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Electronic reconnaissance using ground, shipborne or conventiohal air
borne stations is seriously limited in penetration beyond the borders of the 
Soviet Bloc. The Advanced Reconnaissance System will provide a satellite 
vehicle from which electronic intelligence information may be obtained from 
signal sources located well within the borders of the Soviet Bloc. Although 
the peculiar environmental conditions and operational circumstances wi.ll affect 
the quantity and quality of the signal data obtained, it is expected that ample 
intelligence will be derived to justify the effort. 

The development of an electronic reconnaissance subsystem is necessary 
because existing systems are not canable of operating unattended in th2 environ
mental conditions which will prevail in the satellite nor are they capable of 
performing the desired functions for the volume of traffic anticipated. 

The intelligence provided by an electronic reconnaissance subsystem from 
a satellite vehicle is expected to augment the information available from I 
existing sources. Data may also be obtained which will provide guidance in the I 
direction of other intelligence gathering efforts. This subsystem will provide. 
knowledge of Soviet military build-up, preparedness, capability, possible intentl 
and 11 rOKimate distribution of c8rtain tVDes of l-leaDon and defense systems. __ 'I 
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It will also provide indications of Soviet military and technological progress. 

21.a. Brief and Military Characteristics 

The Electronic Reconnaissance Subsystem will be capable of detecting, 
measuring and processing electromagnetic signals emanating from areas of 
interest. 

The equipment will gather information describing the signal parameters 
and location of unknown emitters. Each flight will attempt to accomplish a 
predetermined intelligence mission. Information received by the ferret subsystc::· 
will be stored for subsequent re-transmission to the ground data link. Ground 
analysis and data reduction will be performed with the received data. 

b. Aj?proach 

Ferret equipment will be designed to satisfy requirements based upon 
considerations of the electronic intelligence objectives of the United States 
that may be satisfied by a satellite reconnaissance system. Design and 
development of the pioneer equipment can be initiated immediately in order to 
obtain some intelligence data as soon as possible. Study must proceed 
simultaneously to establish the intelligence requirements for later missions 
and to develop the specialized equipment needed. In all cases, the equipment 
\-7ill be designed to satisfy certain specific intelligcnce·,gatheri.ng fiIissions. 

Initial configur<).tions of the equipment ,.;rill gather data of primary 
intelligence importance available to a satellite reconnaissance system. The 
equipment \vill be capable of identifying the presence of known signals and 
unknown signals within each of several frequency bands. Accuracy of informaticn 
concerning frequency and ground location may be sacrificed to optimize intercept 
pro babi 11 ty . 

Later configurations of the equipment will be tailor-made to perfor~ 
specific intelligence missions. Improved accuracy will be provided for measure
ments such as ground location and signal parameters. . 

The physical environment will present several major problems to be 
overcome. These effects include shock, vibration, cosmic and nuclear radia
tion, meteorite collision, micrometeorite errosion, - .nd low pressure. Other 
problems include: (1) obtaining a long-life pm,er source, (2) providing equip
ment \-lith high reliability in unattended operation, (3) designing antennas whic:l 
have the desired beam<;vidth, gain ::"1d size charac teris tics, (4) de termining the 
optimum settings for signal thresholds, bandwidths, etc., and (5) rneeting 
payload restrictions. 

6 8 f\J [I n C \\ I T j L~ ! r .. 1 C'LlI" Lit ... 

DD Form 613 (cont.) 7A G Eo 2 () F J to 
-: .. . --- -.; .. " .; . , . "'~ ": ..,' 

, . I 

Approved for Release: 2017/08/17 COS099740 



Approved for Release: 2017/08/17 COS099740 
~·c __ :" -,--; >;" ;;c,!.'...J~~i I-
l . 
:·\r,· .' J L..i.J ..J ... "."" ...... 

SECRET TITLE; ELECTRONIC RECONNAISSANCE SUBSYSTEM FOR ARS, WSl17L 
(UNCLASSIFIED TITLE) SUBSYSTEM F, WSl17L 

2 April 1957 
Proj 1760 

c. Subsystem Tasks 

(1) (a) Task 39822. Pioneer Ferret Reconnaissance Equipment. 

