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WO~KfNG PAP!AS 

A BRIEF HISTOR'V OF • 

THE U.S. LOW EARTH ORBIT RECONNAISSANCE PROGRAMS 

In the years following Wor.ld War II, It was strongly suspected that Soviet strategic 
weapon developments were acceler_ating, but QI.Jr knowledge of what was going on 
deep within the USSR was desperately weak. There was growing concern regarding 
Soviet status of ICBMs, ABM radars, long range bombers, and atomic bomb develop• 

,nents and their. resultant Impacts on the US/USSR 
U 7'1MllS balance of power. • 
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HUMINT and ship-borne/land-based listening posts .. 
around the perlpnery of the Soviet Union were providing a 
mere trickle of data and were unable to meet our many ln­
telllgelice needs. Th.a vast lnaccesslble areas of the USSR 
had to be overflown If stra,teglc threats were to be 
d,tected and ~sseased. Early attempts, using ballons to - ~ 

carry photographic and SIGINT payloads, were largely unsuccessfut In t953, the RAF 
overflew the Soviet ballistic :mlsslle test range hea(:f at Kasputln var and brought back 
photQgraphlc evidence confl:rming our fears about ICBM developments. However, such 
flights were polltlcally lnflamatory, not to mention highly dangerou,. Less obtrusive, 
more survlvable means were· required, . . 

In 195'4, a projeot was authorized to develop a spy plane capable of over.flying the 
Soviet Union apove the effective altitude of their al'r d.efenses. In July of 19561 only 24 
months l.-t~r, the first operatlonal U-2 overflight of the USSR was accornp!lshed .. These 
flights continued over the next four years, brlnglng baok valuable pt,oto arjd electronic 
reconnaissance on ~wide.variety .of targets. Howe.verc, the -practlcallltle·s of fllght opera• 
tlons and the fleld of view from even U-2 altitudes limited the frequency of revisits to 
any ·one area, as well as the total area of coverage In any time period. 

Colncld,nt with the U-2 development, the U.S. military space effort was ln~tlated, on Sep• 
tember e·, 19~5, when the Naval Research Laboratory (NRL) was commls1loned to 
develop Project Vtnguard. The objective was to orbit a scientific earth ••telllte and es• 
tabllsh a satelllte trackln:g ·network. • 

Our formative spac-e program was spurred ahead by the 
surprise launching of SPUTNIK 1 on ()ctob,r 4, 1957, fol• 
lowed by the stunning announcement of SPUTNIK 2, carr.y­
lng a llve dog, on November 3rd .. The threat of Soviet 
technical achievements was easlly projected to potential 
mmtary capabllltles, whtle the lntern.atlonar prestige as­
sociated with spectacular space accomplishments swung 
heavlly t.oward the so.v-let side ·of the Cold War. 
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On January 31 1 1958, the U.S. entered the earth satel• 
lite arena with the successful launch of the Army's 

• Jupiter mlsalle, carrying Explorer 1 Into orbit. This 
was a scientific mission .. 

The mmtary and lntelllgence potential of space was 
quickly recogr.1fzed, and on June 20, 1958, only five 
months after our first $&telllte went Into orbit, 
DARPA asked the NRL_to begin development of a 
space survelllance system. The Navy's Vanguard 
team assumed the task, and In 1959 proposed the 
first U;S. ELINT satellite. 

Ofrected at Soviet radar main beam signals In th~ 1MHz range, this TATTLE• 
TALE s.ystem was to have a very narrow mission ob)tcUve by today's standards. The 
1950's ELINT techn·ology1 the llmlted capacity of our first launch vehfcles. and the for• 
matlve status of our understanding. of the threat and space coUectf on processes 
restricted thfs and subsequent other early couectlon satemtes to stngle-obJect1ve mis• 
slons. 

. . . 

In August of 1959, President Eisenhower approved the 
TA iTLETALE Project, only to cancel It shortly thereafter 
due to security leaks publlclzlng the effort. Ike called for 
tighter security measures to surround our SP'\Ce Intel• 
flgenoe programs, and the Navy Immediately began a fol• 
low-on program, the DVNO ELINT satemte. It was the 
forerunner to today's Mission 7100 Program, and soon 
added • solar radf•tton experiment to fts payload, provld· 

. Ing a-useful "cQvet'' story for the mission. The project 
was renamed SOLRAD for pubffc dissemination. 

