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SAMOS E-1/F-1 (WS-117L and
Project 102)

The requirements for the Advanced
Reconnaissance Svstem, Weapon System
1ITL (W8-117L5, were incorporated in
System Requirement No. 5, published by
Headquariers, Air Research and Develop-
ment Command (ARDC), on 29 November
1954, and were validated in General
Operational Requirement 80-2, issued by
Headquarters, US Air Force, on 15 March
1855, At that time ELINT was the respon-
sibility of the US Air Force, as spelled out
m DO Directive 5-3115.2 issued on 13 July
1955, Intelligence requirements for the
ELINT satellites of WS-117L were devel-
upett under guidance from Air Force
Assistant Chief of Staff for Intelligence
'AFCIND, MGen James Walsh. On 29
Oetober 1956 the Air Force awarded con-
tract AF (4 (6471-94 to Lockheed Missiles
and Space Division (LMSD) in Sunnyvale,
California, for initial system development
Studies on WS-117L. In June 1857 LMSD
#warded the first contract for US ELINT
Satellite pavloads to the Airborne
Instruments Taboratory (ATL) at Mineola,
Long [sland, New York. The work on con-
'ract was Subsystem F (S/S F), the ELINT
Pavload of WS.117L.

; Because the 1S did not have radar
Aa from the interior of the Soviet Union
A that time, the requirements for WS-117L

f[;he Air Force WS-117L-Derived Projects
f»";.

were stated in very general terms.
Consequently, the 5/8 F ELINT pavload
designs were based on various national
estimates of the Soviet radar environment.
These estimates were contained in the
RAND Corporation’s Report 280, “Signal
Density Study,” published 1 September
1855; the Air Force Technical Intelligence
Center (ATIC) report, “Handbook af Soviet

and Satellites BADAR Equipment,” 3 Novern-

ber 1955; and in estimates by the Planning
Research Corporation. a subcantractor to
Ramo-Wooldridge, Inc,, under contract to
the Air Force for development of the WS-
117L Intellipence Data Processing Sub-
system [ (5/5 11 These estimates relied on
peripheral intercepts from ground sites,
alrplanes tincluding limired U-2 collec-
tiont, and ships, Radar data collected by
the early satellite ELINT pavloads iNavy
GRAB/DYNG in 1960 and Air Force ferret
systems in 19611 showed that the actual
density of radar data collected over the
Soviet interior was many times gredater
than anticipated. Accommodating this
large volume of data slowed the develop-
ment of data processing systems, changed
pavload-tasking plans, and resulted in
some payload maodifications.

The first true source of national
requirements for satellite reconnaissance
systems was published by the US Intelli-
gence Board (USIB) in USIB-D-33.6/8,

*Intelligence Requirements for a Satellite
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STRAWMAN operational concept

Program A: Projects 102, 6580K, & 770
STRAVWMAN satellite shown!

Oehatal nchnation: 7. 75

Ciebital altitode; 2% mibes

Oirhiital shagpe Dirvubar

Ciround coverage: firmaile-diameter circle
Collection fechnigoe; fiead-in over dended area,

record, and read-oul o
SCE remote tracking
sEalinag,

Collection aniennas: Cireibar b for high
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Reconnaissance Svstem of which SAMOS
g an Example,” 5 July 1860, It stated, in
part, “There are important problems
toward which electronic reconnaissance
could contribute critical information dur-
mg the research and development phase . ..
One of the most important of these is the
search for emissions associated with an
ABM systerm.” Paragraph lc. stated,
“Addivional types of directed coverage may
be required. Provision should be made to
procure such equipment by Quick Reaction
Capahilities (QRCL” Also ™ . _acloze
working relationship between the R&D
preanization and the intelligence commu-
nity i= required,”!

Col John O. Copley

Prior to the publication of USIB-
D-33.6/8, Maj (later Col) John O. Copley,
the Air Force WS-117L Project Officer for
S/5 F at the Air Force Ballistic Missile
Division (AFEMD), Inglewood, California,
had worked with LtCol John Poe of the
AFCIN staff. Capt John Marks of the
He&dquarﬁers SAC Intelligence staff, and
i Foreman and Art Thom, who were
88mior analysts at ATIC, Wright-Patterson

AFB, Ohio, to determine collection
requirements for the /5 F pavleads. They
decided that the urgent requirement of
SAC for an electronic order of battle {EQB)
was the most important factor guiding
pavicad design. These data were essential
to SAC in planning bomber penetration
routes, Next in order of importance were
the detailed technical characterstics of
these radars, eepecially for the early
warning and ground-to-air missile sys-
tems. The F-1 and F-2 ELINT navioads,
with their compressed digital deseription
of the radar mtercepts, were designed for
the EOB and general-search missions,
while the F-3 payloads, with their wide-
band (6 MHz) anslop output, provided the
fine grain technical characteristies of
selected radars:

The 5 July 1960 USIB juidance
appeared to validate the design of the S/S F
pavloads, if a QRO effort were included.
The QEC requirement was met hy a sepa-
rate series of relatively simple, single-
mission pavloads that could be developed
rapidly and mounted on the aft rack ot the
Lockheed Agena spucecraft.

The /8 F pavlouds were mounted un
the front rack of the nose-down, vertically
stabilized Agena, which wazs continuously
Earth-oriented when in orbit. The three:
axis stability of the vehicle was provided
by control moment gyros supplementing
the natural gravity-gradient foree that
tended to orient the vehicle vertically,
Nickel-cadmium batteries supplied the
power, limiting average spacecraft life to
five or gix davs. depending on the weight
of batteries that could be carried.
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The 5/8 F-1 pavload covered the fre-
guency range of 2.5 to 3.2 and 9.0 to
10.0 GHz. These frequency bands were
the popular World War 11 S-band and
X-band in which most of the area search,
air-to-air, and ground-to-air missile radars
were still operating. One additional fre-
quency band, from 100 to 400 MHz, was
used by the higher power, ground-based
early warning radars, but the F-1 vehicle
was incapable of carrving an antenna of
sufficient size to be effective in that radio-
frequency range. This was remedied in
the follow-on F-2 pavleads by extending
frequency coverage down to 59 MHz.

The F-1 superheterodyne receiver
scanned the radio frequency bands, mea-
suring two palse repetition intervals
{PRIs}, pulsewidth {FW), radio frequency
(RF'}), and time for each sigmal intercepted.
This information formed a digital word for
edch intercept.that was then transmitied
at a 10-kilobit rate via a very high fre-
quency {(VHE) down-link to the tracking
stations. The data could be transmutted in
realtime or stored on a2 magnetic-tape
recorder over the target area and played
back when the satellite was in contact
with a tracking station. Spacecraft and
pavload status data were transmitted on a
second VHE teleroetry link using pulse
amplitude modulation of various tones to
freguency-modulate the down-link
iPANVFM), Commands were sent to the
vehicle vig a 3. 200-MHy transponder on
the Agena vehicle, which was also used for
tracking.

The paylead intercept antennas were
nadir-pointing directional arrayvs, with a
coverage circle on the ground about 100
miles in diameter at the center frequency

i

i
i
[

of each band.* Additional nondirectional
antennas performed an inhibit function,
preventing signals onginating outside the
coverage circle of the directional antennas
from reaching the payload via the side-
lobes of the directional antennas. The svs-
tem was known as a “sidelobe™ intercepter
because it intercepted the sideiobes of the
ground radar antennas using its own main
beam while, at the same time, it rejected
signals {mostly main beams) from other
ground radars that entered its sidelobes.
The pavload intercept antenna main beam
looked onlyv at the zenith lobes tsidelobes)
of the ground radar, thereby eliminating
the scan rate of the ground radar main
beam as an influence on the probability of
intercepting the radar. This system was
the reverse of the Navy DY NO payvioads,
which depended on seeing the main beams
of the ground radars. In both systems the
sensitivity of the system was adjusted very
carefully to assure reception of only the
portion of the ground radar antenna power
that was desired (sidelobes for 5/5 F and
main beams for DYNO).

The S/8 F and follow-on payloads
were built by the AIL at Minecla and Deer
Park, Long Island, New York, under the
direction of Win Fromm. The F-1 payload
used components of 4 vacuum-tube-type
ELINT receiver. the AN/APR-9, which AlL
had developed for the Air Force in 1948
This equipment was extensively modified
to operate in the space environment and
wag unigue in being the only vacuuam-
tube-type ELINT pavload ever flown in
space by the United States. F-1 used
mator-driven mechanical CAMS for fre-
quency scanning, which was also unique to
satellite-borne ELINT systems.

* For g fixed antenng size, the diameter of the coverape

eegirele 5 a0 inverse funetion of fregueney.
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Participants in the dedication ceremony of the Airborne Instroments Laboratories, Inc., facility at Melbville,
Long Island, New York, where Subsystern F and subséquent 598BK pavloads were built, 13 October 1959

Partial listerg friom left Dion Clark, Pl D) Deersaim thaedy, George P Minalea ourth), Pete Sielman oy
MapWast H o spendler teiphrhl Joher Lo Hyrne iainthl, Bugone Fabere 01 The 8y Bl Bean o7 dthy, Sid Hassin
VAR, Ceorge YWY Price | Tk, Oonege Hedniger 1 Uath, Beb Homter GURhywitiam M0 Haras Jiih lames
Forpman e, Col Will Ray 127thl, Cape Don Wipperman (28, Lol Robert Yundt 12800, Lol [ehi b
Foe 40ty saaptone O Copley 131 s0, a) Gomald baee O3 2o, wWirdeld B Fromm (33ndi, Ken Kaopt bt
fim Steyvenson C33th Jack wWigland (37t and Gregy Stevensan 18t

To translate the 10-kilobit data
stream received atl the ground tracking
site at Vandenberg AFB, California, into
the artual PRI, PW, and RF of the individ-
ual intercepts. an F-1 ground data handler
*as furnished by ATL. This equipment
used logic circuits constructed of hardware
tomponents to interpret the data stream
and produce an output that listed PRI,

FW, RF, and time of each intercept for
each readout of the paylead. This infor-
Mation was used at the tracking station to
determine the pavioad status, particularky
?1'1 regitime readouts, that contained data
from special LMSC-operated calibration
Yans and known local radars. A second F-1
gund data handler unit was located at

the Satellite Test Center (STC) at
Sunnyvale, California, to provide wnput
data for the CDC-1604 computer. The
readout data, recorded on magneric tape
at the Vandenberg tracking station, were
transported by courier to the STC. There
the data were translated by the F-1
rround data handler in the same manner
as at Vandenberg and were processed on
the CDC-1604 computer. The computer
eontammed acceptance criteria to validate
the individual intercepts and, using the
spacecraft ephemeris, translated the time
of intercept into the location of each valid
intercept. These data were then manually
checked apainst the charactenstics and
location of known ground radars and the
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calibraiion van transmitters to evalusate
the acruracy of the output dats’ B was
pianned that readout dats plaved back

from thevehicle recorder, cotisisting of
dazia intereepted cver the Soviet Union or
athier areds nniside the covernge direly of
the o ..trﬁlﬁ:'kmg_ station, would be

recorder at the tracking statwnand fur-
mighed o the provessors ab the Strategic
Air Command {BACH Headquarters as
Urpaba, Nebraska, There, Functions stmil-
bar.bn thase wsed ab tha 8TC wotild se per-
formed using the WH-1171. Subysiom |
Tinta Management System to develop fin-
ished intellipence data,

When the SAMOS Program Cifice
(SAFSP) wae formed 4t Log Angeles Alr
Force Bation, California, on 30 August
FBE0, bwi np‘rsﬂﬁpmﬂw areas were defined.

- Program I included the readout projects of
Subsystems E and F. The B3, E2, and E3
photo paytoads Hn increasing order of
ground resalution became Project 107,
while the F-1, F-2, and F-3 ELINT pay-
luads berame Protect M2, Program Howas
reserved forthe photo recrvary projects.
in Program I, the SAMOS 1 pavicad was
BnigE, comhihing as it did the F-1 farret
and E-1 photo readont pavicads., This
arrangament was developed durny the
regime of the Advanced Research Projects
Agenty (ARPAY Az a posi-saving measurs
The F-I was moented i front af the B-1
ieng; that lens losked Earthward through
awde cut i the Sband horn antenna of
the Firl. Thus novel nmmangement seversly
vigrietted the view ol the EYT csmers, The

"o determine the accuracy of the PRI
PW, and RF measurements made by the
pavioad it was necessary 16 use the real-
thne mode to volleet radar signals with
known pafateters and then check the
praviad mEasurements sgainst the sipnals
being fransmitted. The 595 F Project
Ufficer, Maj dohn Copley, remembiered that
i b previous assignment as the QRO
Dfficer at Rome Adr Develuprment Center,

Mew York, he was responsible for the mod-

fisation of several ANGIGTT ¢ rulnine

BEES, whlf‘h wimrs van-mosnied radar

FeCeIVers and 51muiﬂt£é radar [rEnsmit-
ters ased by SALC for training electronic
warisre pifiears. f:n.m::{-s the redar transmi-
ters eopld sirnulate knowr radars, they
seemed an extellent choes for calibration
vans. or “eal vang” tr transmit radar sipg

mads o thuaatel ite recetvers, ASupley
Apcated three vans in Air Force inveatory
-and they were provided to LMSC to modifv

for this.nee, These vans were wsed e sev-
eval vears-until requirements for raday
simuiation became ton sophistizared for shis
relatively pncient equipment, crunnally
Wil fur e Borean War, T 1965 ther
were replaced with more modern egsip-
ment maunied in modified four huses:

The *uLv’F{}‘-; 1 used o Atlas beoster
o it the Agena vehicle ot a low Earth
crbit. The first ignitien of the Agena main
eoging placed o ao eocentein iranafer
cebit with an apoges of 275 akles. A seoe
ord igmiiian at.apoges circoiavizgd the
orbit at 275 miles. Polar inclination of Il‘u—‘-
ipbbit Agsarid coverapa of he eriire Soviet

proibiem. was. wohved by installation of Tand mass,
sepuib which, wien Sred dnorbit 21 demched
'iﬁ,e_i‘ t. eherehy providing the E-1 a full
“Hield of view,
i—
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Despite all obstacles, on a clear, crisp
day on 11 October 1960, Copley, George
Price (the LMSC payload manager), Vince
Henry (the ALL F-1 specialist), and the
rest of their erew stood. in the Vandenberg
tracking station parking lot lnoking out
over the launch base. The preat day had
arpived and SAMOS 1 was on the pad,
ready to launch. They watched it rise out
of a plume of white smoke 1 a picture-
perfect launch until it was out of sight.
Jubilation reigned momentarily until they
reentered the tracking station control
room and diseovered that, during the
launeh, the nmbilical connector had stack
to the cold-gas bottle connection, thereby
releasing all the attitude-control gas.
Because this gas was needed to control the
vehicle during the burning of the orbital
engine, the Apena did not attain orhit.

The launch of SAMOS 2 a few months
tater was somewhat differcnt. It was a
gray, rainy day on 31 January 1961 and
the launch pad was not even visible from
the tracking station. This did not deter
the launch erew, and vehicle 2102 was
launched into the desired orbit with bath
the B-1 and F-1 payloads working as
Xpected. On orbit 8 a realtime readout at
the Vandenberg tracking station produced
the first orbital intercept data from the
F-1 system. These data were processed an
the F.1 ground data handling equipment,
which rransformed the 10-kilobit data
Stream into individual intercepts, This
Was done at Vandenberg and the 8TC in
Sunnyvale. Output of the F-1 ground data
handler at the STC was processed on the
.16{}4 computer, producing 69 identifiable
'Mercepts of signals from US West Coast

ars and the cal vans. This verified

bevond doubt that the AIL concept had
produced a working system. The 2-kilocyele
inverter in the payload power supply
faled shortly thereafter and no more
intercepts, fmendly or otherwiss, were
made.

In the meantime the E-1 photo pay-
load was collecting pictures through the
hole in the S-band horn and there was
great elation at the tracking station as the
E-1 ground processing svstem produced
100-foot-resplution pictures on many
orbits even though they were rather
vignaetted. There was great anticipation of
bigger and better pictures when the squib
was fired on orbit 21 to remove the F-1
pavioad, but the results suggest that a
catastrophe had occurred. The spacecraft
was never heard from again.

This proved to be the only successiul
SAMOS Atlas/Agena readout program
launch, and it was onlv a partial success.
The third E-1/F-1 was cancelled to save
maney for the E-2 launch the following
apring. Unfortunately, in April 1961 the
Atlag bnoster for that vehicle blew up on
the pad; consequently, shortly thercafter,
the photo readout program was cancelled
in favor of the more promising photo
recovery programs {the already successful
CORONA, and GAMBIT, approved for
development). The thurd E-UF-] payiload
was placed in storage until the F-1 was
resurrected and used as the Group 0 pay-
load in the upcoming Project 102 missions.

The F-1 pavlvad worked long enough
to produce 69 intercept words, but that
was not the whole story, Just as impor-
tantly, under the leadership of Fraonk
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SAMOS 2/Atlas/Agena launch, Vandenberg Air Force Base, 31 January 1962
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atng, the LMSC crew at the 3TC pro-
cessed the data on the CDC 1604 com-
puter. Using known West Coast radars
and the cal van signals for verification,
they proved that a workahle system had
been developed. Notvonly could the data
be collected, but the data could also be
processed and s useful output praduoced.
The approval of the follow-on SAMOS
Projeet 102 ELINT missions on 9 March
1861 by the Under Secretary of the Asr
Force, Joseph V. Charyk, was very
strongly influenced by these factors.?

The F-2 and F-3 Thor-Boosted
Projects: 102, 898BK, and 770

(I 23 December 1960, even prior to
the successful B-1/F-1 launch of January
1861, Under Secretary of the Air Foree
" sk directed modification of the

A0S ELINT Progect 102 as follows:
“The use of Atlas bousters in the flight test
frogram tor subsvstem F-2 will be termi-
Bated. Subsystem F-2 and F-3 flight test
will utilize Thor boosters in combination
with the Agena vehicle, and will be con-
ducted as an integral part of the SAMOS
Program. The initial F-2 flight test should
be scheduled at the earliest practical date,
i? planning for the ¥-3 development and
fight test, consideration should be given
Lff include provisions for secure transmis-
Son of analog readout data through
®nervption or other technigues. ™3

Duﬁ“e.t e H1CITT Saieilite Histary peer reviaw in
March 1994 Baan Waillarm 5 Bing de who plaved a
Qmwtmum reike 4 thas hisory sand, “The sart netues of
" Uharvk's direevion th redirect Progect 103 was bypical
vk iLbewme wag peiicived on the

e Bt il durset s
I Sugpest vou fughlight thisfaes Tt probably was
PR LG i DS muinaperment apmiroath.”

Blen Willlam C. King, Jr.

The switch from Atlas intercontinental
ballistic russile | ICBM) 1o Thor intermedinge-
range ballisue missile (TRBM I boosters was
a logical step in light of the rapid develop-
ments in solid-state electronics and digital
cireuitry, Use of these techniques, plus
new lightweight materals, resulted in an
F-2 payload less than two-thirds the
weight of the F-1. The F-2 covered more af
the radie requency spectrum using three
frequency bands, a5 compared to the two
on F-1. Nonetheless, Col ilater BGen
William G. King, Jr.. the Project 102 direc-
tor. recommended four F-2 and four F-3
launches, using an Agena vehicle patterned
after the Agena of the DISCOVERER/ Ther

the failures that the DISCOVERER program
had overcome, he felt that four launches of
each payload would provide adequate
assurance that at least one of each would
be suecesslul i DISCOVERER had finally
been successful on the 13th launch) Ths
philosophy, along with the success of F-1,
was convincng enough to gain Charyk's
approval of an sight-launch program, with
the first lgunch in February 1962,
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On 9 March 1961, Charyk allocated 535
million in FY62 funds as an initial incre-
ment for Project 102, scheduled to launch
four F-2s in 1962 and four F-3s in 19634

The new Project 102 required names
for each pavioad more specific than F-2
and F-3. To accomplish this, Copley and
his counterpart, LiCol Edwin J. Istvan of
the Air Force Office of Missiles and Space
(SAFMS) staff, devised a system that iden-
tified pavloads by the type of output data
they produced {(a digital data stream or a
wide-bandwidth analog signalt and by the
radio frequency bands that they inter-
cepted. The frequency band configurations
were numbered 1, 2, or 3, and the term
“digital” was adopted for pavlpads with
digital output and "analeg” for those with
dnaloy sutput. For example, Group 2D
provided radio frequency coverage from
0059t 0,130, 2.5103.2, and 8.2 to 12.4
{zHz and produced a digital data stream as
the output, whereas Group 2A provided a
wide-handwidth analog output covering
the same frequency bands, Pavloads with
digital output were EOB and general
search (G5} collectors. Their output was a
10-kilobit digital data stream. Pavloads
with wideband analog output collected
technical intelligence (TL) to determine the
fine-grain characteristics of radars of the
highest priority. Their sutput bandwidth
was i MHz and they utilized the analog
magnetic instrumentation equipment
{AMIE ) wideband belical scan video
recorder developed by RUA for on-orbit
recording,

As a further cost-saving measurs, the
third SAMOS E-1/F-1 Agena vehicle, 2103,
with the E-1 photo components removed,

was redesignated 2301 and reconfigured
for launch on a Thor booster. The F-1 pay-
load became Group O, the first of the
Project 102 Thor-boosted launches.

