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~---~I REAL OUT &'YSTEMS 

Introduction 

· As' requested by the _Deputy Secretary of Defense, this paper discusses 
I 

options! that are available at this time with regard to initiating develop-. 

I 
ment of/ read-out satellite reconnaissance system that would: 

- .have one or more satellites continuously in orbit, and, 
i 
/ - produce photographic-type imageryD24 hours after collection. 
I 

Sp~cifically, in accordance with EXCOM discussions in May on possible 
I 

acceler
1

~tion of read out system definition and development, CIA has re-

quested[=~in FY 1970 funding beyond the President's Eudget of D Dur­

ing FY ~O this progr&~ would continue or initiate engineering development of 

compone1ts and initiate competitive system definition studies. Total system 

developbent would require ~-------~with the heaviest expenditures in 

I FY 71-73, 

n first operational, such a system would provide continuous intelli-

i 
gence on conventional forces including warning of some kinds of mobilization 

I and deployment. It would also improve intelligence on technical, military, 

I 
and ecqnomic matters. When more mature (at least five or m9re years off), 

i 
i 

the sysitem mis:ht replace the GAMBIT spotting system. Eventually, this kind 
i 

of rea+out technology might be used for virtually a.11 imaging systems; how­
l 

ever, tihis would require very sophisticated image analysis, zooming techniques, 
! 

I 
and vecy bigh ba.ndwi.dths. 

I 

I 
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signal that can b ~-----~ trans,n.itted to the ground (possibly via a 
I 

relay satellite) or stored on board the imaging satellite for later trans-
l 

missiori. 
I 

I 

/ 3. Definitely, the most promising candidate technology for a trans-

ducer Jses a linear array of solid state devices - photo transitors or photo­

diodesJ The next :most promising technology at this time is an electronic 

crunera that stores the image on a dielectric tape and later reads it off with 
. 

an elecetron gun. '11he basic feasibility of both these techniques has been 
. I 

I 

demonstrated during the past year. The solid-state array technology is most 

i 
promising because it is very likely feasible and because its simplicity should 

I 

allow fery high reliability. 
I 

The tape system is complex with moving parts, 

hot ca{hodes and electron guns. 
I 

Ho~rever, it can provide a hedge to array 

failurf and, as a parallel development, it may allow a smaller and cheaper 

satellite system. 

I 
During the next year or two, engineering models of both 

these ~evices could be developed 

relate1 system needs, and cost. 
I 

to demonstrate performance, reliability, 

(The final section discusses technology 

more fully. ) 

I ~- With regard to the charac~eristics of a read-out system that 

might te developed in FY71-FY74 for initial :operation in FY74-FY75, there 

is agr~e~ent that the system should be a spotting rather than a search system 

and shhuld have a best resolution of 2-3 feet. The United States Intelli-

1 

gence Board has als'.) specified other desinaple characteristics such as a 

r· ,.--.- --,~,, 
~(_;: ~__;~··.j ~ 
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~ ;: .' ~.jl f;/,;:~LE 1)I:~ G:~-:~-::··. ~ ~~ ~. 

t. .> .. \,; ..J.J • ~ ~ _; .[ 

c~:\~~·~ s":"~·ic~.1 

Approved for Release: 2021/04/08 C05096270 



5 
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evaluation and selection, and (3) determination of detailed operating chara.c-
1 

teristi1s desired for initial system. For the most anbitious system wit□ 
optics, the HRO considers the.t this progra.,"Il has high cost and schedule risks 

because.of the advanced technology needed including: (1) the optics, (2) the 
! • 
i 

wide-ba111d data-relay satellite, and (3) the precise attitude control system. 
I 

On the other hand, several members of the Land Reconnaissance Pane.l feel that 

I 
the program e sti..7Ttate s are too conservative a.bout the progress that can be ac-

1 

I ; 
hieved. 

