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. Development Plun here prescnied
. is the Truit of chi inint Mudy.
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\

This Development Plan has beer: prepared as part of the \
Research and Design Study, Advanced Reconmaissance
System—Contract AF33(616)-3104. Task No. 21010,
Project No. 5-2-1 1 15—t0 be conducted over the
period June 15, 1955 (o June 15, 1956. This
document isa condensation of the complete
Development Plan R

eport dated March 1, 1956,
The studies of which

this plan is the end result
" were conducied joint!

y by the Radio Curporation
of America {IRCA) and the Bell Aircraft
Corporation { BAC). RCA"s task was 1o
examine the feasibility of 2 Satellite
Reconnaissance System in the light of
many years study by the Rand Corporation,
RCA. and others. and 10 make specific
recommendations as 1o the nature of the
reconnuissance system required; BAC",
task was 10 make a preliminary survey
of the interim and eventual problems of
placing tke reconnaissance vehicke

entte s ernt”
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195 | 1957 | 1pse 1959 | a0 | we 62 | 1963 | i1pea ,

TRST FLIGHT PROGRAM

Phase o Vehicle tests on orbit. and determination of environment,
Phase § Confirmation of vehicle design with special altentinn 10 vehicle
. reliability.
Phase 11y High altitude orbit mechanics, functional tests of a 75-wan
solar supply. First visual and ferret reconnaissance,
Phase v Functiona) tests of reconnaissance payload components and
equipments with S00-watt solar power supply.
Phese v Fumiomllutsofanucleammpplyanddimproved
) Payloads with greater information capacity. ’
Phase v1 Systems tests of the operational prototype, including packag-
ing and improved reliability.
Phese viu Demonsiration of military suitability of operational prototype.
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. FEATURES OF THg DEVELOPMENT PLAN

Optivmen Surveilian e 1§ cupom
Generates day-by-day assessment of untriendly military activity,

Performunce Objectives

Pictorial and fervet reconnaissance of all arcas of carth’s surface.
High speed handling of data.

Major Features of (ltinage Sisrem

High speed day-10-day reconnaissance coverage,
Launching from conventional ICBM sites,

400-mile swath across US.S.R. every 93 minutes,

10- 10 25-foot objects detectable,

Pesition information accurate 100.1 mile.

Ferret range 40 Mc 10 40.000 Me,

Proof against interception and enemy control,

Data handling system organized for speed and volume.

The Desclopment Pragram

Phases I 10 VII-—1956 1o 1964. First flight test 1958; Ulimase system 1964.
Separate development programs for:
Vehicle payload,
Tracking and data collection,
Data processing.
RCA'’s Project Organization
‘Organization devoted specifically o dcvelopment of Satellite Recoanais-
sance System.
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A Satelllte Reconnaissance System
will provide maximum military surveillance
of any portion of the earth's surtace

Intelligent forecasting of future events requires a complete knowledge of
present conditions and the manner and rapidity with which thes - ¢ i
are changing. The present scarcity of information concerning the U.S.S.R.
limits the accuracy of forecasting its possible hostile acts and necessitates the
implementation of some novel means for obtaining this vital information,

Studies conducted by various technical organizations, including RCA, in-
dicate that the most economical and timely system for obtaining the intelli-
gence needed for strategic warning is through satellite reconnaissance. Such
a system will provide complete and frequent coverage of critical areas within
the U.S.S.R. bloc. Both pictorial and ferret intcliigence data will he the end
result of this system.

The possible use of such a satellite reconnaissance system has been under
consideration since the end of World War 1L. Improvements in the technical
capabilities of rockets, electronics, nuclear physics, etc., during the past few
years make this type of reconnaissance feasible.

