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DEPARTMENT OF THE AIR FORCE 

OFFICE OF THE SECRETARY 

MEMORANDUM 

19 February 1970 

General King, SAFSP: 

A copy of the Interim Report of 
the Committee on ~---~Recovery 
Systems is forwarded for your informa­
tion. 

Atch 
BYE 012647/70, Cy 5A 
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11Ei}!OR.ANDU11 FOR THE DEPUTY SEC::ZTAf;.Y OF DEFEN 
i 

i 

SUBJECT: Inte~im Report of the Co~mittee for 
Recovery of Imagery 

/ // 

Attached is a copy of the interim report of the commi~tee 
whichi we sot up under Dr. E\;;.:;::.ni ·to :::dvisc i...;s on the technical 
feasibility, cost, and impleLlentation o~ p~otogr~phic satel­
lite ~eadout systems. 

~he interim report has been pre?ared to f'Llrnish infor­
matiob to you for ~he forthco~ing meeting of the Executive 
Commi~tee. In brief, the com~ittee believes there are 
enoug~ serious technical problems and uncertainties in both 
appro~ches -- solid state array and tape storage camera -­
that ~e should not at this time significantly increase the 
effor~ or tentatively commit ourselves to system initiation. 
Some kinor increases in funding amounting tol ~--~~I are recommended for specific technica~l_a_r_e_a-_s-_--.----~ 

l 
I 

Q'he committee is attempting to formulate by May 31, 
1970 ~ts final report. The interim conclusions may be 
chang~d at that time; for example, significant technical 
progr~ss may be evident by then such that we could start 
a rea~out system by the end of the year. 

I 

~ ~ rhe c~~mittee~w!shes to change the name of the com-
m.J.tl.ee to 1...1e Comm ... tLee on Recovery of Imagery. 
The t12rm ½-~------~~--~implies that targets can be 
obserfed in whereas a satellite may require 

½-_________ ~days to be in a position to observe 
selected targets and several hours to report results. 

! ~ s;: ~ ~,.£.A,Uj!.J)~ -u;tY w~l,~/Jav/1 
We recommena that you sign the attached letter of 

trans:mi ttal forwardingAthe interim report to interested 
'O a .,~tiles .. ... I • 

Natidnal Reconnaissance Office 
! 

1=~ -: cl1 i 
:'.2:,.0 I Schlesinger /Du Bridge/He :::._,;:s/ 
?~oetllke/Foster, w/Interim Rpt 
Comrn~ttee onl !Recovery 

i,.J.NOLE Y,Asys tems 
.• \ r -- -, - ~ . : i 

~- ~ • ;. ........ "',., .,, ·: ~ 1 ·-

Gardiner L. Tucker 
Assistant Secretary 
(Systems Analysis) 
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16 February 1970 

I. IXTRODUCTION 

It \~ 

CONTROL SYSH:M 

Although the commi~tcc has not complo~cd its invas~i~a­
tions nor drawn final conclusions or recommendations, this 
inteiim report of the status of the committee's deliberations 
is submitted for information. Some of the interim findings 
presdnted below may change in the next few months. 

II. FINDINGS CONCERNING SYSTEM POSSIBILITIES 

1 A. Film Readout Systems. Of all the possible tech­
nolo~ies to meet the USIB requirements, the film readout is 
the ¢nly one that should be considered for immediate system 
initiation. While there are some technical risks, they are 
small. d lower resolution and much narrower band system was 

I 

test~d i~ the Lunar Orbiter a few years ago. Some components 
of hi 0b·her oerformance have been in continuous use on the 

I • 

ground. On the other hand, i~sufficient data exist on the 
meth~d of ground reconstruction and on wide band scanning and 
recording technologies. There are also questions on the life 
of the film camera. A system might be available in three or 
four 

I 

yeai-·s'" 

I For these reasons, in the absence of an urgent 
natibnal need, it seems that other technologies should be 
examined before initiating a system whose life is limited 
by c~nsumables, although consumables for two years seem 
posstble if reliability is achieved. 

I 
, B. Solid State Array Syste~s. The solid state array 

syst~m is attractive because it ot:ers possibility for long 
life~ The managers of the developments are managing the early 
phas~s excellently; nevertheless, the committee believes that 
ther~ are a number of major technical uncertainties and pro­
blem~ whose seriousness apparently has not been fully recognized. 
C I ~ th L • t' uome oi e uncer~ain ies are: 

technical difficulties in building the large 
op-;,;ics required; 

' 

--\, -· • J> c,' 
b: -=.i·~~.:.~.\ 

cc11r.-.0L ~Y$T~M 

(2) the complexity and size of the ground process i~: 6 ; 
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3) the reliability risk at the complete system 1 

and_ par icular risks associatec with the large number of 
activB co~poncnts in the array, its electronics, and electro­
mechanical co~ponents; and 

("';.) tl1e necessity ='or· 1/0:--y \vide bz~nd\vidtl1 dctta 
relay systems requiring as yot unproven components. 