6. With regard to intelligence value, there is agreement that, a 
- I 

photogrlphic read-out system wou_ld be uniquely capable of detecting and monitor-

ing thelmobiliza.tion, redeployment, status, and eq_uipage of conventional ground, 

air, an~ some naval forces. As such, it would provide a unique intelligence 
I 

contrib1tion for warning, c.rises, and conventional combat operations. There 
I 
! 

is alsolagreement that such a system could provide timely information on 
. I 

currentf events (in much the same way that COMINT does today). An early moti-
l 

vation for developing a real-time read-out system was that it might provide 

warninglof an attack by Soviet strategic nuclear forces against the United 

I 
States.I There is agreement now that the current and :projected nature of 

I 
stra.teg;ic forces makes this contribution very questionable,: However, there 

ere divr~gent vi:ws about the value and feasibility of additional functions the 

system Jpight per.1.orm. The United States Intelligence Board studies consider 
I 

that a real-time sa-cellite would also have s.ignif_.;_cant capabilities incll,_Jing 
ii 

• I 

:i.1nprovef 

I 

intelligence :production on technical, economic and military areas; 

Approved for Release: 2021/04/08 C05096270 
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i 

and ve!rification of arms limitation agreements. Although DoD TE:presentatives 
I 

I 

agree it,hat there woLLld be sorr..e intelligence gain in these areas, they also 
I 
I 

feel trat there are sufficient questions concerning the value or feasibil:ity 

of the
1

se contributions th2.t system develo:pI:wnt at this time llillst be priillarily 
, 

justif!ied from tl1e point of view of intelligence value, by the capability 
I 

to mon!itor conventional forces before and during a crisis, and during combat. 

7. The read-out systems discussed above wouJ.d allow significant re-

ductions in the size of aircraft and drone photographic_ collection systems 

and i~ the need for new systems. 
I 

Off sets as high as $25 million a year in 

ope:rntlions might be achieved. 

I 
Also, new aircraft and drone developments 

might b~ cancelled. i ~ 

I There is a range of estimates on the extent to which the read-out 
I 

.t- ,i 

sysl.,e9s discussed above would allow reduced number of GAMBIT and HEXAGON 

missio,6s. One view is that savings of more than $60 million per year should 

- I 
be achjieved. According to this view, current planning calls for a mix of 

four G0c,NBITr s and four HEXAGON' s per year when HEXAGON becomes f'ully opera­
I 

tionali. A high performance read-out system should replace at least one 

HEXAGOtJ and one GAM.BI'I' per year, at -a savings of approximately $60 million 

I per year. It may also be possible to reduce one or both of these programs 

by two launches per ye2.r, thus realizing e.ddi tional savings. 
' 

! Another view is that a read-out system would offset at most about 

million per year by possibly replacing one GAMBIT mission per year. $20 
I 
! 

Accordiing 
I 

to this view, tbe HEXAGOI;- prog1·a.:::n is sized solely on the basis of the 

search need and could be only .hm or three succe ss:fu.l missions per year. Two 

i 
~ l., ... \ •-: ......_ .. •: 

r . . - ·· , ,--, •. c •\ I ~· ~ . 

LcO,.'.: .. il 
r,. .--r-,. p.-~ 

1-' .. 
..., ... 1 

\ 
~ -...... , ,..p-... &•-"') 

,- ' • , t' 
i '£_: ~~ ~ ::.:--::. : .j 

',.;..,, ·- ~ - ...... .J, l.: .. ___ .:l 

-=1... 0 ~-,-:-,"\ 
! ; . ·. _,. 

l l/ ~ 

Approved for Release: 2021/04/08 C05096270 



. .t~' 

Approved for Release: 2021/04/08 C05096270 
~· ~ - .. -

7 

'I'he HEX,~GON missions would provide the majority of the current survcilla11ce 

needs of] the GAL:SIT systew such that after HEXAGOI! is operational, GAMBIT 

I 
is neede;d only for hi0h resolution technical intelligence. This 1~ollows 

I 
i 

because one of the major- ad·12"""1tages of the reHd-out system overlc:ps an im-

I 
port2,.r1t If actor that favored continu3.tion of H:'~XJ\GOH. They both provide 

! 
25 ,000-715 ,000 useful target looks per year 2,t medium ( 2-4 foot) re solution. 