(b) Contractor. Lockheed Aircraft Corporation 
Sub-Contractor: Not Determined 
Task Advisor: Lt W. Kram, WCLR, WADC 

(c) Objective. The Pioneer configuration will gather basic 
intelligence data about two types of signals: 

1. Known signals - Signals whose basic parameters 
match certain known patterns. 

2. New signals - Signals whose basic parameters deviate 
significantly from known patterns. 

(d) Appro3ch. Knowledge of the characteristics of various 
Soviet signals will be used to design a portion of the equipment for maximum 
probability of intercepting known signals. Sufficient accuracy must be 
maintained in measuring the basic signal parameters to permit sorting of 
knmm signals from unknm-m signals. Equipment will meet the requirement 
of determining the approximate geographical locations of knm-m signal types 
and determining the existence of new signals in certain bands where emitters 
are suspected. 

Other portions of the equipment will use broadband antennas 
and receivers to permit the monitoring of selected bands where activity is 
presently unknmm. Only the presence of signal activity vlithiu E!dch of several 
broad bands, and perhaps a rough measure of certain parameters.,vill be indicated. 
Accuracy of information concerning frequency and ground location will be 
sacrificed to optimize intercept probability. 

(e) 
receiving pulsed 

-~ 

large clasS€s of 
cept probability 

Characteristics. The ferret subsys tem wi 11 be capable of 
signals with the following priority: 

RF Spa tial 
Priority Band Precision Accuracy 

1 (S) 2.6-3.1 Kmc/S of 9% .. 50 mi -
2 (t) 0.65-1.3 Kmc/S .. 33 -t 100 - -
3 (X) 8 . 3 -10 . 1 Kmc /S .:!. 10 -t 50 -
4 (C) 3.9-6.2 Kmc/S .:!. 23 .:!. 100 
5 (K) 14.0-17.0 Kmc/S .. 10 -t 100 - -

The equipment having priorities 1 and 3 will intercept two 
known enemy radar. The other equipment will have high inter
in order to detect the existence of new signals. 
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The preliminary analysis of the signal which is to be 
accomplished aboard the satellite will require circuitry which is well within 
the state-of-the~art. Each frequency band of interest will be allotted a 
recorder channel. Time also will be recorded in synchronism with the signal 
information. Recorded data will be such as to permit a 10 Kc bandwidth for 
each recorder channel. Heasurements will be made of the following parameters: 

1. Radio frequency 
2. Ground location 
3. Pulse repetition frequency: 50-5,000 pps ~ 10% 
4. Signal pulse widths in three categories: 0-0.5 micro

seconds, 0.5 micro-seconds - 5 micro-seconds, and above 5 micro-seconds. 
These categories will be indexed into three pulse widths for pulse width sort
ing. 

Playback and transmission of the data to the ground will 
be accorJplished by a telemeter link. The telemetry output on the ground will 
be stored on w.agnetic tape for subsequent analysis and reduction. 

Ferret subsystem functional control will be provided by an 
interval-indicating programmer which \-1i11 be re-set by command from the ground 
after each transmission period. 

(f) Test and evaluation. Of prime importance to the success 
of the project is the specification and implementation of rigorous environmental 
and operational testing for all components and assemblies. All portions of 
the system will be evaluated both individually and as an integral part of the 
complete system. 

(2) (a) Task 39823. Advanced Ferret Reconnaissance Equipment 

. (b) Contractor. Lockheed Aircraft Corporation 
Sub-contractor: Not yet determined 
Task Advisor: Lt. W. Kram, HCLR, WADC 

(c) Objective. The Advanced configuration will be designed to 
overcome some of the limitations of the Pioneer equipment. The Advance Con
figuration will be capable of determining with greater accuracies such details 
as ground locat;J.on and signal parameters. 

(d) Approach. Parameters and accuracies will be established by 
correlating state-of-the-art t2chniques with the current intelligence know
ledge and desires. Based on the results of the Pioneer evaluation, reconnais
sance will be extended to additional portions of the frequency spectrum and to 
geographic areas of interest. 
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(e) Characteristics. The Advanced configuration \villbe composed 
of two types of receiving equipment. The first type will accomplish the 
purpose of obtaining more accurately the radio frequency and other electrical 
prop,ert:ies of the signal. It will consist of a frequency-scanning receiver 
capable of permitting PRF analysis to within a few per cent. The second type 
will accomplish improved locational accuracy. It will consist of fixed, 
tuned receivers of limited bandwidth capable of utilizing more sophisticated 
direction-finding techniques. Both types of receiver equipment will require 
research and development programs which should be started during 1957. 

