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1ST This study describes the characteristics and capabilities of Soviet satellites that have military 
support or military support-related missions. These spacecraft include Soviet naval suppofr~t~n~a~v_i":::a:=-:=,--,;,:-;-;,c;-:,,e=, 
tion, geodetic, meteorological, Earth resources, oceanographic research, radar support, and (b )(1 ); 1.4 ( c) 

1- !satellites. The launch vehicle, spacecraft, and mission control facilities used by the s~y-s-te_m_s_a_r_e~ 
described in detail. This study is updated biennially. 

(U) The support and contributions from Foreign Technology Division Branches SDSY (Space 
Subsystems), SDSS (Space Systems), SQTA (Telemetry Analysis), and WE (Meteorology) are hereby 
acknowledged. 

(V) Comments on improving the usefulness of this document are invited and should be forwarded 
to the Assistant Chief of Staff, Intelligence, Department of the Air Force (ATTN: INET), Washington, 
D.C. 20330. 

(U) The intelligence cutoff date for assessments made in this study is 31 March 1983 . 
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SUMMARY 

~ This study presents the technical assessment of 
the capabilities and limitations of Soviet military sup
port space systems. Included in these systems are naval 
support, navigation, geodetic, meteorological, Earth re
sources, oceanographic research, radar support, and 
some satellites with undefined, but suspect, military
support missions. Each of these satellite systems has a 
military support-related mission and, in addition, may 
have scientific applications. Summaries of system devel
opment, function, and current status are discussed in 
the following paragraphs. 

Naval Support Satellites (U) 

l(b)(l);l.4 (c) b 
~ The Soviets have developed~~~--~ a

val support satellite (NAVSAT) networks to serve dif
ferent users-thel 

~-----------~I networks are currently 
operational and are used by the Soviet military. The 
Soviet mrrrhant and fishing fleets use only the 

etwork. 

~I 

I The NAVSATs use a passive 
grav1ty-grad1ent attitude control system and Doppler 
navigation principles incorporating tracking beacons 
and broadcasted sition velocit and time data. 

These s acecraft ar 

e only publicly acknowledged Soviet 

(b )(I );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 

I 
NAVSAT systemj (b)(l);l.4 (c) 

GLONASS Satellites (U) 

(U) The Soviets are developing a global navigation 
system similar to the US NA VSTAR system. The 
Soviets have designated the system GLONASS (Global 
Navigation Satellite System). They stated that the sys
tem would be used by aircraft for navigation. In addi
tion to aircraft, the system could also be used by land
based or marine users. 

-tS, The Soviets launched the first developmental 
GLONASS satellites in October 1982. A single SL-12 
booster launched Cosmos 1413, 1414, and 1415 into a 
20,000 km, 12-hour orbit inclined at 64.8 degrees. 
GLONASS will probably incorporate a passive naviga
tion signal, which will include a broadcast of satellite 
position and velocity. The GLONASS network will 
consist of nine to 12 satellites placed in three orbital 
planes 60 degrees apart in right ascension. The 
GLONASS network will probably become operational 
in the 1986 time frame. 

(b)(l):1.4 (c) 
Geodetic Satellites (U),/---~ 

the Soviets 

(b)(l);l.4 (c) 

~-~geodetic satellitesl(bJ(IP 4 (cl !both 
Doppler beacons and fla"sh=m~g~h7g~h7ts~o~a~c~~-~recise 
eodetic information on a lobal basi 

I (b)(l1'[4(c) I 

~ No GEOSAT I satellites have been launched 
since December 1978. Only one GEOSAT l, Cosmos 
1067, showed any evidence of activity by the end of 
1980. The Soviets also satisfy their geodetic require
ments using other methods, such as Soviet navigational 

:::e;~~~~t~~s~fcb)(i~1~2(~\c satellites eouiooed with Ila-

l(b)(l);l.4 (c) I 

SE6AET 
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Meteorological Satellites (U) 

-tS') The Soviets began developing meteornlogical 
satellites (METSATs) during the early 1960's. On 
many occasions, the Soviets announced their intention 
to develop a three-tier weather system-a low-altitude 
tier using manned spacecraft, a medium-altitude tier of 
Meteor spacecraft, and a high-altitude grostationary 
tier. They have consistently announced-the use of mete
orological sensors on their low-altitude manned mis
sions. The medium-altitude 1v1eteor system, which pro
vides most of their spacebornc meteorological data, is 
fully operational. Their first geostationary operational 
meteorological satellite (GOMS), which was to support 
the first GARP (Global Atmospheric Research 
Program) Global Experiment (FGGE) from September 
1977 to August 1979, has been delayed until after 1983 
because of technical problems. 

~ The Soviet METSA T program enjoys a high 
priority within the Soviet space program. The Soviets 
usually maintain five to six operational Jvieceor sat
ellites in orbit, ave-raging four :\leteor launches earh 
year through 1977. Sinct' I 977, Meteor launches have 
averaged two launches each year. This decrease in the 
annual ?\fcteor laun(;h rate indicates extended sa1.dlitc 
lifetimes rather than any de-emphasis of the program 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 

Meteor-Priroda Satellites (U) 

-t"1 In June 1977, Meteor 1/28 became the first 
Soviet satellite launched into a retrograde orbit (incli
nation greater than 90 degrees). The Soviets announced 
~frteor l/28 would obtain information needed for re
search into the Earth's natural resources in addition to 
meteorological data. This satellite was thr first in the 
Soviets' sun-synchronous JVfetcor-Priroda (.\.irteor
~aturc) satellites. 

(C) The sun-synchronous orbit of the !\letcor
Priroda series is ideal for Earth resources application~; 
because each spacecraft passes over a particular region 
at the same solar time each dav, it obtains succcssivr 
imagery under identical lighting conditions for study of 
soils, vegetation, crops, etc. The Soviets state thC'y use 
the MctcorwPriroda program to support the sciences of 
hydrology and geology, maritime fleet opnations. and 
forest management. 

(C) The individual :\ietcor-Priro<la satellites use a 
variety of sensors to obtain Earth resources imagery, 
including the MSU-M and MSl:-S from the Meteor 2 
series. The Soviets have also tested in orbit two 

(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 

Oceanographic Research Satellites (U) 

(C) The Soviets launched their first dedicated 
oceanographic research satellite (OCEA~) in February 
1979. The announced mission ofOCEA~ satellites is to 
obtain data from thr world's oceans to chart optimum 
shipping routes, locatt> the best fishing fields, and ex
pand the Soviets' meteorological data base. 