The important features of the system herein proposed may be stated briefly:
It will supply o continuous, high-rate flow of reconnaissence in.
Jormation with only @ short time lapse berween pickup and atiliza.
tion, and will, if a sufficiem number of vehicles ore used, cover the
whole of the U.S.S.R. hioc everyday. It will thus permit prediction
ol enermy buildups and accurate estimates by Intelligence of sira.
tegic and tactical operanons. It can be stated wirth assurance ther
the technology of such o 3ystem is mow: feasible: irs consummation
requires only the implementation of properly conducied and
financed development program. With adequate and prompr sup.
Pors, first test flights cun take place during 1958 A system which
will begin 10 supply information with some reconnaissance value
may be obtained in 106): and a complese reconngissance vehicle
backed up by all 1he 2round-based dose handling systems required
can be operating three years laser,
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The ultimate goal of the development program:

The zhimate goal of the developmeny Program is a compicte reconnaissance
sysiem consisting of both 3 globe-circling satellite camrying surveillance and
transmilling equipment, and ground-based equipmemt capable’ of receiving
2reat masses of information from the sareltite, assimilating it, and rapidly pre-
senting the end resuit jn significant form.

The satellite vehicle will Cary 1wo types of surveillance equipment: pic-
torial pick-up equipment 1o Survey the eanth's surface, and ferret equipment
10 survey the electiromagnetic Tadiation in the areas over which the satellit: is
passing. in addition, the vehicle will carry the equipment necessary (o transmit
is acquired dats only at a time and place free from external security com-

Strategic Warning Indications which will be supplied by the SRS:

. {dentificasion of ICBM sites,

Ideniification of sircrafi a1 potential kaunching and oiy defense bases.

Construcrion or improvement of mew militery bases in pecipheral

OF suspicious aregs.

entification of visat milisary and indistrial inswallasions,

Stockpiling of weapons, ammunition, fuel, and arrunautical Quip-

ment at poteniigl lsunching sites,

Construction of offensive ur defensive mussile instalitions,

Movements and concenirations of men and war materiel,

Changes and disposition of USSR navel forces,

Concentrations ang Nnusual patieras of movement of railroad refl.

ing stock.

Developmeny, improvemen:, and utilization of transpurietion serv.

ices in suspect areas, :

17, Indicanons of Preparation fer civif evecuations, civil defense drills,
ond preparation Jor li:p(rul. :

12. Changevver in ihe Oilput of selecied indusiriol establishmenys,

DN wa N~

~
e
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Launching from conventional ICBM sites:

1t is assumed that the seconnaissance vehicle can be launched by a conven-
tonal ICBM booster at an extablished ICBM ‘aunching site. However. to pre-
vent premature disclosure of ICBM sites it is planncd 10 launch all vehicles
during the test period from a 1ost base such as Patrick Air Force Base. In
cither case the major logistic and personnel support required for launching are
the same as those required for the ICBM. except for the addition of a small
special satellite crew.

8cope of surveillance Ccoverage:

The sateltite will follow. on its first operational orbil. a path approximatcly
three hundred miles above the curth. As the carth rotates. the satellite will scan
all of the earth's surface between 83 °N. latitude and 83°s. latitude. The

in such & manner that the orbit will have a precession of |* per day in space,
which is just sufficient (360" per year) to maintain the fixed relationship be-
tween it and the sun. The earth will in eflect spin frecly inside the orbital path.

The satellitc will make one complete revolution around the earth in ninety-
three minutes. with alternate ground tracks approximately 22.5° apart. The
slection of onc orbit patern might ufford a ground <wath approximatcly 400
miles wide 10 be surveyed on each pass — complete coverage could thus be ac-
complished in approximately three days. The use of other orbitc would result in
an increased reconnaissunce information rate fur seleclive sensitive areay. Per-
formance of the ullimaice system will permit detection of objects with dimen-
soRs spproximating 10 1o 28 leet, and wili provide position information to
within 0.1 mile. Ferret collection devices will cover the range of 40 Mc 10
40.000 Mc. :
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It i zonceivahle tha ihe cnemy will maie aWNnimum use of chmatic con-
ditions in chaewing the ning secune st for Bis semitive activities: that i, froe
from visual reconnuissance. 1t i csimazed that favorabic daytime photogmaphic
coaditions in certain arcas of the I*SSR. bk may ocedr as seldom as §
percent of the time and in other arcus av high as 80 percent. In oeder 10 uver.
cumic this difficulty it will be Recemary to launch a suflicient aumber of vehicles
0 that # weful reconnaismarnce transit coincides with opportune weather condi-
tions. Bevaune the nights are frequentiy clear in areus where the daytime

tive pictoria; pick-up dovices capable of viewing the ground with only he
iliumination from stan., is anticipated.

