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MEMORANDUM FOR DR. McLUCAS

SUBJECT: HEXAGON Near-Real-Time Readout

During our recent visit to Perkin-Elmer you asked me
to return at a later date to learn more about the possibil-
ity of adding a Near-Real-Time capability to HEXAGON., As
you know, I have been unable to obtain authorization for
such a visit. However, OSP has made available to me a P-E
proposal for a study of the subject. Because it is a pro-
posal, -not the study itself, one should not expect study
results. Therefore, critical comments should be viewed with

this in mind. !

Enclosed is my critique of the P-E proposal to the
extent that information could be gleaned from their document.
There is no system description as such; some possible tech-
niques and compcuents are suggested but the full range is not
treated. I have asked OSP for their comments on my remarks
and, for your information, have included their response as an
attachment to the enclosure. Of significance is the remark
that '"The vagueness of system characteristics is partially
attributable to lack of guidance from the govermment on what
the system should do and to the fact$that there are many
possible configurations.”

Further investigation requires that I be authorized to
visit P-E, or at-least have an opportunity to talk with the
proper P-E personnel, In any case, I strongly recommend
that further, exploratory work be done to develop a system’
concept, : '
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L. | In a study propoaal made available by OSP (Sensor Sub=
system P-13 Definition Study) the Perkln-Elmer Corporation
proposes to- investigate the possibility of extending the
HEXAGON m1551on by adding a near real time (NRT) capability
Cto the present vehicle. Ihe proposed configuration would
provide a total orbit lifetime cof 135 days, 45 days of the
¢ primary HEXAGON~mission at an altitude of BO'miles, f011owed
.yd by a boost to an altitude of 124 miles allowing 90 more days
’]i? of NRT operation. The increased orbital'lifetime is obtained
rﬁ;.by the decrease 1n;dragvat 124 miles and thevadditionAof drag
Mf'mekeup*fuel. Thisiadded weight, and the weight and space
isf_needed,for,the Ngf'module would be obtained by eliminating
~ some of the secondary payloads and subsatellites,
d_fi2.‘ Thus, after an initial transient period of 45 days, four
Zflaunches per year, properly phased .would provide a contlnuous
v”I'NRT capability in orbit in addition to the normal HEXAGON
’T mission. 1In effect there would be four 45 day periods with
| ttwo HEXAGON systems in orbit, one performing the primary
-w”diet?rGO HEXAGON mission while the other isvperforming the .
.”-‘monoscopic'NRT operation. The latter mission would also fill

ivin the remaining four 45 day periods.‘

. Approved for Rénakas it 1/08 C05105836
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3. The NRT'module'cansists'of a.separate supply and takewup,w

an NRT looper, an on-board film developer and scanner, and an

associated -data transmission system. It is proposed that the
module UCLlize either Horizon 8 free radical filw or 3M dry
silver film, It is calculated that 13 100 feet of film may

be carried in the module; Liquid developer is not required,

the developing and fixipg prOcess‘rQQuiring‘only radiation and
heat,  In operation, the NRT film s spliced on to the end of.
the,p}imary-film at the end of the 45 day primary micsion.
Either of the two cameras may be used,

4. The processed film is scanned with either a laser scanner
or a solid state array with elcctranic scanning.- The scanning

ignal is transmitced to a relay satellite (a COMSAT vehicle

8 proposed), thence to a

' The proposal contains a statément.tb the effect that using a
ingle communication satcllite, "all of the 13;100 feet of NRT
“film can be transmitted using a video bandwidth of 11,5 Miz."

“fﬁExactly what this means in terms of practical mission opera=-

:2tiona1 capability is mot clear. Although the unqualified
tatement quoted above may literally be true, there is no way
f determining how much of the'13,000'£eet will frame areas

Lo

5f interest,

: ?’:'H :R AA ﬁ' . Lt o L o ’&‘.-~ — o :‘— .
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There 1is no mention

' in the proposal of what‘wou1d4be neceésary in a ground
' station. ‘ | C e 7 ”

5. The followxng twovtables are extracted from the P-~E
fptoposal. Whether rhey represent realistic ﬁperational
/capabilitles or are simply calculations without regard for
vfmeanlng is not clear. They should be viewed with care and
‘some skepticism;— |

TAELE 1

’ - PHOIOGRAPHIC GROUYD COVERAGE i S
Frame Length Total “Avge Frames/Day Total Nadir
“(Degrees) Frames - for 90 Days .. . Coverage

3 ';fi‘“ 37,666:f" ﬁ 418 3.03 x 1050
15 ,‘*9,336*<;  103 3,78 x 10°

A,

: R T \/ o , 6
3 . dby812° 53.5 400 x 10

TABLE 2

— NRT FILM TRANSMISSION. SR
Resolution of = Frame Length TFrames Satellite  Time Per
Reconstituted Image . (Degrees)  Per Day  Access Time  Frame