L---;-----c-cc---_JI Deployed solar panels provide power 
to the satellite subsystems. 

~ The OCE:\N satellites use visible, IR, and mi
crowave sensors for evaluating the charactcrlstics of thr 
oc-can surface, In addition, the Soviets annou1HTd that 
the second oceanographic research satellite, Cosmos 
1151 launchcd in.January 1980, carried an actin· sensor 
for determining wave-heights. Soviet scientists also 
stated OCEA:"J satellites, along with certain :\-feteor 
and Intercosmos spacecraft, have interrogated occanw 
ographic sea buoys and ground-based automated 
weather stations 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 

Radar Suprort Satellites (U) 
(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 
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(b )(I );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 

• 

• 

Soviets also launchedc:-,,,,,---==-:--c=='.RADSA T 2 
spacecraft into the same 83 egree inclined orbit used 
by th9 IRADSA T I. 

-t'j During 1976, the Soviets launched the first 
third-generation RADSAT, RADSAT 3. This space-
craft performs one undefined mission by deploying up 
to 24 small objects over a 3- to 4-month period. Several 
appropriat~e:!!l u:emtui11· mi:g_J&<lc!,l;laL;Lima.ci:l:rallLIIIID"'----~ 
been used 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 
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INTRODUCTION 

~ This study contains intelligence estimates of 
Soviet military support space systems. Included in 
these space systems are Soviet naval support, naviga
tion, geodetic, meteorolo ical Earth resources, occan
ograp tc, ra ar su , satellites. The 
purpose of this study is to prov1 ea eta1 ed description 
of these systems and their capabilities and limitations. 

-tS'j The Soviet NA VSATs provide timely naviga
tional data to a growing number of marine users. A 
navigation system independent of foreign aids is essen
tial to the efficient operation of their expanding deep
water fleet, especially during hostile conditions. 

1') The Soviet GLONASS network will provide 
near-continuous velocity and navigational data to all 
types of users. The system will probably become oper
ational sometime after I 986. 

~ The ov1ets use satellites to de-
termine precisely the size and shape of the Earth and 
also the distribution of the Earth's gravitational field. 
This directly contributed to an ac- -· -1-··i-- to the 
ballistic missile taraetinu nroblem.1 

(b)(l);l.4 (c) 

-es, Military meteorological requirements are di
vided into two categories. First, a synoptic requirement 
exists to provide long-range, worldwide forecasts (12-72 
hours} for strategic planning. Second, a tactical require
ment is essential to provide detailed, short-term fore
casts (1-3 hours) for areas as small as an individual 
airfield. Presently, Soviet METSATs provide data 

primarily for synoptic requirements. However, limited 
tactical inputs such as c1oud and ice-cover are available. 

i6't The Metcor-Priroda Earth resources satellite 
system is an outgrowth of the Meteor meteorological 
satellite program. In addition to rovidin valuable 
data on natural resources 

(b)(l);l.4 (c) 

'ffl' The Soviet OCEAN satellite program provides 
the Soviet military and scientists with extensive data on 
ocean conditions that were formerly obtained only 
through ship reports and buoy measurements. OCEAN 
satellite data have direct applications in oceanographic 
research, in the shipping and fishing industries, and in 
understanding the meteorological processes that occur 
in the remote ocean areas. The Soviet OCEAN satellites 
have the potential to provide real-time monitoring of 
ocean parameters on a global scale. 

~ The Soviet RADSAT system is a multimission 
program that supports a variety of military customers. 

(U) A chrono gical presentation of the design, de
velopment, test, and operational milestones of the 
Soviet military pport satellites is shown by Figures 1 
through 7. 

(b )(I );(b )(3) P.L. 86-36;(b )(3) 50 
USC 3024(i) 

Pg.2 is denied in full 
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SECTION I 

~l(b-)(_
1

)_;
1

_.4-(c_) _____ ~INAVAL SUPPORT SATELLITE SYSTEM (S) 

I. Background (U) 

-+e,- The mission of the Soviet Naval Support Sat
ellites, designated NA VSAT, is to provide accurate geo
positioning data for ocean navigation and geodetic 
purposes. 

0 

tracking, the use of multiple passes can greatly improve 
accuracy. For example, the location of a fixed station 
can be determined to within lO m of its true location by 
use ofno more than 100 successive fixes. This degree of 
accuracy plus the simplicity of the Doppler technique 
makes a NA VSAT system particularly attractive for 
geodetic functions. 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) -f&,) The Soviets, in an attempt to facilitate the 
global operation of their expanding navy, have devel
oned an evalntionan.' snaceborne navivation svstern 

l(b)(l);l.4 (c) 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 

(b)(l);l.4 (c) 

~ The Soviet requirement for the NA VSA T sys
tem is based primarily on the needs of the submarine 
fleet. Submarines have unique navigation require
ments. Surface exposure while obtaining a navigation 
fix must be limited to enhance survivability, so the nav
igation system must be constantly available, (or nearly 
so). The system must function worldwide, even in re
mote ocean areas. It must function 24 hours a day, 
unaffected by weather conditions. It must be excep
tionally accurate; launcher geoposition is just as vital 
for an accurate SLBM trajectory as it • M 
and is much more difficult to obtain. 

~ Other users also benefit from the NA VSAT 
system. These users include guided missile cruisers, 
missile range instrumentation ships, and oceanographic 
research vessels. Land•based mobile elements, such as 
IRBM launchers, could also find such a system useful. 
Aircraft generally would not benefit from the Soviet 

I (b)(l);l.4 (c) I iNAVSA'fs,slcml I 

-ts;, A Doppler-type NA VSAT system has inherent 
geodetic applications. Although such a system generally 
provides less accuracy on a single pass than optical 

9 

-1 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 

IIFAC-2A1: See note above re: this para 
(b)(l);(b)(3) 50 USC 3024(i);l.4 (c) 
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2.d. Users (U) 
(b )(I );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 

w 
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(b )(I );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 

3. System Capabilities and Limitations (U) 

3.a. Position Fix Accuracy (U) 

(U) The position fix accuracy of any navigation 
system is the accuracy with which a user can determine 
his location relative to some reference coordinate sys
tem. This accuracy may be specified as the distance 
between the true location and the location as deter
mined from the navigation system being used. Table III 
lists the advantages and disadvantages of navigating 
using a satellite Doppler system. 