Data analysis for the Advanced equipment will be similar 
to the Pioneer except that more pulse width categories shall be considered. 
Amplitude quan~izing will be required to permit scan patterns to be analyzed 
and to permit null detection direction-finding systems to be employed. 

Telemetering, programming, and ground analysis shall be 
si~ila~ to that employed in the Pioneer configuration. 

(3) (a) Task 39324. Surveillance Ferree Reconnaissance Equipment 

(b) Contractor. Lockheed Aircraft Corporation 
Sub-contractor: Not yet determined. 
Task Advisor: Lt W. Kram, WCLR, HADC 

(c) Objective. To provide answers to specific intelligence 
requirements in the radio frequencies of known or suspected enemy activity, 
by means of the satellite ferret reconnaissance vehicle. Surveillance equip
ment will be tailor-made to provide a capability of performing specific 
intelligence missions. 

(d) Approach. On the basis of previous satellite reconnaissance 
data and national intelligence objectives, continuing refinement and 
sophistication of equipment and techniques will be performed. Frequency cover
age and measurement accuracies will be extended as required. 

(e) Characteristics. The Surveillance equipment ';-Jill utilize 
previously developed ferret equipment and techniques '!;-,here applicable to the 
mission to be performed. Equipment also ,,;ill be made available wi th a 
capability fo~ identifying VHF and UHF communications, such as may be used 
in long distance scatter propogation links. Parameters and accuracies of measu:-
ment will be determined by intelligence requirements and the current state-of
the-art in electronic techniques. 

Telemetering, programr.:ling. and ground analysis should fo11m'l 
the lines of action of the previous ferret systems ",here app licable. Continu
ing analysis of the equipment capabilities and the intelligence objectives 
is essential to insure that specific missions can be attained, and that 
critical development areas are d~line~ted.- .• ' . 
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Work of a similar nature is currently being carried on for ground
based and airborne reconnaissance systems. Hmy-ever, the restrictions on 
siz-e, ~weight, reliabi 1 i ty, and operating environment are unique to this 
system and preclude usage of equipment not specifically designed for a ferret 
satellite. BecaUSe of specialized capability required it is planned that 
the majority of this subsystem will be developed by a suitable subcontractor 
to Lockheed Aircraft Corporation, 

e. Background History 

Studies have been made as long ago as 1947 by Project RAND of the 
Douglas Aircraft Co, to determine the problems and feasibility of launching 
an earth satellite and the tactical considerations relevant to an earth 
satellite. Recent studies of the feasibility of a satellite reconnaissance 
system were complet.ed by Lockheed Aircraft Corp., G. L. Martin Co.; and 
Radio Corporation of ~~eric~. 

f. Future Plans See Text 

g. References 

Quarterly and Final Reports on Contracts: 

AF33(600)3104 
AF33(616)3105 
AF33(616)3106 

Project fu\ND, Douglas Aircraft Co. reports RA-lS021 through 
RA-15028 and RA-15032. 
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Subsystem F - ELECTRONIC RECONNAISSANCE 

Tab 1 - General Design Specification 

A. Statement of the Problem 

An earth satellite would provide a platform from ,.;hich hitherto 
inaccessible portions of the Soviet Bloc nations could be subjected to sur
veillance of various types. The problem for the ferret subsystem is to 
design equipment which will overcome the severe environmental and payload 
restrictions and which will obtain such data concerning electromagnetic 
s~gnals as will provide the maximum possible intelligence information. 

B. Approach 

The design of a system to obtain electronic reconnaissance information 
from a satellite vehicle requires the sub-division of the over-all effort into 
missions. These missions must then be ordered in priority such that, in 
general, the most useful informution will be obtained first. 

Equipment design may then be optimized for each mission and separate 
equipment may be designed for each if necessary. The ordering of .miss::'ons 
should be such that information obtatned from early missions ,,,ill pr-ovide 
guidance in the design of equiprJent and establishment of objectives for later 
missions. In every case, the missions will be predicated upon intelligence 
needs and not necessctrily upon equipment availability. 