Information collection and processing:

When performing reconnaissance over hontile areas the satelite i com.
pletely passive—g receptor only. It emits no information, but only absorbs
and sores pictorial and ferret daty fer ater transmission. When the vehicle
comes within line-of-vight of 4 control station. the stored data js tranwmiticd
to the ground stations. Al grevind stations and the Data Handling und Procens-
ing Center can be kaated within the continental limits of the U.S.A. Both the
ground and satellite tram-receivers can be made directional: in addition. an
airborne chock will make the vehicle responsive ta ground commands only
when it is within linc-of-sight of its own pround station. Thas the Aystem wil!
be free from 1he dunger of teansmitting information 10 the enemy. and will alwn
be safe from cnemy control and jamming. The problems asaciated with
physically imereepting the satellite discount destruction as p countermeasiire
meins, .

The o major operations. kumnching and dana handling. it require an
extensive. kind-hased organization. The advantage of aiellite surveillance
is breadth and timeiiness of i caverape. The latter advantage muw be exploited
t the timit by the establishment of rummuonications Enes that deliver infurma.
tion dircctly 1o the user in the shortest pinsibke time., The data hxnndlinng
sWMem would he operationally munned by an Air Forge Opcru(in_u Orpanizy.
tion whone principle clements weou'd be headyuarters and command organiza-
tions. hocated at the Daga Handling und Prixcewing Cemer. ung three or four
Tracaing and Communications Detechments locited with their cyapmen;
w:thin the 118 A,
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SRS DEVELOPMENT SCHEDULE

1956

PHASE I

PHASE T

PHASE IX

PHASE Iv

PHASE X -

PHASE I

PHASE YIT .

DESIGN

EQUIPMENT

ASSEMBLY AND TEST
SITE TEST AND ‘FLIGHT
DESIGN

EQUIPMENT

ASSEMBLY AND TEST
SITE TEST AND FLIGHT
DESIGN |
EQUIPMENT

ASSEMBLY AND TEST
SITE TEST AND FLIGHT
DESIGN

EQUIPMENT

ASSEMBLY AND TEST
SIYE TEST AND FLIGHT
DESIGN

EQUIPMENT

ASSEMBLY AND TEST
SITE TEST AND FLIGHT
DESIGN

EQUIPMENT

ASSEMBLY AND TEST
SITE TEST AND FLIGHT
DEMONSTRATION

o s
R -

S e e




' CALENDAR YEARS :
1957 1938 91§ 1960 96 1964
n
' L TEST FLKS
|
TEFT FLIGHTS
ENfE

— T

TEST .
EE

Details

of the
development
program
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Baasic Philosophy:

Satellite reconnaissance has been undergoing sty for about ten years by
- the Air Force and by various scientific organizations. RCA has reviewed ai]
past significant research and. in addition. has made substantial and importam
contributions to this subject. RCA's conclusions agree with other findings thar:
(aj Military information of visal significance will be obruined by ¢

Satellise Reconnvissance System;:

' thj Satellite reconmaissance is techmcally feasihle and is Mroacticai
for developmens ai this sime, )

However, the development of a Satellite Reconnaissance System cannat be
undertaken without recognizing the difficulties that must be overcome. This
project is unique in many respects: :

{uj Reliability—The reliability of available electronic equipment is
complesely inadeguete for the requirement of a full year of
unatiended operation. The cntire SRS deveiopment progrem
nwust be gimed rowerd o reliability objective which is o leass
100 times greater than unything now realizeable.