1Sj The accuracy achievable by any Doppler 
NA VSAT is a function of several error factors. The 
paragraphs below. briefly describe the nature of these 
factors and their cont 'L • ..,., .. l-.. ... accuracv of Soviet 
Do-~ler NA VSATs.1 

(b )(I );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 

SE6RE'f 
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F;g. 18 (U) PRIM WHEEL and PERT SPRING on a KRESTA II-Class CG 

TABLE III 

(U) ADVANTAGES AND LIMITATIONS OF A DOPPLER NAVSAT 
IN VARIOUS APPLICATIONS 

USER APPLICATION ADVANTAGES LIMITATIONS 

Fixed 

?\fobilc missile launcher No v<'locity error----improved accuracy Lack of accuratc knowk-dge of antenna 

Can use multiple position fixes to he-ight alxwc gt>o1d. 

rcduce position error. 

Tactical field element No vdocity crror--improvcd accuracy. Requir("S access to a computer located 

man-pack portable Can use multiplc position fixes to separatdy from receiver. Equipmmt 

reduce position error. miniaturization. 

Geodetic mapping No velocity crror~improved accuracy. Requirrs ephemrris update on each 

Can use multiplt' position lixes to nrbit. 

rt'duce position error. 

Moving 

Surfacr; ships or ~iore accuraU." than orht:r mr;thods. Velocity uncertainty always present 

submarines Gem·rally more available than other n-dm·r;s position accuracy. Cannot 

methods, All-weather capability. employ multiple fixes. 

Antenna heigh1 uror rrduced. 

Aircraft No apparent advantage. More Outage dura1ion between SUCCt"SSiVt" lixi-s 

accurate methods arr available. too large for all but long-range flights. 
\'docity uncr;rtaintics are very large 
t·ompared to ships-sc\·erely dt:gradt"s fix 
accuracy. 

UNCLASSIFIED 
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(b) 
(1);Sec. 
1.4(c);(b) 
(3);P.L. 
86-36;(b) 
(3);50 
USC 
3605 

3.a.(l) Instrumentation Noise (U) 

-tS;- This error factor arises from electrical noise in 
the receiving equipment, and it generates uncertainty in 
the measurement of received frequency and, hence, the 
Doppler shifi • ude f h uncertaint is en
erally small; 

; )(3) P.L 86-36;(b )(3) 50 USC 3024(i) 

3.a.(2) Oscillator Instability (U) 

~ This factor introduces inaccurac in the deter
mination of the Do 
frequency depends on the condition o t e sate ite osc1 -
lator, and in the determination of the precise time of 

(b)(l);(b)(3)P.L 86-36;(b)(3) 50 USC 3024(i) 

3.a.(4) Geodetic Uncertainties (U) 

~ After a user computes position on the Earth, 
_____ there still exists an error associated with imorecise 
I (bJ(IP 4 (cl knowledrre of the Earth's shane. I 

3.a.(5) Orbital Data Inaccuracy (U) 

~ The ability of a user to precisely compute pos
ition depends upon the accuracy of the satellite orbital 
data available since the user employs the satellite as a 

reference point. For nonmoving users, this source 
generates the largest single error, especially when the 
data used hav • 

(b)(l):1.4 (c) 

3.a.(6) User Velocity Uncertainties (U) 

~ A moving user always encounters some uncer
tainty in velocity. This uncertainty influences posi
tioning accuracy in two ways: (I) it causes an 
uncorrectable deviation in Doppler shift and (2) it rep
resents a direct error that accumulates over the 
duration of the signal reception period and the sub
sequent computation period. The error from this source 
generally represents the lar est error ex cricnced b a 
movin user 

(b)(l);(b)(3)P.L 86-36;(b)(3) 50 USC 3024(i) 

3.b. System Coverage and System Availability (U) 

f8, "System coverage" refers to the geo ra hie dis
tribution of satellite availabilit to a user. 

(b)(l);l.4 (c) 

(U) "System availability" expresses how fre
quently a .prospective user can obtain access to the 
Doppler navigation satellite system for position fix 
estimation purposes. System availability may be char
acterized in terms of average waiting time and the 
probability of immediate visibility. "Average waiting 
time" is the average time between the end of a successful 
satellite visibility period and the beginning of the next 
period. "Probability of immediate visibility" refers to 
the likelihood, at any random time, that a user will have 
access to a satellite. These parameters are a function of 
the minimum elevation angle at which the satellites are 
usable to an observer, the minimum required pass 
duration, the latitude of the user, the number of sat
ellites in the system, and the orbital parameters of the 
satellites. 

21 
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l
(b)(1);1.4 (c) I 
. SUPPORT SATELLITE SYSTEM~ 

l. Background (U) 

-ts,, The mission of the Soviet NA VSAT systems is 
to provide accurate geopositioning data for ocean navi
gation and geodetic purposes. 

the Soviets commemo-
osmos 

'L.-~-~~---_J 
b announcing the navigational m1ss1 n o t at space-
craft. Subsequent c_ __ _Jlaunches were 
not accompanied by a Soviet announcement indicating 

•✓--~. ~ .. _-':::.'.'::;:;: ~~-:. ~·i~:; ,:::".";f,:i· 

~ ~ ' 

c_ ___ ~ their navigational role, although the Soviets did men-
tion that Cosmos 1383, the first satellite to carry a 
COSPAS search and rescue satellite acka e was a 
navi ation satellite. 
(b)(l);Sec. 1.4 c • 3 P.L 86-36;(b)(3) 50 USC 3024(i) 

L_ ___ -.JThe NAVSAT network supports Soviet 
fishing and merchant fleets as well as military users. 

(b)(l);(b)(3)P.L 86-36;(b)(3) 50 USC 3024(i) 

2. System Description (U) 

2.a. Spacecraft Configuration (U) 

it!;' The Soviets first displayed a mock-up of 
Cosmos 1000, designated Tsicada, at the 1979 Paris Air 
Show. (See Figure 25.) 
(b)(l);Sec. 1.4(c);(b)(3)P.L. 86-36;(b)(3)50 USC 3024(i) 

,·3 

FTD A80-088 FOR OFFICIAL USE ONLY 

F;g, 25 (U) T,;cada NA VSAT at Paris A;, Show 

i8?" Figure 27 shows two types of antennas on the 
nadir side of the NAVSATl7<isnlaved at the 1979 Paris 
Air Show. I 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 
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(6)(1);1.4 (c) I 

(6)(1);(6)(3):50 USC 3024(i);l.4 (c) 

2.~. Operation, Command, and Control (U) 

(6 )(1 );(b )(3 ):P.L. 86-36;(6 )(3 ):50 USC 3024(i) 

(6)(1);Sec. 1.4(c);(6)(3):P.L. 86-36;(6)(3):50 USC 3024 
(i) 

TASS announcement accompanying the launch of 
Cosmos 1000 stated that the spacecraft would serve as 
a navigational beacon for the Soviet merchant and fish
ing fleets. 