The general procedure rous t be as fol1m.;s: 

1. Define intelligence objective. 

2. Determine which objectives can be best met by satellite reconnais-
sance. 

3. Determine parameters and accuracies required to meet objectives. 

4. Specify and develop equipment compatible with the physical environ
ment that is within the state of the art to receive, detect, analyze and record 
the measured parameters within the desired accuracy, such as: 

a .. _. Antennas. 

b. Receivers 

c. Analysis and Recording Systems 

d. Programmer requirements 

j~ 6F /0 
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C. Expected Results 

1. \Hll provide an initial electronic reconnaissance system 
that is compatible with the physical environment, and that will yield useful 
intelligence data. 

2. Hill determine where the state of the art must be advanced (and 
physical limiations overcome) to satisfy all intelligence requirements plac8G 
on this sub-system. 

II. Description 

A. Intelligence Requirements 

The reasons for preferring S-band are that, first, it is known that 
there are many signals in this part of the spectrum which can be used as cali
brating or test signals and in effect give notice that the whole equipment 
is functioning. Second, there is every reason to believe that the naticnal 
intelligence effort will benefit from knmving that there are signals in 8-b;:,c:: 
from geographical areas that are now inaccessible to us. There is no point 
in using the satellite to record signals from satellite border areas, or 
along the China coast since adequate coverage is given by other collection 
methods. 

