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MEMORANDUM FOR CHAIRMAN, SIGINT OVERHEAD
RECONNAISSANCE SUBCOMMITTEE

SUBJECT: Mission Description of SIGINT Mission 7334 (TOP HAT)

The description for SIGINT Mission 7334 is attached to this cover letter,
This mission is designed to meet the COMINT search requirement contained in
para. B.2.a. (2)(0) of USIB-5-10.9/20. This description is classified TALENT -
KEYHOLE (TK) and may be detached from this cover letter and handled solely
in the TK system. This shoeuld allow more efficient use by the intelligence com-
munity. Although the TK classification will permit a4 greater utilization than was
possible under a BYEMAN classification, 1 caution you that distribution should be
limited to normal SORS distribution, Distribution for elements of the Department
of Defense will be made by separate letter through DIA,

Mission 7334 is contained in a spin-stabilized P~11 subsatellite which will
be launched into a 275~-nautical mile, circular, polar orbit by a Thorad Agena
booster., TOP HAT is designed to intercept troposcatter links in the 450 to 1000
MHz frequency range, analyze the transmitted signal characteristics, and sample
the signal information content, These data, in conjunction with ephemerides,
telemetry, and timing information, are used to determine the emitter geographic
location, pointing directions of the transmitting antennas and the intelligence
potential of the particular target,

The planned launch date is 18 November 1970, Missjon life is expected
to be 9 months, The power system will provide five to eleven collection revs per
day depending upon solar array current production., Recommended collection
guidance from SORS should specify such items as target areas, frequencies, peak
target activity periods (per 24 hours), desired channels, and length of copy per
channel.
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SORS 11./53
8 October 1970

UNITED STATES INTELLIGENTCE BOARD
SITGINT COMMITTEE

SIGINT OVERHEAD RECONNAISSANCE SUBCOMMITTEE

MEMORANDUM FOR: MEMBERS, SIGINT OVERHEAD RECONNAISSANCE
SUBCOMMITTEE

SUBJECT : Mission Description of SIGINT Satellite
Mission 7334 - TOP HAT

1. The attached mission description of SIGINT Satellite
Mission 7334, TOP HAT, has been provided to the SORS by the
NRO and is forwarded for vyour information. The description
may be detached from this cover memorandum and distributed
within the TALENT KEYHOLE control system only. The SORS dis-
tribution of this mission description is limited to the SORS
Members only; distribution for DOD elements will be made
separately through DIA, ’

2. Mission 7334 is contained in a spin-stabilized P-11
subsatellite which will be launched into a 275~nautical mile,
circular, polar orbit by a Thorad Agena booster., TOP HAT is
designed to intercepf troposcatter links in the 450 to 1000
MHz frequency range, analyze the transmitted signal charac-
teristics and sample the signal information content. These
data, in conjunction with ephemerides, telemetry, and timing
information, are used to determine the emitter geographic
location, pointing directions of the transmitting antennas
and the intelligence potential of the particular target.

3. The planned launch date for TOP HAT is 18 November
1970 the mission life is expected to be nine months. The
power system will provide five to eleven collection revs per
day depending upon solar array power production.
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4. The NRO has requested that SORS mission guidance
specify target areas, target frequencies, peak target activity
periods/day, desired "channels and length of copy per channel.
Please note that the mission description contains a section on
tasking considerations {(paragraph 7, page 16) which should be

of considerable assistance in the development of SOR3 collec~
tion guidance.