(6)(1);Sec. 1.4(c);(6)(3):P.L. 86-36;(6)(3):50 USC 3024(i) 

'~----<--~-
The Soviets announce 

35 

.__pu'b"l,....ic'ly--t-.-h-at,--...,t-r--e --..nJ. RT SPRJN G-eq uipped 
ARKTIKA-Class AGBN Sibir used Cosmos 1000, a 
NAVSAT.non a 1978 exercise in the Arctic Ocean. 

(6)(1);Sec. 1.4(c);(6)(3):P.L. 86-36;(6)(3):50 USC 3024(i) 

Sl!CPl!T Pages 36-39 are denied in full and not provided. 

Ar66658
Sticky Note







SEORET os·1·-1430S-024-83 
28 October 1983 

(b)(l);l.4 (c) 

-lo, Cosmos 1383, a '.'IAVSA (Figure 33) 
launched in June 1982, carried the first COSPAS pack
age of the COSPAS/SARSAT search and resruc sat
ellite program. COSPAS/SARSAT is a multi-national 
project designed to use satellites to quickly locate ships 
and aircraft in distress. COSPAS is the Soviet term for 
thrir part of the project; the United Staks, Canada, 
France, and t\orway are cooperating to build the \\'est
crn half of the project, designated SARSAT from 
"search and rescue satellite.'' 

(L) Each COSPAS/SARSAT satclliu· carri,·s a 

package designed to rccrivr signals from activated 
emergency beacons on downed aircrafi and maritime 
vessels in distress. The satellite relays the signal to a 
Local User Terminal (I.UT) in rt'al-tinw. I.UTs are or 
will h<" located at Scott Air Force Base, Illinois; Point 
Reyes, California; Kodiak, Alaska; Ottawa, Canada; 
Toulouse, France; and Tromso, ~onvay. So\"iel LUTs 
will be in Vladivostok. Arkhangelsk. ~1oscow, and µos
sihly at another location in Siberia. Tlw LUT processes 
!ht· signal to gcolocatc the emergency beacon using a 
Doppler shift principk nearly identical to that outlined 
in Apptndix II. Th(' LUT relays the position to a Mis
sion Control Center at either l\loscm-v or Scott AFB, 
which then notifies tlw nearest search and rescue unit. 

(C) The COSPAS system (hardv,:are, ground sta
tions, satellite' package, t·tc.) was dc\"doped by the 
Snvirt ~-finistrv of the :rvfrrchant :\Iarinr 
(MORFLOT); till'. S.-\RSAT system was developed 
jointly by NASA, the Department <If Communications 
(Canada), and the Centre Natiunal d'Et11dcs Spatialcs 
(France}. However, the individual program managers 
coordinated intensivt·ly during the dc\"(·lopmrnl phase 
so that the two systems arc entirely compatible; that is. 

the LUT at Scott AFB can use COSPAS satellites as 
easily as it can use ·western SARSAT spacecraft. 

(U COSPAS satellites transpund emergency sig
nals 1ransmitted on tht' civil frequency of 121.5 MHz. 
SARSAT packages transpond signals transmitted on 
both 121.5 .\-!Hz and 243 l\.IHz, the military t·mcrgency 
frequency. Using these emergency beacons, Cosmos 
I :m1 has demonstra1ed an avcragr- position fix accuracy 
of IO to 12 km. This accuracy is limited bv tlw distress 
twacons themselves; dn-,dop~-d long br-for~ the start of 
th(· COSPAS/SARS:\T program, the beacons' carrier 
frt'quenry i<; not stable enough for extremely accuratr 
Doppler rnc~tsun·mcnts. :\ new beacon system, be-in~ 
de\'f'lnpcd especially for COSPAS/SARSAT and oper
atin~ at +06 \-{Hz, will impro\"e average accuracy to 2 
to'.) km. The new beacon signal can also contain digital 
infrmnation idf'ntifying the aircraft or vcssrl in distress. 
the naturt' of the emergency. and the location of the 
anidcnt. In cases whcrl' a COSPAS/SARSAT satellite 
hearing an emcrgcncv hcaco11 i~ not at the monwnt 
within \·icw of a LL'.T, the ·106 !V1Hz signal can be 
processed on board the satdlite and the accidl'nt lo
cation stun·d in on-boar<l recorders to be plavnl hack tu 

a LlJT latn. 

(C) Rcsnw authorities ha\"C credited C(Jsmos 1383 
with sa\"ing at least 22 lives during its initial 9 monlhs 
of operation, The second So\"ict COSP.--\S satellite, was 
launched on 24 :\farch l 9B:3. -! da)S before the launch of 
th(" first S:\RSAT satellite-· a US v.cathcr satellite des
ignated !\OA.--\ 8. The L1S plans lO cquip at lca:-.t two 
more weather satellites, '.\"O:\:\-F and :\'O.-\A-C. \-,.·ith 
SARSAT oacka_g(·s 
(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 
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Fig. 33 (U) Model of Soviet Satellite Equipped with COSPAS Package 
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SECTION III 

GLOBAL NAVIGATION SATELLITE SYSTEM (U) 

1. Background (U) 

(U) The Soviet Global Navigation Satellite System 
(GLONASS) will allow all types of users to obtain in
stantaneous, worldwide position and velocity fixes by 
accessing signals from at least three GLONASS sat
ellites simultaneously. The Soviets apparently intend to 
construct a system similar to the US NAVSTAR 
network. 

(U) The Soviets announced GLONASS in a Feb
ruary 1982 filing with the International Frequency Reg
istration Board. The Soviets stated that the GLONASS 
network would consist of nine to 12 satellites placed in 
three orbital planes, with three or four satellites in each 
plane. The announced GLONASS orbit is 20,000 km 
circular, 12 hour orbit inclined at 63 degrees. The 
Soviets also stated that GLONASS was designed for 
worldwide aircraft navigation, and that the satellites in 
the system would be designated "GLONASS-1," 
"GLONASS-2," etc. 