In 19SQ0DYNO ground readout stations were estab■ 
lished around the world. On June 22, a month after Fran­
cis Gary Powers' U-2 was shot down over the Soviet 
Union, SOLRAD1/DYN01, the first U.S. ELINT reconnals• 
s1:1nce satelllte was successfully placed Into low earth 
orbit. Weighing only 42 lbs, Its mission was tQ conduct 
main beam collectlor, or Soviet radars. It operated for 
two and_ one-half months. After two subsequent unsuc­
cessful U.S. aatelllte launch .attempts, SOLRAD3/DYN02 
was orbited on June 29, 1981. It operated for two months. 
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During this same period, the exploratory phase of what would later become Mission 
7300 was Initiated with the tauneh of Discoverer 13 In August of t960. The launch car­
ried with It the first of a series of 23 hlghly specialized payloads on the aft rack of the 
Agena launch vehlcle. These payloads consisted of black boxes designed to collect 
specific signals or classes of signals associated with the rapldly deveroplng Soviet 
strategic capability, The payloads were characterized by their relatively small size and 
weight (50-100 tbs?), very speclal purpose nature, very short llfetlmes (limited by the life 
of the host vehicle), relatively low cost, and very short development spans (typically 
less than ~ months). . 

In August of 1961, with multiple space .reconnaissance 
systems and missions developtng, an organization and 
staffing plan for a National Reconnaissance Program 
(NRP) was agreed to. The program was to Include stream­
llned management and procurement procedures In 
response to the growing urgency for a robust U.S. space 
lntelllgence capebllltyJ brought about by Increasing con­
cern over suspecttd Soviet technical develop_ments and 
their effective denial of our access to vast areas following 
the toss of our U-2~ the previous year, 

On June 14, 19621 the SECDEF formally established the National Reconnaissance Or-
• ganlzatlon (NAO) to head the NRP, Program C was established within the NAO, and as• 
sumed responslbHlty for the DYNO program. _Program A was responsible for 
booster/$atelllte Integration and launch as well as for a number of programs, one of 
which ·would evolve Into the Mission 7300 program. The National Security Agency 
(NSA) was assigned respcnslblllty for processing and dissemination of data. 

Technology advances, along with Increasing efforts to define and implement more 
capable space collectlon concepts, led .to more sophisticated conectlon systems and 
functions. A r ches to Im roved area. cover a e and location of signal sources were 
developed,~~~~~~~~=~=~~~~~~~~ he DYNO team ap­
plled these advances to their next generat on o spacecra • an on December 13, 1962, 
the first pair of POPPY satellltes was successfully launched Into low earth orbit. These 
were the first to carry the Mission 7100 series of destgnatlQns, ar,d were Identified as 
Mission 7101. With significant Improvements In system rellab1Hty1 Mission 7101-con-
tlnued operating for two and one-half years. • · • 

In April of 1963, using the new POPPY system, operator.a began searching for, detect• 
Ing, and reporting new and unusual signals from the soviet 
Union, The algnal analysis process was performed manually 
with analog equipment at the ground sites. 

On June 15, 1963, the first triplet of POPPY satellltes (Mission 
7102) was launched, but only remained operational until 

Another triplet was launched on January 11 1964 
~--~ 
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(Mission 7103), remaining active for four years,.and,the Mission 7104 cluster of four 
POPPY satellites, launched In March of 1965, also operated for four years. It was clear 
that the reliability of our systems on orbit was Improving, 

With the fundamentals of launch, operation, and slg• 
nal processing establlshed1 attention turned to im­
provement and expansion of our cepabllltles. In 
December. 1966.a POPPY upgrade was approved, to 
provld~I I I geolocatlon of Soviet ABM 
radars. 1n , 967, ~everal Mission Ground Stations 
(MGSs) .were relocated to their own dedicated, per­
manent bulldlngs, allowing expansion of processing 
functions and capacity and stablllt of o eratlon. In 

I ~ay of that year, the POPPY 
Implemented an analog■ O• g a a a conver-

s o capability and began digital processing of 
collected slgnals. Advanced digital processing tech­
niques of today are at the core of our modern SIGINT 
capabllltlel. 

--1~ . 
' ~~ ... Ol1fl1011101 .... 

Meanwhlle, the special purpose Agena payloads had proven very successful, This led 
to the desire In the late 1960'1 to develop a simple spacecraft system capable of being 
launched piggyback with another payload on an Atlas. Once In space, this smaller satel• 
Hte would separate from the hostvehlcle and operate as an lridependent spacecraft. It 
would also provide longer mission durations and the capacity to carry IJrger and more 
capable SIGINT payloads: This desire was heavily motlvated~y concern over the lack 
of knowledge on the rapidly emerging Soviet ASAT capability. 