%0 L/ 30 sk 10 hr  '11.1 min
woL/me . 15 - 104 9°he,30 min 5.6 min

woL/me 3 s 8hr 1,14 min

NOTE;‘,i&g"LIMM'yieiqéfrésoluticn’éf*S;S‘feet at 124 NM.
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8. e notionm of adding an MRT capability to HEXAGON is a

very appealing concept. The fact that eliminating the

secondaryfpayloddsvallows an additional 90 days in orbit

sufficiently attractive

(albeit at an-altitude offIZA‘NM) is

to Justlfy vigorous pursult of ‘the means to achieve reliable

and operationally useful film read-out capability. Unfortu=- .

nately, the P-E ?roposal‘fa115~cansiderably short of providing

cessafy¥to’jddge whether the particular

the information ne

scheme advanced by them has sufficient merit to Justify full

scale development along the lines pn:posed by P*E,»

.The areas 4n which information appears to be 1acking

7.

include the fi»m charagﬁeristics, the film handling and
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fand fixing the film is included ‘in this time estimate, At.
another point one might infer that the capacity of the NRT "

/flboper, in which the exposed film is stored for subsequent

>rocessing and scanning, is 17 feet bf.film. So if one

:ptimistically assumes six useful daylight orb;ts per day,

chen in the one case there will be a yield of 72 feet per day

(6&80 feet for 30 days) or in the second instance a yield of

L02 feet per day (9180 feet for 90 days). One wonders, then,
iow the numbers in table one were calculated. Im fact, both

< 2 ¥
>f the above tables may be quite misleading., For example, in

Table 2 one sees an entry of 10 hours igﬁellite”Access Time,

In reality, for the scheme proposed by P-E, there will be
only about & hours 6f'usefu1,8atellite Access Time.
8, In additxon, one should know, of course; the: present

state-of-the-art with regard to che Horizon fllm the adapt-

:bility of the developing and fixxng processes to the environ«

ment, and the rate at which the technoiogy 1is evolving.,

technology. These wo*factors,

ropen
gl ?uhil

s 1/08 C05105836%:
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hold much promise. The manner in which P~E proposes to
realize such capability appeafs,to have some unexplaine&”

deficiencies, Clearly, the subject should be pursued and

3

an attempt be made to find a more satisfactory mechanization,

v .

No cost figures were given in the document.
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The following comments apply to the various paragraphs of
the critique. Paragraph nui"ﬁbeirfs‘* ‘below fc’orreé’pond to the paragraph

numibc.’r:; ‘of the ¢ 'riti(;qe;

Pt

1. The extension of operating lifetime, while still -

o ret’;aih’;idé{thc,p_lfa‘,ﬁh,éﬂf overall system reliability, is morc a

tha _o’f;thﬁ‘ét(gjaméra. The weight and

i

Approved for Rérakas s 1/08 051 0583
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2. Onthe ope'x"étin‘g'byasf«is:pifoposed,‘ vi,tv%i’s fnot:

posmble to prov:de cnntmuous NRT coverage since’ ‘the &
'system w:ll have some’ Ixmte value of rehabxhtyuprobably

75-80%. This would rnean, on the basxs proposed by PE

live 1aunches per year to mamtam a system contxnuously in

‘orbit. In the event of early Iaxlu;re there could be a penod

ofat 'le‘-ﬁs”t 10 days without coverage’ and;,AO, days thhou,t-NRT

readout. Other analyses have shown, howevcr. that i the i Coe J
life is extendcd somewhat longcr, the fﬂm capacaty of the -~ 77 : F

system is adequate to s‘apply pro;ected 1975 and beyond

reqmrements thh three muss:ons per year,whxch assummg SR
the: same rehabthty would rcqmre four vehxcle launchcs per’ e i'.
- 5 . . Pt B

4. S'ollf’idﬁstaitie‘a;rr’.a”y scanning is by farthe most )

: . i , - o i

~ . promising oﬂermg, better overall resolution, design simplicity, :
- i

and- operat:onal rehahxhty and ﬂexxblhty.‘. h‘e “dat'a» rate using
a laser scanner is limited by a scanmng rate of about 50 000
‘hnes/mmutes. Data rate thh solid’ state arrays 1s essentxally

‘nnhmlted m ﬂns apphcatacm. ance the mformat:on is stored

« . o

nv-- S pancar gl i con aty £ et i Sl I i ek it S ad S RO R Ry .‘
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. on fﬂ‘"rn ithe.rread&ut :rgte; can be 'sf,e't'fitd*‘arttiy‘" :wi:tﬁinf? the: b‘a}nd-
w;dt}x rcqmrements of avallable downlmks. I'v'o4r’»an ea’rsrly ‘ L s
operat:onal capabxhty the Contractor has proposed a COMSAT
; type lmk since it was assumed that such a link could be
avaﬂa‘ble thh the tlme frame Qnder cons;derat\oﬁ and that
h it would ‘be hnghly dependable.w S’in‘ce the fsyste’m is‘a - storage l

system,” it is. posstble to trade hme for bandvndth. The‘ total

amount of xnformatwn |s, of course. thc hme-bandwxdth product

Q

so it is desxrablc to have as wxdc a bandwadth ag practical, The

13."1‘00/fcct,,o['fi1m' is:'b”ars,ed upon‘;csti'mat-es jq[ the number of

surveillance t:‘svrgévts“\dh‘ii‘:h wfo‘uldv’be expected to be pho,to,g'ra"phct'i ‘

during the 90 days of NRT operation.. The video bandwidth of

11, 5 MHz is ‘adequatc to trans mit the information from the

film 'within the .9‘.0-=da'y, ‘o‘p'e‘_ratixigr time assuming a single

satellite i‘elay.