(U) The system as outlined by the Soviets could 
provide two-dimensional position fixes and velocity vec
tors. Users requiring a three-dimensional fix, such as 
aircraft, would have to determine the remaining coordi
nate, altitude, by other means, such as a radar 
altimeter. 

~) On 12 October 1982, the Soviets launched 
Cosmos 1413, 1414, and 1415 with an SL-12 launch 
vehicle from Tyuratam Missile and Space Center. 
TASS announced the satellites were in a 19,100-km 
near-circular orbit inclined at 64.8 degrees. According 
to TASS, the mission of the three satellites was to 
"improve the components and equipment of a space 
navigation system that is being developed to locate 
civilian planes and merchant marine and fishing ships 
of the Soviet Union." 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 
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solely to evaluate launch vehicle performance, it seems 
equally likely that they were identical to Cosmos 1414 
and failed shortly after launch. 

2. Svstem Description (U) 
(b)(l);(b)(3) 50 USC 3024(i);l.4 (c) 

2.b. Network Orbital Characteristics (U) 

~ Appendix I presents launch dates and initial 
orbital parameters of the experimental GLONASS sat
ellites. According to the Soviets, the GLONASS net
work will consist of9 to 12 satellites in 20,000-km circu
lar orbits with 63-degree orbital inclinations. Three or 
four satellites will be in each one of the three orbital 
planes. The planes will probably be separated in right 
ascension by 120 degrees. The period of the orbit will be 
12 hours, which means the ground trace of the satellite 
will repeat every 24 hours. 

~ The first three experimental GLONASS sat
ellites have slightly different orbital parameters, than 
those announced by the Soviets. Cosmos 1413, 1414, 
and 1415 are in an approximately 19,100 km circular 
orbit with 64.8-dcgree orbital inclination. The lower 
orbit yields a shorter period of 11 hours 13 minutes. 

~ Figure 35 shows the proposed network config
uration. Initial operating capability of the 9- to 
12-satellite network (as proposed by the Soviets) may 
be achieved in I 986 or 198 7. 

1', It is not certain that the Soviets will limit them
selves to the 9- to 12-satellites network as mentioned in 
their IFRB filing. With such a system, only three sat
ellites would normally be within view to a user at any 
one time, limiting location fixes to only two 
dimensions. However, there is little to preclude the 
Soviets, despite their announced intentions, from 
placing 18 or even 24 satellites into the GLONASS 
network, ensuring four satellites in simultaneous view 
and, thus, • • • • n I ositionin 
ca abilit . 

(b)(l);l.4 (c) 
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2,c. Operation, Command, and Control (U) 

~ Like Soviet ',---~-"ustomers, 
GL0NASS users will probably etermme position and 
velocity using a continuous passive measurement com
bined with satellite ephemeris data. In contrast to other 
Soviet navigation satellites, GL0NASS users will rc-

·v si nals from three satellites simultaneously i -
stead of using multiple successive 1xes 1 e 
Osatellites. The use of three satellites allows the 
user to determine three unknown parameters (usually 
latitude, longitude, and user clock bias). This allows the 
user to determine three-dimensional position and veloc
ity if altitude is known. Altitude may be determined by 
instruments such as a radar altimeter, pressure altime
ter, or laser altimeter. 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 5 0 USC 3024(i) 

2,d. Users (U) 

(U) The Soviets have stated that GL0NASS will 
provide navigation support to aircraft and merchant 
marine and fishing ships. This announcement indicates 
the Soviets intend to develop the civil aspects of the 
GL0NASS system. The possibility also exists that the 
Soviets will offer GL0NASS receivers on a commercial 
basis, in competition with GPS. They would certainly 
have a captive market in the Bloc countries, and, with 
government funding, the Soviets could offer GL0NASS 
services at a price less than GPS. 

-rs) It is inconceivable that the Soviets would 
ignore the military aspects of GL0NASS. GL0NASS, 

45 

or a variant of G LO NASS, will certainly be primarily a 
military system, with civil navigation support a second
ary mission. With an expanded (three-dimensional) ca
pability, GLONASS could provide navigation support 
to cargo aircraft, bombers, tankers, fighters, cruise mis
siles, ballistic missiles and spacecraft; in short, support 
equivalent to GPS. 

3. System Capabilities and Limitations (U) 

3.a. Accuracy (U) 

~) GL0NASS accuracy will be affected by most 
of the same error factors that effect the NA VSA T space
craft. An accurate assessment of the accuracy of the 
GL0NASS system cannot b • • 

• , ] (b)(l)·l4 (c) nearer its operationa stage • 
I- I Because of the simi"a"r", .. ty-,-.to::.t=e-rr-.-7"'7r=-:s;;-y;;;s..J
tems, GL0NASS could have a comparable position fix 
accurac that is on the order of 5 to IO meters. 

3.b. System Coverage and Availability (U) (b)(l);l.4 (c) 

(U) A network of nine satellites could 
nearly continuous two-dimensional coverage to all parts 
of the Earth except areas near the equator. A network 
consisting of 12 satellites could provide complete two
dimensional coverage over the entire Earth surface. A 
minimum of 18 satel1ites would be required to provide 
continuous three-dimensional coverage to all parts of 
the Earth. 

3.c. Mutual Usability of US-Soviet Systems (U) 

-1 
(b)(l);Sec. 1.4(c);(b)(3)P.L. 86-36;(b)(3) 50 USC 3024 
(i) 

L~~--------;--,---:,:-,-::-:-::-c--::-::-'IThe Soviets' 
public announcement of the GLONASS System, how
ever, indicates they may depend more heavily on 
GL0NASS for civil navigation than they have on their 
low-altitude, Doppler NAVSAT system. Certainly their 
military systems will use GL0NASS rather than the 
civilian (degraded accuracy) GPS. 

