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The p\;rpou ot this memoundum is to describe and.bnluu prei

) ..I.
;nd'pouiblc future satellite reconnaissance payloads in the light of
"* ‘natidnal intelligence objectives, with special attention to the relative
merits of photographic payloads of the readout and recovery types.

i 1. SUMMARY OF PROJECT TO DATE

& . . .

A The SAMOS program has as its objective the development of a satellite

::1 reconnaissance system to collect and process visual or photographic data and

i . Ferret or electromagnetic data. More specifically, the SAMOS system is intended .
i to'acquire a great amount of technical and strategic warning intelligence, 3
¥ resulting in a more precise knowledge and evaluation of enemy military and in-

5 dustrial strength and their déployment. The data obtained should enable us to

do a better target analysis job and to detect and identify unknown targets.

Observed changes in concentrations of weapons. transportation patterns, communica -
N tions density. together with the rates of change . will provide evidence of buildup

3‘ and consequently relatively long lead warning of attack.

3

There are two approaches being developed for acquisition of intelligence N
data: (1) The recovery system in which a data capsule is ejected from the o .
satellite upon command and physically recovered. and (2) the electronic data ol
readout system in which all data is transmitted upon command to ground stations. @f
The recovery system is used for photography and the data readout system for both _ -3
photography and Ferret. 3

The general characteristics of presently planned visual payloads are as - o
follows: _ :
Designation E, E; Es _ E; . ' :’;.
Type Photo Photo Photo Visual® ..
. Readout Readout Recovery ReaMe )
Nominal Altitude (SM) 300 300 180 " 300
Focal length 6 in. 36 m ' 54-72 in. ? . ’
- Ground Resolution 100 ft. 20 fr. 5 ft. S ft. ' -;
- . : —_—

The relative merits of photography and of systems using various methods of
T.V. image retention prior to seadout are being evaluated for this payload
on which only preliminary work has been started.
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—— SECRET—

_earlier reccvery of the film caz only be achieved if less than the total

- eapacity is recovered. Unless techniques not nov contemplated are employed,
- the major pcrtion of the filx recovered will shov only eloud cover and
ground sreas Cevoild of targets. If selective techniques are ewployed to
vo({d these aress, the time to Tmcovery of a completely exposed film payloed
vill e incrensed many foll. In contrast, the photogrsphic readout sysiea
can make availadle information afler a delay of only a fev hours and
inherently provide a basis for selectivity in subsequent passes. Also,

lry the use of any other <e:zhaigues developed for svoiding the accumulation
o unintereciing infcram:ion, 1% cen similarly extend its total information
gathering capecity bef:re the Zllm payload is expended.

The recovery method nas slightly superior performance (assuning
che saze altitude, cpiics, filz, faage motion compensation) since the degrada-
tior associated vith reaisut (scanning, transaission, image recomstitution)
18 eliminated. This degralatior {s pot, however, expected to exceed 20§, a
scascely significant loss, especially in viev of the built-in image enhance-
aent techniques employed in the rvadout system. Similar techniques can de
set up %0 enhance recovered pictures, but are not an integral dpart
tecovery scheae. The recovery.system is also subject to degradation of a
possibly significant amount as the result of latent imege growvth, a post
exposure phenomencn, and fram film fogging as the result of temperature
cycling vhich may occur during the recovery sequence, both of wvhich phencmena
can occur until the film is developed. The severity of degradstics from
these sources vill depend on the length of the period between exposure and
develomment, as well as on the temperature extremss encountered.

In order to odtain full utility of a recomnaissance system, it is
necessary that it have the highest degree of reliadility. DBesed on reference
(e) study, 1t is apperent that this factor deserves major consideration in
the relative evaluation of systems, and that it is indeed a serious problem
. to keep even & simple sytem operating with acceptadle performsnce unattended
in spece for long periods of time. Of the two systams under consideration,
there is 1littls reascn to doubt that the recovery camsra is less camplex
than the readout camers vith its film processing and readout and commnicatiocn
slementsa. PFurtharmore, since it vill be operating for lessar periods of time,
{ts overall relisdility requiremsnts are not so stringsat.. However, in any
objective evaluation, it should not be forgotten that consideradle complexity
exists in the recovery sequsnce, in the equipmeant for separstion, retro-rocket
2iring, high temperature re-entry, parechuta deploymsnt, and subsequent
locaticc and recovery. Ror can the fact be ignored that with respect to s
particular mission the dsgree of operationsl success can be much more
imedlately appraised in the case of the readout systam. In the event of
fallure, corrective actions can be more immediately instituted either by
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e launching an additional packege or in the gvent that the failure is in ) -';s_,;.r
e . the ground-dased portion of the equipment, by repair. A quantitative ' i
e evaluation of reliability of these photogrsphic systems along the lines of Ty
: ¢ reference (e) is necessary for other than a qualitative assesamant of such :
factors.