5 The values 'givei; in »Tab’l’cs 3 al;ll!i 2 are calculated
v‘alu'c;;';‘usin_g the information \vhich'::‘r;é\.v"‘cxi‘sts on the camera L i 5 l
and readout devices. For the most: part théy represcnt capa- | .
blhhcs which have been demonstrated but not in the conf:guratnon

in W,hich-they will be us.ed.

¥
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' ‘6.1 ‘“There are certain discrete steps which should
be und;rzakenﬁcit;HE,xAGo;\';r.:iswto'b'e cons‘id’qt;ﬁ:‘d'ufor a NRT
readc;ut system. 'I‘hesrevid're:. o
R Estab ish with the Intclhgence Commumty
the General Operatzonal Reqmrement (GOR) for read-
: out as apphcable to HEXAGO\I

: b Develop prchmmary deslgn and mission

prohles for mcctmg the GOR.

- &
e

,C. Perform cost/cﬂectwencss studies of

- ch‘¢’ §ar’i0us dé’signgvahﬂ.s'elo.;ct a'dc:s’ign/misgidn Y
V(;(vn‘\'c‘é‘pi;- i | | | |

d. I;rcpaxg ‘;D,e'sign' and Pér[ormané&‘épecifip

‘c,"a.tions‘ ) |

'e’.’ Develop and quahfy t'he system.

T R T P B B Iy U T b gn; iaan s p
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7. Co’h'si’d'e,rafbl';éf i‘mpro've-ment. in the free radical
film must be achieved before this film could be successfully '
used. A co'nit'i"ac't for the development of aerial film for Ce

‘HEXAGON applicaticn is in being with Horizons, Inc., and

gbbd 'px"ogre’ss ‘has been made over the past year. At the

_present time it appears encouraging that a satisfactory film

will be developed; however, the free-radical film characteristics

are not fully.\'xndcrstéod and there is some risk that & satisfactory

film 'rﬁ;y«yneiré/r' be achieved. PE is working closely with

'Horizons to-assist in directing the development to be dircctly

appli’taﬁl; to the HEXAGON camera. They have done some

work ’iﬁ p'rocé’s“sing,avnd evaluating the photograph'fand physical

‘characteristics of this film. The vagueness uf system charac-

* teristics is partially attributable to lack of guidance from the

gove’x"nment. on what the system should do and to the fact

that there are many 'p"o,s'sible conﬁgurations; This has caused .

the proposai to be general in overall tone yet specific in gome

areas without showing the basis on which specific values were

"Approved for RénakasSiliEsd 1/08 C05105836°
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i During the Iast year t‘ms has bcen mcreased from less than

* which'at present is

horoved or ARSI 1108 costosss

established, This proposal is not 50 much the results of
a study as ii: is a proposal to conduct a study. Some of the
confusion is caused ‘by'more than one de'si’gn‘ concept being
congidxercd without tying it to a full system. ¥or example,
both 1asy<ér and solid state array rea}'dout systemsare :
considered, also bd,th‘ qiffect transmission to grounc} and
satellite relay’wai"‘e examined. The variations which were
cxanﬁ_incd’tcﬁd to c'on‘[pse‘the reader as to what is proposed.
i rcad‘qut jirxvi—IE’J‘CAG()N is‘ d‘e‘si‘red a complete review of the
‘backup'/dat.a-frOm which the proposal was prepared should be
-‘made.‘;‘ , | |
"8. The film status was mentioned cdrlier. The
'ma)or deve opmeztt problem is toincreasc’ the hlr;'x spccd
ASA speed of 01 seconds to over 1. 0. A value of 3.5i4s
'desu‘ed. 1t appcars that the speed wm be ajchxeved thhm

‘the. ne,xt sxx months. The secor

i
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on-orbit. The general require-

.
s

pos“sible. such as activation

ments for image intensification, developing-and fixing are

v

well established, but may be subject to sorlne change as the
{iltn characteristics are changed,

9. If a readout requirement is established for
HEXAGON and done in the immediate fature, the capability -
would be introduced in a Block II design which would i*nCOTPO,rayt'c
several .d'es.igﬁ' 'imp_rDVQments such.as the large looper, simpli-
Iiic'd'»el;‘:ctronics s etc. I,t“\)}oiil‘?d:b;c’ 'idcg'iftabl,e ooif V'P ractical, to

i »

‘hold quszi‘ gn competition on the rBlot"k,".ﬁv,.s"yste.m. This would

 require an early establishment of the operational requirement,

Ly
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