Although it was conducted as part of
the SAMOS Program, Praject 102 had
much more in common with DISCOVERER.
which was the cover name for the “black”
CORONA photo recovery project. They
both used the same Thor/Agena launch
configuration and had many common sub-
systems, thev were both under rontract o
LMSC, and administration of the “white”
elements of DISCOVERER had been
transferred to the SAMOS office on 9 Sep-
rember 1960,

It soon became clear that operating
Project 102 as part of the SAMOS office
regquired duplication of most functions of
the DISCOVERER office except for pay-
load operation. As a result, in April 1961
BGen Robert E. Greer moved Project 102
from SAFSP to the nearby DISCOVERER
office, both of them located at the Aar
Force El Segundo complex. This essen-
tially meant that Maj Copley and his zec-
retary Katherine Holt moved in with Col
Lee Battle and the DISCOVEREE devel-
opment team. The arrangement worked
out very well with Copley handling the
SIGINT payloads and Capt Bill Johnson
handling the photo pavloads. Most other
subsysiemns were commeon to both pro-
grams, and from external ohservation it
was impossible to tell the difference
between a SIGINT and a photo launch.
There was a difference in the secunty clas-
sification of the pavloads. The photo pay-
loads were developed and nperated using
the CIAs covert {“black”} CORONA security

84 The SIGINT Satallite Stary b
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systemn, whereas SIGINT pavloads were
DOD SECRET, with strict “need-to-know”
enforeed.

That this combination of the two pro-
prams worked well was proven when,
instead of the minimum two-out-of-cight
successes King had predicted, by the end
ot 1965 the SIGINT program had grown to
nine launches, all of which had been suc-
cessful. Lee Battle believed that one man-
aper per subsystem or element was more
than adequate and steadfastly refused o
fill extra hillets that were made available
torhim. The success of the DISCOVERER
anid 102 projects certainly validared this
position,

When the joint CLADOD agreement
was signed on 6 September 1961, forming
the National Reconnaissance Program, the
sdministrative bond between the photo
and SIGINT sections of the DISCOVERER
Priject Office was strengthened further.?
The most notable effect was that the CIA
CORONA pavload was now procured and
dperated under the new joint-agency
tovert DOD-CIA BYEMAN system, which
mecluded both the CLA's CORONA compart-
nent and the Air Foree “black™ compart-
Ments {GAMBIT for the photwo recovery
S¥stern and EARDROP for SIGINT pro-
Ieets) The Air Foree ELINT payloads in
Project 102 remained DOD SECRET, with
4 Etriet “need to know,” and were assigned
“Mission numbers” in the TALENT-
KEYHOLE intelligence product protection
g_f*mﬁty svstem, starting with 7151 for the
“toup 0 launch of January 1962,

By December 1961 Project 102 was
settling into its new environment. Due to
funding limitations, every effort was made
to simplify the configuration and the pro-
ject was cut back to seven flights, four in
1962 and three in 1963, There would be
no Group 2 analog payload and no tlexible
an-orbit programmer for the analeg mis-
signs. Enervption for the wideband analog
down-link was still required. A project
ceiling of $33.4 million for FY62 was
imposed.® To meet this ceiling, Copley
worked closely with George Priew, the
LMSC payload director, to assure that
the Project 102 payload designers were
imbued with a "no-frills” attitude. Digital
Group 0 was not 2 problem since 1t used
the last F-1 pavioad and was compatible
with the subsvstermns of the Agena vehicle,

The new digital payvioads used many
of the F-1 techniques including frequency-
sweeping superhetercdyne receivers, but
with lightweight solid-state components
that provided improved versatility and
reliability. Electronic frequency sean and
switching were a great improvement over
the former electromechanical methods
emploved for these functions by the F-1
pavloads, The digital output continued to
he a 10-kilobit data stream similar to that
of F-1. The frequency range from 59 to
12.500 MHz was covered in three configu-
rations (Groups 1 through 33 To provide
the wide-bandwidth TI needed to under-
ztand the operation of new Sovier ABM
and ground-to-air radars. operation of the
analog payloads was necessarily more
complex. Recording of radar intercepts
was accomplished by the AMIE recorder
developed for this task by RCA in Camden,
New Jersey. To obtain the 4-MHz

b Chapter 4 #3
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bandwidth of the early models, a helical
scan machine was developed using four
recording heads seanning sequentially in
exactly the way present-day video cassette
recorders (VCRs) operate. Th ohtain maxi-
murm utilization of the wideband record-
ing capability of the AMIE recorder, it was
necessary to stop the frequency scan of the
recervers and dwell on the frequency of
interest while making the recording. The
receiver had to either recognize a signal of
interest (at least, the presence of a signal}
or be pretuned to suspected frequencies of
interest, Because the AMIE recorded only
when the receiver “recognized” a specific
signal, the recording time per orbit. was
frequently very short and used a small
fraction of the tape available. To avoid
wearing mit the tape by congtantly using
the first few minutes of tape recording
time, it was necessary to allow the analog
pavloads to collect for many orbits before
reading out the data. This often ransed
the analyst processing the data great diffi-
culty in identifving the segment he was
looking at, particularly when (sometimes
madvertently ) another read-in occurred
before all the previous data had been read-
out. To ease this problem, i later pay-
lvads the digital data word deseribing the
signal charactenstics, in addition to time,
was recorded on the AMIE recorder tape
along with each intercept,

The Agena support systems were very
similar for all DISCOVERER flights
execept that the photo-mission spacecraft
were horizontally stabilized, while the
SIGINT missions were vertically stabi-
lized, with the front rack of the Agena
vehicle nadir-oriented. The Agena space-
eraft would naturally assume g vertical

e B

position with respect to Earth while in
orbit due to the gravity-gradient effect.
This made the attitude contral far the
SIGINT spacecraft much less complex
than for the photo systems, which had to
make constant adjustments, The command
and control systems were very similar
except that the SIGINT vehicles had two
encrypted 10-kilobit down-link transmit-
ters on the digital missions and an encrvp-
ted 10-megabit down-link for the analog
system. Actually, it was not technically
feasible to encrypt the full 4-MHz band-
width of the analog recorder at that time
(it would have required at least a 40-megabut
down-link}, so the first anglog missinn
returned 750-kHz bandwidth of analog
data via the 10-megabit down-link. This
svstem was flown on the first analog mis-
gigry, 7156, on 27 February 1964, Afterward,
the Director of NSA reviewed the situation
and determined that, due to the complex-
ity of wideband analog data enervption
would not be neceszary for future analng
down-link daca.

Both the digital and analog paviead
commands were transmitted via the
S-band (3.2 GHz) transponder used for
tracking the Agena. The command instruc-
tinns for each orbit were generated by the
Mission Control Center (MCC) in the STC
for the F-1 and Project 102, Group 0. Only
offfon commands were available at this
time and the normal commanding was to
turn the pavload on as it came within
gight af the Soviet-Sino Bloc and turn it ofl
as it exited the area. Command instruc-
tions became more complex for the Project
102 payloads, starting with the Group 2-D
launch on 18 June 1962, '

"
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On 2 May 1862, the National
Reconnaissance Office (NRO) was formally
created and in Julv 1962 the Director of
the NRO {DNRO), Joseph V. Charvk,
defined his support staff, known as the
Office of Space Systems, Office of the
Secretary of the Air Foree (SAFSS). An
gperations staff, 38-4. headed by Col Tom
Herron, was responsible for working with
the appropriate committees of the USIB to
translate their requirements to specific
pavload operations and to advise these
boards of present and planned capabilities
of the NRO. By this time, the SAMOS
Program Office at Los Angeles Air Force
Station had been renamed the Office of
Special Projects, Office of the Seeretary of
the Air Force {SAFSP). and was still
headed by BGen Robert E. Greer, who
repurted directly to Charvk, Greer pave
his operations staff at SAFSP the office
svtnbil

DNRO Charvk proposed and received
in approval from the President’s Foreign
Intelligence Advisory Baard (PFIAB in
1962 that, * . ., all satellite projects of the
National Reconnaissance Program (NEP)
should be handled in the same manner by
A simgle operations unit of the NRO
Staff ™ & Satellite (perations Center
'80C) was created as part of 584, an
Mlice in SAFSS. and was located in Room
BD-844 in the Pentagon. Initially, the
S0C was concerned primarily with task-
Ing the CORONA and GAMBIT phota pro-
2Tams gng exercised minimal control over
the STGINT satellites, which, like the
Bhatn satellites, were controlled from the
Satellite Test Center (STC) in Sunnyvale.
In the SIGINT arena, the initial function
*S0c was to translate USIB requirements

intn migsion requirements for specific pay-
loads. The National Secunity Apency
INEA) representative. Hank DeCourt. who
had joined the NRO staff as part of the
1962 DNRO agreements, became increas-
ingly invalved in this process: In 1864, as
the SIGINT satellite pavinads, and conse-
guently their commanding or "tasking”
iplanning and controlling their enllection
operations! became more mmplexz

Eof NSA was added to the S0C staff
to oversee the SIGINT tasking requirs-
ments. These requirements were Lrans-
mitted t in Los Angeles where, in
conjunction with the MCC personnel at
the STC, thev were translated into specific
tasking for each mission. Lockheed tech-
nical personnel at the STC ensured that
nperation of the satellite vehicle support
subsystems was optimized.

The lifetimes of the early vehueles
were Hmited to between six and 20 days
depending on the weight of the batteries
that could be carmed. In late 1962 the
“standard” Agena D satellite development
was 1nitiated at AFBMD. basically to con-
trol cost. This vehicle made 1t pussible for
each project to choose “accessories” 1o cus-
tomize the standard Agena bus, Thas
improvement, plus the thrust aupmented
Thor (TAT} program, which added three
solid rockets to the Thor booster, increased
the available on-orbit weight and flexibil-
ity of the Agena. Lockheed incorporated
solar arrays starting with vehicle 2702,
launched on 19 July 1965, ELINT payload
life gradually inereased from 51 days for
2702 to over one vear for the follow-on
MULTIGROUP and STRAWMAN pavicads.
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The Group £ digital mission, vehicle

2301, intesion 7181, was launched on
%1 Februsry 1962 frews Vandenberg AFB,
Cabifornia, The tube-type F-1 receiver
‘cperated suceessivily for six days 1 orbil
until the spacecralt batieries were deplefe
snd the mission was terminated. [3 becames

the first Pmmci 162 miesiun fo L:H.FLli—:‘Ejt: ehata
from the Soviet Union and read-out-data
at the New Hampshire and Hawaii remate
gracking statioey (TS sy well ay at the
Vandenbeeg BTS, [ate wers procussed iy
eusentially the same way that the ¥u¥ data
‘nad been hardied, The cutput front the FO1
g data handling squipment 15 the
ST was provessed on the U130 1604 rom-
puter g validate eacly interedpt and, based
om the vehicle ephemers, translate time of
Jnsercept e reoposibion.

Development of the data handiing
submvsteme, B8 T of WEIETL, was under
WAY PO A the fremration of SAFSP 1
wid desipned (0 process the daka from the
wideband photo readout (RF down-linked)
surveiliance svstem on i and the data
From the BEINT readout systems &8 they.
were recorded on magnetic tape ag the
tr‘icfﬁmﬁ gstalions. When ﬁwtm;., Secrebary
nf’ r?xe- -fm E'erc : Jm—wp%s b Lhawk fi: reChed

Feadit m ey u}r DR & N ﬂvemher 1951'}.
he also canceiled Subsvaferm 12 This left
‘the B8 EF ELINT data users with ne sye-
tem & process wthe B/5 F data. Tho LMSC
dars processing of renbtime rhadouts jn 1he
STC for enginseriar vealuation way the
FHIY ziziﬁa‘bi | i avadlabla to prodics vaki-
dated and g@ﬂpﬂiitinned intercept=. from
the Greup ] pavipad. By appivingthe
LMEC processiap system to all of the data
(ratiier tian fust the realtime readomims), it

WS posarbiE to provide bobh the NS4 arul

L] : L R, IR . . :
SAL with verifted Interrepiy fonansmy
prrither pararmetens sl locations.

Puring 1981, increasingemphasis
wis phaved on proteciing the serunoy of
Projert 102 daty and-missicn operaiions,
Jihn O Seiaub, Uhe Dorihesd Proggew 108
manager, recopnized the difficutte of :pr(y
tecting both the hardwars and thé data in
buiiding 164, the hedriof the Lockheed
Lusileing compiex 2t Sunnyvale, California.
o laiehs was s rroundud by & myveiad of
unciuszified activities. To provide a facil-
ity whire good security eouid be muain-
tairiwed, he moovineed Lockheed manope-
tegeti That 4 jsdlated loftation was veltired.
Thag jed o the constraftion o bulddings
555 ahd 584 o oan solabed area of
Sunnyvale frrmerly cséru’;‘;iéd by prmato
figlds, For-many vears this ﬂr-ﬁa W
Terverwey aa gha “hoan ﬂc, inl iy }swlr!zr g
SE3 Funsed the wockassified sparscralt
development and test astivities, and okl
ine 524 provided a secure sten to condust
the cldsstfied develnpment prograr, chiek
et bhe paylosd, anid process the o
naissance daia.

Thae by Edings ware crgHeted
dangary 1982 shortly befara the launch of
vehivle 2301, and ineluded an F-1 groud
duts handierand CDC 1604 somputer for
primessing the datk. The oripinad plaps for
buildings 523 and 834, which were each
LW STOTEE, wuia:_d for & single stairway at
nne em;E of teach buﬂding E&aia zing the

mdwﬁudi-ﬂn th& -star,riesﬂ Emi wﬁnt«,d 0

o from Heor ta foor, Schaish Hrsisted that

there be atairwayvs on-bioth ends of the.
Baildings, When hd won this battle, the

S ———
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second stairway in building 524 was
dubbed “The John G. Schaub Memorial
Stairway,” a name it presumably retains
to this dav.

The data from mission 7151, Group 0,
was checked in building 524 by comparing
the computer cutput with manually
processed data from the calibration vans.
The STC capability was used primarily for
realtime data evaluation for mission con-
trol purposes. Preprocessing of mission
7151 data at both the 8TC and building
524 produced 4,800 intercept words of
high-quality corrected data, which were
aent to NSA on [BM 727 digital tape for
provessing at thew vperabions building at
Fort Meade. Marvland, Initial processing
was done on the IBM 7090 computer and
later on the IBM 7094, Each intercent

from mission 7151

ata, which were provided to the Defense
Iﬂtelligence Agency (DIA) for EOB listings
And to other customers for their direct use,

lease: 2021/09/01 C05134315

But early location accuracy produced by
the overlapping circles was generally poor,
with a rircularerror probable (CEP as
oreat as * By the conclusion of
mission 7152, in June 1962, the LMEC
team in building 524 had refined selected
data to a‘ 'and
concluded that this was about the limit of
the system as then constituted. The pre-
procezsed ELINT data were alsosent o
the G44th KT at BAC Headguarters,
(ffutt AFB, Omaha, Nebraska, for further
processing on thelr Finder (AN/GSEE-1)
computer system. The output of this pro-
cessing was added to the Single Inteprated
Cperations Plan (510P, which 3AC used
to contral all their bombing nuiasions.

Ed Stillman, one of the early LMEC
processing team members, recalled that
his first assipnment at Lockheed way in
building 524 working with Jack shepherd,
alzo of Lockheed, to handle the ground
segment of this mission and also mission
7152, flown in June 1962, To verifyv the
accuracy of the data, Stillman used loca-
tions of known radars in Alaska isuch as
the MSQ-17 to correct the biases in the
ELINT reconnaissance data. The first
thing that Stillman diseovered in the data
from vehicle 23071 (misgion 7151 was that
the arithmetic sipns of spacecraft pitch
and roll had been entered into the com-
puter reversed, Cnee this was corrected,
Stillman was able to correlate the data.
He discovered this error through manual
analvsis and has since come to believe that
manually checking computer data (at least
the initial and unusual data) is really
mandatory?

*ireular error probable 4 CEPis a térm for sceuracy. T
means that 30 pereent of all the looations reported will be
within this distance of the eorreet lncation.
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Vehicle 2312, mission 7152, was
launched on 18 June 1962 carrving the
first Project 102 digital pavlead, Group 2-D.
This first all-solid-state system had many
advantages over the vacuum tubes and
mechanical scanners of the Group O(F-1}
pavload. In addition to extended fre-
quency coverape, this system was much
lighter, more reliable, and used consider-
ably less power. Expectations for a long,
useful life, however. were dashed on the
second evening of operation (at about four
a.m. b In those days program office per-
sonnel felt oblipated to be in the Mission
Control Center (MCC) of the Satellite Test
Center (5TC) to supervise the conduct of
all orbital operations until everything was
checked out and became routine. When
the satellite was “acquired” on orbit 26, 1t
appeared that the tape recorder would not
read-out during the pass. What actually
happened was that g “read-in” command
had been sent by mistake. So, when the
program office decision to send another
read-out command was executed, the tape
recorder tried to operate in forward and
reverse simultanecusly. This ended the
mission and caused an immediate redesign
of the recorder cornmand system. It alzo
terminated the continuous presence of pro-
gram office personnel in the MCC {with-
out, at least, some occasional sleeph

The Douglas Corporation, which man-
ufactured the Thor booster, invented a
method of increasing the booster’s thrust
by strapping three XLR-81 solid rockets 1o
its base. Lee Battle of the DISCOVERER
team decided that vehicle 2313 would be o
gond one to use for testing the new booster,
which was called the thrust-augmented
Thor iTAT). Unfortunately, George Price

and hus Lockheed payluad enginesrs could
not deliver the Group 1D pavload by the
November 1962 launch availability of the
new Thar, so Battle substituted a photo
bird. When it was launched vn 16 November
1962, one of the solids failed to fire, promptly
dumping the pavicad into the Pacific Ocean.
The next flight, vehuele 2313, mission 7153,
with a Group 1 digital payioad, launched
an 16 January 1963 using a Thor, was suc-
cesstul. However, the mission lasted only
two days due to a battery failure, It col-
lected

new and updated radar sites in
the Soviet Union. Some months before,
shortly after he was designated DNEO.
Jaseph Charyk changed the project identi-
fier from 102 to 698BK. This made vehicle
2313 the first launch under the new pro-

gram number and changed the security
classification to DOD SECRET, SPECIAL
HANDLING.

Vehicle 2314, mission T1584, a Group 1
digital pavload, was launched on 29 June
1963 using a TAT booster, as did all subse-
gquent 695EK launchies, It established a
prograon record of 10 davs of orbital opera-
tions and produced approximately 140.000
good intercept words. The first wideband
analog mission, 71566, was launched on
vehicle 2316, 27 February 1964, with a
rmussion life of 12 davs. The value of the
data was degraded by erratic operation of
the wideband AMIE helical-scan tape
recorder, mostly caused by tape “gunking”
of the recording heads, resulting in fre-
quent loss of data from one or two of the
four recording heads. The down-link data

B4 The SIGINT Satellite Story =="
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limited the analog data bandwidth to
about 750 MHz and further degraded the
data. A previous payload named HAYLOFT,
misgion 7210, had been orbited us an aux-
iliary payload on the POPPY Program
launch of 11 January 1964 as a test bed for
the AMIE recorder and KW-26 encryptor.

{mistaken) that the T156 mission would be
gsuccessful. Very few radars were inter-
cepted by HAYLOFT, those results pro-
vided additional evidence that signals pre-
viously intercepted by ground intercept
sies i this fregueney bund were nol {Tom

Project 698BK vehicle 2316, alzo car-
ried an auxiliary paylead that was to
become an integral part of future Project
770 missions., The story of this pavload
began in Garland, Texasz, s little over two
yvears earlier, at the Electronic Systems
Division of Ling-Temco-Vought (LTV). By
the summer of 1962, Maj Copley had insti-
tuted repular monthly mestings to review
the status of all the Program A SIGINT
projects. Frequently these meetings would
be held at the facility of a payload contrac-
tor. Organizations and representatives
typically attending, in addition to Copley
and/or his newly assigned assistant, Capt
Johw PConnell, would bezﬁ*um
the Office of ELINT (OEL} at CIA iwho
was aszigned to assist Copley in interpret-
g requirements and evaluating payload
configurations}, \fmm NSA,
Eldon Sasser from SAC, Don Wipperman
from the US Air Foree Security Service

e

LAFSS), and on occasion, representatives
from other government orgamizations, plus
LMSC and the pavivad subrontractors.
(rearge Price, Bill Harris, and Vince Henry
of LMSC would present the project status,
which would be followed by a diseussion of
problems or changes necessary. It was not
unusual for new pavivad 1deas to be pre-
sented av these meetings, followed by dis-
cussion of their merits.