4. Subsystems (U) 

4.a. Launch System (U) 

~ Cosmos 1413, 1414, and 1415, the devel
opmental GL0NASS satellites, were launched from 
TI'MTC using an SL-12 launch vehicle. (See Figure 
36.) The fourth stage was constructed to carry and 

SE6RET Pg. 46 is denied 
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deploy three satellites and to make orbital nlane inclina
tion chan2es. I 
(b)(l);Sec. 1.4(c);(b)(3)P.L. 86-36;(b)(3)50 USC 3024 
(i) 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 

(b)(l);(b)(3) 50 USC 3024(i);l.4 (c) 

4.b.(4) Signals (U) 

(U) The Soviets announced that each GLONASS 
satellite would transmit navigation signals in two of 
three possible frequency ranges, two signals to compen
sate for ionospheric refraction. The announced ranges 
were 1240-1260, 1597-1610, and 1610-1617 MHz. Max
imum spectral power density was listed as -44 dBW I 
Hz (1597-1617 MHz) and -57 dBW/Hz (1240-1260 
MHz) with satellite axial antenna gains of 13.3 dB 
(1597-1617 MHz) and l 1.8 dB (1240-1260 MHz). 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 
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SECTION IV 

FIRST-GENERATION GEODETIC SATELLITE SYSTEM (U) 

DST- l 430S-024-83 
28 October 1983 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 
1. Background (U) 

(U) Geodesy is defined as "that branch of mathe
matics which determines exact positions of points and 
the figures and areas of large portions of the Earth's 
surface, or the shape and size of the Earth, and the 
variations of terrestrial gravity." 

-fS-) From this definition and the objectives of the 
US geodesy program, it is assumed that, through the 
use of man-made Earth satellites, the Soviets desire to 
establish a set of worldwide control points to fix a uni
fied datum system referenced to an Earth-centered 
coordinate system and to establish the coefficients re
quired in the spherical harmonic development of a de
scription of the Earth's gravitational field. 

1'&) Although it is difficult to assess the intentions 
of the Soviets concerning the military applications of 
their geodetic program, there are several direct bene
ficiaries of accurate geodetic modeling. The ballistic 
missile t3.rgeting problem requires accurate geo
positioning of both the launch site and the target area as 
well as precise determination of the influence of the 

-----~Earth's uravitational field on the missile fliuht nath. 
(b)(l);Sec. 1.4(c);(b)(3)P.L. 86-36;(b)(3) 50 USC 3605 

%. System Description (U) 
------
(b)(l);(b)(3) 50 USC 3024(i);l.4 (c) 
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(b)(l);l.4 (c) 

(b)(l);Sec. 1.4(c);(b)(3) 18 USC 798;(b)(3) 50 USC 3024 
(i) 

~ The Sovicr.-. also arc satisf;,·ing tl1t·ir geodetic 
requirements using olher means, such as na\·i_gational 
satellites. \Vcstcrn codctic satellites c< ui J H'cl \-.·ith la
ser reflectors (b)(l);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 

USC 3024(i) 
-fS) The ~:\ \'SAT can provi<lr corn parable geo

positioning accuracy to GEOSAT with multiple 
Doppler passrs. ( )pen-source litnatim· indicates a 
\Varsaw Pact country is constructing Doppler rncin·rs 
that can br usf'd for gropositioning usim~ the Doppler 
passes of tlw l 1S Na\·~ :\a\"igation Sact·llit(· System 
i's'sSSJ. 

3. System Capabilities and Limitations (U) 

3.a. Position Fix Accuracy (U) 

(L') Thf' affuracy of position location dt'pends 
upon the error associated \-vith det<·rmining tlH' loc<1tion 
of a fixed position rel a ti\"<' to the Earth's ccntn of mass. 

50 

Oncf' the user ofGEOS:\T data has gcolocat"'I a num
ber of positions on the Earth, he can make tics bct,veen 
the positions. Conversely, by assuming or by indcpcn
dn1tly <leterrnininK thr- position of a tracking station 
and observing the position of the GEOSAT \Tfsus its 
predicted position, it is thrn possible to construct a 
gravitational model. \Vith a worldwide ncr,vork of sta
tions, local anomalies and zonal harmonics can also be 
dt t< rmmed. I his gr a, lt,lll<mal modt l and loc.-d/zonal 
\"ariancc arc direct inpu!s in ballistic mis~ik tra_ic·ctory 
calculations 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 
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(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) (b)(1 );Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 

3.e. Mutual Usability of US-Soviet Systems (U) 

i8' The Soviets have constant access to and do 
make use of US GEOSATs. The US, however, has 
never expressed an interest in using Soviet GEOSAT 1 
satellites. The US GEOSATs either have continuously 

... transmitted Doppler beacons or else have pnective sur-
(b )(l); 1.4 (c) I i faces that can be tracked when illuminated,! 

I 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 
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(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024 
(i) 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

4.c.(2) Equipment (U) 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

• 

• 

([') The Soviets appear to br phasing from optical 
tracking methods to laser tracking on roopera1ive sat
ellites cquippr<l \Vith laser rdlrcto~s. Incrrasr·d reliance 
on laser trackin,g nf satellites is probably rdatcd to 
lmvcr operations and maintenance costs, fl'wer opn
a1ing personnel, increased real-time accuracv, and the 
ahili1y to replace multiple optical sites with a sin!2:lc • 
laser range finder. 

~---------------------_J54 
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Fig. •15 (!') L\l'-2 Optical Satellite ·rcacking Cameca 
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Fig. 46 (U) FAS Ballistic Tracking Camera Fig. 47 (U) AFU-75 Tracking Camera 

FTD ASl-1825 UNCLASSIFIED 

Fig. 48 (U) FAS and AFU-75 Cameras 
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(b)(l);l.4 (c) 

(U) Figure 50 shows a technician from the Central 
Geophysics Institute of the Potsdam Academy of Sci
encies (GDR) adjusting a new laser ranger/camera 
built by the East German firm of Carl Zeiss Jena. This 
laser ranger is of the second generation type. 

5. Current Geodetic Snace Systems (U) 
(b)(1);(b)(3):10 USC 424;1.4 (c) 

ITD ASl-1827 

(b)(1 );1.4 (c) 

~ The Soviets have announced the presence ofla
ser retroreflectors on their two lunar rovers and on Sal
yut 4, lntercosmos 17, and Bulgaria 1300. Figure 52 
shows the laser retroreflector carried by Bulgaria I 300. 
( See Figure 53.) Retroreflectors were rob a bl also 

and on Sal ut 7. 