: 
i 

Because ;of this capability, HEXAGON ,-rill allow the number of GAMBIT missions 

to be reduced from 6 to 3-4·. If H1'XAGON were cancelled now and a read-out 

system d~veloped, the read-out system would also allow a reduction in GAMBIT 

mission1 (but 2-3 years later). 

It is agreed that if both a very high resolution system (I-101-follow 
I 

on) and~ read-out system are developed, then GAHBIT surely could be cancelled. 
I 

s1. I 

I 

I 

'. . ~ .~ .· 1 
; ,; ~ ~· .J '1 ·'"' - ,. 'u. 

r:.r,...;·-·~·"l 
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/9. In its review of the value of a read-out system in monitoring 

convdntional arms during crises the EXC0M sho-uJ_d also consider deployment 

of a9 interim, much cheaper, lower resolution search or spotting system 

that could be activated at the time of a crisis and wou..ld provide a very 

information available from the read-out systerrJs limited uortion of the 

· discjsse: 2.bove. Such 
I 

a system would perform for about a month after ac-

.. 
tiva~ion. However, it 

I 
could be operat?onal two years sooner and would re-

·quire! about starting in FY 70. 

!10. With respect to the read-out :program in FY 70 and out years, there 

are three 

. I 
O-pt1on 
------r 

l ! 

i 
2 

3 

~-~---· -- --.-- -

\ 

options that should be considered: 

FY70 

t '-:-:·-:_, ~ :·1 
' \' ... 

. .:, .:. ~ .. J .. , -~ 

r~ :. ~· ,-~-~ ~ .r 
l.c•-•~c,'sJ 

FY71 

;' ... - t ~ .. T, "': "· "I 11 
''' ;:ie,..,;,. :~~"' _: ·,.,. .. .1 

Earliest Availability 
of Operational System 

1974 

1975 

1976 
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Under first option we would move as quick1y as possible to a read-out 

. i . □ systemlusing solid. state technology (however, maintaining a development 

progrruh with the electronic camera as back--up). We wou.ld, auring 1970, 
I 

I 
develop transducers, ·optics, system design, relay satellites, and ground 

I 
proceding at a pace that ·would allow; in early FY 71.)selection of a con-

! ~-, 
I • 

tracto:t who Kould develop the ree.d-out system and integrate the efforts of 
I 

I 
contractors working on relay satellites and grow1d processing. Under the 

secondjo:ption, we would pursue an aggressive technology- program in FY 70 and 

71 lea ing to a high confidence system acquisition decision in early FY 72. De-

cision would be based on image in - image out comparison of competing sensor 

technologies. Under Option 3, we would plffsue basic transducer technology 

and reiiew the need and opportunity to deploy in a year. 

je

in both Options l a.1d 2, once system development were under way, there 

would three or more years requiring efore 

the sy 

in mid 

became operational. For Option 1 this high expense period starts 

: 
71; for Option 2, a year or mor.e later . 

. 
11. There is agreement that a read-ou½ system would be uniquely valu-

able. n.'bere is no consensus on its value with respect to other candidates 
' : 
' :for de~elopment or improvement such as an unmanned, very-high resolution follow-
i 

on to MpL or·· new SIG INT systems such as follow-on. S:Lrnilarly, the::e 

is no consensus on the extent to which one would be willing to cut back current 

ca:pabil~ties in the NP..P or other intellige,1ce programs in order to pursue a 

rea~-ou~ capability. 

Approved for Release: 2021/04/08 C05096270 
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Tne advantages of Option 1 are: 

1. It preserve,-:; the option of proceeding-with a system acquisi-

tion p:rogram in FY 71 for only more than Option 2 in FY 70. 

2. Option 1 leads to an operational capability one year earlier 
i 
i 

than Option 2 prcsWJ1ing the success of the FY 70 engineering activities. 