~he solid state array system requires n 
~---~ 

mirror o::' high optical quality. The optical quality needed 
is beiyond tl:e present s-r;ate of the art, although it is 
b 1. I • ·1 . . ·• ff" . + . . .c . , e~ie~ea t~at w1tn su · 1c1en~ empnasis on-manuiacturing ana 
testi~g techniques the required optical quality could be 
demon~trated in a few years. 

The system requires close to one million spaceborne 
acti~e circuits. While the reliability of each of the solid 
stat~ components is high, the overall reliability of the 
sys~e-im ,is still ve1-·y u;1cer~a ;~ Tn 2dditio: there '.-re. a few 
moving parts such as tnel _ _ _ I for pointing 
contJ01 and the antennas wn1c1 must be continually s:ewed. 
In order to reduce these uncertainties such that system design 
can start, more work is needed in: (1) collecting data on 
canaicta te com::;:ionen 1:s (particularly LS I) , (2) analyzing related 
empirical d,1. ta, (3) exa;-;iining ::.~edundancy techniques, and ( 4) 
evalJating impact of unreliability on scene information. 

Tl:.e solid state arrav svstem recni res a data linl,;: 
havir:;g a cai;:.::.c i ty of more th;:;..nl I per seco::1d of 
information. Further, the satellite-to-satellite relay would 
operate ;:;..t ~---~ requiring development of new transmitters, 
rece~vers, and antennas. The antenna requirements t~x the 
pres~nt state of the art because of the need for high gain, 
tigh~ dimensional tolerance, accurate pointing, and the ability 
to operate with large thermal gradients. 

The present design of ground processing systems is 
cc~~lex and probably quite expensive. Although in i-r;s early 
concdptual design stage it requires two facilities, each having 
20 millio~ active circuits, it may be possible to reduce the 
compiexity by changing to non-real time processing. Until a 
simpler, ~ore practical design is available, it would not be 
wise 1to initiate large scale efforts. -

Ecc~use of these technic~l uncertainties, the 
co~~ittee ~oes not believe t~at enough data on solid state 
arraj subsystems have been acquired to validate: 

s ~.r ~ ;, ·: :=~ r,\: 
COr,Tt<OL SYST(M 

~ il ~~ ~L.u;:.4_ w 
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l_ J schedules 

cost, 

performance, 

(4) reliability, and 

(5) degree of possible growth. 

[': \/ .--:·, 0 
)..i. ' 

CONTROL SYS-Ti:11'1 

The time required to achieve a workable solid state 
array system is not firm. The members are inclined to believe 
that it would require at least five years before an initial 
oper~ting capability, but this judgment is made in the absence 
of iMportant milestones and experimental results. In the 
finai renort the committee will review additional experimental 

I • • 

and ~nalytical results and hopes to define what milestones need 
to b~ reached and what progress may be expected. 

'C. T~oe Storage Camera. Emohasis to this date has been 
I • • 

on deve loc:):;:e;:: t of ind iv iaual-camera com:)onents. While com-
ponedt sp~cifications have been met or ~xceeded, the problem 
now ~s to integrate the components into a camera system and to 
prove conclusively that the photocathode/tape can survive in 
an erlvironment with moving parts, bearings, and lubricants. 

i 
: If the integration and testin~ of the camera svstem 

are iuccessful (providing long life couid be achieved), ihe 
result is a camera which is similar in many respects to cur­
rent 1 film systems. Thus, spacecraft systems and optics much 
like !those in use with current film systems can be used with 
the ~esulting high confidence in performance. 

, This development has not proceeded to a point where 
a detailed satellite system design should be considered. The 
time:for a system based upon a photoemission type tape storage 
came¾a ta a~ initial operating capability is longer than either 
a film scanner or a solid state array; perhaps seven years is 
a reasonable estimate. The uncertainties which need to be 
resoiVed prior to system design will be described in greater 
detail in the final report. 

D. Comparisons Between Solid State and Phototape Camera. 
CoLlp~risons between tne solid state array and the phototape 
cameta as image transducers are not very useful. They are 
~~nd~mentally different devices a~~ lead to diiferent system 
cesign Lrades. Thus, comparisons need to be made on a system 
c2~s l$ * 

·- \, , __ ,. ,' -
-'- '/_:: ... ~ ~ ... ~ .. \ 

co~-: .. v ... ":>Y>':rM 

~ r. '.,'' ··~•:;-
: u,t ~ ~ 
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CONTfWL S'IST£M 

There is high confidence that the solid state array 
tran;sducer can eventually be bt.:il t after the present u:1cer­
tai~ties have been resolved. If built, the array could for~ 
the basis of an ultimate coarse-fine system. Its characteris­
tics lead to a large spacecraft, large optics, severe attitude 
conirol specifications, and a high data rate. 

