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Indications /Warning Coverage: The COMIREX requirement 

in this area reads, !!The capability to accomplish daily sampling of 

target categories. 11 Satisfaction of the daily sampling requirements 

in the COMIREX Study requires photographic access to the entire 

list daily. Even then, because of the high latitudes of some of the 

targets and the weather situation, the studies to date indicate that 

the requirement cannot always be fully met, particularly in the 

winter. The studies do show that a photographic 

satellites operating at about 16 9 NM comes quite close to satisfying 

the requirements as stated. With this concept, if other specifications 

of the requirement remain fixed, the system design is not particularly 

sensitive to the size of the target deck provided changes are not in 

a direction that increases the target density in current high density 

areas. The design is sensitive to the sampling interval and the 

sample size required. For example, relaxation of the sampling 

interval to every three days could allow reduction in the number of 

photo-satellites required at 169 NM to one. 

□ 50X1 
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The costs involved in continuous operation of a 
~--~ 

imagery system inevitably lead to the serious question 

of the economic feasibility of a system dedicated solely to the 

Warning/Indicator mission. Fortunately, if adequate data return 

capacity is provided, some of the system concepts considered will 

have collection capacity and access such that a great deal of other 

imagery can be acquired without interfering with the imaging 

of the Warning/Indicator targets. 

Table 3 describes the Warning/Indicator Deck of 505 

targets. 

Some of the Warning /Indications targets are located so far 

north that they are not illuminated by the sun during some portions 

of the winter. Table 5 identifies these targets by category and 

indicates the duration of the blackout. 

Weather data representing conditions in January and June 

were used to compute the expected number of cloud free images. 

The weather data are believed to be pessimistic. 

-2-
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Table 6 summarizes the capability of the System I configuration 

to perform the Warning/Indications mission. Column 3 shows the 

average programmed take prior to the application of weather statistics. 

As can be seen, in the absence of sun angle (illumination) limitations 

all category requirements are satisfied. Column 4 shows similar 

information after the effects of cloud data and sun angle for the months 

of January c1.nd June have been included. For System I only about 71 % 

of the category requirements are satisfied. However, since the 

problem is sun angle and weather rather than target access, adding 

additional imaging satellites would be a very impractical and expensive 

way of approaching 100% coverage. 
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d. ,The image delivert·iocition, 

e. , The degre~ 9f sec'urity to. be/afforded 
the, data return process, . /' · 
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' . f. The capability •.for 'imag: .(non-
Warning/,J.:ndica tions) ·. targ;ots ,· and 

· · ·, g. Tj:le system. 're'i.iab·i 
.of 'degradation could b~ tolera 

ty; i.e. , · what d~l;ree 
d · and for. how 1o"ng.~ ' /< ' ' 

Each.· of these fundamei;:irtal · requiremon-t;/parqmeters .· 
wi~l be. discussed 1::>elow io/"some ~etail ,'w~-~·fi. emphasis .. 

. being given to their eff~ct. on system d~Sign. · · · 
. . . .l . " ,,:~\ 

a ._Re.so.l-u-t-4--ol, Th.e COMI RE)(" Report con t.~ins ,•I· 
=the following stat , "Consistevi:t product;ion of · / 

. about 2}-foot resolt;t ion. !I This i,d'tatentent couH1 be I 
interpreted in any ,. :f several w'if.ys •... ·1t cou],d/be taken!.' 
to ~ean a missiori vorage iesplution of 2. ft at :{ 
nadir~ a miss.io average re~olution·of 2._ ft over thej . ,: r 
ace e ss swath, that no imagery wou 1 d be war se than . I 
2. 5 'ft resolu on. These/are ordered in increasing 1·. . 
severity. re fore, ;f)iture requirepre'nt sia tements ·. '1: · . · 
should spe fy the re9,olution. param,eter as explicitly ' 1/t{,; .. ,,.--1_,:.,/ 
as possib • Based- p'i.1 electro.:.opjr:1.cal sensor work to ·.·. 
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· of •2. 5 mission/average resol"lltion over the access: 
ppears qu1ite feas:i,.ble./ It should be. noted that 
mission ~erage teso tion 6ver the access 

means 2 ft averag esolution at 22.5 degrees 
nadir {a -of 45 degrees either side, 

. . I' 
nadir) and . ngly better ~esolution for /, 

argets nearer nadir, an.d poorer resolution for targets'•• 
at locations farther. than· 22. 5 ·degrees from na_dir. I 

::r,.,,,,L;r,.,.::t;~ /J.J.:~•M;} . , __ :_I 
The COMIREX . 

requirement in ·this a-rea reads, "The __ . capability to 
accomplish daily. sampling of ·target·· categories .-n 