( I th . ~ . f th t . . : . ' Therei is an issue as to e r:1.s1·~ in soir.e o ese ac lVlL,les. J If one 
I 
i 

attachrd very high value to a read-out system and believes that the system 

shouldjproceed no matter what other systems might be developed or curtailed, 
I 

i 
then Option 1 is preferred. 

I 
Tpe advanta0es of Option 2 are: 

1. During the coming one or two years, judgements as to relative 

systemivalue can be refined. We will_gain insight into intelligence needs 

I 
as SAL'!!.' and other related. issues develop. We will see how competitive 

I sys~emr such as and a MOL-follow on develop in terms of cost, per-

formanhe, and value. (These are compatible in the resource sense and, in 

I . 
some c[ses, in intelligence product.) 

I 2. The Option 2 program -will provide better data sooner than 

Option 3 on component technologies, particularly transducE;rs; on associated 

system?; and, on whether this is the proper time to crystallize a particular 

level ff 
T~e 

tech.1.'1olog-.;r. 

advantages of Option 3 are: 

l. It is the lowest cost, option and -remains within presently 

progr"'-'ffiled funds. 

;: -. - ·.~.- ~ !"\ 
C "' - , , , ·~. ~, ~ 

::· ,.,'.. --. ~~-\:'\] 
... ---· ..I .! 

: ~:-:-·1~, ~ _-. t'' ,,,....,,..1 

~ ~ :_.1 ~;. .. ;..,: __, -J 
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2. It will provide more time to refine a.nd analyze the com-

peting technoJ.ogies and to determine the relative priority of real time 

reaa-J,+ svs'crr~ in the 
1

l.J_v o.J ..._ V ,lL) total 1TF'i..?, 

I • • 
Opt:i.on 2 seems preferred if one believes that read-out is important 

I 

but wlnts more data to judge its re1ative importance. Option 3 seems de-

I 
sirable if the NRP budget is very limited, and if new, competing systems 

I 

seera to offer more re la.ti ve promise. 

next section compares the array and tape storage technologies 

and technology programs of the Options. 

-,-:;.,_----.-~ 
~-, ............. ; J 1 ~~.: 
I 

. ' 
r \l ',~,_ ._ ..,., _,, _. 1 
• 1, _-:..,<J 

t.,/ _ _,,, - '-- '; ..... 

·x ~ ~-~; :~ r~ P.~:.l ,; 
·- ---·----- \ ~ :._ . .- ___ ,-______ ·····-·-··--•-'~---.. :.· •L_ 
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Tccl1nology 
i 

to 

i It has long been recognized that it would be desirable 
i 

1~ave 
I 

a reconnaissance system with a lifetime 

l 
more on orbit and the ability to return imagery 

or at least do.i 1 y. . Over the past decade of· space development, 

man~ of the requi~ite capabilities f6r such a system have been 

developed, including: long-lived satellites of considerable 

. • I • 
comple~ity; communication relay satellites with lifetimes of 

~--~-------~ 
; optical technology to fa6ricate very 

larg~ and precise telescopes for satellites; and highly 
I 

accu~ate techniques for navigation, control of satellite 

attitude, and target acquisition. Until recently the subsystem 

whicr seemed least well developed.was the transducer which 

tran~forms the optical image in~o an electric signal. Duriqg 

the ~ast six months, there has been very encoufaging develop-
. i 

i 
menti of these devices. 

I 
I For the past several years the NRO has funded a technology 
I . 

progl•am in image transducers.· The emphasis has been plac.ed on 

two ~echniques: tape storage cameras and a class of solid­

statr array imaging devices. The technology programs have 

now remonstrated their basic feasibility and engineering 

perfrrmance. Breadboard test p~ograms have been co~pleted 

or a~e well ~~on~ and preliminary tranFducer design ~tudies 
I 

have! been conducted. It would now be possible to ilansition 
I 

and ~evelop engineering models or prototype devices. 