Introduction of the new auxiliary payv-
lnad came about in exactly this way. Gene
Kieffer, President of LTV Electranic
Systems Division (later E-Systems!in
Dallas, Texas, had approached both Price
and Copley about an interferometer-tvpe
pavload that promised to obtain 5-mile
location accuracy from a 275-mile-high
orbit. At a meeting in October 1962 at the
LTV E-Svstems faclity, Kieffer presented
the results of aﬂ ircraft
test that supported this aceuracy predic-
tion when translated to a
space pavicad targeted against the new

Foprerrer
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version of the S-band svstem that shot
down F. Gary Powers' U-2}. The payload
idea gained wide acceptance and was
named BIRD DOG for its pointing
accuracy, Despite some concern for sensi-

BIRD DIOG was included as an auxiliary
pavioad on 2316 and the following three
vehicles, 2315 and 2317 of the 698BK
Project and 2702 of the 770 Project,

The interferometer used phase mea-
zurements to describe the angle-of-arrival
of a zignal based on intercept of a single
pulse. A dipital word was formed in the
pavivad. identifving the location cell by
the phase measurements of the intercept.
New digital words were formed for cach of
the multiple hits on the same radar while
the emitter was in the spacecraft field-of-
view, Digital words that described the
same signal parameters and whose cells
Were In an approximate straight line par-
allel with the flight path of the spacecraft
were combined to produce more accurate
]ffﬂat.inns than was possible with a single
directiﬂn—ﬁnding hit. The digital payload
futput was preprocessed at LMSC to cor-
¢t for vehicle attitude and receiver and
alitenna calibration, These data were sent
10 NSA where intercepts were combined
“nd emitters identified. SAC also received
ind processed the same data for direct
E“tf’%’ into the SI0OP. BIRD DOG produced
the fipsy high volume locations with aceu-

t

Vehiele 2315, mizsion 71585, a2 Group 2
digital payload, was launched on 3 July
1964. It operated for 17 davs and pro-
duced

The last Project 698BK digital pav-
load, 2317, mission 7157, carrying a Group
3 digital payload, was launched on 3
November 1964 and operated for four
davs. In addition to the digital output. to
supplement the technical intelligence (T
output of the wideband analog missions.
the detected video output from the
receivers was recorded in analog formart on
a 100-kHz bandwidth Leach magnetic
recorder, The analog data proved to have
limited value since the radar pulses had to
be "stretched” to fit the 100-EHz band-
width of the recorder, thus preventing
effective analysis of the “fine grain” char-
acteristies of the radar pulses needed for
the TI mission. The location accuracy of
the B98BK dirital data provided to SAC
and N3A had improved to approximately

vy the launch of mission

7157, and some locations were reduced to

Algo launched on vehicle 2317 was
the auxiliary payload BIRD DOG 3. This
version used an inflatable antenna svatem
to cover the lower frequency range of 521
to 648 MHz. The mylar used to construct
the antenna proved to be incapable of
withatanding orbital conditions and col-
lapsed, completely ending thoughts of low-
frequency BIRD DOGs. A powerful

f’““’”—*s better thad ‘Aﬂcuracies ground camera snapped a picture of this
“re often as good as| | subsidiary pavload in orbit and it was an
ugly, wrinkled sight!
Idioiin )
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After the earlier June 1962 launch of
the Group 2 digital payload, mission 7152,
all of the Project 102/688BK digital data
were preprocessed by Lockheed in building
524 using their CDC 1604 computer. In
preparation for the processing of 7152 dig-
ital data, it was necessary to update the
previgusly used F-1 processing capability
to match the new pavload format. The F-1
ground data handler was not useable
without major changes in hardware logic,
and it was recognized that, with the
advances in data processing technology,
writing computer software was much more
sffective than constantly rebuilding hard-
ware logie circuits to match new formats.
& program was written for the CDC 1604
computer to translate the 10-kilobit -2
H down-link data into radio frequency, pulse-

width, pulse repetition rate, and time data

for each intercept. A second program vali-
dated this data and translated time into
I geolocation using the vehicle ephemeris.

Since the project number was still
102 at that time, given the contemporary
Populanity of a St. Louis beer known as
Brew 102, 1t wasn't strange that these
tomputer software programs became
Enown as BREW 1 and BREW 2. In the
Simmer of 1962 when the CDC 1604 com-
Puters were upgraded to much more capa-
ble COC 32008 and the project name was
thanged to 698BK, it seemed only logical
o change these program names to the
More conventional ferret system terms,

ROOKand

The validated ELINT output of these
“ftware programs was sent to both NSA
and SAC, Once NSA had assumed the
| Tesponsibility for processing ELINT data

in the fall of 1861, NSA and SAC had
become parallel processors, A Memorandum
of Understanding between NSA and SAC
was signied on 11 September 1962 that
clanfied these ELINT processing arrange-
ments. SAC would process certain space
vehicle ELINT signals data in response to
the operational intelligence need and in
satisfaction of tasking instructions
provided by NSA, NBA would provide
planning and technical support and
guidanee 11

taj Eldon Sasser

A practical demonstration of this
cooperation oecurred late in 1962, when
Ravmond B. Potts of NSA Research and
Development (R&D) met with Maj Eldon
Sasser and Capt Donald Wagner, SAC
Sddth Heeonnaissance Technical Group
{RTGY, at N8A, Fort Meade, Marvland, to
discuss a SAC requirement for a special-
purpuse signal deinterleaver and photo-
graphic output to process U-2 and satellite
data collected in dense signal environments.
The deinterleaver consisted of special-
purpose equipment that accepted analog
signals on magnetic tape and used digital

vesrEtin Chapter 4 a5
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1 counters and hardware logic to separate
A1 averlapping signals (deinterleaving them)
1 of the snme pulse repetition interval (PRI
| % before filming the analog data for analysis.

Mitford Mathews, Assistant Director for
NEA R&D, approved the development of
the special-purpose deinterleaver and pro-
posed 1o develop an analog-to-digital
converter and the necessary computer soft-
ware Lo provide an automated analvais
system for SAC, Mathews personally
the development of the analog-to-digital
converter in-house at NSA, Fort Meade.
i Potts also obtained a five-channel photo-
graphic strip film unit to photograph the
oubput from the special-purposs deinter-
feaver from Space Technology Laboratories
(STL in El Segundo, California. The work
at 8TL was under the direction of Douglas
] Hoval This equipment was installed at
b SAC headguarters in Omaha, Nebraska, in
i early 1865 %12
n * The speciad purpess deinterbver was o hurdware logie
- dewvice pnat would apen lagte pates or windows so that sl
thiv apelee pubes from g pertiouler radee would be avagl-
able Tue Dlmog on one channel se track onthe Gl This
swser wonli separne up to flve sgnals trom Bve differ
sat ppdnes stk Uy s PRL The Ghoong dovice wonkd

present Bve paratlel tracks of data—one from eech duin.
turlegver putpue
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Sinee the imtation of the G9NBEE
Project in June 1962, the project had been
operating under the secunity of SECRET,
SPECIAL HANDLING. even though the
balance of the NRO projects by now were
all operating under the BYEMAN security
gystem, including the POPPY project. In
arder to achieve uniformity, hUEBK was
brought under the BYEMAN svastem in
November 1963 and the program number
was changed to 770, Since the contracting
was switched from Agr Foree SECRET
SPECIAL HANDLING 1o SECRET/
BYEMAN, it was necessary to change the
vehicle numbering system to disginse the
connection between 698BK and 770, The
first 770 Agena vehicle becames 2701,
which was a POPPY Project launch in
March 1965,

As a consequence of these changes,
Copley had beery moved from the
DISCOVERER Program Office biack 1o the
nearby Air Foree Special Projects Office
{SAFSPI in El Sepundo in Novernber 1962
Within SAFSP, all the SIGINT projects
were gssigned to the SIGINT Project
(fice with Col Robert Yundt as
chiel. Copley became Chiel of the Payioad
Section| | In.July 1964 Copley was
transferred from Los Anpeles 1o Andrews
AFB. Marvland. and Capt John O'Connell.

who had joined Copley during the DIS-
COVERER days, tock chargeof [T
provide O'Connell with adequate support,
in the summer of 1964 Yundt requested
technical assistance from The Aerospace
Corporation, similar o the suppors that
firm was providing the photoe programs.
An Aerospace group under Sandyv Evans
was formed for thig purpose. He assigned
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Daymond Speece to support software devel-
opments. Maj John G, Kulpa was assigned
a8 Chyef DES hortly thereafter.

To further improve relationships
etween the NRO and the NSA in their
pallection and processing activities, the
DXBA proposed on 28 January 1964 to
establish an NSA position at the STC in
Sunn}wale.w In the summer of 1964, {ol-
lowing several months of negotiation, the
first West Coast NSA representative to the
NRD‘ was assigned to
Work with the project office at El
SEgundn. Califurnia, with duties primarily
' the pavioad-development area,
‘&‘Ppﬂrentl}?, Yundt preferred to have the
N84 representative close by where he
tould keep an eye on him! Shortly after-
¥ard. LtCol George Barthel, USAF, was
385lgned to the Sunnyvale area as the
‘S*“Lﬂ representative to the STC and build-
18524, Also at this time] |
Us Army, who had been recently assigned

NSA from the CLA intercept site at
was assipned (o the satel-

PO Y e Nl R ey

fit ;
' data processing area. In October 1965,

following a senes of monthly trips to
Sunnyvale, California, vas
assigned to represent NSA at the STC and
building 624. Yundt was unsure of

MEA motives and required thar
hecal very time he visited 524 and

to log in and out when he did so. Even-

tually, onvinced Yundt that
efforts were desirable and this

unnecessary prohibition was lifted.

The first Project 770 mission was
vehicle 2702, mission 7158, launched on
16 July 1965, the legacy of vehicle 2316,
rmission 7156, whieh had been the first _
wideband analog payioad (it was launched
on 27 February 1964} It was a Group 3
configuration covering 640 MHz to 8,28
GHz. It operated for 51 days and marked
the first effective use of solar arrayvson a
SIGINT vehicle (vehicles starting with
2316 had solar arravs. but battery prob-
lems prevented effective use or very long
life). NSA had been planning to process
these data since late in 1962, when NSA's
Ray Potts responded to a requirement
from NSA operations and conducted a
study of the analog-to-digital conversion
needs to process the analog data that
would be collected by the B98BK analog
system. A special high-speed analog-to-
digital converter, BEERMAN, was pro-
posed and subsequently developed in-
house in 1963 by NSA R&D.

The BEERMAN equipment had been
operated in the H&D spaces at NSA to
support the mission 7156 and 7210 launches
in 1964, and it used the R&ED CDO 1604
computer as the buffer tape controller to
provide temporary digital-data storage
and control for the digital-tape recorders.

IR R—

“Foprbeeret

R LN PR RN AT

e ettt Chapter 4 97

iR
[1

Wt IIN

A

BVEAT AR

Approved for Release: 2021/09/01 C05134315




Approved for Release: 202109101 C0O5134315

The BEERMAN analog-to-figital canverter
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wnEe 2 digital format B computer precess.
irp. BERER] |

I_Timsﬁn‘r’
gperations served a-usels]l BED fnction,
but duid ke Ehe shiet e of the mabsions
and relatively saeenw R0 WHy bandwidth
nf the unedemypied duta, Very litbie wsetul
';;rﬁfiuct Wi Lﬁiiet_tﬁd "BEEEMAN wis

ostalied in sperational spages st NBA in
JﬁL—‘- L“H;,“L after the speciably 4E&~.J|;m-‘-d
buffer iape controlier was.delivered by
Control Daty Corgordtion. Polta mean-
while, moved feom NEA B&LD e MEA
Operations as Olnef of ¥pecial Pigects
(K- /5P in May FO65 ard was fes;'}umfbiﬁ
[ prﬂta«mtl;,, aralysig, and repoeriitg of
shata colavied by SIGERT sanellites.

Everenhing was in place {6 support
missien 7138, the firdt mission whose out-
pat dzta would record predetection in 8-MHz
bandwidth analeg farm and transmit to
the ground without encrvption. Computer
programes had bean written by NS4A Lo pro-
cese this data and to produce locations and
igentifications. The computier printonts
wiere alsg used to scam the dzta for siznals
analysid) Cdnsiilerable mavaal ansiveis of
the analor data and the computer obiipus
was required to produce usesble rasults
Teamn thas First widehared anaiog migsinn.
Experiense pained in processing and ana-
ivzing the dnta from this mission in 1263
orovided valuable design information for
follow-nn avsiems s

The last F-2 type payioad was mission
7160, carmied on vehicle 2703, @ Groun 3.1

payigad launched on 9 February 1066 |

alss earmied a 100-X3z bandwideh Leach,
mgretic tape recorder of the same type
wsed on omessinn TERT [nra rullmz \sﬁgrsiil

up g

deteetion. Alfegether, 736 readours of dim-

tal and 428 readours of analog data were
coliected during the seven-month lfetivmg

of the navload. Several thousand updaies

i the BOYE dateiwers foenished to DA
Ak HAL but £he mmmﬂ hita suflurad

from I.-h-: SETTe b.rliiwdf_f‘ restTictiohs Bhat

plagued the mission TI87 data. end dittls

terhs w*al int &Eilﬁk_’_&f!,{& Py woas ot b,

Vehicle 2703 alseé cartied air auxiliary
navioad 'pr@mmf*ff'hu LY E-Systems as a
fulioweon te e BIED DOG sorns. This
¢ersion. kpewn as SETTER. was designed

=,

expected that SETTER would Intercent
wnany uther. 1'.51“}1(!}-3 i anl sarly warning
radars as well. The SETTER 1 pavioad.
missipn 7228, was integrated onts the
frnet rank of Apena vehicls 2703 miong
with the Project 770 Ciroup. a4h Al ofthe
a¥TTEHR fand its fgllaw-on, REAPER) pay-
loads were given mission numbwr* £n the
AFTRACK series (7200-72895 Sollowiny

the BIRD DOG :mditiqﬂ; even though

they wers integrated with the sther

[Froject 770 payloads, which SpFried Tlan

Series AHERINN N m%}wﬁ SETTER 1 e
ased for 49 davs and Although the fre

quency coverage was iimited o 368 o
2.036 GHz.|
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the best achieved to that date. A byprod-
uct of this best-ever accuracy was the dis-
covery by Ed Stillman of LMSC that the
vehicle was vawing in response to the
interaction of the vehicle's magnetic field
with the magnetic field of the Earth.
Duane Scott of the guidance department
was able to calculate these forces and com-
pensate for them by placing magnets
appropriately on the vehicle structure to
counteract the natural forces. This proce-
dure was used to damp unwanted oscilla-
tions on the following MULTIGROUP and
STRAWMAN missions with great success.

By the end of 1863 1t was heeoming
increasingly obvious that building 524 was
bursting at the seams. Moreover, building
524 was not designed to provide the elec-
tronie security required, particularly for
personnel involved in data analysis at the
product level and for the COMINT pay-
loads, where testing and processing of sen-
sitive data were verv difficult. The need
for a more secure facility, adequate to sup-
port expanded testing and processing
requirements, became obvious to contrac-
tor and government personnel alike. Bill
Harris and Bil] Troetschel, LMSC, respon-
sible for the AFTRACK packages; George
Price, LMSC, in the 698BK area; Jerry
Christiansen. LMSC. in processing;

US Army, representing NSA;

ind LtCal Georpe Barthel, US Air Force,

i Epresenting SAC, all lobhied John

Sthaub, LMSC Program Manager, to press
for a pew building adequate for all their
dctivities, Schaub listened and with the
backing af Fritz Oder, LMEC Vice President
Or Programs, and Jim Plummer, also an
LMSC Vice President, convinced Dan
Haughton, LMSC Chairman of the Board,

to invest in an appropriate facility, Thus,
construction of ras imtiated
in the LMSC complex at Sunnyvale,
Califorma, and was completed just in time
to process the output of the first of the new
MULTIGROUP pavloads, launched 28
December 1966,

MULTIGROUP Launches

By the summer of 1962 it was becom-
ing clear to many on the 698BK develop-
ment team that improvements could be
made in the design of the 695BK pavioads,
which had a set of fixed frequency combi-
nations labeled Group 1, 2, ur 3 and cover-
ing 59 to 12,500 MHz that had to be
selected long before launch. No other fre.
gquency coverage was possible without
major pavioad modification. This was pn-
marily because the antenna configurations
were very difficult to change without
major redesign and testing, Additionally,
the cormmmand and control suppart svstems
were limmited in flexibiliny by the small
number of commands available

To develop a payicad more responspe
to changing requirements, LMSC and AIL
initiated proposal activity to develop a
new pavload confipuratian to be called
MULTIGROUE 1t would have eight fre-
quency bands, each with a matched
antenna. Any four bands could be flown
on Any given mission with minumal
turnaround time. It also would be capable
of both digital and wide band predetection
{6 MHz) analog recording of all bands. A
J2-command ultrahigh frequency (UHF)
systemn and an on-orbit programmer would
also improve system flexibility,

A
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In June 1963, LtCol John Copley,
along with George Price, Chief of the
LMSEC Payload Office, briefed the mem-
bers of the Washington NRO staff (SAF3S)
on details of the new payload project. In
November 1963, approval to imtiate devel-
opment of the MULTIGROUP project was
receved from Brockway Mebillan, who
had replaced Joseph V. Charvk as the
DNRO in April 1963, In April 1964
McMillan approved launch of the first
MULTIGROUP for April 1966, plus three
additional launches in FYBT. Thiz was
later reduced to three total launches when
the successor STRAWMAN project was
approved in September 1966,

The configuration of the first Project
T MULTIGROUP vehicle 2731, mission
7161, was similar to the previous Project
TY0 Agena launch vehicle 2703 wath the
exception of the new pavload and improved
UHF command svstem. [t was the last
Project 770 mission to use the TAT booster
of the former 698BK project. The launch
date slipped to 28 December 19686, mostly
because of changes caused by concerns
over the technical characteristics of the
payload. The numbers and density of
Soviet radars were inereasing rapidly, and
signal overlapping and interference were
becoming difficult to deal with. Additionally,
the presence of high-power continuous-
wave (CW sipnals (such as television and
high-power point-to-point communica-
tions) had made processing of 698BK pay-
load data even more complex. These zig-
nals tended to overpower the antenna’s
sidelobe inhibit system, reducing the relia-
bility of the location-finding and analog
signal-processing programs. To address
these technical problems, the bandwidth of

the receiver system and the overall gam of
the pavioad receivers was reduced, Also, a
special recognizer was added,
making it possible for the data processors
to, at 8 minimum, detect the presence of
interference.

MiCon John L. Marting, jr.

BGen ilater MGen)John L. Martin,
dr., named Director of Special Projects at
El Segundo, California, on 1 July 1965,
became concerned about the efficacy of
performing a system test of the integrated
payload and vehicle system in building 524
at sunoyvale and then dizsassembling it for
shipment to Yandenberg AFB for launch.
This required reassembly of the system at
the Vandenherg vehicle assembly building
and retest prior to launch. Not only did
this process cause excessive wear and tear
on the svstem. but it also made very
attractive the option of shipping the pay-
load and Agena from Sunnyvale with prob-
lems (“open iterns”) that presumably would
be solved or fixed at Vandenberg, After
considerable study, 2 new, more rapid fac-
tory-to-pad system of processing the pay-
load and vehicle as a unit was initiated for
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Apena vehicle 2731, Named FASTBALL,
it set as & goal 17 days from receipt of the
pavload at Vandenberg AFB to launch,

LtCol Jack Sides, who had replaced
Yundt as the]  Project Director, felt
confident enough to direct the launch on
29 December 1866, just 25 working days
after 2731 had arrived at the base.

Despite the misgivings of many of the can-
tracters and launch erew, and much to the
delight of Sides, the launch was perfect
and the spacecraft operated with no prob-
lems on orbit. Sides, who was retiring
from the Air Foree at the end of December,
tonsidered this an excellent Christmas
prezent! His suceessar, Col David D.