Iv. mmcmmmorx-zmxﬁrmm .
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The Z-2 readout camera with 36" focal length vill in general have
approximately 1/2 c? the resoiution of an E-5 recovery camers with a T2"
focal lengtih, other conditions being equal. In the development plan, the
recovery camara wus Jurther favored from the standpoint of resolution bdy
piacing it in @ lover ordit. Here the attitude stabilization problem is
somevhat more severe dbecause of the greater asrodynamic drug, snd the life
in orbit is reduced If addiicnal propulsion is not made svailadle, _Rence,
the lowve:r operating altitude of the recovery ly'tu 1s consistent with v
Secovery aftar s relatively short perisd of time. On the dasis of one to
v altitude differesiial, and a tvo to one ratio of focal length, tha P-5
7avloed has apprcximately four times the ground resoclution of the E-2 read-
cut payload (e.g. 5 £t. vs. 20 ft).

It has been considered that vith a 6 mc spece to ground trans-
zission link, the E-2 readout camers would de limited in the amount of
{aformation it could supply, as campared to a recovery system. The R-1
resdout camera vith a 6" focal length vas not cansidered to be so limited.
e 36" focal langth, E-2 camers is linited to iransmitting to earth
approximately 1/5th ¢o 1/6th as mich {nformation per day as it can acquire
urnder ideal conditions. However, a reviev of Reference (f), study of cloud
sover gver Adla, and the exten: of mon-target areas, suggests that ths amount
12 :3eful (afommaticn aot Sbacured ty cloud cover may be relatively saad)
az: that the E-2 feadout system aay 0ot be in fect, limited in this wvay
under average conditl

Fron the standpoliat of probadble costs, the RAD necessasy to bring
o 2.2 readoit systen %0 4 reliabls Operational status may consideradbly
eacsed that of the E-5 recovery systea. However, ance operaticasl, the
“eoet ver BIL” of intelligence informaticn could well be consifersdly less
tzan that of the recovery system vhich requires the launching of s complate
alesile for each payload. It shoulld be noted that many of the expensive
ant complex elements of tha readout system are the same ones vhich are
ex;loyed in resding out the information odtained Ly the Ferret payloads
sal vhich are, therefore, required in any event.

ke



: 5 In n-u-: the following factors are pertinent to & decision on R
. ‘ the E-5, recovery paylosd, at this point in time: L
It should be dsveloped: . . '

« since it will provide the earliest means of obtaining 5°
ground resolution desired for technical intelligence;

~ a8 a"beck-up” to the more complex Ep system;
- as a possidble source of optics for a later Ej system;

- since the recovery technigues resulting vill be a long
stride tovards mrceting man-in-space requirements;

Factors not favorable to its dsvelomment are:

- It Quplicates, to a degree, the I, read-cut system vhich
could be flown lower for limited periods to obtain s
ground resolution of adout 10 feet; )

- A month or more dslay is involved in odtaining doth
intelligance information and sny assurance .that any
information bas been ocdbtained;

‘= of the pictures obtained, a relatively largs proportion
will be of cloud cover only; .

V. POTENTIAL CAPABILITIES ..

The previous section dealt with currently conceived comfigurations.
An oblective, ganeral comperison of readout and recovery systems must also
include considersdle of their future potential capedilities. .