EXECUTIVE SECRETARY
SIGINT OVERHEAD RECONNAISSANCE SUBCOMMITTEE
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SIGINT Mission 7334 Mission Description

1. GENERAL INFORMATION

Mission 7334 is a reconnalsgsance receivey and data system that will
perform general search for rropospheric~scatter communication §ignals in the
450-1000 MHz frequency range. The systemn will provide geopositioning data
for the observed transmitti intennas within accuracy limirs of 10 to 25 miles,
In addivion, the mission can p » data so that ground antenna pointing
directions van 1 postmission processing and analysis,
The systeys will measure the worger signal frequency and will record segments
of the intercept signal information comtent when directed. A simplified block
diagram of the system is shown in Figure 1.1,

p

This mission description discusses the following:
a. Antenna Subsystem
b. Recviver Subsystem
c. Recognizer Subsvstem
d, Signal Measurement Subsystem
¢, Tape Recorders
f. Mission Tasking Considerations

g. Summary of System Chavacteristcs

2. ANTENNA SUBSYSTEM

The antenna subsystem Shown W Flgure 2. 1) consists of four idenrical
antennas configured into two arrays, ong pointing south and the other north,
Fach array consists of two antennas mounted approximately 40 inches apart in
a plane perpendicular to the spin axig: onlv one array at a time is selecred for
input, Each antenpa is a conical spiral having approxdmately 3-db gain on axis,
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decreasing to approximately -8 db at 80 degrees off axis. The location of
emitters, in terms of angle about spin axis and angle to spin axis, is determined
by measuring the phase difference between antenna outputs as the vehicle spins,

3. RECEIVER SUBSYSTEM

The receiver subsystem consists of two receivers, a main-bgam receiver
(MBR) and a dual-channel receiver (DCR). The first receiver (MBR) detects and
identifies the main antenna lobe from the target ground emitter. This receiver
is primarily used to determine the ground emitter's pointing direction, The
second receiver (DCR) is capable of detecting the sidelobes of the ground emitter
and is used to determine the emitter's location, operating frequency, channel
allocation and to provide signal copy. The requirement to simultaneously deter-
mine warget location, as well as pointing divection, necessitates the use of two
receivers in the subsystem, All received signals are processed into a format
compatible with the tape recorder for recording; upon playback, the signals are
reformatted and encoded for transmission to the ground.

3.1 Main-Beam Receiver,

The MBR is capable of runing across the 450~ to 1000~-MHz band in 512
steps of approximately 1,09 MHz each. If no frequency segments are selected,
the MBR will scan its entire frequency range. Also, its tuning range can be
restricted to one, two, or three discrete frequency segments defined by the pay-
toad memory; if more than one frequency segment is selected, the MBR will scan
the selected segments in rotation.

3.2 Dual-Channel Receiver,

The DCR is capable of tuning across the 450- to 1000-MHz frequency
range in 1024 steps of 545 kHz each. These 1024 steps each define a4 unique scan
starting and/or stopping frequency. If no frequency segments are selected, the
DCR will scan the entire frequency range. However, it has the capability of
being restricted to one, two, or three shorter frequency segments.,

The DCR functions for any in-band signal in the range from -9%95 to -30
dbm, The DCR recognizer ignores signals below the receiver threshold, which
ig normally a noise-riding threshold. As a noise-riding threshold, the actual
threshold can be set to any level between 7 and 28 db above noise in 3-db steps.
In addition, the DCR threshold can be set to any level between -95 and -74 dbm
in 3-db steps. The noise figure for the DCR is 8 db or less,
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3.3 Operating Modes,

Mission 7334 has thvee basic operating modes: search, recognize, and
copy. The MBR and DCR can each operate independently in these modes or the
DCR can be programmed to operate as a slave to the MBR in the recognize and
copy modes,

3.3.,1 Main-Beam Receiver Operating Modes.

a, MBR Search Moede, In the search mode, the MBR steps across
its tuning range, taking one step of approximately 1,09 M-z every
448 psec, During the first 224 ysec, the MBR receives input from
the south-locking antenna and determines whether any received
signal (1) is above the commanded MBR threshold, (2) appears to
be CW, and (3) is centered within the current frequency step. If
any of these criteria are failed, the MBR repeats the test on the
received signals from the north-locking anterina. If either antenna
has been specified by command, the time assigned to the other
antenna is spent walting.,

The MBR remains in the search mode until the above test is
satisfied, at which tirne the MBR raises the SIGNAL PRESENT (SF)
flag and transfers to the recognize mode,