In August of 1963, the pfoneerlng phase of the Mission 7300 Program began, with the 
piggyback launch of a simple spinning spacecraft bus known as the P•11 on the side of 
an Atlas Agena. This phase spanned nearly a decade, with 37 separate missions, begin• 
ning with PUNOIT•I and ending with MASELi. The pioneering. phase continued the use 
of carefully speclallzed payloads with very specific missions, often targeted against 
specific signals or classes of algnals. A variety of types of missions were flown lnclud• 
Ing Directed Search, FIS, COMINT Mapping, and Technical lntelllgence (Tl). Payloads 
were obtained from nine different suppllers In order to obtain a range of Ideas and en• 
courage Innovation. • 

Typical early Mission 7300 payloads covered a llmlted Intercept frequency range (4 GHz 
or less) and were functionally relatively slmple. • The satelHtes during this phase 
weighed 250 to 300 lbs and were designed to last nine months nomlnellyi but typlcal on• 
orbit llves averaged 15 months. Development spans were relatlvely short, typlcally less 
than one year. The pioneering nature of this phase of Mission 7300 was evidenced by 
the numerous firsts which occurred and the Innovative use of new techn lo ies to ac-
compllsh the mission. Examples of this Include the first use o In space 
on VAMPAN In 1968 and the first use of monopuls techniques on AR• • 
ROYO In 1971. 
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As tt,, nE9W iechnor~gl~s, system architeQt1.1res,_find tec;tm1q-1.1es sr;,.v• rO•• to new 
caRa.l)llltlts, the pote'ntial valuf of spac, 9.9Jlect1on we• bQlng mote widely recOgf.ilzed, 

. and _th@soop9 .9f thlP· ijser commµnrty and their-re.quest, for _data g_rew. Iii AUg_u~t of 
1 ~~. ttili PQPPY MG$$ r~re tas:e~ to report lntl!l'Cip!S l!l'!i;I SiQnl!I par,m.et!!f'- tri!ii'I 
shlp-~qrnefrj11Jt•rs, a_nd t>e;.-n. rep0,rtlng·s1.ich d11J~ In M$r¢Hi 1@6J~ The ap:-

~~l:J'0n of dlaJti~-~tf r.~:::t:~p~r:,,0.~ee•g.~.,~tfgno~~~~~r~r,~~ ~Jt~v~:;~,:~. 
T~, ip1:1ce recqnnel$sance proaran.,s were en,terlng the reaJm of mo<tern, si.ble, weu 
struotyred ,y,tenia, In response to growing demands an.d lncr••••d user dep,ndence 
on their output. 

A, the co1_1,o,1on satellite commLJnlty matL1ted, ,Q cl~d th•rr ~ppro"qhei t.o dce:flnlhg re'" 
quirements~. derlvlns system cqn_9epls,. 11n~ contromng th-, dfv,ropment a;,d pi'ocfjJr,­
ment process whHe maintaining _th• flexlbJl_lty to r•-pqhd tQ c.hanglng n,et1;. th April of 

:. .. . • . . 196~, the Chief Of the Nav@.I Secu,1,y gr~·'-'P (CN,G) 
LONDON TiME8 propoeed en.o~••n ,u.rvellJEti'ICi oQnste.-n•th:.Hl With In• 

• • ·- , ,, nov11tlvt orbital confiQJ..1r$tlon•, ~xpijn_ded tlit¢hnroa1 
llil!wAUCtt>ii··: __ .,_. Qapa~llltlis, •nd payl~aQs o· trmlzed tc;r qoUecUon o.f 
~~f U ~ifNFI"... Soviet shl- borne emitters. 
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Mission 7300 was also entering a new phase In the 70's characterized by the emergence 
of two distinct payload classes designed for general search (UASALA) and directed 
search/technical Intelligence (RAQUEL), The Impetus for_these

1
;;1:: I: ni was he.avlly In• 

. . fluenoed by the (ievelopn,ent of a new genera• 
waahlngton Po,t . tlon of Soviet SAMS which were e ec e n Imagery but 

9J0 ~~t~J3l/a11;,· had not been detected by avallable SIGINT collectlon 
• • --· tec.hnlques, The lack of specifl_c knowledge about these 

N~w York Tim•• _ high-threat signals led to a set of requirements which 
AIGON EMBASSY • could not be satisfied by a single system using the tech• 

EVAC1/f.TED. nology avallable at that time. Since the frequency of the 
t i. LONDON TIMES signals was not known, ft was necessary to develop a 
.~; =, --· - , collectlon system capable of searching a wide frequen-

FREICHTER ""111AauEr" cy r'l"'-"-""~~'-'c·•ans of associating the slgnals deflnltely 
PIRATSOOHHIOHSEAS with was also required, as was a capr:~10 LJ l1Mll1~ h1r- ~[!!l~~~ill:C!_:=c= _11::m---\ ~nlcal parameters preclsely and t 
-= ;.:::,~-;~.PJ:.:...=-. c________,-~-~The URSALA and RAQUEL classes o · 

vehloles were davaloc:J In dlrec response to this combination of requirements 
generate~"=====-c-=-"~ . 