{b; Envitoament -No specifications of confirmed arcuracy of the
webisal environment are available since nodezailed measurements
have ever been mode of the very high upper atmosphere, and ¢.
Pert opinion as 10 its naiure varies significamly. A few of the
unknowns which must be resvived are the foliowing: sir density,
cosmic radiation, ionization behavior, and the eflects of being
suspended in o grovity-free field,

{¢) Volume of Information—Swecessiul exploitation of intelligence
requires the orderly exiraction of useful and pertinens informe.
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In view of these freton i i beiieved that the suecess of this projeet is con-
tingent upon the folluwing principles:

(a; Singleness of Purpone Toward the Reconnaissance Objective —
Enginecring Cantpronmiises shonld e on the hasis of enst per uniy
of infesrmation und inferimation rute. The industrial PO 2liesn
1sponsibe Jor shis Project shoold have exclusive respongibiliys
and devotiom s this ohjeviive,

(h; Syrzemy Iacgration. .40 imeprul design bused upen reasonahle
internal compromises i essential. Trode-nff ‘valnes sysese he
cuntinwausly sydied crver 4 pevind of iime ta arrice ot the nagy
buddiciens compromise.

fc) A Growth Program Simplicity and isg Concomitens, rel;-
whiliny, cannen be atidined in any war other than throwgh a
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Schedule of the development program:

* The system development Program may be described in terms of phases for

the purpose of management and fiscal control. However, each succeeding
phase depends upon the results of work on preceding phases. Moreover, cach

as well as their abandonment, and search for improved techniques, thus making
the engineering of the system a continuous effort. The program proposed by

- RCA (Sce pages 14 and 15) consists of seven Phases—six for the developmen:

of the sysiem and one for final demonstration of the ultimate system. Within
each phase there will be a series of fight tests which will. in eflect, serve more
clearly to define the limits of the phases. Phase | and |1 flight tests will be a1
latitudes and orbits affording maximum convenience and salcty, and launching
will be made from Patrick Air Force Base.

Slight test schedule

Phase § Vehicle Tests on orbit, and determination of cavironment. Laic
1958 through 1959 — & flights.

objectives .

I. Toobtain compicte knowiedge of the performance of the booster-
satellite vehicle and ascent guidance sysicm reiative to the SRS
application.

2. To collcet data concerning upper-air cavironment and Pight
mechanics in orbit.

3. To test the tracking and commanications systems.

4. To test payload parts and compancats ir: the Might cnvironment.
5. Toobtain a simple facsimile picture.

Phase u *Confirmatior. of design, specia: atention to reliability. Mid-1959

shrough 1960 - - 10 Rights,

ohjectives

l. To improve the sazellite vehicle and demorsiete i reliubiity.
2. To develop a vehicic stabilization sysiem. -

3. To develup and o an incrtial guidaaee sysien: for the satellice -
vehicic. ’
4. To improve the communications and tracking opcration,
5. Toict eeconnaissance payload camponents.

-




Phase

Phase v

Phase V1

TTSECREF

High-altitude orbit mechanics. Mid-1960 through 1961 - - 12
Rights.

objectives

i. To investigzte high fatitude orbits.

2. To develop and prove a solar power supply.
3. To test visual cquipment. :

4. To test simple ferret mechanisms.

Functional 1esis of reconnaisaance rayload components. 196} to
wid-1962 . - IS Bighs.

ohjectives .

1. To compleic the development and test of a 500-wan solar power
supply.

2. To develop complete visunl and ferret payload packages and w
‘ut these packages through tests.

3. To phasc-in the ground-boscd data processing cquipment.

4. To test atomic-roactor components.

5. Todevelup and 1est the ssellar monitor ang other accescorics.

Functional tests of a nuclear power supply. 1962 10 late 1963 —
18 fights.

objectives

1. To test the atomic reactor.
2. To et final visual packages.
3. To test ferrer models.

Systems tests of operational prototype. 1963 — 10 flights.

objectives
1. To complere the visual and ferret systems test and evaluation.
2. To complcte the packaging as reyuired for 2 military protype.

3. To cvaluate for operational utility.

1964 - - 3 fights. Demonsiration of three units of the fimal Satellite
Reconnaissance Systen:.