(b)(l);l.4 (c) 

l'OP OEEICJ t' PSE ANT X 

Fig. 50 (U) Carl Zeiss Jena Laser Range Finder Camera 
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ITD A83-2-+8 I 

Fig. 52 (U) 
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B lgaria 1300 fl tronu Retrore ec o Laser 
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(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

(C ?iOFBR!i) The lntcrcosmos Council has often dis
cussed a geodetic satellite, supposedly now in the de
velopmental phase, railed DIDF.X (Differential 
Doppler Experiment). DIDEX would consist of a 
mother satellite that ejects two small suhsatellitrs and 
then tracks the subsatdlitt·s with a lasn ran w finder to 
ma ravitational H'rturbations. 

~-----J The first lau ch was originally sched
uled for 1985 or 1986. Um .. 'cvc DIDEX, an ambitious 
pn~jcct in itself~ has been delay d by ttw political sit
uation in Poland, which is the pr· iary contributor of 
much of the DIDEX hardware. Th· status of the- pro
gram is currently uncrrtain. 

(b)(l);l.4 (c) 
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SECTION V 

SECOND-GENERATION GEODETIC SATELLITES (U) 

I. Backnound (U) 
(b) (1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

~ The direction of the Soviet space geodesy 
program beM..,._ nnclear with the demise of the last 
GEOSAT II 
(b)(l);Sec. 1.4(c);(b)(3)P.L. 86-36;(b)(3) 50 USC 3024 
(i) 

I There had been s cu-~~-~-~~-~~~~ P" 
lation that the Soviets, having access to updated geo
detic models supplied by the US, had no need to con
tinue their s ace codes ro ram. The launch of 

m ave contmumg m1 ttary 
requirements for satellite-provided geodetic data. 

2. System Description (U) 
(b)(l);(b)(3) 50 USC 3024(i);l.4 (c) 

2.b. Orbital Characteristics (U) 
(b)(l);l.4 (c) 

-m-1,__ ____________________ _ 

~~--~-~~I The increased visibility to ground 
stations produced by the high altitude, high inclination 
orbit is useful for geodetic purposes. 

69 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

2.d. Users (U) 
~--------------, (b)(l);l.4 (c) 

~----~However, the Soviets continue to discuss 
in open source literature their efforts to refine their geo~ 
detic Earth model, despite having access to recent, ac
curate US models. With increasing US consideration of 
super-hardened Minuteman/MX silos, the Soviets may 
be attempting to decrease their ICBM or even their 
SLBM circular error probability by further reducing 
geodetic errors. 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

SE8RE'f 
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SECTION VI 

METEOR 2 SATELLITE SYSTEM (U) 

1. Background (U) 

I.a, General (U) 

(U) The military meteorologist must be ready to 
support military operations anywhere in the world, to 
describe and forecast weather on a global basis as well 
as for certain specified areas. To fulfill this task, the 
meteorologist needs global observations of atmospheric 
variables such as pressure, temperature, wind, precip
itation, humidity, clouds, and aerosols. 

(U) Conventional observations can supply some of 
this needed data, but have two major limitations-( l) 
the network of these observations is relatively sparse 
except over continental areas, and (2) conventional ob
servations over the territory of a particular country may 
be withheld from other nations. 

(U) The METSA Ts can overcome some of the lim
itations of conventional observations. Satellites can ob
serve the Earth's atmosphere on a global basis, unlike 
the conventional observations network. In addition, no 
country can easily obstruct meteorological observation 
of its atmosphere from satellites. Indeed, satellites may 
provide the only meteorological data from a particular 
country if conventional data is withheld. 

~ The METSATs are versatile systems capable 
of carrying experimental payloads and conducting 

issions • 

~--~~==~=___,The oviets ave announce 
retrograde METSATs are also used for Earth resources 
exploration and meteorological data acquisition. 

(U) Meteorological sensors on satellites basically 
measure electromagnetic energy emitted or scattered 
from the Earth or atmo.sphere. Some observations, such 
as cloud cover pictures at visual or IR wavelengths can 
be directly interpreted by the meteorologist. Most types 
of sensor data, however, are not as easily interpreted, 
and observed radiation must be processed through 
complex computer algorithms to retrieve estimates of 
the properties of atmospheric variables. 

l.b. METSAT Launches (U) 

~ The Soviets first publicly acknowledged an in• 
tcrest in developing METSATµ.llilrn:LilW:.Lllll:.Jlllllill:IL~ 
ofS utnik I in Oc 

~ With the launch of Cosmos 144 in February 
1967, the Soviets initiated a new series of METSAT 
launches.I 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 

L----------------~l These vehicles included Cosmos 
156, 184, 206, and 226. The Soviets announced the 
operation of three two-satellite systems called Meteor
Cosmos 144 and 156, Cosmos 144 and 184, and Cosmos 
184 and 206. A METSAT launch failure precluded es
tablishing a fourth Meteor system. 

~he launch of the first Meteor, later designated 
Meteor I /I from Plesetsk on 26 March 1969 indicated 
a long-range Soviet commitment to a satellite mete
orological program. Meteors 1/5 and 1/IO through 1/27 
were launched into higher, 900-km, near-circular 
orbits. 

1§l On 11 July 1975, the Soviets initiated an ad
vanced METSA T network with the launch of a Meteor 
2 type satellite. Since then the Soviets have launched 
the Meteor 2 satellites from Plesetsk into the standard 
900 km, Bl-degree inclined orbit at a rate of about one 
per year. The Meteor 2 spacecraft replaced the older, 
posigrade Meteor I satellites. 

I .c. Soviet Meteorological 
Related Satellites (U) 

-1 

(b)(l);Sec. 1.4(c);(b)(3)P.L. 86-36;(b)(3) 50 USC 3024 
(i) 

L. ____________ _,IDuring 1975 the 
Soviets established the State Scientific Research Center 
for the study of the Environment and Natural 
Resources, often called Priroda (Nature) in Soviet lite
rature. When Meteor 1 /25 was launched in May 1976, 

73 (b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024 
(i) 
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(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

(L:) The Soviets continued to develop and use the 
low-altitude manned tier of 1hcir 1',1ETSAT m·l\vork. 
Such manned flights arc not dedicated to mete
orological observa1ions, bu! 1he flights du prm·ide an 
opportunity for special measurements and for testing 
new instruments. In addition, the lower ahitu<lc of these 
flights can provide much higher n·solution than is avail
able from their Mrteor series. The crew also provides 
mission flexibility, the opportunity to repair or ad
just instruments, and availability of direct human 
observations. 