- Bradburn, presided over the remaining
twn MULTIGROUP launches with equal
success,

Project 770 MULTIGROUF Agena
Vehicles 2732 and 2733 were boosted into
orhit by an improved Thor booster using
CASTOR solid rocket motors replacing the
former XLR-&1s. The extra thrust made it
bossible for vehicle 2732 to earry an add-
i pavigad called DONKEY, which used g
B-foot parabolic “wrapped rib” dish
intenna that deploved on orbit, in addi-
tion tu the originally scheduled SETTER
1A and MULTIGROUP 2 payloads.
MULTIGROUP set new records for length
of on-orbit nperation. Vehiele 2731 lasted
Per five months. the DONKEY payload
2732 went a few days longer, and 2733
Produced data for almest 15 months! A
Ereat deal of this success is attributable to
mproved solar arrays and batteries devel-
oped for the Agena D vehicle,

The more sophisticated commanding
and programming capability of these pay-
loads, which permitted many different
adjustments of the payleads during each
orbital collection pass, stumulated an effort
to use the collection system in the most
effective wav, InJuly 1964@?
NEA joined the staff at the Satellite
Operations Center {SOC) at SAFSS and
became a part of the effort to translate
USIE guidance into vehicle operations
responsive to this direction, NSA tasking
messages were sent to the 5TO from the
SOC, providing both long-term and imme-
diate operating direction. These *ITEMY™
messages, as they were called, combined
NEA and WHEO interpretation of USIB
ruidance. Alerts to upcoming Soviet activ-
ities were provided by NSA through their
Defenze Specinl Missile and Astronautics
Center (DEFSMAC) so that pavload task-
ing could be responsive.

In the late summer of 1966, the
Director, NSA, LGen Marshall 5. Carter,
US Army, and Ray Potts visited the
SAFEP contractor facility at LM3C while
%J.& under construction. The
possibility of expanding NSA's participa-
tion with the Air Force and its contractor
was discussed with the local SAFSP repre-
sentative and wit he NSA
representative at LMSC. On 28 October
1966 NSA forwarded to the Director SAFSP
a concept paper regarding the establish-
ment ofan NSA& Support Detachment
(NSD at Sunnyvale, California, 18

Completed in December 1966]:
was put to immediate use. Vince

Henry of LMSC, now manager of the P-11
payload program, had established a need
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for a secure test and checkout area. This
need dovetailed well with the government
need for a secure data-analysis facility.
The DNSA forwarded a letter to the
Director, SAFSP. on 14 February 1987
descrbing the scope and nature of & West
Coast NSDa{ = Jand advising
that SAC had agreed to participate in the
detachment to support WEA processing
and to serve as the SAC liaison officer. 17
The NSA Assistant Director for Produetion,
Oliver Kirby, subsequently forwarded a
memorandum to DNRO Alexander H. Flax
on 29 February 1967, informing him of the
plans and rationale for the detachment 18
On 15 March 1967 the Director SAFSP
comcurred with the objectives and func-
tions autlined for the N8I and agreed to
arrange for contractor support by LMSC. 18

The NS was established in July
1967 at LMSC with |
iz Chief had resigned
from the Army in March 1967 and con-
verted to civilion status with NSA, report-
Ing to Potts i K4/SP1L. Assigned t

were four analvsts:

was also assigned as an NSA

mtelligence information research techni-
tan. Also working fo Were
Maj Bob Jackson. US Air Force, and Maj
Billv Thorntan. US Air Force, of Operating
Location 65 101651, SAC. Two analyst
Bositions (operating stations) were quickly
et up using Mincom 1-MHz recorders that

“obtained,” although the recorders were
iriginally intended for George Cotter,
already a senior official at NSA! Later they
Were replaced by properly ordered recorders,
ind Catter got his Mincoms back. This

e

o

= i L

capability was augmented by signals anal-
ysis support from LMSC that was later
expanded by the satablishment of an
LMSC Special Signals Analysis Team
{55ATY, headed by John Riley, which did
in-depth analvsis of new and unusual
intercepts. The untial mission for the
NED was to presean data and do prelim-
nary analvsis on signals of interest. In
addition, the detachment was to support
all West Coast NSA aperations and inter-
faces with the SAFSP and their contrac-
tors located on the West Coast, To do this,
the detachment had direct communications
with K4/SP at NSA using a dedicared
secure teletvpe link known as the
“SUNCOM.”

The NSA Support Detachment (NSD)
activities pretty well filled up one side of
| [was built
essentially in the form of two mirror
images, with space between the two halves
of the building to park and check out the
calibration vans. On the processing side,
the new building made it possible for NSA
to delegate vertain ELINT data processing
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and analysis activities te LMSC personnel,
under NSD direction. In December 1966
LtCol Jack Sides, and Potts agreed
to place an NSA engineer as an integrated
member of the SAFSP staff in El Segundo
to manage the SAFSP processing opera-
tion at LMSC in Bunnyvale (both NRO and

MNEA responsibilitiesh.
was assigned from NESA, Ky an

#

arrived aDn February 1967, He was
welcomed by Col David D. Bradburn, who
by then had succeeded Sides as head of
This action coincided with the

implementation of the Mission and Data
Services (MADS) contract with LMSC to
support processing activities i
[ hnd also to support analvsis activities
of the NSD | |

An action occurred on 29 September

1967 that tllustrates the spirt of conpera-
tion engendered by the close worlang rela-
tionship of Bradburn] ~ hnd Potts.
NE8A K4/58P was notified by message from

Sthat the Air Force budget would not
permit their support of NSA processing
operations at LMSC, Three and a half
hours later Potts sent a messagetd |
coordinated through all appropriate sentor
officials and NSA Deputy Director
Tordella. transferring $370,000 to fund a
compatible computer facility in

| Jto process data for NSA.20 This led to
the negotintion of a formal apreement
hetween Eradhum?:bnd Pouts
entitled "SAFSP SUPPORT FOR NSA
PROCESSING OPERATIONS.” It pro-
vided for a compatible Data Proeessing
Facility implemented as a joint NRO/NSA

activity al which was essen-
tially parallel to the satellite data process-
ing capability within NSA.

This combined pavload development
and processing facility inﬁpma
vided the flexibility necessary to make
maximum and effective use of personnel
and eguipment on 4 MIESION-DV-TISSIOn
basis. Additional benefits woluded
improved timeliness in processing, improved
feedback for tasking operations, optimized
interaction of processing considerations i
the desipn of SIGINT payloads, and signif-
want economies by having an integrated
appreach to collection and processing oper-
ations. This effort was provided by the
SAFSP MADS contract with LMSC. The
individual task orders under the contract
were defined either as NRO or NSA data-
proceszing functions.

NRO processing included payload
support and preprocessing. NSA, through
thD\{A_DS contract, provided techni-
cal direction and seleected processing and
analysis by LMSC. This was the first use
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of coniractor processing by NSA, Ceéniragtor
signals analivsis suppord had previousiv
heen eziablished and ussd by NoD in early
196731 NE5A arranged {or special funding
and tranzierred funds 43 foir thel NGOA
share of the costs, Within]
ik responsible I'Ga‘ teaiinicad surveilianes:
of the MADS contract, Potts was respon
wible for the N3A participation in the
 BTEST&Mm.

Wirh E_ﬂl:l the SAFSE
Aswistant Depuzy for Field Operactinns, Lt
Dai Rich Gray, was respongible g
for all delta-provessing Spueraticng per-

bormed prsite, The detaciument ehiod,

and pther NB4 representatives

as-anprnariaie. provided the bechriosl
puidancs for the NE34data proeessing and
were technicaliy responsibie for contractor
perfnrmiance and secepeibitity af the Qhal
product. A Data Handling and Operations
Hlan f”‘h HOPSs identified responsibilibies,
milestones, sffort. and equpment meguired.
Boffwars st rad beer: developed hy NBA
wah provided o the MADS contract, NSA
sent knowledgeable persennet to aszist the
conlradtar in gettimg $he Bwdieen apers-
I IL!F’Ht and o braiving perseenel for the:
pravticuiar dob The bstablishment 6F th
joint processing facihty im LAIR

|—__Mrb the Air Foree, "u"‘& and the son-
trgotet wirkiog clnsely a‘x:get‘ww R

“removadd pmost, i oot all, the suspirions
ahdd distrust tha bad nrevicusly exidted,

Cho the digeal processing side, NS4
provided a CDCE400 compurer,.- tniially to
handie MULTIGROUP digital data (Hay
Porty intervesed with OO Presidens Biil
Norris tn seenre the eoftpher o tirie ],

The CDOC-BAG0 commpuder was installed in

[ linthe fall of 1967, NSA

seni the software develuped tn process
MULTIGEOUFEETTER, and |

Lomputer Processing Group 10 Groups
spent many fong hours at|

Jelisiagr derry Ohrvistiansen and fue LMSC
orew ta et This safbware dnstilled gnd mod-
1fo3 for the 17 Jannary 1988 aunch of
MILTIGROUP 3, Fhﬁ MULTIGROLPY
SETTER data were the first to be com-
pletéby cimiracior-processed at LMEC
under the VALY contract ander NSA
tectiniea! ditection, The results wore seqt
direceby vin secure sommunications knks
to NEAs Doerational ELINT Drpaniaation,

'th -5 b aed by |w_h=.a ek
r pi =

[fier reporting to the
fntelligence Coamimunity and 1o BAD oy
intagration into the 108 DA rereived
thi z;a_dar_ identifieation. and location daia
e WEA for inclusion in the THA BOR
dutisbnge,

To hangdle the wideband analog, HOA
model TH-2% (VR pradeteetion recordérs
were used at the ground siter and process.
ing veriters, The TH-22 recorderd were
cinmereial Lelevision reocrders modified
fire-continaous video reonrding (VR with
iripreved iechnical chiractaristics meet
the regquirements for prodetection iasira-
mentation recording, NSA specifiad the
recarders {0 be used and.a combined por-
thase was made for all recogdess bn{ ]
Special processing snid analveis equipment
wad developed jonthy by NS4 and
NSA, througt iequired a special
‘RCA enu- venth speed THR-22 CVE recurder
tn be used for detailed signal analyss,
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The predetectinn analog data, along
with other pavload digital data from
MULTIGROUF, were filmed a

using a continuous strip of photo-

graphic film, NSD and LM5C {under
detachment direction! selectively analvzed
the film using the Analog Processing
Equipment (APE) developed by Ben
Gardner of Gardner Associates, San Diego,
Califormia. The original analog tapes were
sent to IWSA for technical analysis. At
NSA the analog tapes were processed
through the BEEREMAN analog-to-digital
cunverter, which was modified to aceept
the pavload time and receiver data, which
wer: merged to provide a digital tape out-
put for computer processing. The com-
puter printouts were used to produce

rafar locations and to sean the data for
signal analysis. Considerable manual
analvsis of the analog data and the com-
puter printouts was required Lo produce
useable results,

The technical analysis efforts at NSA
ang 1* Fvere very closely coor-
dinated. The large volume of data
fequired the combined efforts of all the
Yechnical analysis people available, Both
analysis proups screened the data for sig-
Dals of interest. NSA used tip-off from
Other sources or data and the results of
Intercepts from POPPY and the P-11s to
fﬁentiﬁ; dates and times of particular
Mierest to be examined, Duplicate analy-
1% was generally avoided except in those
“ases where the combined expertise of all
the analysts and the payload designers
¥as required to resolve analvsis problems
Presented by unusual signals.

Improvements to the digital EOB
pavioads resulted in significantly more
greurate radar locations. Back in 1960-81,
the original SAMOS collected three sue-
cessive pulses from the cone of coverage.
Processing of the data from each three-
pulse group using overlapping circles pro-
duced locations with accuracies of about
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Flight summary: Program A, Agena-based low-orbit SIGINT satellites
,
¥ — | PROJECT | miSSioN OPERATIONAL LIFETIME LIFETIME
- MISSION and {All payloads ,
7 NUMBER| pavLOAD | "ars ELINT) 1960 1961 1962 1963 1964 1965 Days
i -
= SAMOS 1 as 10A41 Booster
iy NA (k1 PavLOAD)| | | taliure
g SAMOS 2 - g . ;,
< WA 1k PAYLG!BJ Gs 1:3'&3«&!1 1
102 221, 2127 |
7181 roup 00 EoB Y R
el f 1
| » 698BK EoB 116_1/18
' 7153 Group 1-D | 2
i) 988K - 6/28 7/
715}_3__&@@.%;5@ o : 10
’ , g 2127 311
i 7156 | Group 1-A | De ™ 12
12 00 227 3113 ,
7212_|BIRD DOG 2 [ = 15
8 B9BBK con ?fﬁ;ﬂ 5
7211 | BIRD DOG { 718 Ti6 6
57 1131177 4
111 Antenna
7213 i fallure
| 770 A 716 _9/5
M58 | Goupy | oe - ;L
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7226 |BRODOG4| [ p © " ‘f supply
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T = Techoios! nlelligonce ABM =  Aribailistic Missile YHF = Wery High Freguency

Approved for Release: 2021/09/01 C05134315



PhOE S JAE

T
T
B

s
[krie LY LD

E)
&

s etihy

&1

Approved for Release: 2021/09/01 C05134315

Flight summary: Program A, Agena-based low-orbit SIGINT satellites (continued)

mission] PPAOJECT. | MISSION OPERATIONAL LIFETIME LIFETIME
NUMBE and {All payloads Days/
PAYLOAD are ELINT) 1968 1967 1968 1969 1970 ¥
; 770
T80 | Growpsp | 5% 7mos
—— S-BAND
7228 SETTER 1 con 40 days
.| 77O MULTE GS/DCT ;
7161 GROUP 1 b 5 mas
7229 | SETTERZ2A 5”55}? 5 mos
X T70 MULTL- GRIDCT
7162 | ‘cRroup 2 EOB & mos
7230 | SETTER 18 BBAND 5 mos
770 MULT] - RO
7183 | GRouP3 £OB 14 mos
7232 | SETYER1B & Ban 14 mos
. ISTRAWMAN 1;] osmom .
7184 P IMRESHER 2 EOB 12 mos
G
7233 | REAPER 1 Sihem 12 mos
7238 | CONVOY1 Aon 12 mos
STRAWMANZT osoom
7165 I THRESHER 2 EoB 13 mos
7234 ME:E,&PEH 2 DC 13 mos
o B ADM
7238 | CONVOY 2 Sem 31 days
i
48 = Deneral Begrch EDB = Elechonic Order of Batle D = Direcled Coverage

T = Technical nletligence

Hou

A8 = Antiballistic Missile
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p Flight summary: Program A, Agena-based low-orbit SIGINT satellites (continued)
5
mssion| | PROJECT MISSION OPERATIONAL LIFETIME LIFETIME]
A .1 {AN payiosds
NUMBER! ! payLoan | ere ELINT) 1470 1971 1972 1973 Monihs
@ STRAWMAN 3;1  asuem ;
! 7186 | THRESHER 3 EOB 17
ot ' 7235 | REAPER3 < |  GsmCTI 17
68 | STRAWMAN4; | wsmem
| 7187 | THRESHERS | £08 17
¢ | 7236 °| REAPER4 asmem 18
| 7240 | HamvesTER Gs 5
THRESHER § PROGRAM CANCELLED - NO FLIGHTS
7237 REAPER § :
05 = Genarsl Bearch EOB = Escironle Ovderof Bettle 00 » Directed Covirags
Tt = Technicsl nlelligeocs ABM = Antlbalistic Wissle Radar
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| |CEPin1962. The MULTIGROUP radars in Vietnam became a high priority.

missions starting in December 1966 col- Fortunately, the orbit of MULTIGROUP/

lected SETTER allowed readout of data to the
Vandenberg RTS on the orbital pass fol-
lowing | Through the

MADS contract. facilities were set up to
courier the tapes from Vandenberp to

These technical improvements

m the MULTIGROUP collection svstem
minde it possible to identify radar lncations
with

The tachnical capability provided by
MULTIGROUP wide band predetection
collection and the combined analysis by
NSA headquarters. the KSD detachment.
and LMSC of the collected data resolved

Thizs capability has since
Been expanded and developed to operate in
crsis situations in many different areas of
the world. The software technigues devel-
eped to make MULTIGROUP/SETTER
respunsive to crisis operations were fur-
ther refined for the follow-on STRAWMAN
project, and they provide the basis for sup-
port to tactical operations to this day.

MULTIGROUF/SETTER pavloads
launched in 1967 and 1968 provided addi-
—Honal fisna ceain tachnisal manes = STRAWMAN Launches

Even before the first MULTIGROUP
launch in December 1966, the pavioad and
its support systems had been outdated by
the rapidly changing electronics technoi-
oy and collection reguirements of the

~Animportant development occurred 1866ls. The expectation that interchange-
m the spring of 1968 when data on SA-2 able reseiver and antenna modules would
SUrface-to-air missiles and other defensive give MULTHCROUP more flexibilive did

) o
D e DN Chapser 4 111 I
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not hold up when the realities of preparing
the spacecraft for launch were confronted.
A testing program at both the subsystem
and system level was absolutely required
to qualify any payload for launch. GOnee
the system had been subjected to vacuumn,
thermal, mechanical, and electrical quali-
fication testing, there was no way a
receiver and antenna module could be
changed (for different frequency coverage)
without repeating the entire test process.
Although MULTIGROUP did have differ-
ent configurations on each mission, the
configuration had to be determined six to
eight months in advance. In the case of
Agena vehicle 2733, the last MULTIGROUE
there was time to change the configuration
to make the payload collection more
responsive to the ABM/AES threat. [t
would have been desirable to change 2732
also, but the necessary six- to eight-month
slip in schedule was unacceptable.

In the summer of 19
| [from NSA join as an inte-

grated member of the pavload staff, and at
approximately the same time Bob Yundt
requested technical support from The
Aerospace Corporation. By the summer of
IBﬁSbaiang with Sandy Evans of
Aerospace, through both an in-house effort
and contractor studies, began defining an
improved pavload that would combine the
capabilities of the MULTIGROUT payload,
built by Airborne Instruments Laboratory
at Deer Park, New York, and the SETTER
pavioad, built by E-Systems at Dallas,
Texus, Although these pavloads flew
together on all the MULTIGROUP mis-
sions, they operated independently,
thereby reguining considerable duplication
of support-system functions. The SETTER

i, R

payload provided excellent emitter loca-
tion aceuracy (+/- 5 miles), but it could not
operate at frequencies lower than 2 GHz
due to excessive size of the multiple anten-
nas regquired for an interferometer-type
pavipad. MULTIGROUP used single api-
ral antennas that divided the target area
into sectors and used single-pulse phase
comparisons to achieve geolocation,
Though not as accurate as SETTER, it
was capable of determining location within
-+~ 20 miles at frequencies as low as 59 MHz.
Using improved versions of these pavinads
sharing a new solid-state cove memory for
the digital data and an improved tape
recorder called a data storage unit, for

the wideband analog data, the proposed
STRAWMAN payload offered increased
flexibility combined with improved pay-
toad performance. Moreover, room would
be available for ane additional paviead
that could share the recorders and other
new sUpport 8Ystems.

Improvements in the support systems
now included adoption of the new S-band
space-Ground Link Syvstem (SGLS! devel-
oped for the Satellite Control Facilities.
This provided a pulse code modulation
down-link operating at 128 kilobits per
second (kbpst and an inflight-loadable pro-
grammer capable of 1,021 commands.
There was also a backup command hink
with 32 discrete commands. For the Brest
time it would be poszible to sncrypt these
links using NSA-provided KGR-29 and
KGT-28 equipment. The 6-MHz wideband
down-link remained unencrypted.

An improved booster, the THORAD,
allowed an increased on-orbit weight of

the Agena spacecraft and ELINT payloads

¢ i
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of 3,850 pounds, and a new battery/solar
array svstem provided 270 ampere-hours
per dav. Because it was subject to quick
revision if necessary, the new configura-
tion was called STRAWMAN. The pay-
lpads, named THRESHER (AILT and
REAPER (E-Svstems), covered 125 to 3.300
MHz in five bands. LtCol Jack Sides, the
ﬂmjeﬁ Director at the time. briefed
the STRAWMAN concept to DNRO Flax

on 1 Apnl 1866, On 6 June 1966 Flax

gave his approval to protect long-lead-time
tems. In September 1966 Flax approved
the project axlmnitiat.ed project con-
tractual aetion with LMSC. The project
was to eonsist of five flights, with the first
launch in Oetaber 1968, There would be
one flight per vear thereafter through 1972,

Eey accomplishments, Agena-based
Prime pavicads

* First scanning superheterodyne receiver and
on-orbit radar signal digital processing of RF
and pulsewidth and interval measurements
with location information, all aboard a
three-axis stable ELINT platform, in 1961.

* First wide band magnetic-tape recorder on-
orbit, in 1964, provided a technical ELINT
Capabifity, which led to the following
dCcomplishments,

— First widehand predetected radar signal
data, recorded in 19635, vielding unprece-
dented details on the USSR's several ABM
systerns, including their spphisticated

The first two STREAWMAN missions
carried an auxiliary payload designed to
determmine detaled characteristics of ABM
radars. The first was called CONVOY and
was targeted at|

of these pavloads were built by Bill Perry's
Electronie Bystems Laboratories (ESLyin
Sunnyvale, California. The fourth mission
carried the HARVESTER payioad. also
huilt by ESL, with a capability to intercept

The first STRAWMAN launch,
another in the Project 770 seres, was Apena
vehicle 2734 on 5 Octuber 1968, All of the
payloads and support svstems operated

— |Intercepted many new, unigue radar signals
other than ABMs,

— First very accurate location-finding {less

tha@ﬂmcesz@eﬁ on-board, in

1966 for SAMSs in Vietnam (with less than

‘ ‘data were provided in
near-realtime (hours) to US tield comman-
ders in 1968,

— Auxillary payloads in 1968-71 collected

even more detalled ABM and SAM radar
data, such as CW capability and measured
pOWer.

et i Chapter 4 113
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for a little gver a vear, twice the planned
lifetime of six months, Agena 2735,
launched on 31 July 1868, operated for
over 13 months, resulting in a projection of
at least a nine-moenth lifetime for the fol-
lowing launches. Agena 2736 continued
the record by lasting for almost 18 months
after a launch on 26 August 1970 The
final vehicle, Agena 2737, was launched on
16 July 1971 and lasted over 20 months.
On this mission the antenna connector to
the lower band antenna of HARVESTER
failed, thereby eliminating any chance to
intercept the SA-5 signals at 5 GHz. Thas
was the only major failure of any of the
four vehicles, making STRAWMAN by far
the most successful ELINT svstem to date.