In the ~-band it will be possible to separate EW radars such as 
py the difference in PRF. This ratio is about 300 to 1200. 

~~~~~----~--~ 

A further refinement would be the difference in scan rates if a long enough 
look-time were possible using the satellite. A higher PRF and a much 
different scan pattern could be expected for a height-finder 3.S compared to 
an EH set in S-band. In other words, it is not possible to differentiate 
radars on S-band by frequency alone, but there should be enough other data 

to make a ross identification gossible. As an example, one 
Russian system called th~ I believed to be in S-band, 
has a P m scan. This information should allow the 
analyst to separat.e the from other radars around I Isuch as 

~GE. etc. Converse y, the GAGE, an EW set, is also in S-b:md with 
~t~h~e~'~ and has a PRF of the same order. The only way to identify the 

GAGE would be to have collateral information (e.g., that it was being used 
with a height-finder). 

At present, very little activity is reported in L-band (around 
1000 mc) in the Soviet Bloc. Hev.ever, there is every reason to believe 
that the Soviets will follow the U. S. example and build very high-power 
EW radars using klystrons that operate at 1000 me and below. The use of i1TI 
(moving target indicator) is facilitated at these frequencies and it is 
apparent that with the new klystrons, very high powers can be reached. It 
is possible that the Soviets will construct radars to detect large missiles 
and it is in the S-band and L-band that successful designs seem possible. 

'-, 1 
--' ., ,j 

-~!' ~ 
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Tab 1 - General Design Specification (cont.) 

A third band of interest is the X-band of frequencies. Here we 
expect to find airborne-intercept, fire-control, and missile-guidance radars. 
This band is also being used for airport traffic-control and acquisition radar 
for GCA. The first search should be made from 8300 to 10,100 mc. 

The fourth band of interest is the C-band. The prime reason for se
lecting"this band is that very few intercepts have been received by ELINT col
lectors on this band. This fact could mean that the Soviets have no equipment 
operating here, or it could mean that all their C-band equipment is used deep 
in the interior. This information from a satellite, even if completely 
negative, would be of great value to the intelligence cOTIIDlunity. This band 
should be searched in its entirety from 3900 to 6200 mc. 

The fifth spectrum portion of interest should be the K-band. There 
have not been any signals reported as yet on this band but there are indications 
that some activity will shortly appear. The United States, for example, is 
building many high-resolution airborne navigators using 16 kmc for an operatins 
frequency. The first search should be from 14,000 to 17,000 me. 

If it is physically possible to place large enough antennas on the 
satellite, the intelligence community would benefit from intercepting signals 
emanating from over-the-horizon scatter-propagation systems in use: by th,;; 
Soviet Bloc. One of the weak points in the Soviet Air Defense system has been 
their poor communication system. Their warning system has depended on rather 
low frequency radio links because their wire system is not adequate. It is 
possible that the Soviets will follow the U. S. lead in scatter techniques 
and promote systems such as "White-Alice" and the Limestone-Thule links. This 
means that the satellite will have to contain equipment to intercept signals 
in the range from 50 to 1000 mc, 

The desired parameters and accuracies were specified tentatively to 
satisfy certain national intelligence objectives. They are detailed in 
paragraph 21.c.le. of the ·DD Form 613. 

B. Antennas 

Physical limitations restrict ,the number of antennas on anyone 
vehicle. Suggested antenna configurations to implement the above. intelligence 
requirements are as follows: 

1. S-band paraboloid having a bandwidth of approximately 300 mc anL 
a beamwidth of 50 maximum. Use hRlical feed to receive most planes of 
polarization. 

2. L-band helical antenna having approximately one octave bandwidth 
and 45 0 bearnwidth. This will not provide a spatial resolution of 50 miles 
but will survey a wide territory for new signals. 

PA&E ) I;- of 
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3. X-band antenna having approximately 500 mc bandwidth and ,3 0 beam
width, probably a paraboloid with helical feed. 

4. Antennas for other bands to obtain indications of activity; i.e., 
horn at K-band, large helix at VHF. 

C. Pciwer Supply 

The only type of power supplies expected to be definitely available and 
proven by the time of the Pioneer system 'vill be primary batteries. Weight of 
the best available will be in the order of 1800 pounds for a capability of 200 
watts for 20 days continuous operation. Availability of the radio isotope 
power supply with batteries will enable the use of higher power for a longer 
operating time but will present problems concerned with radiation damage, induced 
circuit noise, and heat removal. 

D. Receivers 

Power consumption keeps receiver sophistication to a m~n~mum. If 
certain frequency bands are chosen, TWT (traveling wave tubes) development 
to produce a suitable tube with permanent magnet focusing will be required. 
In other ranges, these tubes are on the market. At UHF frequencies, ~tandard 

tube or transistor circuits may be suitable. Suggested receiver specifications 
are detailed in the task outlines under 21 c. 

E. Data Analysis and Recording 

Power consumption and "lcight considerations demand maximum simplification 
of analysis and storage processes to be perfonned in the satellite. Satellite 
analysis should be limi ted to essentially an encoding pr.ocess wi th recorder 
or storage requirements being limited to multiple channel, narrow bandWidth, 
e.g.', 10 kc/s. Requirements for the data analysis equipment are de.scribed 
briefly in the task outlines. 

F. Telemetering Equipment 

The telemetering system will make use of present standards and 
techniques. No major technical problems exist here and no minimum specifications 
are required at this stage of developrr®nt. 

G. Physical Environment 

All estimates and calculations have been made on the basis of exist
ing and predicted knowledge and are all subject to modification by projected 
experiments. 

I" 
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Tab 1 - General Design Specification (cont.) 

1. Temperature - The use of suitable surface treatments will provide 
an average temperature environment compatible with existing off-the-shelf 
components 'that meet JAN specifications. This surface treatm~nt, however, ,.;ill 
have to be examined to insure the applicability to satellite vehicle components. 
Consideration shall be given to the internal heat dissapation of the equipment. 
Cooling might be accomplished by utilizing the vehicle as a heat sink. In 
addition, some means of protection must be provided to protect the equipment 
from the temperature variations encountered during ascent and passage from 
earth shadow to full sunlight during the orbit. 

2. Radiation Damage - In the Pioneer system, operating for a 
limited period because of power supply limitations, damage produced by cosmic 
radiation will be negligible. Incorporation of radio-isotope or nuclear 
power supplies will require either adequate shielding for use of existi,ns 
components or the development of special radiation-resistant components. 

3. Meteor Damage -For even the short operating life cf the 
Pioneer system, it is not practical to use a pressurized vehicle since 
an operating time of 100 hours is predicted with a 100 to 1 probability of 
puncture by meteors of magnitude 12 and larger. However, with the skin 
considered as a shield, equipment damage would be negligible for the Pioneer, 
the Advanced, and the Surveillance Systems. Micrometeorite erosion will be 
encountered during orbit. This will have the effect of abrading and w2aring 
away of exposed surfaces and may have a deleterious effect on exposed equip-
ment. 

4. Reliability - Airborne equipments of this subsystem will be 
tested in simulated environments sufficiently to establish reliability of 
operation uhder expected launching and orbit conditions. In addition, the 
tests will be made whenever possible in a radiation field corresponding to 
that anticipated from the use of radio-isotope and nuclear auxiliary power 
sources. In order to achieve maximum reliability, any necessary increase 
in equipment complexity shall be accomplished, when practicable, at the 
ground station. 
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