Representing a significant Increase in oapabllltles, the URSALA and RAQUEL covered 
relatively wide frequency ranges and were optimized for the general search and 
directed search/Tl missions, respectlvely, The URSALA design Included 2 to 12 GHz 
coverage, spinning pencll beam antennas with monopulse feeds for sldelobe Intercept 
and locatron of targets; ind a wide Instantaneous bandwidth of 2 GHz. FIAQU!L 
provided 4·18 GHz coverage, high gain antennas for sldelobe Intercept, omni antennae 
tor mainbeam Intercept, an m ~•''"'"' a Ill • I • • hnl 
A Tl receiver on RAQUE 

Both satellites used an upgraded version of the P•11 b~s which was procured 11 a 
block of common "oast Iron" spacecrafts to re~uce sateltrte unit costs. These 
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spacecraft were also ·upgraded f·or longer design lives of 18 to 24 months. The satel .. 
lites requir•d considerably more time to develop then their predecessors ~ue to the In~ 
creased complexity of the payloads and the accompanying longer times required for 
system Integration and test. However, during the period of 1972-1979, four URSALAs 
and two RAQUEL• were successfully developed and launched. 

In 1973, the Mid-East war prompt,d use. of Mission 7300 and other systems principally 
designed for Technical Intelligence and search to support operational ELINT. The 
operational lntelllgence value of URSALA, with Its relatively accurate aldelobe Intercept 
and geolocatlon capablllty, was qulckly recognized and stimulated the development of 
techniques for more rapid data processing to enhance Its usefulness to tactlcal users. 
The successful use of vans to process URSALA dara led to subsea~ent encryption of 
the downllnk data on URSALA IV and prompted th~t=~ =====::J= to Initiate develop• 
ment of near.real-tlme·processlng techniques. • 

In 1976, the continuation of the Mission 7300 program was threatened by the decision 
not to procur• e new block of RAQUEL satellltes. The cost of the new block (RAQUEL 
2) was Judged to be excessive, based on the percelvedlntelllgence value ·ot Improved 
mainbeam techr:=I r In lligence. The services, partlcu_ larly ASPO, w,re more Interested 
In the URSALA capabilities than they were l.n improved Technical lntelflgenoe 
from RAQUEL. e program office studied the possibility of comblrting the URSALA 
and RAQUEL capablltles Into a slngle. general purpose satelllte In order to reduce tha 
total .program cost, address a broad range of lntelllgence needs, and consolidate user 
support fro the program. This led to the subsequent definition and approval of the Mis• 
slon 7300 FARRAH series of satellltes In .1977, 

User awareness and demands for SIGINT continued to Increase broadlv, and the over-
hAAri lntelllaence communltv res0onded. I 

I . 
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In 1982, the first of two FARRAH satemtes which were designed 
using the .basic P-11 bus was launched piggyback on the KH•9 lm11 

•..Jli:l Ii';;!.~;; agery eatelllte. These satellites represented a relatively slg-
~ .... 11 ;:-Jrt nlflcant Increase In ~omplexlttdue to the combination of the 
~ L URSAL~ and RAQUEL capabHltles within the constrained volume 

l, .~ c._-~... avaflable using the KH-9 as a host vehicle~ They covered the full 
'f:,._':/f;.,"-ij}~ frequency ra·nge of 2·18 GHz with a monopulse O.F capability for 

• sldelobe Intercept Bl'!d EL Clllllbllllll : ":'D:11:: II 1:1:caat. A 

I ~la either 1iI.r:r:~v:~1~rg~~~~mnr a_ntennas~a; sa e 8 we g ed ap- 1 

proxlmately 750 lbs and required upgrading of the p;.11 bus for longer life and In­
creased power capability to support the more complex payload. 