By 1970 WEA had expanded the pro-
ressing facility at Fort Meade for satellite-
collected SIGINT to three CDC 6600 com-
puters, in order to handle the greatly
increased volume of data from the POPPY
and P-11 missions. Concentration on these
programs at Fort Meade was possible
because of the resources available at

\ Al
STRAWMAN, THRESHER, and REAPER
dipital data were processed for NSA by
LMSC under th MADS contract in

| using the same arrangements
that were established for MULTIGROUP
and SETTER. The necessarv software
modifications to take advantage of collec-
tion svstem improvements to provide more
goeurate locations were developed under
the MADE contract for NEA as g joint NBA
and LMSC techmcal development effort.

In 1870 a CDC 6600 computer replaced
the CDC 6400 computer at LMSC to pro-
vide the needed three-times increase in

e AR S

processing capacity and speed to handle
the increased volume of data being col-
lected by the new satellite systems. At the
same time, a new MADS contract was
negotiated bJ the NSA
integrated member of the staff, This
contract provided the needed flexabilicy to
cover premature failure or the extended
life of a pavload being processed. It also
provided for the addition of 4 new payload
to be processed. The funding for the com-
puter and the MADS contract was split
hetweeDnd NSA based on cost-
shanng agreements worked out for each
misglon.

The THRESHER digital EOB collee-
tion and processing svstem produced radar
locations with a 15-mile accuracy. The
processing of data from THRESHER 2.
launched 31 July 1989, produced 9,444
radar locations, including 183 radar loca-
tions reported electmeally o US forees
i Vietnam within hours of intercept.
THRESHER 3, launched 26 August 1970,
produeed 11,519 radar locations with
L18-mnile aceuraeyin the first four months
of operation. Dunng this same four-month
period. REAPER 3, a part of the same
STHAWMAN mussion, produced 33,915
locations with a b-mile accuracy ="

AINELINT payvloads that were a part
of the STHAWMAN collection svstem—
THRESHER, REAPER, CONVOY, and
HARVESTER~—were connected to the pre-
detection analog recorder in the prime
pavload. The predetection analag data
analysis was split between NSA and the
LMSC Specaial Signal Analysis Team
(S5ATY, which was working for the NEA
detachment (NSD) to make efficient use of

114 The SIGINT Sateliite Story RIS
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the limited number of technical analysts,
The signal analysis efforts were comple-
mentary except for combined efforts on
special signals of interest. The all-source
and multiple-satellite-souree techmeal anal-
ysiz was generally done by analvsts at NSA

By 1864 the Grab Bap data system
was developed by Jovee Warnkasszel of
IMSC 1o store all “left over” satellite data,
This included all intercepts that were
geolocated but didnet meet NSA reporting
eriteria as valid emitters. This provided a
very valuable database for comparison
with other data and intereepts to find new
high-interest signals for technical analysis,
For example, Grab Bag made it possible to
Wentify and correlate data from a fre-
quency agile radar that transmitcted sig-
Nals at different radio frequencies but
mever staved on one frequency long enough
for the puvload to make a pulse repetition
mierval (PRI} measurement.

Technical intelligence produced by
STRAWMAN included ABM radar details

Stan vapations as seen by the THRESHER
Fayload, THRESHER. with REAFPER,

Mtercepted “signals in the 260 to 500 MHz
800 2 A0 e A BT hende thotornoe b

CONVOY 1

falso known ay PBYTH) provided simulta-
neous predetection recordings

‘ ‘1 CONYOY
2 provided simultaneous predetectio
recordings of two separate beams

The HARVESTER

pavioad, tarpeted aainst the Soviet

ik

from the Soviet Union 3 HARVESTER
also collected umdentified 8- to 10-GHz
stgmal

| it HARVESTER
alzo made pther intercepts at the same
time gy mission 7383 (B80USEA, B o 12
GHzp24 These are but g few highlights nf
the technical contributions of STRAWMAN.
The data processing experience gained
from the STRAWMAN predetection data

analysts provided the basis upon which
thd  lota unalysis system was

developed.

The extensive QRC reporting from
THRESHERREAPER to military forces in
Vietnam and Europe continued the project
PENDULUM effort srutinted with MULTI-
GROUP/SETTER. All QRC reporting was
in less than 24 hours from time of inter-
cept. with the averaye time from collection
to reporting being about 5 12 howrs. Dunng
1969 there were 41 project PENDULUM
reports and 183 1 1970
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I the spring of 1970, DINRO Jobn L.
Meliocas rodssessed the SHZENT satsilite’

programs 1o view of hudgetary constraings,

{onsiderine the desion capabilities of
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the capabilities of other low-orbiting
ELINT sateilites {POPPY and P11 dhe
STHRAWMAN capability secnid redun-
dant. He thereiore directed the cancella-
tioe of vehicle 2738 and all further devel-
opment work, Under chis piag, the

STHAWMAN zvstem dmzimusd npefaions.

through July 1972,

STRAWMAN represented the culmi-
nation &f 8 devéiopraent effort that Started
hefore the Bret spacecrnfl was lnunched
and incerperated many picneei‘iﬂg'mﬁ*
cepts, RTRAWMANY leraey could be seen
not.ordy in the development of spaceborne
sguipment but, even more importantly, in
shidevelopment of BLINT predetection
rechnival analysis technigues and eeii
ment uzed by gractically every falivw-on
sy siem.
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989 Projects

The Origins of Quick Reaction
SIGINT in Space

Inthe summerof 19587, Col Frederic
C. E “Fritz” Oder, Director of the WS-117L
Project Office at the Air Foree Ballistie
Mizsile Division (AFBMDY. Inglewond,
California. struggled with a very difficult
budgetary crisis. Funds for missile and
fpace activity had fallen vietim to an aus-
tere DOD budget, providing only $10 million

Col Frederic T E. Oder

fr FY57, with promise of little more in
FY58. Oder and BGen Osmond J. Ritland,
the DEput}f Commander of AFBLIY

“tided 1 new approach was required to
“0tain ¢ fecrive support for the project.
“4r previous associations with the CLA
N the U-2 project led them to the belief
that 2 covert approach would be more

\f;-he Air Forece AFTRACK and

palatable and effective, particulariy o
view of President Eisenhower's desire to
secure “Open Skies.” The plan would
involve the concept of covert overflight
from orbit, participation of the CIA. and a
definite project acceleration. Oder’s secre-
tarv Betty Hawkins called it the “second
story” because she was required to keep
the details in a file separate from the
W5-117L decumentation.

The centerpiece of the plan was s
covert photo payload with a recoverable
film capsule, to be launched on Thor boost-
ers, earlier than the already planned Atlas
launches, On 7 February 1958 President
Eisenhower, i1t a meeting with James
Killian, approved the plan. Eisenhower's
decision was prompted in part by the
launch of Sputnik I in Qetober 1957,
Richard Bissell, Assistant Director of the
CIA and the U-2 Project Director, had
agreed to head the CIA effort that would be
responsible for the covert security system
and procurement of the photo pavload,
Alse in February 1858, President
Eisenhower established the Advanced
Research Projects Apency (ARPA to con-
solidate all militarvy space svstems develop-
ment. Since ARPA would be responsible
for the "white” development of the recon-
naissance spacecraft, booster, and all sup-
port svstems, Oder arranged for his assis-
tant on WS-1171, Capt Bob Truax, US
Navy, to be assigned to AHPA to assure

e i
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adequate fonrdination between the white
support systerms and the “black” CORONA
pavicad, ARPA haméd the cover fhr the
capsule recavery project BISCOVERER
anel aszigned to it biomedical and viher
scientific activities to dispuise its rezl
Artissline.

In November 19592 the DISCOVERER
project was renssigned from ARFPA w the
Afr Foree g an “pperational” project
When Blen Robert B Grear becarne
Erirector of the Qj&%‘iﬁ&i Prajectin Aagust.
1968, e used the atchiority of Bis “sedand
hat” ay Depuiy Cormander of AFBMID
to incprporate Uol Lee Battle anid the
BISCOVERER Project Office into his arga-
mization T the pnwitting Swhite™ Air
Forre and Sovhe waorld ot bege W appearil
that DISCOVERER was an APBMD scien-
LN Ermpest.

Harrerldk Wil

_ These everiis setihe stage for the
ipwention of the Apena AFTRACK Project,
Harsld Wiliz, who worked for George
Sitlar e the Office of ELINT (OEL) ab (1A
Headouarzers. in Langley, ¥irmnta. was

5

¥ "E“ EM i

Cutiached o the o¥ rack ¢

brieted on the CORUNA project in 1908
because of concern mrthe Intelligence
Comrmunizy about the electroms seounty
of the DMSCOVERER Agens souceerafts
cormanding and tracking sithsvstams. 1t
was thoughs thet the Soviets righs e con-
siyuetiog antibalistic missile  ALM: oy
gnti-Barth-satellite tARS? radars thas

could be used to-track or even interfers
with thie U5 trocking nf TUSCUVERER
satellies,

Willls was aware of the role of the
Lovkhead Missils and Speés Unmpeny
S LMBU, not vy as ihe syslam cnpginedr
for elvwlnpvzu?.m. aof the BISCOVERER
Project, bui also fordhe Air Froeey SARMOGE
sehich iocluded un ELENT copubii
v called Bubswstom F IS FL Mo Sovie
radio frequency  RF? transmission or inter
ferenve threst exizted, there was a gond
chanve that in severad vears WS F would
be capabie 5 detecting i, Fug Willis falt
the Souviet RF rhireat roubd develop much
sonner and thak waillog several vears s
deteri ol wag a very \"m}. v pripoEicen, in
discussions with Bill Harris of the LMSC
SIS F pavinad staff and Mai Jabs Copley,
the Ade Foree S8 F SAMOE pavlend man-
ager. Willis ennchuded that 2 zmail, seif’
wosibarmed eiemﬂm*c'pwlmm pREMN ALY
of the THELCOV.
ERER Agena velnnle wonld e capnblesf
detecting any Soviet fracking or mterfer-
ehee with the $-band Beaden veed on the
Agena vehisde. This critinal beacun was
wzed for tracking and commanding the
vehicie throueh TS Varlort srotnd endars.
Copley obtained approval and the minimed
Funding necessary {or the pavioad develop-
meal, sl and dncoeporation vr the aft

Tack ofthe Agena Willis brefed Biszel]
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and obtained CIA approval of the scheme
in November 1959, The small AFTRACK
project was underway.

Although 5/8 F procurement was done
in the white world at the DOD SECRET
level, there was general agreement that,
in keeping with the covert nature of the
CORONA pavload, activities associated
with the AFTRACK project should be han-
dled on a strict need-to-know basis. In
the same way they had provided the Hiller
Aireraft Building as a cover for the
CORONA development, LMSC arranged
office space on Hanover Street in Palo
Alto, California, for Bill Harris to conduct
payload development and mntegration
aetivities, Only those people directly asso-
aated with the project were made aware
of its existence.

Fromy this modest beginning, the con-
tept of a quick reaction capability (QRC)
payload that was small. simple, and
fequired minimal development time
taught on rapidlv. QRC developmental
activities for intercept of ELINT had a his-
o1y in the Air Foree dating back to the
Koreun War, when radar technology was
ddvancing at a rapid rate and collection
*¥stems that required vears of normal
development time were hard pressed to
keepup. The plan was to build systems
that epuld be developed in less thap nine
Months, did not necessarily conform to all
Tilitary standards (even commereial DHETTE
¥ere gllowed ). but could operate reliably
" a long enpugh period to answer urgent
Juestions and provide inputs to the Intetli-
Eence Community and to the design of col-
SClion systems then under development,

' program had started at Wright-

Patterson AFB, Chig, at the Wright Air
Development Center (WADC) in the early
1950s for airborne equipment {primarily
i the area of electronic warfarel. The
ground QRO program was initiated at
Rome Air Development Center in 1955,
and Copley was chosen as the first ground
QRO officer. This hackground provided
the necessary baszis for the concept of
simple, rapidly developed, and effective
AFTRACK payvloads fixed to the
DISCOVERER Agena vehicle,

The aft rack of the Agena vehicle was
well suited to this application. There was
considerable vacant space available; the
real problems were power and weight.
Small, simple, lightweight pavloads reguir-
Ing minimal power were 1deally suited to
this application, A few extra telemetry
points were alwavs available for narrow-
band datg to bedown-linked and 2 simple
orfoff command did not overtax the com-
mand syvstem. The Agena vehicle develop-
ers had only one mandatory requirement:
there must be a fuse in the power line of
the SIGINT payload so that there was no
way the primary pavload power svstem
colld be jeopardized. Since the DISCOV-
ERER Agena vehicle flew with its major
axis perpendicular to nadir (so that the
CORONA camera, mounted at right angles
to the long axis of the Agena, would always
point toward the Earth), it was no problem
to install Earth-pointing antennas on the
aft rack.

Imtially the DISCOVERER wehicle
had a lifetime limited to five or six days,
owing to complete reliance on battery
power. This limited the collection time for
the AFTRACK payloads but it was long
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eneugh o collect useful data, When the ranri secnre system-areoss control After

CCORONA Propram developed a dapatulity
L reEbUrT LWD recovery capsitios, & aysiem

3::_&3{}&(_:]'

| The-

AFTHACHK pavisads took advantage of this
capabiliey to extend thew Histime by oper-
alingduring 1;?!;4 | For this
i, was necelsi ry o add an independ et
programmeyr and data link Thiz was done
and many later AFTEACK pvioads did
pperats during 1.314 | ey
varly in this AFTRACK program, recorders
had been added fwhere the telemetry
recurder was not adequatss so the paviead
wouid pallec dats nver the Sovier Union
-and return it o the remote tracking sts.
tiozs (T Ss) of the U8 Satellive Control
Fackity (SCTF ih Sunngvade.

SgoliTity was 3 Serious conofim, ad
rentioned earfer; not only hegause of the
CASRONA pavinad on the sams 1;-5—‘-3’1 i:c.l:f-;, bt
alsc to aveid providing the Sovists with

Camnenlriiiion to attack President
Eisenhower’s “Open Skies” afforis
spece. Inmitiadby the project was bandiad at

‘the DODSECRET level and strics nead-to-
knpwwas enforeed. The initie]l DODACTY
partnership agreemant to participite ina
Mational Heconnamsance Program (NP
i beptemper 1941 required stncier séou-
ritv, The SAMOE Program Office in El
Bermnde became the (Oifice of Special
Projects (BAFSPL BrCel Bud Tstvan, wh
“had been assizned respensibilivy foe Space
SIGINT Svsiems on the SAFSS staff in

Washington. was tasked with developing o

straggling mightily with Air Force

weeariy Begulasion 2051 ithe SEGEATT

pragrani wag sl wnder DOD security ton-
treli, he-came. up with the codewned
"EARDROPT to protect AFTRAC K nav-
touds. This required all persunnel requir-

dnp aceess 0 sien an EARDROP seeurity

spreemurt; and g list of eleared pergonnel
wis maintamed. Doduments were staraped
"SPECIAL HANDLING ™ in the same
manner asthe Air-Foree black CAMBIT
photo project, The Natinnal ﬁpﬂrﬁnndmeurm
Dffics :NRO: was formed on 2 Mav 1985
in Deveriber 19682 the BYEMAN system

swab applied-to all SIGINT Programs
wxeept GERBE. which remained *SPECIAL

HANDLING® until November 1862, A new
L(.»{il’,_WﬂF[. EARPOP, repiaced the Adr Fares
FARDROP and Navy POPPY desiénptiors.
From that time on all space reconnans.
SANCe PrOETAINS have been conducted by
the WRO under security control of the
BYEMAN syetam,

In1. Tegernber TEG2 Copley was trans-
Ferred frotn the DISCOVERER Penpreg ey
Office 7o the newly foemed SIGINT Progect
{3ffice 6f SAFSP as Chief Dhvisian:
responsible for payioad development. In
Mvember M55, a nbw program milaiber,

TT0L was assighed to disassoeiate the niw
BYREMAN pffjrt front the praviens DD

S98BK program. Boosters, Agerias, and
assoalated supperl sqmipoount contined 1o
e procuted in the vihite world, but sinoe
that time all payloads have been prorursd
through black BYEMAN contsactd,

'.E"'ft*;fe: ﬂ:—:_vsip__hﬁr bo the laonch of the
first AFTRACE pavicad on DISCOVERER
I3, Y Augrst 1880, the US Intelligence
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Board (USIB} issued the first national-
level SIGINT requirements document,
USIR-D-33.6/8, “Intelligence Requirements
for a Satellite Heconnaissance Svstem of
Which SAMOS is an Example,” 5 .July 1960,
Paragraph lc. stated: * . . additional

types of directed coverage may be

required. Provision shoulid be made to
procure such equipment by Quick Reaction
Capabilities (QRCL™ Also® .. . a close
working relationship between the R&D
srganization and the Intellipence

praject personnel felt that the program fol-
owed this direction very closely!

Fullowing the STARFISH hagh-
altitude nuclear tests launched from
Johnston Island in 1961, LMSC, in
FREponse to a new requirement published
by ARPA to investigate the effect of these
fuclear explosions on the lonosphere,
developed a subsateilite called the P-11.
This was a small spin-stabilized satellite,
afree-flier. weizhing a little over 200
Pounds. It was first carried into orbit on
the aft rack of the Agena vehicle and then
Sepurated and boosted into its own orbit,
higher than the host vehicle, to carry out
s mission

Work started on the first ARPA P-11,
talled HITCHHIKER. in the spring of
962, It was to be launched from the aft
fack of the DISCOVERER vehicle, once in
“bit, ol Lee Battle and his staff at the
DISCOVERER Project Office hrought it to
. ®attention of Maj John Copley, who
Ponsored the fixed AFTRACK pavloads.
“¥ ptinted out to Copley that a sub-
“atellite, free of the Agena vehicle, would
% selection of a choice of orbital

altitudes plus & potential of much lunger
life. The orbital inchination would have to
be the same as the host vehicle, but this
was no problem since the host photo mis-
sinns used the same polar orbits desired
by the SIGINT missions for coverage of
the Soviet-Sino Bloc.

Shortly thereafter Copleyv briefed
MGen Greer, Director of Special Projects,
on the possibilities of the P-11. With
Greer's approval, Copley briefed the
Director of the NRO (DNRO, Joseph V.
Charvk, in the summer of 1962 and pot
Charvk's approval o start the project.

The first launch of what was to be Project
984 occurred in the summer of 1963, This
development eventually led to the phasing
out of the fixed aft rack payloads on the
Agena vehicle except for the “vuloerability
pavloads,” which were continued on the aft
rack of all photo missions to detect hostile
radar tracking of the vehivle. The lastof
the SIGINT AFTRACK payloads, missien
7225, SQUARE TWENTY, was launched
28 Oetober 1965 on vehicle 1620, Although
continued after this time f{or secondary
pavlpads, none were mounted on the aft
rack durny the time frame covered by this
history,

The AFTRACK Program

In early 1960, concern was growing in
the US Intelligence Community that the
Seviet Union was building not only missile
svatems but also systems to counter US
missiles and satellites. U2 photography
had shown that large ground radar sites
were under construction at the Soviet Sary

.
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Shagan R&D test site in the vicinity of the
missile launch pads, The Soviets also had
several ships and trawlers equipped with
large radomes whose purpose was not
known, In February 1960, Harold Willis
of the CIA Office of ELINT (QEL), having
recentlv been briefed on the CORONA
photo satellite program, contacted Maj
Copley and told him of these concerns. He
expressed the national-level fears that the
Soviets might in some way interfere with
the aperation of the CORONA command
and tracking subsystems.