* As vas mentioned earlier, doth systems are subject to refinement
to reduce the smount of relatively useless information acquired. This can
be accaplished by programzing coverage to avoid areas of no, or relatively

1ttle interest, ond by incorporation of IR sensors (or equivalent) to shut
off the cameras Or retrain thea vhen the field of vision is obscured by
cloud cover. As wvas previously noted, in the readout system, information
from recent passes can be used to asaist in the progrumuing process.
Witk a readout link already in existence, it will also de possidble to
relatively sisply includs a lov resolution (500 or so TV lines per frame)
television-type pickup vhich can serve a mmber of purposes. By taking
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-occasional star map pictures, it can be used to more precisely determine
~satellite location. It can instesd or also, in alternate frames, record

cloud cover data for use in programing subsequent passes end for meteoro-
logical purposes. As TV-type systems vith greatly increased capebilities
nov under study became available, this concept.could yeplace all fila-using
methods, a possibility being considered for the E-3, high resolution, xndout

package .

With the advent of cammunications satellites vhich can de used for
relaying information, these Jov resclution ground cover pictures can be
trensmitted in real time. Indeed, the svailadility of e commmnications
satellits opens up a humber of exiremely interesting sdditionsl possibilities
witich, {¢ is delieved, varrant evalustion. The real time, lov resolution
ricture could be employed to directly aim ths camsra at uncbacured targsts
vithin range. The TV camers could, in addition, be refined to incorporate
a 83-2alled Zoazar lans vhich could, despite the relatively limited data
acquisition capedilities of current TV mm, be used to view very limited
areas at relatively high Mfmuon.

The above-descrided addition of a TV-type camers is Just one of a
nunber of combined payload possibilities Delieved to bave merit and
considered as ultimately influencing the selection of optimm systems.
Polloving is a discussion Of soms others, same of vhich are mads possible
by the greater load cerrying capacity of the nov programmed, double-tank
capacity, 4ual burn Agena upper stage.

2

ei mmxmwmq-ﬁt—umyﬂ, ‘
t0 be an operaticmally and econcmically desiradle

step to o4l one of limited capacity to various satellits stages vhose

uumtm.wummtmmmm involved in

-&
- o - -
- E
. . .:"H
. . . . . [} - v .'-?},;



N L 4 o ‘l. e . \'..’5: X on
idr-, B ‘-’f-!-u-.,z\é'.f;-,g. Lk

R ._,-er-'.'a" et
VT TR S
.y R "A. An accelerated study should be undertaken, comparable to that of -

Rcference (e), 10 assess the relative reliability of readout and recovery of
photographic payloads, and to establish a basis for the degree of effort which
should be expended to improve reliability and the specific areas where such
eifort should be concentrated.

B. Deaspite the fact that readout systems are considered to be
ultimately superior for reconnatssance purposes, :t is believed that under present
vcnditions the E-5 payload as planned will provide much earlier. high resolution

.pl.otogr.;ph.c coverage thar any new readout.system. It is therefore recommended .
that work on the E-5 recovery system be continued.

C. Steps should be taken to advance the state of the art as rapidly
as possible to tae enc of ubiaimung anE-3, high resolution, readout system
n4 400N as there 18 & reasonable chance of success.

D In view of the Limitations of present systems and the major
improvements considered possible in the future. it is recommended that studies
and/or programs be started in eevenl areas such as, but not limited to, the
-following:

1. . A magazine-type recoverable film payload.

2. A “universal” piggy-back recovery system of minimum
size and we:ght with limited capacity for application to
a variety of satellite vehicles.

3. A TV-type readout camera of compa;anvely low
resolution with alternate star map and ground cover -
capabiiitics. baoth as a possible "piggy-back" payload
on film readout payloads and as a first step towards an
E-3 system.

4 The application of Zoomar techniques to e;nch a TV camera
and/or 10 one with improved resolution.

S. The possibility of real time camera aiming using a TV
monitor.

6. Various combined payloads to improve intelligence e
objectives and/or save booster costs. .

7. The exploration of new satellite reconnaissance techniques, . ;| "=

including new sensors to provide "all condition." ) sy

.
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rom-m, independent of cloud cover, illwminatiom,

emming, and without meqvhth limitations
(see Mcmeo h)).

E. In line with the recommendations of Referencs (e), & long-range

program should be instituted, om am accelsrated dasis of desic BAD o
nev concepts, nev materials and new techniques for the fulf(llment of
complex system functional requirements in a menmer providing cme or two

orders of magnitude greater reliadility than mt squipment for use
in an untended satellite envircoment.
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