

 Sinc=Soviet Bloc.

%* R e %
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The resulus of this analysis indicate that the manned.

system, with the astronaut perfd’“i’g a weather av01dance role,

will success;ulxy puoto~*a3q sigﬁificantly more intellig@nce;["

targets than wkl_ th uumann 'systcm on a comparable mmssmon;fuy‘

(By weather avo*oance is mLaﬁL that the astronaut may select

amorng pre-designated alternate targets for photography when

adverse weather is enmcountered at the pre-designated primary

targets.)

The Capability’oi.thé éstronaut to perform as a weather

"scout' was brlefly invest gaued It'was égncluBEd”that tﬁeA
aStronauts would have little dLLflculty visually Ldentifylng'
areas of best weather sxnce significant weather dlfferences

:' Vbetween relatlvely clase (30-40 mxles) prumary andaalterna.
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. e

~vrea I oy e e s (AR O A SR o £ AT dpyan - 1
SySsiell CONparLidnt. Ll GVELLEDLLIYY of alternate targets did

particularly Ilaver the manned systen (since 51% of the

primary targets had no alternates available, 16% had but one
P

altemmate avaiiable, 8% had two alternates, and 25% had three

or more alrternate targets--obviously, a distribution of one

alternate for cach primary target would have been considerably

more favorable to the manned system); however, the locations

which will exist when the MOL (DORIAN) system becomes operational..

To insure a realistic study and reasonably accurate pro-

jections of targets photographed, maximum advantage was takenm - .

of NRO operating experience with reconnaissance satellites-=

particularly GAMBIT experience operating against forecast and &~

observed weather, GAMBIT software, etc (in wiew of the simi

characteristics of ‘the GAMBIT and DORIAN caﬁéﬁaﬁfﬁbesysﬁém

 Recognizing the' sensitivity of the manué
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Gzainst obscrved Mareh 7-ipril 3, 1960 weather, the unmanned

system would have successlully photographed 2019 primary targets, g
and the manned system 2533 primary plus alternate targets (an ]
increase of approximataely 25% in favor of the manned system).. - E

4
cr
w
s
o}
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ped
O,
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v
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A
ot
o)
&
(43
cr
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]
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t
™
’- -
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argets photograpﬁéd

by the unmenned system are goout /% less than present GAMBiTt;il
It may be concl@fﬁii'

therefore, thac

average climatology or else the observers overestimated ¢ sud=""

cover moreso in 1960 than in 1%6. Whatever the cause, ©

in-effect worse-than-average climatology undoubtedly bia

results somewhat in favor of the manned system:

b. Operating on simulated, identical.Sﬂédayamis'

. a-weather model derived from the analyses. of more than'
._ftames of KH-4 photography, the unmanned System ‘:.,,

 ﬂsuccessfu11y pﬁotoerapned 2209 tarvets, and

: ZSSS;pfmmary-andvaltgrnJteftargets (an 1n'
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favor ol weatner conditions. If so, then

man would ensue in average

s em v g o] e 2 S pta e
the manned incvrezse 1s SLIELTLY

} =l
&)
o
0

¢. Operating on simulated, identical 30~day missions

sorting of 1179 frames of Kii-7 photography (from three separate
1965/66 wmissions), the urmanned system would have successfully
photographed 2023 primary targets, and the manned system 2365

primary and alternate targets (an _increase of approximately

17 percent in favor of the manned system). Despite the similarity.

l » against a weather model derived from a cloud-cover count and
D

of the percentage increase between this comparison and that for
the preceding KH-4-derived weather model, this answer is not
considered valid since results obtained from this model divérgéh
radically in some respects with actual GAMBIT results and o
‘experience. |

".fdy'vﬂpexating on;siﬁulated;Eiﬁentical EOEﬁéj}miégidnﬁ&'

zagaiﬁSE:aaWeather mgdél&d' ed from the resu
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vy . Tais weatner model is believed to be reasonably repre-
ntative of avercge Simo-Soviet Bloe climatology, although
recent GAMBIT rarget selection techniques may have biased the
wodel a slighi amount toward better-than-average climatology.

1f so, then the manned system increase is slightly less than it

e. Operating on simulated, ideatical 15-day missions against
actual ''verified" (i.e., observed) July and August 1966 Sino~-
Soviet weather for each primary and alternate target, the unmanned '

system would have successfully photographed 1120 primary targets,

and the manned system 1367 primary and alternate targets (an

increase of epproximately 22 percent in favor of the manned sys

i-thé-?_:increase one might expect fron the manned sy tem(us:mg

'waltérnate:targets).
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cxes, che wanned systom would have successfully photographed

approximately 15 perceat more cargets than the unmanned system.

lowever, to place the Moscow area analysis in a proper con-

text, it must be understood that the Moscow area had a higher

proporcion of avaiiable alternace targets than did the average

T ——

Diamond primary -arset. Had the distribution of alternate
o

r

targets been similar to the overall average, the manned system
would have shown an increase of egbout 28 percent in the Moscow
area, which is more representative of the relative improvement.

in worse~than-average climatoclogy conditions.

The DIAMOND II study leads to the following general con=

clusions:

&. On identical missibns.against average Sino=-Soviet

:weather, the manned system Cw1th tne ast*onaut pr“v1dlng
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average weather conditions, the manned system successful photo-

(@)

graphic results can be expected to exceed the urnmanned system

o

by considerabiy more than 18-20 percent.

| .. -

¢c. When overall Bloc weather is worse than average, the

ot

en

Ll

manned sys esults will exceed the unmanned system by more

than 18-20 percent; conversely, when overall Bloc weather is

better than average, the manned system results will exceed the ‘W

unmanned system by less than 18-20 percent.

%* % %* %

mrmm
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