Copley was responsible for the con-
tract with LBSD to develop the ELINT
subsystem, 5/8 F of the BAMOS System,
for the Air Foree with the Airborne Instru-
ments Laboratory {AIL} at Mineola, Long
Island, New York, as the subcontractor.
Willis had discussed with Bill Harris of
the LMSD 5/8 F office the possibility that
Support might be available on the aft rack
of the CORONA Agena spacecraft for a
small electronic “black box™ that could
detect any electronic interference to the
mission, Willis had alse discussed the
Problem with Gene Fubini of AL, who
became ap enthusiastic supporter of the
AFTRACK concept and suggested a small
Pavluad ealled SOCTOP, which received
Signals in the 2.5- to 3.2-MHz frequency
band in which the Agena 5-band beacon
UPerated. It required only an on/off com-
Mind and a few telemetry points to encode
zt? butput, Copley was able to obtain the
Dinmaj funding required, and Willis
aTanged for authority to mount SOCTOP
?I' the aft rack of the DISCOVERER 13
Agena vehicle. The presence of SOCTOP
"T®aled very little notice when DISCOV-

"ER 13 was launched on 10 August 1960,

Most of the attention was focused on the
recovery capsule that attained fame as the
first object to be recovered intact from an
arbiting spacecraft (something the Soviet
Union had not yet achieved).

The immediate analvsis of the SOCTOP
data was almost as remarkable as the cap-
sule recovery. It showed what appeared to
be Soviet tracking of the CORONA space-
craft on almost every readout by a US-
operated tracking station (there was no
recorder, so data could be received only
when the spacecraft was 1o view ol the
tracking stations). That Soviet tracking
wis 50 extensive worldwide was a surpris-
ing and alarming discovery; Willis quickly
passed the “tracking” story on to the
Intelligence Commumty. However, further
analysis of the data revealed that SOCTOPR
actually was receiving signals from US
Verlort radars at the remaote tracking sta-
tions i RTSs) as they tracked the space-
craft. Despite the embarrassment to Willis
and others caused when the error was dis-
covered, the small AFTRACK payload for
QRC response to urgent ELINT questions
did catch on!

SOCTOP was the first of a long series
of “vulnerability” payloads, so called
because of their part in an NRO program
to determine susceptibility of reconnais-
sanee satellites to hostile Boviet (or other:
activities, Eventually this type of payload
flew on almost every Program A low-
altitude reconnaissance satellite
launched. The ohjective was to determine
if Soviet or other hostile radars were actu-
allv tracking or trving to interfere with the
electronics on the vehicle and the degree of
success they achieved. A byproduct of this

T I T T
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activity was verification of the travkinog
radar shaprsciersties or diseovery of new
vanations in thelr patierns nok seen previ
ouziy. The pavload configuratinn changed
Th T and LR ?,'I_'as:_i{:i.;ig ragdars .
gnpeared and as collection payioad tech-
noiogy improved.

in eariy 1863, tollowing a seried of
SOCTOP nunckies, a compelifion was held
kv the Specinl Proiects Dffice to design a
raore sephisticated pavioad copaile of
regeiving and rerurning charackeristics of

siprnaba i the| frecusney
range. A recorder was to be included,

Pitsenimrger and his fegm gt Blectronics
Petonse i;:—ktiﬁbf’zﬁii(ﬂ'y EDL-Sevands i
Meunzsin View, California, won the com-
getitinn gnd produeced the new versiim,
knewr s STOPPER. This mutiated un
ep, tontinuing through 1978, 0 which
EDL produved il of the eleétronic valners-
Eiili?.y pavioads that were insialled on moss
phita and S1GINT sacellines,

to this frequency range. By thiz time the
MNHO had besp fosmed and the SAFSP in
B Regurnde, Culifornia, had been piven
regitsibibity for the developrount of g sur-
vivabiiity program for all RO vehicles.
Aceordingly, sponsorshiprol these “BIT

hokes” was transferred from the BAFSP
ELINT office 1o the BAFSE vulnerability
tf¥ire.

Ma Murray J. Shertine developed the
concept of ialisring the freguency coverago

- of.the BIT boxes t0 the known radar threats,
-rather-than dupiicating the mission &f Ehe

ELINT satellites of boking for new threats.
The data from the STOPPER missions was
processed at the ZDL-Svivania plant u
Mangain View, California, No [nreim
apternpts 20 probe Doskock: the waron or
to siin rack the U8 spare velidele ware
dizeovered.

Many vérsions.of the BIT huxes were

Cdeveloped as new eadar dath wend reckived

and ys payioad construction rechnigues
improved. BIT T throsgh IR versions wers

Prenifl ms rnore 1i:*.!:a‘::+r4l

eiftlguted. 1 19GA the BT boxes were onn:
sobidated under the Titig |
| kosthe configuratingg
tailored tothe individual fannebes,

S ————————————
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The BIT box cutput was distnbuted
to NSA and other interested agencies and
was also used to program the operation of,
and sometimes to aid in the design of,
other SIGINT satellite pavloads. NSA had
no responsibility for processing the vulner-
ability paylnads but did benefit from the
results. Many reports were issued show-
ing the capahilitv of the

Following the first AFTRACK pay-
lbad (SOCTOP 1), flown in August 1960,
Gene Fubini and his AIL team came up
¥ith a simplified version of the forward
fack SAMOS Project 102 payload (F-2}
that woyld simplv sean the 0.4- to 1.5-GHz

ind Lo detect radar activity in the Soviet
Union, ineluding suspected ABM/AES
Z?_[éﬁl"‘* Its mission was almost the reverse
IOOCTOP (detection of ground radars
;:“‘ﬁl' than rgdar tracking of the satellite
ugégﬂturaﬂ}g 11.:. was named TOPSOC. It
Fern; the F-2 high-gain super-heterndyne

“Hvers and, essentially, omnidirectional

antennas. Since TOPSOC lacked the
directional antenna of the F-2 pavlnad, but
still retained the sensitivity, it scooped up
a large number of interleaved signals,
horizon to horizon, including sidelobes and
main beams! Although an RF band had
been chosen that was thought to be rela-
tively quiet (400 to 1,800 MHz), the first
TOPS0C, launched on 12 September 1961,
encountered 4 signal environment in the
Soviet Union that proved far too populated
and active to be successfully processed by
any autamatic or manual technigues avail-
able at that tuime, The brst lesson n
matching the collection svstem to the pro-
cessing svstem had been learned! It was
also clear that, in the 1860s, there were
manv more radars in the Soviet Union
than previously thought. Ancther thing
learned was that unless the intercept is
unique and of very high priority, an inter-
cept without a location has very little
value {at the same time, Navy POPPY
satellites were proving this same axiom )

The TOPS0C launches geeurred in
the summer and fall of 1861, bet sometime
before this another approach to the QRC
AFTRACK pavicads had developed. In
those days, the Air Force sponsored an
annual review at the Stanford Electronics
Laboratories (SELV in Pale Alte, California,
of SEL's activities i support of ELINT, or
maore precisely, the electronic warfare com-
munity. These were called the Technical
Advisory Committee {TAC meetings:
Almopstall contractors and government
agencies involved in the development or
use of electronic warfare systems attended
regularly, making it one of the premier

T srates
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ELINT events of the year. Until this time, | Hunter, Tony Taussig, Tom Miles, and
of course, groumd, sep, and airborne plat- ' Chuck Schoens, DeBroskert. Miles, and
forms were the extent of the discussons, + Hunter wenf da to form ARGO Systems
. when the university gave In th RroTesiers
Bl Flarris, the EMBC AFTRACK C i the spring of 1967 and closed SEL.
pa;ﬁ’lmﬂ.d rsaseager; Pkl Doersam, LAMSE Esiinger weni to .{}et:r-‘gizi Teck, Schinens mw
BEE ;:imi’ﬁg&fr; a:rid-iﬂ'ﬁ.lj {upley abtomded Siariford Resegrch Laboratories (5B, and
the TAL mecting in August 1960 in search | o
daf eugcepts fir AFTRACK payloads. As the wiy of Applied Technology, Ino ATT
meeting, Jim DeBroekert of SEL deman-
strated & newiy developed miniaburized The SEL polivy was tn desipst and build.
regeiver With the receiver conigtted tha 0 Bie Birst-of @ dew series and then tuon
prrwer weter; be had been ving 1640 his aroducticn-over to industry. Follineing
Censng aieplnne around the San Francise TAKT, WILD BILL was invented in the
Hay grea fo deraonsbrote radar-iocation . spring of 1861, | Meither tiraca nor
techaigues. Harris asked DeBroskert if DeBraekers would admit whiely Billoe
his receiver enuld be sdapted ko an Marms.or Bambo-—it was aamed afterh
AFTRAD K applivating, The resuli was WILD BUEL s rripasidn wis o sesren fur
TAKT inamed atier thE| | aignaix Froem the

it e intended 1o intercepe), and i1 wgaed

inchaded-n tape recorder, rmakivg it the
first AFTRACK payload with this rapahil
ity. Bill Rambe, in charge of SEL at the
vimnge, wasintrigued with the simplicity of

the comvepi-and even made o short Somon N | SEL tnaiis two WILD

mivie {0 iHustrate it. This was the begine . BILL pavleads that covered the freguency

nizp of a lonp associstion between SEL, range of 0 0. 150 MHz, ealeuiated o be

LMED, and SAFEP that ended only when the.must probable band thad] |

racifists profested SEL: mvobvement with wokd utifize, The first WILD BILL was

the military daring the Vistnam war, laenchedoor 7July 1981 and operased for
two dave with oo important inteycepts,

Dhors Crrace, whi became the SEL The secnnd, deskgenaved WILD BiLL 1. wad
manager for AFTRACK pavidads, sef up a launched on 27 February 1882 and opar-
smalllab.is the basement of their hyilding ated for onily £wa orbiis with no significant
nif the SBeanferd compus where Don resiits, Later versions of WILD BILL
Esbinger bintlt tessentially single-handedy 1 wwers built by &T1 which had been formed
all the SEL pavionds €10 toral), Gthervery | in thie Palo Alto aren by John Grigshy,
sapable members of thewr staff were Jobn _

1
amp—
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another former SEL engineer. LMESC had
eontracted with Grigsby to build the follow-
on versions of SEL pavloads. |

This was confirmed shortly thereafter by
an intercept by POPPY mission 7102,

For this reason, WILD BILL 2, launched on 15 June 1963, plus additional
Grigshy's first copy, launched on 12 intercepts by WILD BILL 4, which was
December 1962, covered the frequency lannehed piggyback on the POPPY launch
range of 550 to 620 MHz, Once again the vehicle,
results were nil. Since another signal col-
lect i Following the WILD BILL massions,
John Grigsby (who was gquite tall) pro-
WILD BILL 3 was desigmed for posed & pavioad that would define the cen-
Oto 230 MHz. This worked. WILD ter frequency of the

EH‘L 4, lmunched on 12 June 1963, collect-
g in the 150- to 230-MHz frequency
)Tangey_ made the first confirmed satellite

’ML&D_LMP_SAU&r | | The payload was
an 26 June 1963 piven the name of LONG JOHN and was

s

POPPY also made mntercepts Qf'z flown on three very successful missions
tudar in the same time period. between 27 November 1963 and 13 June
1964, A fourth LONG JOHN (this was
The WILD BILL 4 intercept was the actually LONG JOHN 3, launched on 15
TSt time that th% ‘Eignal February 1964} suffered a recorder failure
"ad been collected sinee its first ground immediately after launch, All of the

Mtercent iy October 1962, The firsﬂ - LONG JOHN payloads were launched on
ructure was seen in U-2 photop-
@by in April 1960 and the

TN B e ) A R
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The tast AFTRACK payload designed
and built by Don Grace and his BEL team
was PLYMOUTH ROCE. It coverad ths
frequeney range of 2.0 1o 4.0 GHz'and was
muale at the request of SAC. SAC had an
urgent electruniz order of hattle (G
reauirement Lo identify and lopats as many

Fzﬂ poasible

in-the interim prior o tHe aunch 6f the
Project 8988 K and FOPPY misdions
desipned for this coverage. The fntent was
w provide @i output compatible with the
ELINT processing system called FINDIEE,
which hud been desigmed o process duta
frren tl'a:s-z_{_?-.:;i Gl 1)T,J‘:E3r'ﬂf;r§:rﬁrﬁ_n:: u;r'lIe{:tji:rra
svstems. PLYMOUTH RGCK 1 was
inunched on 94 Nevember 1942 and achueved
it lesst dovd firsts Wowvis the Bt AFTRACE:
paylead 1o reteive & mission membar, T2,

i accerdanse with the new RYEMAN prO-

cedures. and it was dleo the first space
s load Lo e g swoening yELelum-1r05-
parnet (Y1G: Glier for frequency. disering-
nation. Two mere PEYMOTITH ROCK:
were bbby ATY, the dast of which had
Lhe furthers distinetios of e the only
AFTRACK pavicad alse.carniad by the new
P11 program,

The augputs from the:AFTRACK par-
leads inglisded comutated data from
selected points on the primary misaion
Leiemetry commutator and alse, at times,
resueder valpat fram the AFTRACK gav.
Tond, Each paylead was unique and pro-

Sduckd giflfersnt processmg and analvais
chatlonges. LMSE processed the data o

avaluate pdvlpad performanee and gasisied

MNEA and SAC intheir processing gnd anal
vats =it

Diata fram TAKL, N'LD EIL«. TORSOL,

PLYMOUTH ROCK, and LONG JOHN were
progessed at NOA o0 an- electronic maghine
somplex kKruwn be HOPECHEST,

BEOFEC HEST was 2 combinasion of an
“analog-to-digital converter and s CDIC
1604 romputer {replaced with 2 O 3300
ciimputer in the mid- 1o jate Y9G0:: The
differences in daia format foreack mission
reguired extensive programming effnrt tn
write and extensivis mnchine-duhe w chock
aut the computer programs for egch indi-
vidual package. Freguentiy mmore time
was spent in develuping the processing
thatn was pegurired B0 prodess the data, For
example, nuce the basie computer pro-
vrarns [nr & TART mission were Wwritien
cand checked out, it took s relatively small
arbunt of time Lo proeess all the firmat.
taid data from that TAK] missien and any
subseguern dentical TAK mission,
Timdfurfunately, mash mEsiony wors not
identical because the AFTRACK payioads
had to tompete for points on the primary
mission telemeaery cotamutator, so data fa-
mats changed freguently, Analysis of tha
datg stifl requived extensive manual eford
afteror in parakiel with the machine pro-
PSS,

SAL provessing dnd analvaiz of data
feoos Lhe AFTRACK pavieads were fre-
guenidy done by LMSC o buldie 524,
Sunnyvais, for SAC with SAC partcipa
tion, LM3C provided space and eguip-
ment o BAC }maiy_sa;{ N5A 2na lwais of
the limited dita from the five TART flights
revealed a. high density of |:|
Sovigt early warning radar sisnaly and
:prfwis;t'&rd ku.rsmi parameters,

“Thiswas iraportant at.that time gince iha
radar was theought by some
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glements of the US Intelligence Community
to function as a part of the Soviet ABM
SYSLEMm.

The PLYMOUTH ROCEK dats were
processed at LMSC, NSA, and SAC. SAC,

While the AFTRACK ELINT story
was unfolding, other parallel cfforts were
underway in the COMINT area. Interest
in COMINT had surtaced in several

which he suggested some elements of 5/5
Fof W3-117L might be adapted to
COMINT collection, but he felt that feasi-
bility needed to be demonstrated.

It was Capt Don Wipperman and his
WSsverates at Air Force Security Service
IAFSE}, San Antonio, Texas, who came up
with the first COMINT satellite concept.
Together with the AIL team, they pre-
$nted an idea for an AFTRACK pavload

Capable of intercepting

“minunications signal that was then
}h‘?ﬂght to be from the prevalent ar/ground
‘MG communications svstem in the

Soviet Union. This resulted in the TEXAS
PINT (AFSS was in Texas). Its only draw-
back waz that when launched on 30 August
961, it showed that had been
Mperseded by more advancer
“mmunications systems. It did provide a
Bod lonk at the VHF environment over

L st . LN

the Soviet Union. These data were used
extensively in later payvload designs. In
the summer of 1961, Sanders Associates at
Nashua, New Hampshire, teamed with

Their two NEW JERSEY payloads 1the
original idea came from ITT in Nutley,
New Jersey!. launched on 27 July 1962
and ¥ January 1963, intercepted and
located several

| The follow-on NEW
HAMPSHIRE payiload tbuilt by Sanders
Associates, Nashua, New Hampshirel
never flew, due to contractual difficulties,

In another area of the COMINT
scene, Wayne Burnett of HRB-Singer at
State Caollege, Pennsylvama, came up with
A concept to intercept, encode, and record -

It was necessary to encrypt this COMINT
information on the down-link to safepuard
it from Soviet knowledge. This was

accomplished by use of NSA-furnished
Encmtinn equipment. utilized

during readout to US tracking stations.
The intercept electromes, invented by
HRE engineer Conrad Welch, resulted in
three GRAPE JUICE payloads, launched
on 12 December 1961, 17 April 1982, and
17 September 1962, Thev brought back
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IEiSEE!E! %
I

kit o

e T T ol

Approved for Release: 2021/09/01 C05134315

A Chapter 5 131
BYE- G wriyg




Approved for Release: 202109101 C0O5134315

pay[nad laaached o 4 December 1982 had
prefty mueh the same resulis. A fingl ver-
gine, COPFBORINOORITY it rupnes but
pren”s WAz Iavnched on 91 Ausiist 3964

Two more payleads, SGUARE
TWENTY and DONKEY, launched in 1265
and 1967, mm{aletui- the staey uF AFTTIA
COMINT collection.. With the experience
to date, the rencent. of vopvibiyg contanty
Frorm lrw frbiters was using fte attraetion,
and gecurate lopation was becomdng a
sore mportant tonsideration. SQLUARE
TWESNTY dectenad to ineaep Ehe Spviet
TR L) b
callons inks, was lgunched an 28 Ceteber
1865, Tt bod 8 mission ifetime of 11 davs
and prodused maany

alan hads coby capabiline but could not
bl o fow pevios long enough 10 be naefal.

e other AFTHACK pavload that
wag detually interrated inky the feont rack
sHiong w*!n *@rﬂ LTHIROUE 2 and SETTER
1B was DUNEEY, latnchid on 24 July 1867,

“This payiord was part of & program mniti-
aked by O it John € fonley, whn was then
assigned 1 the Alanned E_}rmtmg E,:ahfsxmm‘;e'
VOL staffat US Air Foree Headguarters.
The phwioad gctivities were Handled unde?
the BYEMAN program, but through a
uninue managemsni arrangement, the
everall effort was managed by the A
Force. Back int February 1865, Copley had
been assigned [ deteryine 1f _there WErg,

any SIGINT sppiicatives that might be

‘enhanced by the manped aspect of the
MOL, Several FLINT applications weee

pxnmired hust in the ared of COAANT, the
intercept of thel |

could alsa be colievted from the sidelobes,
hadwresir, diterdem. Himes chuld he lehgth-
ened appreciabiy and might permdt ineer-
rept of adjacent 'emitterﬁ an the same link.

thershy providing the nsepssary tontinuiy,

Thisis what DONBEY attempred Lo

Afprnonateate,

-L‘a pmgmm developad by the g nf

Fooiowe verne dn Dheriand Texss, aod BDL-
B ’lvarnud using JBoviet transnaitter
specifications | brrvdiived
sirhorne Lesping agalnst 2 simulake

terminal msialbed apthe Bl Svsterss fadility

An Air Foree heliconter was used 1o ily a

paviosd inaninterdéept patletn through
the main hesm aod sidelches of the
nerowave aitenna. Phil Fyre bnmd 5-tearn
of pualysts gt B analyzed the datg and
tade recomirendatinns for mission pro-
fded. The resuits were sutficienty encour-

aging to convinee the team that g satallite

test shoult be performed to verify-the
fhightieest data, {se of s spioning P-11

Zateliits wan censiderad, bt the veed fur &

three-axis-stable platform indicazed the
Agena-vehicle was the appropriate carrim-..
YVirsee Herry, che AFTHADK and P-1
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Flight summary: Program A, Project AFTRACK SIGINT payloads
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Flight summary: Program A, Project AFTRACK SIGINT payloads (continued)
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Flight summary: Program A, Project AFTRACK SIGINT payloads (continued)
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manager at LMSC, determined that' s lovs-

tion of the {neward rack was the only prac-

“tical place to mount the 8fnnt expandable

prarabolic: anteni 'ri'-l:.‘luirefi' o Bie Trissigin.
Agena vehivle 2732, scheduied to lanch
the MULTIGROUY 2 and BETTER 1B
pavicads in July 1967, woukd huave now,
ntere powerfil éﬁ'? 0 }’h Iz »e,gi;d Pricitets .
providing greater thrast then the previ-
ousiy used ihrust- augmenta,c’é Thor { TATI
hooster This miade it 8 ldgidal choide for
the addition of THINKEY. Tnstalistion of
Al Lhwes pasloads (ineludiny three ougs
Bhaed expandable wntennas) required very
innovauive engineering. This may have
freem the point at which the pa; vlmdd wag
nesmerd DONKEY ffor lack of a better
erplanation:, 1 any case DONKEY
poaster an independent down-link and
when runched ve-24 Suly 1967 uperated
M days lunger ok a tota ] uf 182 days!
than thie gther pay ina&ﬂ following the fail-
ure of their datas Tinks Tranemitter.