. MBR Recognize Mode, In the recognize mode, the MBR tests the AM
and FM characteristics of the received signal. The results of some
of these tests (possibly all of them) are used to determine whether
the received signal is acceptable for copying. In either case, the
recognize mode terminates as soon as the result of the tests, plus a
report on the signal level and identifications of the frequency step
and antenna, are delivered to the output data formatter,

1f the signal is rejected, the MBR reverts to the search mode. If
the signal is accepted, the MBR transfers to the copy mode., Also,
if the signal is accepted, the M3R issues a call-up to the DCR; but
the DCR responds to this call-up only if it is slaved to the MBR,

¢, MBR Copy Mode, Inthe copy mode, the MBR repears all the tests
required in the recognize mode, except for the actual accept/reject
test, It performs these tests, measures the input signal level, and
reports the results once every 6,72 msec throughout the copy mode
duration., The selected frequency steps and antenna are identified
even though they don't change.
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The MBR copy mode continues for a time period as determined by
command, with the last 20 msec of the copy mode being used to
calibrate the MBR. At the end of the copy mode, the MBR reverts
to the search mode, beginning with the south-looking antenna for
input and the next higher frequency step,

3.3.2 DCR Operating Modes.,

a, DCR Search Mode, In the search mode, the DCR steps across its
tuning range at the rate of one 545-kHz step every 560 usec, The
DCR searches with one channel monitoring inputs from the north-
looking antenna and the other monitoring inputs from the south-
looking antenna. At each step, the DCR measures its own noise
level and sets the proper threshold the commanded increment above
this noise level, The DCR then determines whether it is receiving
an apparent CW signal above this threshold; if so, it selects the
antenna pair that will provide the strongest signal input and trans-
fers to the recognizer mode. If no signal is present, it continues in
the search mode.

b, DCR Recognize Mode, Inthe recognize mode, the DCR first tests
to deterinine whether the signal received is located within the cur-
rent frequency step. If so, the SIGNAL PRESENT (SP) flag is
raised and vecognition continued. {If not, the DCR returns to the
gsearch mode,) At the same time, tests are initiated to determine
the proper IF bandwidth for the signal and the AM and FM signal
characreristics when the SP flag is up. The results of these tests
determine whether the DCR should transfer to the copy mode.

II the signal is accepted, the DCR transfers to its copy mode
immediately. If the signal is rejected but the SP flag is up, the
recognize mode terminates only after the results of all recognizer
rests have been delivered to the output data formatter, \

¢, DCR Copy Mede, Inthe copy mode, the DCR measures and reports

the differenvial phase between its two inputs once each 2, 2 nisec,
The DCR wiso performs a spectral analysis of the intercepted signal
basebara oo measures the actual received signal frequency. The

DCR continues to perform the TV and pilot rone tests, the iesults of
which are sent to the ourput data formatter. These tests cannot
cause an accepted contact 1o be rejected,
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In addition to the above, the DCR actually copies a portion of the
intercepted signal; that is, it copies the service channels and any
one group of 12 information channels. (These channels are illus-
trated in Figures 4.1 and 4,2,) The DCR will continue to copy

tais information until the copy mode is terminated, The copy mode
is terminated at the completion of the commanded dwell period,
with the last 20 msec of the copy mods being used to calibrate the
DCR.

An exception to the above is made when the DCR is slaved to the

MBR, and the MBR calls up the DCR. In this case, the DCR terminates
the copy mode (without a calibration period) the next time the DCR

data are delivered to the output formatter.

In either case, the DCR returns to the search mode at the completion
of the copy mode. Dwell periods are comman@able in 1.5-, 3.0-,
10~, and 60-sec periods, but can continue ds long as the signal is
présent and satisfactory if recognition is rechecked every 3, 10, or
60 sec,

3.3.3 Operating Procedures, The MBR and the DCR operate independently in the
search for signals; when either acquires a potential signal-of-interest, that
receiver evaludtes the signal.