RCA BAC Sateliie Reconnalssunce System /o
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Primary design factors of development program:

Important design facton to be considered in the vehicle cyuipment devehop-
Ment program are power starvation and reliability. 1t is estimated that o more
than ore-haif 1o 1wo xilowatts of power can be provided. in the satellise — u
véry smal. fraction of that available in modern aircrafy. Reliabilty must be
improved by several urders of magnitude. as measured by present day equip-
ments of similar functional coniplexity. In the equipment development pro-
gram. therefore. it is of uimost impurtance that a prowth philosophy be fiy)-
lowed. and that thers be SuCCesive sages of developing and teding in the
luboratory and in tes: vehicies, Testing would begin with components and the
simplest types of assemblics, and design would eventually grow 1o the simplest’
overall sysiem that would satisfy miditary requirements. '

development program for the vehicle:

The Convair ICBM booster has been selected 10 provide the primary (firm
Mage) power supply for ascent; this will result in subsantial economies in lime
and money. During the development program i is assumed that the booster
and 2l necessary support, including launching crews, will be provided by the
goverament. v

Bell Aircralt Corparation will design the satellite vehicle 1o conform w the
ICBM booster. For the second-stage propulsion. the Bell Aircraft Husler
(USAF XLREIBAi). madified 0 usc the same propeliants as the {ICBM
cngine. will be used. A grass weight of the orbiting vehicle of approximatcly
4300 pounds will allow 1100 povads for the payload. Small vernier rackets
must be developed (o place the satellitc oa orbit at the proper altitude. A noase-
down attitude han been selected 1o assist in Eravily stabilization and 10 provide

* the hest accommadations for the payload. A stabilising damping mechunivm
wisl be developed for this purpone. '

During the carly Right 1em Program it i intended (o ue ay much of the
ICBM radio-incrtial puidance angd contzol cyupment as i upplicablc. The
cquipment provided with the IC'BM boaster will be used uy provided. In addi-
tion. ICHM cquipment will also b used to guide the satellite into ity orbit,
In the linal operational sateliite it is planned 20 use an wrinertiai syvem 10
pace the atellite into arbir. However, the 1CBM guidance will continue 10
be used during ascent t the point of booser Meparition, '
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dvvelopiiont prigram for the pavioad -
Several visual ground scanning systems show promise of being useful for

the sateflite. Conventional TV, modified for greater resolution and utilizing.

wransistorized construction, is most straightforward, but the problem of in-
formation storage for delayed transmission poses problems. Film recording of
optically viewed land areas has one inherent advantage in that it permits high
information content per pound of weight, and another in that the film can be
scanned by TV techniques for information transmission. However, difficulties
would be encountered in development and re-use of the film. The most promis-
ing method appears to be the use of electrostatic tape. This has the information
content advantages of film, i can be re-used, and can be scanned directly.
Further experimental work must be done 10 determine its sensitivity and
resolution and to develop simple handling mechanisms.

RCA has experimented with simplex, time-division multiplex, and frequency
multiplex magnetic tape systems for a number of years and each of these
methods has advantages and disadvantages. In every case, it would be neces-
3ary 10 resort to extensive miniaturization. Unbalanced torques due to rotating
parts may cause vehicle stabilization difficulties. These factors have influenced
the decision 10 exploit electrostati tape if possibie.

Ferret systems now under development for aircraft are much 100 complex,
are heavy power consumers, and require antenna arrays that cannot be toler-
ated on a satellite. Two new methods for obtaining ferret information have
been analyzed which show promise of reducing these problems. It is probable
that separate vehicles will be required for ferret surveillance. snd it may be
necessary 10 be selective in the range of frequuncies and data 10 be surveyed.

development progrum for 1racking and data collection :

Tracking can be accomplished by the RCA Instrumentation Radar during
the time that the satellite is on orbit. Minor modifications are required 10 per-
mit the radar fink to be used for the reception and transmission of information.
Program data will be transmitted 10 the vehicle over this link. and a limited
number of monitoring channels will be received. Display cquipment must be
added. and a device is required to acquire the orbiting vehicle. Precision track-
ing information is essential 10 compute the orbitat mechanics. 1o analyze visual
and ferret recurds, und to provide geographical indexing.