DONBEY was uialde e perforni the
sidelube inteHigibidity missish on:nrbin dus
T the msiuﬁt of the poiating nethanism

Coine tha-B-loot disi antenna, Fhiz did ot

prevent masping of th mitter luea-
Pleres, rezglting in che deu—‘-}u;wﬁem o e

arid trealving 2 lsrge majoriby of T.I]!.-!I:I

Cemitters in the Souviet LYnion, These nre-

liminary COBINT data were valuable in

In fact, theiniiial airboroe intellig-

- Bty program convineed Gene Pitsenbarger
ol BLL and Vinee Hepw (and brs boes,

emnitter as the Jow-nrhiting MO flew
awxﬂlv aved the Soviet Dnion ithig miay b
anotiier explanatien for the name of the
DONKEY OOMINT AFTRACH pisyinad;

The locations pruduced by
SEUARE TWENTY. IRINKEY, and the
fater ABROYE P-11 pavlead furnished s
woiith of information in plagming the

All of the data fram the COMINT nay-
lmd= were analyzed atthe sontragtar faril-
aes andd at NBA, mostly by rdcher labdii-
-pus.manuzl processing. The information
sained from the-early TEXAS PINT. NEW
JERSEYLGRAPE JUICE. and VENG pay
ipads was minimal exrepi for thedeveloap:
ment f 2 healthy respect. for the mterfor-
enue etpvirnnmrent overeastarn Husaia
CPPORBENGUKITY made 12060 ifter

repts of recngm'fﬂd |
I_ilmgna-«.mdf cantdined severa

telotvpe and some vuice modes, Thioss

SQUARE TWENTY made 1,290 inter-
cepts of the Sovied |

George [l thalza of LMSO|
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50 miles on single hits. Poke-throughs
{ground antenna main beams hitting side-
lobes of the payload antennal were min-
mized by the pavlead’s ability to measure
power levels of incoming signals. Unique
information was obtained on the Soviet

SQUARE TWENTY achieved its primary
ohjectives and yielded substantial evi-
dence to support further efforts targeting
microwave communications, using satel-
lites for collection.?

DONKEY mapped
locations much like SQUARE TWENTY
mappe During the DONKEY
payload's five-month life starting 24 July
1967, it detected Soviet ‘
signals on over 1.000 tasked orbits, Tasking
mcluded command selection of various
BFs correananding ta knnwn trunks of the

| The high sensitivity of the

¥stem resulted in false readings due to
1he main beam of the ransmitter
heing received in the sidelobes of the
DONKEY antenna. However. other data,
Buch as long-intercept durations and
amplitude-versus-time profile, were used
% validate the true target location 3

AFTRACK pavloads such as OPPOR-
KNOCKITY, VING, SQUARE TWENTY,
d DONKEY required extensive, time-
i?;ﬁuuﬁng manual analvsis. Typically the

A analyst would go to LMSC when the
Pa¥loag was launched and work with the
Pavlnagd designers and operators for a

weel or more tovalidate the data and
methods for analysis. Data would then be

\ The time information
with ephemeris data was used to plot the
position of the satellite at the tirmne of
intercept. It was then possible to use all
the manually derived data und make deter-
munatons about the location and ponting
angle of the transmitting antenna, its sig-
nal type. and probable user. These efforts
were 30 time-consuming that it took two
years to manually analyze 11 days of
SQUARE TWENTY collection, Five
months of DONKEY collection also took
ahbout two years to analyze, even with
additional analyst assistance. Maost of
these data was analyzed bs of
the NSA|

| with the able assistance
of other members of his group, including

| | his chief analyst,

The AFTRACK payloads had run
their course by the time of the SQUARE
TWENTY launch in 1965, The much more
capable spinning subsatellites, called P-11s
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by LMSC, fock gver the eriginal (RC-type
missions-of the AFTRACKs, and went on

to-greatdr capability, utility, and inevitably,
the aecompanying and sver-inerensing cost,

Project 88, the P11 Ep_inniﬁg
Subsatellites

The P-11 sithantellite privject, soproved
b DENEEY Charyk in the summer of 1963,
wis Lo become the mametay of the Alr
Fures iPi?r;gj‘ﬂm Al SIGINT low orbiters by
the end of the dedede. Aftér the caricella-
thon of the STHAWMAN project in 1970,
the Adr Forve P 1is and the Navy POPPY
| bremprised th low-
rirbit STGENT surellite program,

Fhe ARTIA-sponsared development of
HITCHHMKER, this frsn LMEC P,
shivwed the way by overcoemang the many
lirsitations of the SIGENT AFTRACK pay-
loads. Because thie Po1] was lpunched
Frogme the DISCOVERER Agena afier it
was o arbnt, mhnimal snerey was required
1o baost tha P17 to the new, higher orbit
needed to provide the longer lifetimi

‘Key avcomphshments, Agena
AFTRALCK pavinads

v 'E'iev_e:a;ie-:i high density of Doviet radars for
eariy warning of aireraft, in 1964,

* Provedt intercept of low-power, Jow VHE
rommurications from space, inchading
autematie recogoilion ol aclive signals on
Swrveiet romrmynications. in
i9ai.

. desired for SIGINT misstonz.. In addition
ta long life, a major:ndvaniage was the
manyviold incresss in .maii_a_hfé pavica
weight, praviding grester vapabifity and
versatility. '

Following on-orbit release fromi the
Agena;, the satellite was spun up 14
approximately ane revelution ger seeond
by small solid mocloel mntors ﬁr'ir;;,;.pé?pen;-
diculariy to the dine of light. Onthe
AREA version, HITCHHIEER A targe
seiid rocket motor mounted on the spin

caxia wis then fired Lo dbiain the desiréd
eesentrie Earthorhic, On the SIGINT mis
zion natellites a smaller rocket wus wsed
‘boost the satetiite to a new orbis witk a

ehg@ne 2t apogee siroulasized the arla 51,
an altizude.ef 2¥5 miles, providing vears of
putenitial lifesime.

“The first P15 were haxagonadly
shaped and hbeat 4 inebes 1n dinmeter,
welphed 240 pounds. used solar sorays
atzached to the vehicle that charged a gt
tery for power, and contzined a command
Feceiver and. Leiéerxif!:r}* transmeier

¥

'Produced locations of Soviet commuTica-
tions transmnitiers fopr intelligence
dutabase. fn 1968 thet was Tater ased for

* Monttpred Soviel radar treciing of U3
reconnaissance sateilites,
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The power systemn was upgraded with the
launch of vehicle 4401, PUNDIT 4, on 28
April 1965, by the addition of a set of
erectable solar arravs that were unfolded
on orbit, As weight and paviead capabili-
ties expanded, additional erectable solar
arrays were added to mateh the power
rapacity to the mission reguirements. The
spinning-pencil-beam missions, starting
with vehicle 4402, FANTON/TRIPOS,
launched 25 June 1865, introduced a sun
sensor and a horizon sensor to support
theiwr direction-finding capability, For
more accurate spin axis determination,
three sun sensors were incorporated in the
iater direction-finding missions, starting
with vehicle 4423, TOPHAT. launched 18
MNovember 1970, Vehicle 4437, ARROY (D,
launched 10 September 1971, was the first
vehicle with the electrical axis of its para-
bulie direction-finding antenna parallel to
the spin ans of the vehacle: it used & mag-
netic attitude-control system to maintain
the spacecraft axis within a few degrees of
the orbit plane at 55 degrees north lati-
tude. Commandable spin-rate control had
been incorporated first in vehicle 4422,
TIVOLI 4. launched 4 March 1970, Almost
pvery P-11 vehicle added one or more new
features. These capabilities did not come
without an accompanying increase in weight
that saw the 240 pounds for PUNDIT 1
grow to 380 pounds for MABELIL the first
P-11 launched on the new HEXAGON pro-
gram, which used a Titan launch vehicle.
The additional weight-carrving capacity of
the HEXAGON vehicle made it possible

to build the 5683-pound vehicle 4429,
RAQUEL 1, launched 29 October 1974,

The SIGINT B-11s were initially
assigned project number 7704, butin
1865, because of an NRO admanistrative
change, the number became 989, This
number stuck and the project has since
been Project 989,

As the project developed, additional
pavivad capabilities were added. The first
P-115 had essentially nondirectional
antennas and were intended to coliect spe-
pific emitters, primarily to obtain textual
content of the intercept data. These were
directed-coverage missions, which included
PLUNDIT and SAVANT for on-pad and
launch telemetry and WESTON for radio
teletype and voice content of the Soviet
VHF and UTHF point-te-poimnt communica-
tion sysiem and
As the advantage of
COMINT mapping over copying content
from low-orbit became more obvious I pri-
muarily because of the interference environ-
ment and limited time to copy content),
direction-inding technigues were ineorpo:
rated in the directed coverage P-11 pav-
loads in addition to the content copy
function. In the COMINT area, these
technigues were used by ARROYO for

1Crowave cOmmunics-

tiorms and TOPHAT for Sovie

communications,

The first ELINT pavloads werse
also directed-coverage missions, with no
direction-finding capability but with increas-
ingly capable technical intelligence (T1)
capabilities, These included NOAH'S
ARK, STEP 13, SLEW-TO, MAGNUM,
FACADE, TIVOLI, and MABELIL These
were followed by the general search (G5}
and electronic nrder of battle (EOB}
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missions that used spinnming-pencil-beam
antennas for direction finding. These
nctuded FANTON, TRIPOS, SO0USEA, and
SAMPAN. The one exception, PLYMOUTH
ROCK, was the first and only G5 P-11
pavload with no direction-finding capahil-
ity, A combination of these payvloads, plus
LAMPAN and VAMPAN {to extend the
search range of SANMPAN), was used to
attack the ABM problem when it became a
vital concern in late 1966. These were
SAMPAN, LAMPAN, VAMPAN, FACADE,
TIVOLI, MABELI, TRIPOS, and SOUSEA.
The last phase of the program saw the
development of spinning-pencil-beam,
manopulze payloads with all digital out-
put, capable of providing direction-fnding
mformation on a pulse-bv-pulse basis.
These were URSALA. RAQUEL, and
FARRAH, with GS, EOB, and directed-
“overage capabilities.

By 1962, the long-standing require-
ment to intercept telemetry transmissions
from Soviet missile launches had become a
Major problem for intelligence analysts.
These data carried needed information
ahout the missile operdtion and launch
Profile. The CLA, NSA, and armed ser-
Yites intercept sites strung around the
Periphery of the Soviet Union could not

| By this time, most

% the critical missile staging and thrust

Beasurements had already been transmit-
to the Soviet pround station.

Henry, P-11 payload manager at LMSC,
were impressed with the importance of
intercepting on-pad and liftofl missile
telemetry. EDL-Sylvania was chosen to
build 4 pavload for the P-11 that could
accomplish this task in the low VHF
region between 81 and 76 MHz. Bill
Perrv.* the EDL pavload engineer, knew
froum the experience of previous AFTRACK
missions that the payload would encoun-
ter severe electromapnetic interference.
To counter this threat. he incorporated
interference-reduction cireuitry designed
to permit pavioad operation in the pres-
ence of strong TV and FM broadeast sig-
nials. To increase the flexibilicy of the pay-
load. the down-link used an NSA-furnished

This first F-11 payload, called PUNDIT
irelating in some tortured way to Charlie
Teviz), was lnunched from ARGON vehicle
1601 on 29 October 1863, The payload
operated for 129 months, but the interfer-
ence problem evervone had feared mini-
mized the payload's ability to extract tele-
metry data from the intercepts. The
probability of receiving launch pad test
telermetry appeared to be good, but, of courge,
the probability that PUNDIT would armive
over the launch site just as a miszile was
being launched was very low. Three more
PUNDITS were launched over the next

*Williarn J. Perry wus Dirvetnr of Sylvania/General
Telephane Electronic Defense [aboratones in 1963, and
in L9685 he fourded EBL, Ing, Later. he served as Under
Secretary of Defense for Research and Enpneering
97779815 »s Deputy Seoretary of Defense (15831884,
and as Reeretary of Defease vhepinning i 19094
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vear and a half with rather marginal
results (PUNDIT 3 suffered a launch-
vehicle fatlurel

In 1965 Bill Perry left EDL to form
his own company, Electronic Systems
Laboratories (ESL), in Sunnyvale,
(California. He proposed an advanced
version of the PUNDIT payload that would
have the added eapability to cover the
Soviet's newly developed UHF telemetry
frequency bands that should be relatively
free from high-power radio broadeast and
TV interference. This pavlead, SAVANT.
featured electronic recognizers to assist in

collectin g‘

telemetry used by the UHF telemetry
transmitters. It also featured advanced
FM and TV interference cancellation.
There were two suecessful launches of
SAVANT, on 16 June 1987 and 22 September
1969, Both missions operated for well over
a year and produced greatly improved
telemetry data.

PUNDIT 1 collected VHE missile
telemetry in the 60- to 80-MHz frequency
range on 24 orbits; some of the telemetry

PUNDIT 2

operated for three months and PUNDIT 4
operated for 21 months with similar
results. The data collected by the PUNDIT
satellites were processed at NSA and con-

g EEETE

P N I . N

PUNDIT provided the first real vol-
ume of data on the signal density in the
Soviet telemetry bands at satellite alti-
tudes. The signal-density data were ana-
lyzed at ESL in Sunnyvale to develop envi-
ronmental data necessary for the design

SAVANT 1 and 2 provided 1-MHz

bandwidth predetection data that were
processed and analvzed at NSA.

WESTON was the anly directed-
coverage P-11LCOMINT satellite with no
direction-finding capability. It was
designed by Wayne Burnett and his
team at HEB-Singer in State Cullege,
Pennsylvania, as a follow-on te their
OPPORENOCKITY AFTRACK payload.
WESTON was designed to collect the con-

tento

| It had a 100-kbps down-link
' using a ncrypter furnished by
NBA, The launch was delaved for more

oo

I
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aan two vears by a combination of trouble
in passing the system test and the over-
whelming priority of the ABM-intercept
P-11s. WESTON was finally launched on
30 September 1969 and operated for 11
months on orbit. Nominal results were
achieved primanly because of the same
witerference environment that had

pestered its predecessors.

WESTON data were manually ana-
lyzed at N34, The data analysis confirmed

1

1971, primarnily hecause of the high prior-
ity assigned to the P-11 ABM pavloads.
ARROY() featured a 6-foot expandable
parabolic dish antenna pointing in the
direction of the P-11 spin axis, which used
conical scan tus
fast RF zearch with signal recognition
fock-on and sidelobe-inhibit antennas. It
wag also capable of precision power
measurements and accurate RE determi-
nation. Orbital hfetime ended after ane
month due to a massive payload falure.

The ARROYO data from the analog
magnet¢ tapes were recorded on roles of

the interior of the Soviet Union, first
detected by OPPORKNOCEKITY in 1964,
WESTON further demonstruted the severe
European FM broadeast interference prob-
lem in space. The heavy interference and
signal-density environments made data
palvsis very difficult and limited the

alue of the collected data, WESTON dis-
tovered VHE links subordinate to Soviet

WESTON also produced data on the ELINT
fignale nm‘ ‘

Roviet ABM radars ® WESTON

With miceian 7235 TIVOLL 3, intercepted

el radars,

Mvealiny additional signal data.?

The P-11 COMINT mappers included

@ﬂ and TOPHAT. ARROYO]
was approved in 1966 almost

S‘Hluitanmus]y with th%

twas pyilt by AIL to map microwave tow-

“TS operating over the 1,200- to 2,.200-MHz

04 3.400- 1o 3.900-MHz frequency ranges.
Anch was delaved until 10 September

itk

ARROYO showed

I —

TOPHAT, built by E-Systems in
Garland, Texas, featured a spinning mter-
ferometer with back-to-back pairs of ¢coni-
cal spiral antennas (first pneumatic
deployment) and had the mission of locat-
ing and recording selected voice, tone, and
teletype channels of Soviet troposcatter
communications emitters in the frequency

R e S LT
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range of 450 to 1,000 MHz. The cutput
data were dipgitized at a 1-Mbps rate and
transmitted on the down-link using an
NSA-furnished There
were two launches, one on 18 November
1970 and one on 10 April 1874, Very suce-
eessful orbital hives of almost four and six
vears, respectively, were achueved.

The TOPHAT P-11 down-link was
recorded at the remote tracking stations
[RTSz1in its encrvpted form. The data

were then forwarded to NSA for decryption

'wrote the software at

NSA to process the data, TOPHAT data
analyzed by nd his team pro-
vided the complete structure of the Soviet

emitters, TOPHAT also provided support
Fﬂ the‘ system in
s COMINT mission. Asa bonus, TOPHAT

Aldad in tdamEsfid ner tranree af thia Saiar

Next in the zeries was STEP-13, built
by HRB-Singer, which had an ABM search
mission covering 150 to 230 MHz. The
coverage was selected based on 13 uniden-
tified signals intercepted by a CLA periph-
eral intercept site and believed to be ABM-
related. STEP-13 was launched on 23
Uctober 1964 and operated for four
months. The data were manually analvzed
at MNEA, BAC, and LMSC and provided
gseveral unusual signals, including a Soviet

Hike radar signal.

The third P-11 payload in this series
was MAGNUM. built by :‘}JI; to collect fur-
ther data on nd other pos-
sible high-power search or ABM radars. [t
covered the 100- to 250-MHz frequency range

and featured a recogmizer plus sample-and.
hold circuitry to preserve

It was Iaunched

The Arst directed-coverage P-11
ELINT payload was NOAH'S ARK built by
Applied Technology, Inc. tATI}, Palo Alto,
California. The system engineer was Tony

Taussig {whose first name was really
“%ah} and the mission was to intercept
‘ and other
YEh-power radars in the 154- to 550-MHz
fre'iluem:}' range. Launched on & July 1964,
© mission collected data for 35 days. All
Malogr daty were analvzed manually at
N84 There were no significant results.

NSA

on 3 August 1965, had a mission hifetime
of 18 months, and made a major contribu-
tion tothe sacle nnderstanding of the
Soviet ABM radar. MAGNITM
produced both wide- and narrowband data
for analysis. Wideband data were received
through a filter with a bandwidth of 154 to
162 MHz. Narrowband data were recelved
through a 1-MHz filter centered about 158
MHz, which permitted an estimate of scan
time as the signal swept through the filter!!
The MAGNUM tapes were screened by
analvsts at NSA, and those containing sig-
nals of interest were analyzed at either

e T 5 it
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presentation. Analysis of the MAGNUM ﬁ‘adar. It covered the fre-
data determined the| lof quency range of 154 to 163 MHz and used
Lhé ‘radar signal.t* MAGNTM a new 1-MHz bandwidth magnetic tape
intercepted the‘ }adar at recorder, SLEW-TO was launched on 9

May 1867 and had an orbital lifetime of
three months. The payload split the

SLEW-TO's wideband down-link fnled
after four davs, but the narrowband (150
kHz predetection recorder and unique

The FACADE P-11 payload was actu-

SLEW-TO, built by Bill Perrv's new ally the first in the series of high-priority
ESL in Sunnyvale, California, was the ABM search missions authorized as a result
first payload to feature predetection of the Harrv Davis Committee recommen-
recording and a recogrnuzer and delay line dations in late 1966, It was launched on
torrack the‘ Z November 1967, just nine months from
—Frepb )
146 This RHGINT Sarellire Stap e R ey
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the e Vinee Henryas LMEC was given
a po-ahead, To cover all suspected ABM
freruencies, foorvered 250 e 225 MHz

arbital lifstime of 13 months, There wers
[RPE :a:i:_i:j[i'tt:ma'i TENEELT Bssnehes, o TH
March 15689 and 4 March 18700 orbital Tife-

The 1-MHz bandwidth oredetivnon dals

TIVILE § preduded detwiled sigmal-
moduiation data nrnumerous Sovier ABM
rafars,

These dnta were either new datit or confr-
makions of the dats produced earlier by

POPPY apd MULTIGROUE In addition.