Conversely, success~ul development of the phototape 
camera is not assured. ~owcv0r, if the development does 
sucdeed, it per~its the use of essentially current, flight­
pro~en technology in optics and other spacecraft subsystems, 
operation at a relatively low data rate, lighter satellites, 
cheiper boosters, and considerable simplification in the 
capabilities and numbers of data relay satellites, 

E. Alternative Approaches. There are other approaches 
whiqh appear interesting and deserve consideration for funding 
on a small scale. It is believed that a system based uoon the 

. I 1 . '. . ' f . ' l . ~. ,. ret~rn □ earn viaicon or variants may oe eas10 e in Iive or six 
vea~s. It is likely that the committee will conclude that 
~hi~ possibility should be investigated at a relatively low 
lev~l of funding. The degree of this support should depend 
upoi the urgency of the requirement and budgetary policy. 

III~ DISCCSSION 
I 
I The urgency assigned to this deveJop~ent in the solid 

sta~e area has been mostly based on an assertion that the 
oppbrtunity is great and the Government should commit promptly 
to ~n aggressive program. This committee recognizes that often 
a s~stem start can give a program an impetus which helps solve 
dif;ficul t problems. Furthe:;::, one can err by delz.ying a system 
sta~t and confining work to laboratory experiments. But there 
a1·e! many w::::..ys a program can fail, one is by la:tge apparent cost 
gro~th caused by poor initial knowledge, another is by dis­
app~inting performance caused by arbitrary system design deci­
si~ns too early in a program. These errors can kill a program 
ev~n if the concept is sound. 

! 

d major management concern is whether the overall budget 
wi]l bear the 2..ddition of a new very expensive system. Almost 
ev~ry part of the NRO has managed to devise a second generation 
sy~tem which is complex and expensive and very much better in 
cadability. But in every case there is now at least some cuos­
ti~n as to whether the increased capability is worth the · 
incireased cost. At present we use a broad area, low reso:~tion 

I, - . ,. t· .c . t .... ( ~- . , system =or inc~ca ing areas o~ in eres~ as wei~ as consiacr-
able direct intelligence) and a small area, high resolution 

CGNTRGL SYSTEM £XCLuor:o f"ROM AUTOMATIC REGR.\OU'tG 
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s~~/s:::e,'n1 ~c~~ r.:o:--e cie~aileG. ir:telli;;;o:-~ce. In o:~dei-- to 0.-voiC. 
undue proli;cration of syste~s, it sce~s desirable that any 
::e\v s:,rs-r:2:·,: v.·:1icl1 is b1·oug·l1t i:1 st .. o'G.l.ci be able to assu:ne oL.e 
of tGesc ~oles, if not immediately, i~ growth versions. 

;;-, 1 f :: ~· ;; ."· \ ~ 

;_..-i ti .:...,l}.;.~J'.~ 

If ticrc were an urgent nee~, a film system with a year's 
ld be a reasonable solution. It may even be that a 

realistic cost analysis would show advantages for the film 
system over as mucb as a ten-year period. While the committee 
is not charged with analyzing or questioning requirements, it 
find~ that systems capable ofl !recovery or responding 
to C "i~ S 7 "" \'/c. 1 ·•:, '10~ ..:"'""~01',.,.""C' - r -1-,,.--, ·~c-.c: '1~ ~ --.,~l' 0 ,,·rrrency .J.. , ...L ....._ "-' ~ .... e .o.. L .___. u '.J ,J l,- ~ ..,._ ...... L.. ;. ... t..;: <./ (k .___. ..., • ..I.. a., >.., ..._ .., c; u ...... b 

does ino~c:: e:xis ~c, i -.:; wo~ld seem prllden t to develop subsystems· for 
recovery system in an orderly way, that is by 

~--~~---~ 

reqt~i:rir;g- more definitive in:::o:::m:J..tion on cost, schec.ule, mile-
stones, performance possibilities, ~nd growth than available at 
this ~arly stage of the progr:J..m. ~hese more definitive esti­
matei ffiust await the resolution of several technical oroblems. 

> A 

Tr r,dJ"'it-ir-n c-,-1 eo 0 1~+e "8"' 7 0 ···,;-.,,-0:,-,,,r c~-o 'o· e s~-=>~-i·f'~ed ~n ,._•ne ..,....,1 ......_ 
0
U •...LV.i..,.'j d .. ~ ;._L; .. ),.l, .J.. (.,\,J,.. ...L"'"'.;,..,..t:')ic:..t.J l., · ;!t:\_.,.-A-......_.l.. .l..;. I.., 

fi~al report) should be obtained and fully processed to hard 
copy iout befo:.~e con:x.i ttiD.g -:o any· l~rg·e e:1gi:1ee:~ing· effox·t ~ 
Until such adequate imagery has been obtained and c:emonstrated, 
techtiical uncertainties have been at least partially resolved, 
and firmer costs, milestones, schedules and performance derived, 
it i~ considered premature to start any large system development 
p1,.og1~arn. 