Satisfaction of the daily sampling requirements in 
~~ the COMIREX Study requires photographic access 
to the entire list.daily. Even theni because of the. · · 
high latitudes of some. of the targets and the w·eather 
sit~ation, 'ihe studies to date indicate that the r~-

_quirement can~ot 'alway~ be fully met, partipularly in 

~· 
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Some of _the Warning/!ndicatio~s targets 
.•,.so far north that they are not· illuminated by the sun 
during some portions of the. winter. Table 5 identifies_• 

• these targets by category and ind_icates the .duration o:f' 
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.. _ Weather data :representing· conditions in January 
- •'·,, and .rune were used to· compute the expected number· of·· 

, : : ·: cloud free images. : The weather data are believed ,to be 
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·configuration to perform. the Warning/Indications mission.\· 
Column 3 shows·; the average'. programmed ,take prior. to the . . 
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··. 11r1pl,iqt\tion of W1?-ath~1 .. t;1tn,tii;;;t:!.tir,;;. :Ad Gli\n be s0Em 1 . . 
in the absence of sun angle (illumination) limitations~.~ 
all category requirements. a1·e satisfied.· Column 4 . <;2: 
shows similar information after the.effects of cloud.~· 

.. , datn. and sun angle for the months. of January and June : 
· 'have been included. • For .. System I only about 71% of 

._the category requirements are satisfied •. However,• . 
, ; since the problem is sun angle and weather .. rather than : •: > target acc'3ss, adding additional imaging satellites·>{:>: 

.. would be a very impractical and expensive way of ·. " 
approaching 100% coverage, · •··. . ·: · , 
. ' . ' . '• ' ' 

••-~, ' I • ••~ .'~., •. • •,' ,', : ": 

.· ; · :·c_:---~~-Th·cr-·co1n'pone~ t tec11d~l~g~ quest i~; ·;~;r · 
·· ~own into several parts, sensor techriology, 

.. \;,.critical subsystems and reliability.· The· 
~·. technology area is the most·critical oft 

.. : ··.··no logy areas. · · . •, · ' 
. ' ' 

.. Due to the requirement for• rapi e·livery of·: 
·.,imagery to the ground, the basic· sen r satellite must: 

. employ an electronic image readout . ncept •.. A system 
; : • ··· .·. ·: which uses photographic film, pro ·sses the film on, 

"• · ·: ,. board, and .,,chen uses. a ·lase1•.':sc r·-.·to · develop an 
:• '> .electrically transmi ttible anal of the image . has 

·· developed and could be integra into a sa telli ta .. 
. rela-'cively short time. · Al tho h the film readout · . 

. . \· ·. approach is not discussed fiy:-ther here, it is possible 
· to show that such a system .must achieve a lifetime capa- ·• · 

•· . : .... bili ty on the· order· of ~=--==c=-=~ in order. to be competi'"'.". '·' 
.'-· ·• o tive with systems base sensors which are not life 

<-<:..·limited due to the use consumables. The following .... 
discussion of sensors limited to those devices which .· 

.... ··image onto a reusable torage medium and those which : · 
•:;\,. ·. ,convert the. image. d ctly.: into· an electrical. analog.· 

The NRO is·p esently:engaged in devclopmental·w·ork:.::. 
· on three types of sensors. Two image onto· a reusable , 

· ·,· ... · storage medium, d ·one converts the scene directly into ·. 
'· .: an electrical log. None of these efforts has proceeded 

. to the point ere a laboratory prototype• of .the sensor . · .... 
,. and the ass ted·readoutequipment have.been demonstrated.-,-::: .. ·.: 
. The earlies date for such- a demonstration is· estimated to.·., · 

·: be mid CY l:969. . . ·· · · · . . . 

. ,:.,:: .. : .· . ;:>_}.'.:./?:'.)\}{ u., .; 
. ,,,-._ . 5 .··. 
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Costs: Warning/Indications system performance can vary 

over a large range, depending on the system configuration which 

is chosen. At the one extreme is a system which meets or nearly 

meets all the requirements stated in the COMIREX Report. Such 

a system might consist o satellites using one of the 

three sensors presently under development, one relay satellite, 

and a ground station in the vicinity of Such a 

system is estimated to cost in non-recurring costs and 
~--~ 

per year in recurring costs for establishing and maintaining 

!satellites and one relay satellite" 

At the other extreme in cost are several minimum capability 

syste mso The one satellite, laser scan system reading out to a 

would cost approximately 
~---------------~ ~-~ 

in non-recurring costs and per year in recurring 

costs depending on whether the achievable lifetime for such a system 

~ 
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would be 45 or 90 days O This system could be operational in two 

to three years and would cover approximately 50 per cent of the 

Warning/Indications targets every three days. The data return 

time would be as high as 10 hours. 