Acceptance of a signal by the DCR has no effect on the MBR. However,
acceptance of a signal by the MBR results in a DCR call-up if the slave option has
been sclected. In the slave option, the DCR responds to a call-up by first storing
a record of its current operating frequency and then transferring to the approximate
operating frequericy of the MBR. All this is done within 6.72 msec,

When called up, the DCR is switclied to a low-gain and its threshold ig set
3 db below the MBR threshold. The DCR then searches from 26 steps below {or
hottom of band) to 26 steps above (or top of band) the step location indicated by the
MBR. All signals detected are analyzed by the DCR recognizer, and the first
acceptable signal is considered to be the correct signal,

If afrer one search of the possible area the DCR cannot locate an acceptable
signal at the approximate location indicated by the MBR, it terminates the call-up
and returns to search at the frequency stored in its register, with its original
threshold and sensitivity levels, In this case, the MBR also abandons the signal,
and no MBR calibration is provided.

After the DCR recognizer accepts a signal during a call-up, the MBR and

DCR remain in the copy mode until the DCR terminates its copy mode, The DCR
returns to normal sensitivity and threshold when the signal fails its elevated
threshold,
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When the MBR is operating independently, termination of the copy period
occurs when the signal drops below the MBR threshold., In the slave option, both
the MBR and the DCR terminate the copy period when the signal drops below the

DCR threshold., In either option, the copy period can be Hmited to 30 seconds by
command.

4. RECOGNIZER SUBSYSTEM

Mission 7334 is required to recognize signals from an environment con-
taining many interfering signals of relatively high field strength. Therefore, each
receiver contains a recognizer that evaluates detected signals to determing whether
they are of the desired type.

Table 4.1 lists the signal characteristics that each recognizer measures,
The recognizer can be commanded to ignore any of these tests except the first two
in determining which signals to accept. Once a signal is recognized as a target,
signal frequency is measured, a spectral analysis of the FM base band is obtained,
and samples of signal content are recorded,

4.1 Signal Environment.

The target emitters transmit 3- to S-kilowatt, frequency-modulated,
frequency~division-multiplex (FM/FDM) signals in 12~, 24~, 60-, or 120~channel
formats., Figures 4.1 and 4.2 show these formats, Emitters operating hetween
450 and 700 MHz use 10~meter-diameter, open mesh dish antennas, and emitrers
operating between 700 and 1000 MHz use 60- by 60-foot and 100~ by 100-foot
antennas. Figure 4.3 shows the signal levels that will be received versus distance
(on the ground) of the emitter from the nadir point,

Mission 7334 is required to select the above class of signals from a signal
environment containing many interfering signals, Table 4,2 summarizes the
characteristics of specific known interference sources. These sources will. in
large part, be capable of generating field strengths equal to or greater than those
produced by the target signal emitters,

4,2 Recognizer Tests,

The following specified tests (summarized in Table 4. 1) are performed by
the recognizer,

e e controe np A C5=37595-
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Table 4,1

Aveilsble Recornition Criteria

Amplitude{:::::::] Sipgnal mast exceed selected threshold level (b)(1)

throughout a H0-usec period. i (b)(3)

In~Band Condirm* Signal center frequency must Pfall within

selected step (center +375 kEz for ICR,

+ 950 kHz for MBR).

i Not TV Must not contalin typical TV horizontal

| retrece pulses. (AM) |

M Bendwidth Must be F¥ at rates above 16 kFz.

(2 tests) Must not be FM at rates sbove 552 k¥z.