~•····' ;· ,. --· 1 
,J 
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I Three contractors are developing solid-state devices: 

I 

Fai~child, TRW, and Westinghouse. Pre-prototype chips arc 
I . . 

bei~g tested with very pro:nising results. · In one case, a 
! 

pro{ot~pe chip is being fabricated. However, it will be 18 

' ~onths to two years before "image in" to "image outn test 
I • 

resJlts will be available. 
I 

The pacing item f6r these tests 

j 
is ~mage reconstitution and a test facility, not the solid-

I 
sta-'j'e chips. 

A laboratory model of the CBS tape storage system has 

been under test for four months. It is ~eing operated in an 

"im1ge in" to "image out" mode in laboratory tests. The 

resJlts to date have also bein promising but realistic 
. I 

_.tesJing has yet to be done. There are several variants to 

I 
Lie [tape system under study and development. 

i 
Sufficient 

i 

are .lnot available at this time to permit selection of an 

opti,mum _c,. ...J-. con.1.igura1..ion. 
. . 

Each of these transducer technologies has its own 

data 

inh~rent advantages. At this sta~e, the solid-state systems 

are definitely th~ most promising. The promise rests on the 

hig~ reliability associated with solid state circuitry and 

the ~ace of continuing improvement in fabrication techniques 
i 

d 
i J! an per.1.ormance. There are no moving parts in the array. 

It i~ small and light. We are relatively confident that it 

can rovide an operational transducer within several years. 

Inc ntrast, the tape storage camera requires a tape drive 

asse nbly, a hot cathode for the electron beam read-out. gun, 

Ml.{-,."!,~ :-lr. 

L: t f:.~~ }1L~ . 

('. . .,,.., ..... - ' - ,.\ 
,_. .:. I ~ ~· ~ •~ _: 1 

~:: .... --:7:~, ·: .,· 
.... •.' 
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and a photocathodc which may d2.gencrate in time. An opera--

ti.o;tl model would weigh significantly more than the solid 

state transducer. In recent years, the tape system has had 
I 

more devclop;::ent effort app1ied tha·n the solid state. -Due 

to t!lw coi;,p lex i ty of the assembly, it is estima t~d that 
I 

i 
engi:necrin 6 developmE>nt would be a more difficu1 t task with 

the ~eed for extensive life and performance testing of 

engineering models to establish confidence that the syste~ 
! 

offe:red more than one year Ts life. This is fn contrast ,;,;i th 

the lolid state arrav where, if prototypes are successful, 

. t . I t · " d h t. 1 +'. , • ~ . f b bt . , 1 is es · ima i.:e t. a· ear y con.i.iaence in .Ll e can e o ainea.. 

I Because of these numerous engineering problems, we are only 

I 
moderately confident that the {ape storage technology could 

i 

be sLificiently refined to make an operational satellite 
I 

system seem worthwhile. 

I Recognizing these factors, the Land Punel has expressed 

enthtsiasm over the potential of the solid-state device. Most 

rece _tly, Dr. Garwin headed a subpanel which examined _the 

·solib-sta te, technology. Dr. Garwin concluded that the 
I 

techhology is feasible and that in one year it can be brought 
I 

to t~e point where a system decision can be made. 

Given the developmental and reliability problems that 

faceithe tape storage system, nevertheJess, a successful tape 
i 

systrm might have several significant advantages. Compared 

w:i -1:h a _s_o_~~d-sta te transd,1..~~-:r, the system raay t'ur:n out ·to- ha vc highc r 

I
r.,-·."- - - : ',,_ 1t::;_/, ·.: · · ~ ~:-.. ~ .. _'. .. · .. : ..: . J 3 - _.,,. (2/"';-,--~~·~:· • ~ .. 
l..~•-•c .,.,; c. • l;_ :., __ ,: ~ 

• r~i;. .1 ~·""<. r-~ -~ ~ 1 

t,~{~~LE ;-~\ t I t.Ii~)~~·-J ,,....,_ •,·~ 

j_•: ,,( 
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ef ective sensitivity. First, th6 ·image is stored on a tape 

mo\ing at scene velocity such that exposure times are 

·ro~ghly twenty times those of a solid-state system which must 

"rjck" the 

pe1,alty of 
I 
' 

entire spacecraft to track the target! 

this rocking is the increas~d time the 

(A minor 

satellite 

is idedicated to each target and the distortion of the image 
I 

th~t occurs during this tracking). A second factor which 

permits- smaller· apertures to be used is the foc~l plane 

resolution in a tape sys tern of 

_ Even though these 

factors are somewhat compensated for by the 10-20 time~ 

higher quantum efficiency of a solid-state system, a highly 

successfu 1 :tape camera system might"-:, for comparable ima.gery; 

req
1
uire a lighter, s~mpler and cheaper satellite and develop-­

men't program. 