/
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A transmission hak must be provided between the Tracking Station and the

- Dats Handling and Processing Cenier. Although the volume of data will be

very large. provision is being made 10 slow down the transmission rate so thay
existing commercial type communications links may be used.

development program Jor data processing :
It is estimated that 30 million pictures per year will be available from one

- vehicle. Since the data from several vehicles will require handling. it can be

seen that the data processing load is fantastic by any standards. Nevertheless,”
1his problem must be solved or the satellite project will be uscless. Most of the
pictorial data will be of low interest. that is, clouds or wasicland. 0 automatic
read-out will be provided to sort owt weather information and arcas of low
interest. For the balance. which will 1otal a few million pictures a year, detailed

- photo-interpretations will be required. compensations will be introducd o

correct the altitude information for accurate pasition fixing and it will be neces-
sary 10 sort in accordance with the nceds of the uscr. There is a high prubability
that changes in data can be detected automatically which would further reduce
the work Iaad on the photo roaders.

Boti. general purpose and specialized equipment are required 10 solve the

. above problems. The Storage and sorting require magnetic tape and digital

computer equipment such us is available in the RCA BIZMAC large volume
commercial-data-handling-machine. Specialized optical and/or clectronic de-
vices must be developed for reud-in. read-out. displays. orbital calculations,
separation of low-interest data and similar functions,
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"RCA'S plans for implementation of the
development program:

wdustrial organi:zation :

The Rudio Corporation of America and ns principal sub-comtractor. Bell
Aircraft Corporation, are well aware of the importance of the Satellitc Recon.
naissance Sysiem development 10 the Air Force and t0 nationai defense. If this

 contract 1S awarded to RCA an additional department “vith all personnel de-
voled exclusively 1o this project will be added 10 the four aperating depariments
of the Defense Electronics Products Organization of RCA.

In recognition of the political implications of this project. and as an indica-
tion of the management support 10 be provided, a small policy committee is
being formed of top executives of RCA and BAC. This committee will convene
periodically 1o discuxs progress and problems of a general management nalure.
This will assure a continuing dynamic interest in the program at the top level.

Technical areas would henefit materially (rom the services of 2 Scientific
Advisory Committee 10 be formed from top scientific minds. This group would
be fimited in size since it is intended that the committee woukl actively partivi-
pate n technical planning and in investigating areas of un unusual nature. No
comnmtments will be made for specific members of this committee outside of
RCA and BAC until a contract is awarded. This project is of sufficient interent
10 attract the interests of the best men of the scientific community.

A Systems Engincering Group will be established ax a joim RCA-BAC
organization responsible for the complete integration of the entire eyuipment
design. The functional description of the duties of this group indicate the con-
tinuing intesest expected of this organization and, in addition. indicate added

- duties of supporting in detail the technicul management of the project. RCA

the project which might be sub-coniracted ure ferret. nuclear power com.
poncnis. some solar battery work. and other areas involving parts and com.
ponents. It is felt that the integration process is of such importance that design
Eroups and suppliers shouid be constrained 1o conduc: engincering agains very
specilic criteria. Further. the RCA growth program wil) permit the accepance
of the fuli responsibility for acceptance lesing and verification of the sun.
ability of design 10 mcet ke system requirements. Tre vystems group is an 1im-
pontant factor in obtaining flexibitity withaut prejudice 10 the overall design.
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MUNPONEr Organizution :

With regard to persoanel. most of those now on the project have from ton
(0 twenty-five years' engineering experience. Persoanel have been drawn
cqually from the David Sarnoff Laboratories and (rom Defense Electromics
Products. There has been 2 good batance of persoancl with theoretical and
practical design expesience. It is intended to provide substantial additional per:
sonnel of the same caliber as 5000 as the imentions of the governmem are
known definitely enough 10 justify this action. The shortage of qualified engi-
neers and scientisty is well known; and therefore no industrinl concern can ir.
revocably commit a staf of the size and caliber for the SRS project withowt an
assurunce of the stability and continued adequaie support of the program. How-
ever. management is planning a strong engineering organization for this
project. Further, adequaté time must be allowed 1o organire an expanded

-engineering staff. The very active interest of management at all level of RCA

and BAC during the study phase of this project is positive evidence of the
enthusiastic support and attention which this team is prepared 10 give the
Smcllite Reconnaissance System developunem during the lnure.
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