Both the FARRAH I and II satelJ)tes required slgnlflcantlylonger development times and 
were plagued by problems stemming from the high packing density of the satellite. The 
second FARRAH satellite actually required longer to deve1o·p than the first due to the 
Iterative redesign of the payload based on problems uncovered during the testing and 
on orbit operation of FARRAH I, . In spite or the development problems both ~atellltes 
provlded·successful mission capabilities once on orbit, 

However, It Is doubtful that the objective or replicating the capabilities of URSALA and 
RAQUEL at less total program cost was met. The mission scope, .complexlty, and tech­
nical challenges of collectlon requlremertts In a modern signal environment had 
manifested themselves In the design.and development 
process of lncreaslngly sophisticated colfectfon satellltes. LONDON mms 
The realltles of the complexity and cost of the process of 
combing several designs and missions Into one, unrecog• 
nized at the start of the FARRAH phase of M7300, offered 
a herd but valuable lesson for future architecture con-
siderations, • 

LA.TIMBS 
IFIAN-IFIAQ WAR, 
DU lit \I =-=. ,-. =.;' ~ ·.-:·' 

As with other space sy•tems, overhead collectfon ground ~1· --~ -.t;i.:. ~f 
segments had to keep pace with the growrng capabllltles ~-1 =-.f~ ~-8 _---.. ~.-
and technc of the sp•cecr,tt. On October 1, 1984 - .. • • • • .,. • 
the M710 started using the GPS a stem to 
synchronize a of th,rr clocks with U.S. ~val. Observatory time. This allowed much Im­
proved correlatlon of events among the groun.d stations, Improving emitter geolocatlon 
accuracy and allowlng more comprehensive correlatlo.n and analyale of collected data. 
Operator 1klll1 had to Increase along with the technologlea, too, and In 1988 ten new 
specialty codes were established, In association with the (:lassie Wizard program. 
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In 1980, the DNRO made a policy decision to transition existing and futur, programs to 
the Space Shuttle as a standard launch vehicle. This led to a systematic review of all 
programs to determine which would be retained and transitioned to the Shuttle. Early 
on, It was decided not to transition the KH-9 which meant that 
if .Mission 7300 were transitioned to the Shuttle It would need 
to develop a new means of getting on orbit. • 

The ELINT Mix Study and related studies were performed to 
examine the Issue of whether to transition exlstf ng low al• 
tltude SIGINT programs to the Shuttle, combine the low al• 
tltude SIGINT programs Into a single program, or to attempt to 
replace selected low aftltude capabllltles with a more capable 
high altitude capability, As a result of these studies It was 
de·cfded to transition the current low attitude programs -to the 
Shuttle with· Improved capabllftles In areas where these _programs had hlst~rtcally 
proven to be most effective, I.e., missions requiring periodic high probablflty of Inter­
cept and geolocatlon over very large geographic areas, and main beam technlcal Intel­
ligence missions. 

The Mission 7300 FARRAH satellites were originally planned to ride share with the im­
proved Mission 7100 on the Shuttle. However, In the mld-80'& excess Titan 2 launch 
vehlcles became available, and plans and designs were changed to make use of those 

• vehlcles, This change would provide more fl~xlblllty In op• 
ti mfzf ng the orbits whlle retaining a relatlvely Inexpensive 
launch capablllty, Thus, In 1988 the first_ of a new block of 
FARRAH vehicles was launched on a dedfeated Titan 2 
launch vehicle: This block of vehicles used a new bus 
designed to be compatible with several launch vehicles. 

NewYoti'nm., 
IIIWN WALL MU.I 

-?" Wtahlngton Poat 

"GLASNOST' 
The new block of FARR"Hs were significantly larger and 
heavier (over 3000 lbs) then the pr,decessors which used 

• the P•11 bus. This Increase In size and weight was 
motivated primarily by the desire to aflevlate previous constraints Imposed by the 
restricted volume avalfable. The lncre I h 11 w In r r 
roved e load ca abflltles lncludln 

At the same time that the Jar er FARRAH vehlcles were 
beln develo ed 
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the iow •rth orbit reoe)nnaleeenoe progr•m• .... c~t­
rently re-•xaml11Jng their mlssl9ns,· capablllt11s, archltec• 
ture,, ·and prlorltl,s, lnvestlgttlng_ el~tri,tlv~-- . . 

_ _ . , cotatlgLtr,tlona with an iye tow,rd •!il.ilflc•nt c9,t reduc• 
uon$i Throughout this proce.ss, t,he crltlc~I rol• of our low ••~h orbit r•cc;o,natssance 
systen,11 wm continue to- be up~ated, ""d the unique Q._ontrlb~tlo.ns ~hey m•k• to our na• 
tlon,, 1,,t,mg-.nce p_rograrnis wlll con11nue to •volve; Pre"r"lng the ~.-t ,.ttd unique 
cap~bUltles of Missions 7100 and 7300, our prog·rams will draw up~n the 30 year, of ex­
perience. ~a_rd lessqn_, learned; and knowledge· gained since the launch of the 4_2• 
pound DYNO1 In 1960. 
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