Pilot Tones Must be FM with an Bakfz pilet tone
(20-msec test)

¥

{2 tests) Must be FM with a pillot tonme at 248, at

*Signals not satlsfying these tests are ignored.

l 250, or at 304 KHz.

ik s L OS~37595-7
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Figure 4.1 12~ and ?4~Channel FDM Format in the 450- to 700-MHz Band
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Figure 4.2 120-Channel FDM Format in the 700- to 1000-MHz Band
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Table 4,2

INTERFERENCE SUMMARY

Signal Type Modulation Type Distinguishing Characteristics
AM FM
(b)(1)
Pulse Modulated X - Audio frequencies modulating the (b)(3)
telephone & telegraph amplitude, or position
Short-Pulse Radars X -- less than 60 usec
FM TV Video - X Basebhand above 552 kHz
FM TV Sound - X No baseband above 15 kHz
AM TV Sound X - Amplitude modulation only
AM TV Video X - Line sync pulses

HANDLE vi%
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TV Test, This test determines whether the characteristic herizontal
vetrace pulses of a TV video signal are present, If such pulses are present, the
signal has failed the TV test,

FM Bandwidth Test, This test determines the spectral distributinn
of the N\ baseband energy and categorizes signals as narrowband, normal-band,
and widehand signals, Non-FM and TV audio signals are considered to be narrow-
bund signals, and TV video signals are considered to be wideband signals, The
recoenizer can be commanded to reject either or both naryowband and wideband
signals, This test s replaced by the spectrum analysis test in the DCR during
the copy phase,

Pilor Tone Test. This test determines whether the FM band contains
cortain tones, A broadband white noise spectrum does not satisfy this test. This
rest may be configured to vequire a tone at 8 kHz, It may, idependently, require
an additional tone at one of the following three frequencies: 248, 250, or 304 kHz.
The presence of any one of these frequencies will satisfy this part of the test,

Accept/Reject Test, The recognizer is configured to congider only
thuse tests that have been selected by command. It accepts any signal presented
to it that satistied add the selected tests, In addition, if both the FM bandwidth and
the pilot tone tests are selected, the recognizer can be commanded to accept a
signal that fails either one, but not both, of these tests,

DCR Bandwidth Test, The DCR recognizer also performs an added
bandwidth rest on the received signal, When commanded to its adaptive bandwidth
mode, the DCR selects the proper DCR IF bandwidth according to the outcome of
this test, This test is not a part of the accept/reject decisions made for the other
tests and is not performed in the DCR copy mode,

4,3 MBER Recognizer,

The MBR recognizer perfonms each test once during a recognition wode
period, The TV test can be sdtisfied in as little as 100sxsec, whereas the PN
Pandwideh test requires 328 asoc to performy, 1 pilot tones are required, and ail
other requirements are satisficd, recognition continues until tones are detected or
wntil 20 msec have passed, Tho VDR recognition mode terminates when the signal
im accepred or rejoctodd

4,4 DOR Hecow

&

The DCR recogrizer performs cach test once during a recognition phase,
In~band confirm and the amplitude and duration tests are checked after 1104 pesec
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to determine if the SIGNAL PRESENT marker is justified., When pilot tones are
required and all other requirements are satisfied, recognition continues until the
tones arve detcered or 20 msec have passed. This assures detection of any pilot
rones present, The DCR recognition mode terminates when the signal is accepred
or rejected,

3, SICNAL-MEASUREMENT SUBSYSTEM

So thar received signals can be analyzed, certain signal measurements are
made by each veceliver,

3.1 MBR Signal Measurements,

The following are measured by the MBR:

a. Signal Amplitude, The amplitude of all signals received is
measured and reported on the average of once each 6,72 msec.
Resolution is 1.0 db nominal, This is the measurement used to
derive ground antenna pointing directions.

b, Step Frequency, Center frequency is reported each time signal
amplitude is reported, Frequency is accurate within ¥ 5 MHz

after temperature compensation.

c. Recognizer. Results of recognizer tests are reported each time
sigral amplitude is reported,

5,2 DCR Signal Measuremeuts,

The following are measured by the DCR:

a. Threshold, The threshold level is measured once every 6,72
msec at tirbe intervals compatible with the output data formatter
requirements, Threshold level is reported with a regolution of
I db or better,

b, Signal Amplitude,  The amplitude of all signals received is
measured once every 0,72 msec, with a resolution of 0. § db, and
reported ro ourput data formatter,
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¢ Step Frequency, Center frequency is reported each time signal
amplitude is reported. Stability is such that no step drifts more
than 20 kHz during a 15~min readin period in a fixed external
environment.