TIWOLT L identified o nossible made

The TIVOLEP-11 pavlogd was in
dervelupment when FACADE was autho-
rized hif, die te itz 'mire sophisticated vir-
enitey, cold oot be readied.on the desired
vipme seald. Iooras built by S and had a
e eaphabbe techoieal invelligesos (T
desiyn that covered the frequency ranus of

[TTVOLL T

103 Lo 4 00 MHe |

-Akan produced data ona numbierof pew

e aradentiBod roedore,

TIVLE 2 ealiected 4 number of addi-

tional new and grusaal signals, ss walbas

condirming résyine Teom TIVOLE 1 am_l
oiher satéllite intercepts. TIVOLI 2 foung

|1t was
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were published by NSA, Some specific
results included the Bllowing:

Analysis of data from the TIVOLI 3
flipht refined the technical details of the
Boviet

| | TIVOLI 3 also devcloped
b information on the

| ?7 New Chinese radars were also intercepted.?!
sipnals were deveeted 1in the Soviet Union
and China. The next series of P-11s5 were the
spinning-pencil-beam peneral search (GE)

The last of the directed-coverage TI and electronic order of battle (EOB! collec-

pavioads was MABELI manufactured by tors. The first of these, PLYMOUTH ROCEK,

ESL to provide technieal intelligence on was an exception in that 1t did not have a

and measure the effective radiated power spinning-pencil-beam antenna. 1t had

‘ERP1of the ABM mdaré‘ been an AFTRACK payload and SAC had

developed a capability to process the data.
In order to provide a longer life and conse-
quently more data, the last PLYMOUTH
ROCK pavioad was mounted on a P-11,

Launch was on 20 January 1972 . bat there was no way to add a direction-
and the prbital lifetime was more than - finding capability without major medifica-
¥even vears, The MABELI data were - tions. Additionally, pavleads with direction-
Breened hy the ‘7 - finding capability were in the planning stage

and the primary mission of PLYMOUTH
ROCK was to obtain data that SAC could
process for its ELINT EOB files on an
expedited basis. It was launched with
STEP-13 on 23 October 1964 and had a
nrbital lifetime of 134 davs.

MABELI made precision main-beam

Tadigted power and pelarization measure- FANION was built by Jim DeBroekert
n

- 015 on volumes of radars, including all and the Stanford Electronics Laboratories

w ~ {8EL}team. It useda Mills Cross antenna
4  to provide an in-track and cross-track inter-
] . cept. the intersection of which was the loca-
ol analyzad in unprecedented detail from tion of the target. It was designed to collect
ELI data, and many technical reports

T oy fitmbyint

y - o
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|evén though the BIRD
D00 paviead thit had the same mission
waszin the desipn stage, DeBroskert was
eaninesd thar the BIED DOG would migs
|duse: 1o

liok of sensitiviiy

FANTOMN I mizsion 7307, was
Taunched ur 25 June 1965 and 1.};}&3?&1{9({: fraz:
21 mumthis, Tk missidry L‘ﬂih{_::m:r.i Thp

targei-iracking siznal from the Sm’iet:[

FANFOR 2. ritissinn 7317, laanched
I8 Bepiember 1368, oporused i thieo
gelahbcTE FANION 3 (PENKON ), muss =="1
7319 launched on @ May 1987, operated
o B0 davs. 200 processed the data frore
both of these missions for N8A as described
above and produced a larre volume of use-
Ful BOB data. Manua! sigoal snalyiis at
NEA found] _ _ |

B

A ——
P ————
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p&ncn -badm 5y EI.E'H!_, E‘.s.lﬂt bj_; ,a?&TI,- WA
leunched as g companion misswig on the
same F-11 ds FANION 1 on 25 June 1085,
TRIPOS was a search system.pollecting
sipnals i the 4 to B.GHz raape. with 6 ;
locatiun eapability provided by i 3-Toot B
directrrsglaT antgnta that acanned Earsh’s
surface with o nattern resembling o pencil
neam. TRIPOS 1 operated for 21 manths.
TRIPAS 2 was launched with FANION 2




e

on 16 September 1966 and operated for
three months. The analog data from these
systems were processed and analyzed at
NSA. The software used for each mission
was modificd as necessary to take advan-
tage of experience gained on previous mis-
sions and to account for individual differ-
ences or problems associated with each

mission 3 TRIPOS produced

deseribed earlier in the FANTON process-
ing. The technical signal analysis of the
TRIFS analog data produced reports on
a number of new and unusual signals 45

The last P-11 payioad developed by
SEL was SAMPAN. It covered 2 to 4 GHaz,
used a 3-foot parabelic dish antenna and
had an inhibit funetion, similar to that
used on the MULTIGROUP pavloads built
by AIL, tu prevent interference from main
beams of ground emitters. (Two omnidi-
rectional antennas received main beams
on signals seen in the sidelobes of the pencil-
beam antenna. A comparator determined
if the signal in the omni channel was
stronger than that in the pencil-beam
thannel and, if so, inhibited it so that it
wWon 8 i | j

Ml 1

from blocking out the ABM-associated radar

intercepts that were the prnmary target of
SAMPAN 2 and 3.

SAMPAN 1 was launched along with
SOUSEA 1 built by AIL, Mineola, Long
Izland, New York. SOUSEA covered the
8- to 12-GHz range using a 3-foot dish and
a sidelobe inhibit antenna similar to that
on the SAMPAN system to prevent the
poke-through problems seen on the earbier
FANION/TRIPOS missions. SAMPAN 1/
SOUSEA 1 were launched on P-11 vehicle
4405, 16 August 1966, and had an orbital
lifetime-of 14 months,

T
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SAMPAN marked the swan song for
SEL. When militant students surrounded
and picketed the Stanford building during
the Vietnam war in 1966, Jim DeBroekert
gained undying fame by remaiming 1inside
the building to guard the BYEMAN safes.
Fortunately the students chose to tgnore
him but he gained the novel distinetion of
being blacklisted in the Students for Demo-
cratic Soctety (SDS) “Pig Book.” Dunng a
break in the picketing, Jim, with Air Force
assistance, smuggled the SAMPAN pay-
lod through Moffett Naval &dr Station to

at LMSC. With the Stanford

SOUSEA 1 analog data were manu-
ally analyzed at NSA. SOUSEA 1 provided
data on the Bovietr target-tracking radar,

152 Thi SICINT Satellite Stary

deeizion to-vlose SEL as a resulvof the sta-
dent action, SAMPAN 1 was completed at
LMSC and SAMPAN 2 was built there!

In the summer of 1966, great concern
developed in the Intelligence Community
that emissions from ABM installations
‘were not being intevcepted by the SIGINT‘
satellites. The President's Scientific
Advisory Committee {PSAC) asked DNRO
Alexander H. Flax to form a commities to
investigate the problem. Flax appointed
Harry Davis, the former Director of the
Eome Air Development Center in Eome,
Mew York, and a member of Flax's staff. to
chair the committes. In December 1966
Charlie Jarrett and Davymond Bpeece of
The Aerospace Corporation briefed the
Davis Committee. Speece and Jarrett
showed probability data indicating that if
these radars were active and radiating, a
combination of P-115 would intercept the
sigmals, On this basiz, DNRG Flax

HYF 224745
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approved and expedited the P-11 program,
with a first lJaunch nine months following.
This short time from approval to launch
was accomplished by those dedicated
workers on the FACADE payload men-
tivned earlier. Additional ABM payloads
in this zeries were TIVOLI, VAMPAN,
LAMPAN, SAMPAN, TRIPOS, SOUSEA,
and MABELL By 1970, this series. plus
the POPPY and STRAWMAN satellites,
had identified all of the ABM radar
mstallations.,

SAMPAN 2 was launched with
LAMPAN 1 on 14 March 1968 and aper-
ated for 12 months, These general search
(x5 missions were specifically desipned 1o
address the Soviet ABM and SAM problems.
At this time P-11 data were being pro-

‘ eexued and analvzed at N-Sﬁé‘
|
Fit‘ection, depending on the avail-
ahility of resnurces. SAMPAN 2 provided

data on several umidentified signals, such

SAMPAN 3 was launched with
LAMPAN 2 on 1 May 1969 and operated
for 10 months. Both missions had prob-
lems that required special mannal process-
ing efforts. The spin axis was 20 deprees
off nominal and there Was{ ‘
that corrupted the radar data. SAMPAN 3

after the aoft-

ware waz modified to account for the spin
ax1s problem. 4

LAMPAN data were analvzed at NBA,

depending on the availability of resources.

LAMPAN intercepted several high-interest
and unidentified signals, LAMPAN 1 pro-
vided data on a pnssihi%

SOUSEA 2 was launched with
TRIPOS 3 on 20 June 196% and operated
for 18 months. The data were processed at

SNSA under the Air Force MADS
comtract. Technical analvsis of SOUSEA 2
data provided some new| |
signals and, with TRIPOS 3. provided data

SOUSBEA 3 was launched with
TRIPOS 4 on 20 May 1970 and operated
for 32 moniths. The data were alzso pro-
cessed a4 B4, BOUBEA 3 pro-
cessing pmduced‘ 20
December 1870, which were reported n
hardeony reporte Technicalanalysis of Lthe
SOUSEA 3 data provided additional new

i U BEA S data, combined
with data collected by the HARVESTER
satellite payload (desembed in Chapter 41,

provided a number of reports on an
unidentified 8- to 10-GHz signal 44

The two-flat windew-shade, log-spiral
eollection antennas on VAMPAN provided
a phase interferometer system, permitting
single angle-of-armval measurements to be

i e
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Flight summary: Project 989 P-11 subsatellites
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mission] PROJECT OPERATIONAL LIFETIME LIFETIME]
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Flight summary: Project 989 P-11 subsatellites (continued)
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made.| |of NSA worked very
closely with Vince Henry, the LMSC pay-
load designer, to ensure that the paviead
design would provide sufficient signal
measurements to resolve phase ambiguity
in the processing. developed the
algorithms for processing the VAMPAN
collected data. The data from this GS mis-
sion were procezsed manually with com-
puter assistance both ot NSA and for NSA
chm mueh time ot
LMEC before and after the launch, evalu-
ating the pavload and data 45 VAMPAN

Selected MABELI data were analyzed
by NSA at Fort Meade after tapes contain-
g sipnals of interest were selected and
forwarded by LMSC. Analvais of MABELI
data provided detailed technical information

provided information on 4

\ VAMPAN also pro-

vided information on other pon-ABM-
assoeiated radars such as

|

Manual analysis of the FACADE data
from the 2 November 1967 launch by the
Bnacial Siemals Analvsiz Team (SSAT) at

M50 direction found the frst

mtercept, on 4 November 1987, of the
Soviel |ABM target-tracking
I‘adar,‘ rep-
résenting a significant new Soviet radar
design.#® FACADE also intercepted a pos-
aimq | ABM radar associ-
ated with the

The data trom all the TIVOLI mis-
sions were manuallv analvzed by N5A and
by the team a NSD direction.
TIVOLI with its 1-MHz bandwidth prede-
tectinn recording capability, produced
detailed signal modulation data on numer-
tus Soviet ABM radars sueh as

o T

The miszion of the TRIPOS 3/
SOUSEA 2 and TRIPOS 4/SOUSEA 3 mis-
sions was G5 and techrucal intelligence {TD
against the Soviet ABM/SAM problem.
The dual paylead, TRIPOS S0OUSEA P11,
was launched on 20 June 1968, operated
for 18 months, and successtully merged
analog and dipital readeut. The data were
processed as the first major P-11
processing effort for NSA under the Aar
Force MADS contract. NSA transferred
the software developed and used at NSA,

Fort Meade, Maryiand,zfnr -
cessing of the data. NSA also SEH{E

| from K4SF, the

personnel who had develaped the NEA
saftware, to
rew 1 modifving and improving
the software and establishing the opera-
tions on the new compatible processing

an

svstem located in building‘

he data were processed. by
MNED technical and opera-

tional cantrol, with the results of the pro-
cessing sent by secure data link tn NSAS
KA4SP for release to the Intellipence Commu-
ity and military tonsumers, TRIPOS 4

provided excellent EOB and discovered
new deployments, such as the‘

G B TR O o 3 SR S TSRS N W SR U S o R e B
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Many new, unusual, and unidentified
emitters were found and reported by
TRIPOS 3, including techniecal information

TRIPOS 4 was launched with
SOUSEA 3 on 20 May 1970 and operated
for 32 months. The data were processed-at

NSA under the Air Force MADS
contract as a follow-on to the previous
TRIPOS 3/B0USEA 2 missions.

as chief of the NS4 detachment

in thesummer of 1968, The CTHD 6400
computer ras replaced by a CDC
6600 computer to raise the processing
caparity by a factor of three to handle the
great volume of data produced by the
mereasing number of P-11 mussions and
the large volume of digital data being pro-
duced by the STRAWMAN missions
tdescribed in Chapter 4), By 1970, NBA
had upgraded the processing system at
Fort Meade to three CDC 6600 computers,
providing nine times the capacity that

from NSA/K4SP had replace@

!

existed in 1966 to process the increased
volume of data from POPPY. STRAWMAN,
and the P-11 missions,

TRIPOS 4 processing

repurted in hard-

copy by 20 Décember 197047 Technical
analvsis of TRIPOS 4 data provided a

number of new and unusual signals. The E
analysis showed that the Soviets were

apparently expanding the use of the BF
spectrom inta the 4- to 8-GHz band 4% i
TRIPOS 4 made a number of intereepts of ’

‘was one of the

highest-priority ELINT requirements.
Aﬂeﬁ

"51 All the ABM-reiated

radar signals were found and considerable
technmical information about their capabali-
ties and operations was developed from
data collected by the P-11z, POPPY, and
the MULTIGROUP/STRAWMAN satellite
svstems, with one possible exception. The
signals from thi \
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URSALA spinning-pencil-beam P-11 spacecrail
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in TRIPOS 4 data.™ Much of the

In early 1971 TRIFPOS 4/50USEA 3
was used in several erisis-monitering situ-
ations and was extremely effective i sup-
porting a Navy peean-surveillance exercise

and 16 March 1979.) All of the missions
had an orbital life of over five vears, with
URSALA 1 operating for almost six.
HAQUEL 1 was launched on 28 October 1974
and operated an orbit for over five yvears
{62 months!. Aslightly modified RAQUEL
1A was launched on 16 March 1978

The URSALA missions featured all-
digital output data designed to perform
general search (GS) and provide EOB on

f NSA wrote the signal-processing
algorithms for the URSALA monopulse
system and developed the processing soft-
ware For the first launch on 7 July 1874,

aperation. The software was
checked out at N5A and later sent
in 1973 to process the UHSALA data at

‘und&:r

The final series of P-115 were the
all-digital, pencii-beam EOB payloads,
LRSALA and RAQUEL, launched hetween
1972 and 1979, URSALA introduced the
Motorola payload team from Seottsdale,
Artzona, to the P-11 team. URSALA cov-
ered ¢ to 12 GHz and returned the datain
digital format at 254 kbps. RAQUEL marked
the return to the project of E-Systems in
Dallag, It covered the range of 4 to. 18 GHz
and had both an electronic order of battle
{ECE and technical intelligence (T1) capa-
bility: it featured digital 256-kbps data
output for the EOB mission and 750-kHz
analog data for the TI mission. There
were tao URSALA launches, on 7 July 1972
and 10 November 1973, (The last two
URSALA= were launched on 8 July 1976

ki

NSA detachment (NSD supervision.
Smith was assigned to NS at the time

the URSALA processing was transferred to
guid%jpmcessing. The vriginal

UHRSALA processing required considerabie
compuier time. Smuth 1edEﬁ‘urt
to significantly improve the timeliness of
the proceszing. At this time NSA was
pushing for near-realtime processing and
reporting.

URSALA produced large quantities
of radar locations with accuracies better

T
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area 5% URSALA 1 analysis also found sig-

nals from the Suvie;‘

In addition to producing locations and tech-
wieal information on radars, URSATA 1
also provided valuable information on
communications transmitters such as the
Snvietl

Launched on 10 November 1873,
URSALA 2 added to the accomphishments
of URSALA 1, making the first intercepts

of th

| URSALA 2 identified a

sipmal frear the ﬂm.fip’r‘

RAQUEL I produced ELINT TI and
ECB, The processing and analvais of
BAQUEL data were done by
NSA at the |

URSALA 2 also identified and located a

Sovie

fIn

1974 URSALAs 1 and 2 participated in

several time critical reporting (TCR) oper-
ations around the USS Kitty Hawk during
is transit to a station off the coast of Iran. 58

\ | the Chief of NSD from
1969 to 1977, characterized the URSALA
pavloads with their monopulse direction-
finding | DF} capability as the backbone of
the EOB prugramﬁg\ \wha
replaced as Chief of NSD in
1977, characterized URSALA as the culmi-
nation of the evolution of spinning-pencil-
beam all-digital collectors.50

RAQUEL 1 was

the first SIGINT satellite to collect and
geoposition in the 12- to 18-GHz frequency
range. The onboard recorder provided pre-
detection recording of new and unusual
signals. The pavload provided data from
both the omni and DF anrennas. The
omni data were very dense, so dense that
only limited use could be made of the data.
A major problem was relating the DF and
omni data to the same emitter. Both
channels of data were machine processed
and the signals of interest were aoalveed
:ﬁzder NSA direction. The volume
of data was more than could be handled hy
the CDC 8600 computer at Bunnyvale. A
CDC Cyvber 74 computer replaced the 6800
computer in 1874 providing a 1.2 times
increase in capacity. The Cyber 74 mass
storage was expanded to add another 1.3
increase in capacity in 1975, Processing of
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the RAQUEL Y data for radar EOR pro-
duend focation securasies of betior than
[ |The absence of 2 monopulse ¢apa-
bility on the payivad bmited the location,
accuracy. Analvsis of the BAGUEL prede-
tevtien data provided technical informa-
Ligts 011-{3&%1;; afd wnusual signals, sam“.]:fza'ﬁé

B 1977 thae T and search missions of
thu low-arbit BLINT programs were i full
speration. Much propress had besn made
in the.gperational BLINT missien. NS4
Gladsk Feaction capability «QBO repurting
of seiected threat emitiers had started in
1985, with reluils reparted to the military
conpmands in thefeld i flve 1o 12 hours
aferintersept. In 1877 routise reparting
becan previding specified threst signals
and their loeations divectly (o the Natioral
SIGENT f}LJHPHEiE:EIw{zFEl?.EF i %Hi’l{,, At NEA,
whers they were reformattsd snd sent to the
Facific: ELINT Center (PACELINTY auid in

‘Rey zecomplishments, Proiest 989

* Peoved intercept of law-power, low VHE
Soviet telemetny -rgnal_. trom space in Y963,
Provided first real data on VHF sigoal den-
sity over {he Soviel Union, First on-pad
tebernetry-intercept fon space in T967,

a Provided Te»‘_?i"m:gf dats on Spviet AEM

radars in 1964, including ‘ihe|:|mt‘ar..

+ Beggar produtitg EQB, i 1963; fast
repoting, direst o field, in 1972,

£urn o tactical aud other servive vonrmanids.

What had started vesrs hefire as special
QR reporting of thredt enniters fud now’
‘biepome routine and was a pars of regular
processing. Gy 1978 ELINT cmitters
wore ool onky identified to an BOBmn
cifmber Hocktion! but alse were hleptified
t a spuahieunit eserof the radar TLINT
and COMINT were routingly combiaed.
and by 580 NSA reparts were identifying
themniverdent of target upits by their unit
identification, aot by Eu‘%f' the Faet that o
spectfic radar had moved, The Semy was
patting mrerim aceicad Eqi:"‘!T DENCESSIng
TTES vans inthe field to prcess sateiljte:
vodfigcend ELINT for divect use Iy Deld
commanders. In 1981 KSA personnel

Fperativnal

ELINT and Raymond Pobes P¥Chief AL
Diperations aod Canirélsounvineed the
Director of NSA, Adm Hokby Inmaun. 1
approve narrative revortingof radar Joca-
Lrans froen L’ne{

Pir&c{iy to the miliiary commands,
e was @ maior pelicy changs, praviding

o Migh vilurss of fechoidal ELINT, inclusing
refinemants on Soviet ABM radar parameters
i 1958] |

» Lncater roposcatier COmmurHcations et
mitters in 170 and Soviet microwave com-
municaticogin 1877
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intelligence data to the military forces
sooner and in a more understandable and
useful form 52

The FARRAH pavload, developed in
the late 1970s and still operating today, was
the ultimate culmination of the P-11 project.
It combined the monopulse DfF of URSALA
with the T1 capablity of RAQUEL. It
alsp included an onboard digatal processor
providing %enpﬂsitioning to
allow intercept of the most sophisticated

radarg, including those using a

rewrite of the FARRAH software forthe
Cwber 175 computer at the n late
1978 and early 1979, The continuing

‘ ‘The old FARRAH processing

In 1978, anticipating the launch of
FARRAH 1, NSA and NRO personnel hoth
pushed for near-realtime processing. The
SIGINT Overhead Requirements Subcom-
mittee { SORS) of the US Intellipence
Board (USIB), recognizing the potential of
the FARRAH svstem, established a six-hour |
requirement for combined processing and
reporting of FARRAH 1 data. Convinced of
the feasibility of this requirement

system was replaced and near-realtime
provessing was now established 53

FARRAH was the only STGINT zatei-
lite enllector capable of collecting data in
bisth the northern and southern hemi-
spheres. This capability was used very
effectively to provide the only SIGINT
satellite sum:mrj

The P-11 program “grew” from simple,
zingle-purpose payloads intended to solve
specific problems to an all-encompassing
payload supporting ground forces with
essential *battleground” information in
very close to realtime. It also provided the
technical data to keep up with worldwide
radar developments, Tt gave all those
involved in the development a tremendous
feeling of achievement and promises to be
a major contributor of SIGINT support
to the UUS military forees fur many vears
o come,
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