The inherent storage of the tape system is also 

advantageous. It allows readout at a red0ced bandwidth. 

It llows operation without a relay satellite; or if the 

additional readout time provided by a relay is desired, it 

eli.inates the rteed for a second relay satellite. It pro-

vid~s more flexibility in system design and initial system 

· dep loy:nen t. 

r~--:--- .. -...-.-:."", 
· .. '· .. \ ~....)~-------·. 

In summa~y, the solid-state array definitely has more 

pro~ise as a transducer because of expected high reliability 

andlour confidence in its feasibility and performance, On 

r1·.-.-:-~·x)~~1 :. ___ . __ :_r."~ __ , •. ~--~ .. -_ ... __ ,:, •• :·· - - .• -,. 4 
~ - ~-.. - - ~~;-~-:- .. ~·~:_~"-"~J 

i 
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the other hand, there is agreemtmt that if we continue to :pursue readout 
j 

technojlogy bec2-use of the urgency of the intelligenc? need, we should 

, . I . . 
concinpe sor,e engineon.ng developr,,ent of the tape camera s;ystem at least 

for tt~e next yec:cr, _This would require less than□- roughly one-half 

to one[ percent of the total developrr,ent cost of a readout -system, 

'.qhe follo~ring table compares the technology progra1ns that would be 

pursue1d under the three options. 

~--.- ,:-,~-: 
r.. . I:..,_, ____ _,,_,.! 

i 

i 
I 

~,-.~---.. .. I'""":"°"'. 
~ . • ' I 

.. ' 
. · .. ~ ;_;_ ............. j 
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FY 70 FY 71 

OPTION 1 ., 0PTI0N'2 OPTION 3 OPTION 1 0P'I'I0N 2 OPTION 

IM/\.GING SATELLITE D;fj\GI:NG Sl\.TELI,ITE 

Satellite Develop- SSA Prototype -Sefocf-SSA-Trans­
duc er Contractor 

SSA Transducer 
Development 

SSA Transducer 
Development ment and Fabrication . Test Proc;ra.r0, 

Same 0,s 

0:9tion 2 
FY-70 

System Definition 

Preliminary Design 

Detail Design 

Study 

t;:~J Preliminary 
.. - DesiG,'11 
r- -,; 

\, ,I 

'-··., Start Compon-
ent Development 
and Fabrication 

TSC Transducer 
Development 

Optical Subsystem 
Studies 

Engineering Studies 

RELAY SATELLITE 

Component Develop­
ment 

TSC Transducer 
Development 

: ; . :Preliminary 
, _,,, Desic;n 

OPFBATIONS/PROCESSING FACILITY 
Component Develop-

'.;.' System DcfbJ.tion 
... .., 

Sto.rt, De:sic;n nnd 
Dc:-vcloynr:-mt 

ment 

Component Develop.­
ment and Fabriaction 

Detail Design 

Start Satellite 
DeveloJ;Jment 

TSC Prototype 
Test ProgTam 

Optical System 
E:readboard and 
Test (if necessary) 
~ 

Attitude Control 
System }?rototype 
'l'est 

System Definition 

RELAY SATELLITE 

Component Test 

System Definit:i.on 

Same as 
. Option 2 
:FY-70 

OPERATIO:XS/PROCESSIJ:l:G FACILITY 
Complete Design 
and Development 

Start Installation 
and Checkout 

-

Crn1ponent 'l'est Same as 
Option 2 
FY-70 

System Definition 
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