d. Fine Frequency, The average received signal is measured and
reported with an accuracy of * 100 kHz for signals within the control
half of the reportable range, i.e., signals within one-half step of
the DCR center frequency. Measurement is performed once per
subframe cycle as long as the DCR is in the copy mode, Resolution
is 8.516 kiz (128 levels for ¥ 545 kHz),

o

Recognizer, Results of recognizer tests are reported each time
signal amplitude is reported.

f. Spectral Analysis., While in the copy mode, the FM baseband of the
received signal is subjected to a spectral analysis that consists of
measuring the activity of a 12-channel group. Zach of 10 such
groups is evaluated and results reported during each subframe cycle.

¢. Phase, The phase difference between the two DCR channels is
measured and reported once every 2,24 msec while in the copy mode.
This is the measurement used to determine transmitting dntennd
locations.

6. TAPE RECORDERS

Mission 7334 iz equipped with three magnetic tape recorders for storage of
payload data; one of the tape recorders is for backup, Each tape recorder has two
tracks capable of recording data up to 1530 kHz in frequency for a maximum of 373
geconds, with a readin readout ratio of 111, It is possible to command either one
or two readin periods, Serial tape recorder readins for a rtotal of approximately
750 seconds duration with no loss of payload dara during recorder transfer is a
i design feature, It should be noted that only one tape recorder may be selected per
' readin peviod. It should also be noted that the mission cannot be operated in a
transpond mode (LS.. , duta must be recorded and dumped).

7. TASKING CONSIDERATIONS

Although the MBbR and DCR have the capabilits of being restricted to one,
rwo, or three frequency segments, the combined opesating configuration is only
capable of accepting a total of three frequency segime nts, That is, it is not
pussible to establish three frequency segments for the MBPR and then ro establish
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thiee new and sepavate frequency segments for the DCR, A total of three
frogquency segments may be established and the MBR and the DCR may be
independently programmed to search any none, one, two, or all threes A
consideration should be made of *he fact that if the DCR is assigned to search
a segment that is not made available to the MBR, then no emitter pointing
directions will be determined for that segment.,

It should be noted that in the copy mode, the intercept signal information
content is Himited to one specified group of 12 channels plus the service channels,

The particular group of 12 channels must be specified in advance of signal
detection,

A possible trade- off exists between numbers of different emitters inter-

cepted and amount of copy time per signal by adjusting the dwell period in the
DCR copy mode or making the DCR dwell periods indefinite,

s, SUNMMARY OF SYSTEM CHARACTERISTICS

A summary of pertinent system characteristics is contained in Table 8,1,
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SUMMARY OF SYSTEM CHARACTERISTICS

Table &,1
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Fregquency Goverage
Number of Steps
Step Spacing
Step bize
Noige Tigure
Dynamic Range
High~Gain Configuration
Low-Gain Configuration
Threshold Level
(8 Command Options)
Spurious Rejection
Acturacy:

bmitter Location

Signal Amnrlitude

Band Scan Time
o Contacts
False alarm Byvery Step®
TV, I'M Starion

Waorst Case

Dual~Channel
Receiver

¥

Main~Beam
Receiver

450-1000 MHz
1024
545 kHz
750 kHz

8 db

=95 to =35 dbm

-70 to -30 dbm

-95 to ~-74 dbm

55 db

10-25 n.m.
1100 kHz
0.8 db

573,44 msec

6, 881 sec
20,644 sec

450~ 1000 MHz
512

1.0% MHz

1.30 MHz

27 db

-70 to =30 dbm

-70 to -49 dbm

33 db

35 MHz
1.0 db

229, 876 meeg

3.441 sec

10,322 sec

TKEYHOLE

“Scan speed limited by data channel capacity.,
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