It is obvious that any cost figures quoted at this time must 

be taken in the context of the rest of this paper, Le., they are very 

preliminary estimates based on the results of in-house systems 

studies and are undoubtedly too low. The cost figures were basically 

derived by analogy to the development costs and unit costs for 

existing satellite reconnaissance systems with appropriate adjustments 

for differing complexities, differences in the state of applicable 

existing technology and the increased reliability requirement (1 year 

life) necessary to make a Warning/Indications System economically 

feasible. 

The basic cost elements for System I are estimated to be 

as follows: 

a. Readout Satellite Development 

b. Readout Satellite Unit Costs (in orbit) D 
Co Data Link Satellite Development D 

-2-
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do Data Link Satellite Unit Costs 
(in orbit) 

e. Ground Station Acquisition 
1. MCP 
2. Installed Equipment 

L Ground Station Operation and 
Maintenance 

CJ 

n 
An estimate of the non-recurring and recurring costs for 

establishing and maintaining an operational version of System I 

will be calculated using these costso Assuming that a flight test 

program of] 

and that two relay satellite 

launches are required during the test and system establishment 

phases, the non-recurring costs would be Following these 

initial costs, which would be expended over a five-year period, the 

recurring yearly average costs to maintain the system, based on 

~-~pensor satellite launches per year, a relay satellite launch 

every three years and the annual ground station O&M would be 

-3-
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simplify the tracking pro area is i~a recon-
struction. It appears t station equi ent 

· developed for the lase scan readout ystem and cu ently 
in eperatianai use a a pa~t Q; ~~© .~t~-~-~~~Twi11 1 
with moderate modif a tions, perfo the recons

1
:ruc on task· 

for all of the ors under 

In summar in addition to n existing aser scan tech-· 
nology, there re three differ t sensor d clopmcnts und~r
way. None ha e progressed to he point.a breadboard or 
laboratory m el demonstrati The ear est that such a 
demonstrati n is likely tot e pl~ce is mid-1969. While. 

·. _ .. D'i.t\, some non-s s or development ork will b required in. support 
ri_~(,,tr r· l·,..of a read t system,. no forf ida ble pro lems are seen in this _ 

..., ~rea, · · · --~~- . . ·. ·,· 

Warning/Indications system performance can vary over a 
large range, depending on t.he system configuration which is 
chosen. At thepnePextr~me is a system which meets or neariy 
meets a 11 the requirements stat;; in :bP :OrIREX Report, .· 
Such a system might consist ofl~~----~~-~satellites us~ng 
one of the three sensors presen y un erevelopment, one • · 
rel av satellite and a ground station in the vicinity~ 

I Such a system is estimated to costL 
1

-

'--------,~------~-~ 

in non-recurring costs and~--~per ear in recurrina costs 
tor establishing a.nd maintaining the . ' 

. . . . , . . ttll 
.dpor2tional oapa~ility would bo obtained early in the fifth 
yo2r fo1lowi.:ig program ;initiation. 

At the other extreme in cost are several minimum capa
bility systems. The one satellite, l~ser scan system reading 
OU t to al !would cost approx-
imately I I in non-recurring costs and I I per 
yea~ in recurring ~osts depending .on whether the _achievable 
lifetime for such a system·would be 45 or -90 days. This 

·system could be operational in two to three years and would 
cover approximately 50 per cent of th~ Warnirig/Indications 
targets every three day~. The data return time ~ould be as 
high as 10 hours. 

·', 

:·, 

_:_:rgp sEet1rr ·. 
UCLUOE'O f'I\Ofit 'AUTOMAt1C Rt:GlltAOING 

ooo ouu:cr1y,c uoo.10 oou NOT 1t,,i..v 

' .. 

CONTROL NO. ______ _ 

co,v ___ o, ___ co,,cs 

.. ~, ' 3 o, __ _,...., ... ,,5-
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In ~ummnry, tho toohnia~i,~oa~ibitity of n/ 
Warning/lndica tions System ,Which meets the COMlREX . 
requirements depends heay-ily ,.on efforts currently .• 
under way in the area 9-f sensor technology.· There 
are no.known :fundameµ-tal reasons why these devices 

. cannot be develo and we/ are a.ttacki.ng the problem · 
on a rather broa base, i:e., .three parallel· develop-• . 
. mcnt efforts. . .. Even thm.;gh we are e6nfident of the .. '. 

!: . .·ultimate succ,:fss of these develooment efforts it 
. i\\•,Will be at ,,):'east __ ~ __ Y.QJl.?,: ·.and p~~11;_ps .t~~_o_ )'.~_!:~.? before. 