I~ ~s obvio~sly not des~~able 40~ ethical to mobilize 
industry to devote significant energy to systems prematurely. 
Eowe~er, t~e committee believes that a minor build-up of the 
rate /of effort in the technology of solid state array compo­
nent~ and subsystems is warranted. We are not in a position 
to balance budgetary considerations against urgency so that 
we cannot recommend specific rates of increase. In the current 
~t~te.: of i~s delirerations t1e com~ittee estimates that an_ 
increase or about~--------~-spreaa over the next six months, 
\Vi -::11 !an appr·opria te inc1--ease in FY 1£)7~, illustrates tl1e order 
of ~dgnitude of increase which should exnedite the dates when 
mile~tones can be achieved and satisfact~ry results demon­
straied. The exact increase would depend upon considerations 
beyorid the co~mittee 1 s charter. 

, T~e contractors engaged in solid state array subsystems 
2~~ ~tudies have recently experienced a large increase in 

-dJlJna· +oo -~-y ~"-cre ~1~cre"ses· ·~ :r·" 1)l
0 d s 0 ·cc 0 ss•o~ wo•· 1 ~ ,,,~ ...... J..... b' L, .. , .. ..,.,,1....L -"-'--""..t.. b J... J.. a. ..L,11.l a.1.: u t ..L .1..,.. U.J..U 

~at ~e desirable. 
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A system base~ upon the tape camera with photoemissive 
cathodes depcn upo~ resolvi a nu~ber of technical uncer­
tain~ies. We believe these uncertainties should be resolved 
as s~on as practicable by iun~ing the contractors to permit 
tl1e1~1 [to bLlilci i11 tl1e :r:eai" i\.:.··~· ... :r·e:;, :-:ev,1 can1e~C[,1.,) opex·z:..ting i11 
the ~isible s~ectrum rather than ti2 ultr~violet. An 
i'1C"•~ .. ',,,s•:::, +-u~+:...,.;"rr o-J..-, +-'.oe O'·''''='''' o,i:,j l"'ol:r-y,s 

J.. ..,._ --,~ c:;, l, va..A...J...1..J.b l,.u. ...1.. Ut:..-. .J...~· ~~~~~~~~ L.. _...__...,_,~.... :J 

expended over several months, shouid permit a determination 
of W~d~hc~ ~hti ~amo~~ o~n cpo~~~Q nA ~qtc~~a~. 

CONTROL SYS.Tl 

1 

The pote:1-::: i:c-:.1 o:f al te.rn:1 te app:'G~cches s1.:ch :::.s r.ew va1· i­
ari t:s !of :::-:e vidicoG or tl1e pho,::ocondt:c-:ion ""CZ:.lJ2 c~r~~er·a is 
inte~esting enough to warrant considering some fi:rther explora-
tion~ wit~ minimum funding. Rates of perhaps! I for the 
:.:1ext isix months renresent the magnitude of effort which seems 

I ~ 

appropriate as an initial step. 

• Not much attention h:is been ~iven to the utilization of 
~ !recovery system-~ow ~any people would be needed, 

wnetfer the information can be exploited, and how it would 
mesh !with HEXAGON. HEXAGON itself will have severe exploita-
-t-.~o'., 'a'0 - 1 u,,,,cs~z~-"--io~ p1·ob 10n°s "'0,;_ ye+ --Fu 17 y evr'l,cr;-'-orl ..., ...._ ... I J,,J,, u L J.. .J.... J.. a L..... .u. .;.. e .. ,., 1... L. '-' ...1.. J.. ...L o.. ...._ u ..:: .... L cu ., 

f 

i Finally, before embarking on a large scale system, it 
S oeroc.' -lc.5°-,n>,,- -;,,-++;,,"'"'RO -"'-,,e-'ly \'/'·'a+ -•rv"-rr-s-· m"o'h+ ho t'. .i.,.I......, U'C .l..l.(J..0..,;_t l., ....... .;.i.L l,ilt= l't;.. .:::,0u\....., \.J.,., .... l, :::,c,. .J...1....1.t, 1..l.OJ..1.l, 1/C: 

achi~ved by re:axing the reQ~irements that have been stated 
by U~IB. We refer in particular to t~e processing delay, 
ta~ae+ - 0 -e time to reach target, and resolution • 

.A. b i"" .A.._.., i..., J 

Comrni 1:.,tee o:i \ 
Redovery S~~-s-·~t_e_r-,,s __ _ 
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