• ·.• 
1we will have conclusive ·p11 00.f' that an electro-optical 

.:rsensor with the required :resolution, frame size, . 
sensi ity and pynamic nge can.be built for appli-

• ·. catio to the Warning ications mis~iqn~ _· · 
! l·r 

..!Ib.e-f.ina.l~ e•lement•"'to·""0be" proviiie d.,,.,in.~ this-:: pa:pe,~> : 
-~stima.t.e......Q.f.--the-c·os·t-":;rssoetate-d' ·w'it-h= ·a ~I-, -
~t:1:t,1n:r~-y-Ert-em. -. It is obvious41Jthat any cost· · 
figures quoted· at this time must .be taken in the . ·· 
context of the rest of this paper,_ i.e., they are· 
very preliminary estimates based on the result~ of 
house systems studies and are undoubtedly too low. · 
The cost :figures wer~ basical1;:ft: derived . by analogy 
the development cost~ and unittcosts for existing 
satellite reconnaissance syst~~s-~ith appropriate·. 
adjustments -for differing complexities,. differences 
the state of applicable. existing .technology and. the . ..
increased reliability requirement (l' -year life) necessary 

· to· make a warning/Indications System: economically _:feasi.:.f ~ . ble. , . . '·. . . . . .• . · .. ,. -.- ' · . . . -· -:·-.-- .-

._. __ , The· ba~ic· ~ost 
to be· a.s -follows: 

;:•. ,. .• ,, .• 

;-,.· 
;.,.,, 

Readout Satellite.Development 
•:· ,:,.-

Readout satellite Unit
. (in, orpi t) - -· 

.. : ' :'; 

Data Linlt Satellite Unit. 
(in __ o:rbit) 

., . 

1J pJ ~11) '. ·-~·:·· ', 

·\ >·· " 
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Ground.St~tiort Acqu1Bition 

.1. ', MCP .. . 
2. : ,< Installed Equipment•·-·• 

.:f .·: Ground Station Operation 
· and M:lintenance .- . 

' ' ' 

An estimate of the ~on~recurring and rccurri~g :: · 
costs for establishing and maintaining an operational:'. 1· 

version 6f System .I will be calculated using these· · 
. h 

···. ::,,.1 1 an nat two re ay sa e.i. te aunc es are requir~ . 
· .'during the test and system establishment phases, the · 
i· non-recurring costs would be ~---------s . Following these: 
·initial costs, which would be expended over a five•- .f 

· year· period,·. the 'recurring yearly average costs to . · , 
·. ·· ·' ·· maintain: the system, based_ onl lsatelli to · 

.,-launches per year, a relay satellite launch every three 
·years and the.annual ground.stati~n O&Ji!{would be 
~~-~ . ' . ' ~--.. "-...,.......,.,,._,, ,..,,..., -......... ...., __ , ~~~~ 

, . · · • As can be .· erred. fro~ the foregoing, 
, ., . , :· ·'/\progress tha being made ~ti 

·.-,, 
' ' ' . i ~ ~. 

technology encouraging. It 
- presently,...-maintaining a roaso 
. the· Appl·fed Research/Adva11c _ echn ogy 
suppQri electro-optica adout techn 
it,appears that·o · imate 
arid economic tages of a 

, ·.,readout will .be best 
:.'conduct road attack:on · 
: gett;L prematurely cau 

ment ;program. ; ::''.;•:, ,·. 

ch 
i . 

perati 
ptical 

inue .t 
witho 
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Save for future placement: 

Because there would be more Eurasian attack warning 

targets (241) when a satellite became operational and 
~---~ 

because few (17) of these are located in .the winter dark zone, 

many more photographs of these targets could be obtained during 

the year. Taking account of weather, light conditions, and the 
,::'.4-.,, N t<:T' P 5 

associated with me-peal: ~i:t:ne ptmtcrgrapttk 

EH¼t-e-H±te systems under consideration, an average of about 33 

photographs of such targets a day could be acquired during a typical 

December and about 50 a day during a typical June. This would 

&t:c'l;' ,.,.,,_,f,d:;;;f 
permit a fairly high sample rate ef these targetl,.t::-<-x)~::;:«""~:J s 
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1 O. Wnen these factors are merged with the daily average 

number of photographs likely to be 9btained during a given time 
./ 

of the year (described above), we can assess the confidence in the 

system acquiring sufficient photography to detect significant changes 

in the alert status of the various target categories. In the case of 

the the daily average during December would be 

between 6 and 9 photographs within the 7 to 10 day period. This 

would mean that we should expect to obtain one- to one-and-a-half 

times the number of photographs necessary to have a 90 percent 

assurance/of detecting a significant change in the alert status of 
/ 

these bef~es. 
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