~ A geostationary operational meteorological 
satellite (GO~fS) was sche"duled to br launched in sup
port of the 1978-1979 First GARP (Global Atmospheric 
Research Program) Global Experiment (FGGE). The 
Soviets delayed the launch date several times: the cur
rent estimate of the first GO?\-1S launch data is 1985. 
The Soviets attributed thC'sC delays to the inability of a 
geostationary ~fETSAT located over the equator lo 
image adequately the extreme northern regions. \(ore 
likely reasons for the delay arc technical problems in 
data processing or in obtaining adequate 'i<'llSor n·snlu
tion from geostationary altitude. 

~ The Soviets statrd their intention to pla-cc the 
GOMS at 70° E, but they reserved the rig-ht to change 
its location at a latc-r time. The expected lifetime of the
first GO~1S is 24-36 months. The satrlli1e ""'·ill be three
axis stabilized and will can,· a scannin radiometer in 
the visible and IR ranges. 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 74 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

( L) The Soviets an· also launching METSATs in a 
cooperative program with other socialist countri<'s. ln
tcrrosmos 20, launched 011 I )Jovember 1979, carried 
instruments for Earth n:sourc('S, meteorological, and 
oceanographic observations. Some of the i,{s1n1ments 
included \Ven:· a multirhanncl spectrometer, a double
polarization radiometer R-'22,1, and a magnetometer for 
measuring- the three components of the Earth's mag
netic fidrl Organizations invohT<l in the experiments 
indud('d the follmvin~: 

Imtitut<' of SpaC(' Research of the L:ssR 
:\c,ukmy of Science~ 

Marint' Hydrophysics Instituu• of the 
Ukrainian Academy of Sciences 

Institute of Earth !\.(agnetism, thr Iorn)spht·re 
and Propagation and Radio \\'a\TS of the USSR :\cad
<'TnY of Sciences 

Electronics Institute of the Academy of 
Sciences of the CDR 

Dresden Polytechnical lnstitulr nf thf' 
:\cademy of Scicncrs of the CDR 

Budapest Polytcchnical L'niver-;ity 

Tesla Enterprise of Cuchoslo\"akia 

An unidentified Ron1anian or~anization 

(l"\ Soviet meteorologists recognize and acknowl
f'dgc the limitations of meteorological satellite obscr
\·alions. Cloud imag-cry from space may not always cor
respond 10 \"isual or radar obserYations. and an 
atmosphnic sounding from space may in fart hr· ,tn 

a\-erage based upon numerous obser\"ations over a large 
area but reported as the profile for onr location. Obser
vational data obtainrd from meteoroloRical sat('\li1es 
arc inherently less accuratf' than, and are not neces
sarily simultaneous with, ron\"entional ground-based 
and uppcr*air obse-n.-ations. The Soviets ha\"C under
taken programs to assess. and possibly to uimpn1satc 
for, these limitations. 
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(U) The Scientific Research Institute of 
Hydrometeorological Instrument Building in Moscow 
is evaluating cloud observations within 200 km of 
Tashkent and Borispol. They are comparing three 
parameters---cloud observations collected visually, 
data obtained from Soviet radars, and simultane
ous satellite imagery. The Nature Resources Space 
Research Institute of the Academy of Sciences of 
Azerbaydzhan has deployed a mobile laboratory called 
Priroda (Nature) to compare data collected via aircraft 
and satellite remote-sensing techniques with obser
vations obtained at the Earth's surface. Meteorologists 
at the Main Geophysical Observatory in Leningrad 
propose that remote sensing accuracy can be improved 
by measuring cloud-free atmospheric radio-thermal 
emission, a technique currently receiving increased em
phasis within the Soviet Union. 

1.d. Military Use of Meteor Data (U) 

~ In general, only a limited amount of informa
tion on the development of military systems is available 
because results become classified once research and de
velopment programs begin to show military potential. 
Consequently, it is necessary to infer possible military 
applications of current METSAT programs. 

-tG, Meteorological data is vital to military com
manders at all levels. Soviet military services are almost 
certainly receiving better meteorological support than is 
the civilian sector, primarily on the basis of their higher 
priority. Satellite derived data provide important 
weather support to the Soviet military. 

'('!'.) The existence of a sirigle Soviet meteorological 
service organization, similar to the USAF Air Weather 
Service, may only be surmised at best; no hard evidence 
has yet been uncovered to verify such an organization. 
However, evidence indicates the existence of military 
meteorological platoons, sections, or units that are or
ganic to the combat units they support. The detailed 
organizational structure of these military weather ser
vices and units is not fully known. It seems likely, how
ever, that these weather units use satellite-derived 
weather information to brief commanders and staff 
from the highest to the lowest levels. 

1.d.m Theater/Front Forces (U) 
(b)(l);l.4 (c) 

c_ _________ _J In addition to cloud imag-
ery, soil moisture content, as an exam le could be of 
im rtance to theater commanders. 

(b)(l):1.4 (c) 

'----~-~~-~--~--_JA Soviet division 
commander, after a heavy rain, would be very inter
ested in whether the terrain is too wet to support his 
tanks and other motorized equipment. 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 

l.d.(3) Soviet Naval Forces (U) 

-tS) Weather stations on board military vessels are 
probably equipped to receive facsimile cloud imaver.., 
over radio links from shore transmitters. I 

~ 
1.d.(4) General (U) I (b)(l);l.4 ~ 

(b)(l);l.4 (c) 
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(U) A Soviet journal stated that information ob
tained by means of the ~ieteor space system and used 
by the Hydrometeorological Service for the long term 
forecasting of various weather phenomena makes it pos
sible to preserve annually material resources amounting 
from 600 to 750 million rublt"s. Resources consetvt"d in 
this manner may be applied to the Soviets predom
inantly military economy. 

(C) There are numerous military applications for 
the geomagnetic data collected by Soviet satellites. 
Extensive information on these applications may 
be found m DST-1820S-475-82, "Environmental 
Warfare-USSR and China (U)_" 

I.e. Expanded Use of Meteor 
Satellite Data (U) 

(U) The Soviets arc expanding their use of ~frteor 
satellite data to other-than-conventional obst·rvations of 
cloud cover, temperature and water vapor profiles, sur
face radiation, and mcasurmt'.nts of ozone- and other 
atmospheric constituents. 

I.e.()) Satellite Climatology (U) 

(l') Soviet dimatologists are using meteorological 
satellite observations to help develop new models of the 
global climate and to help verify existing climate the
ories. The ~fain Geophysical Observatory in L<"ningrad 
and the All-L1nion Scientific Research Jnstitut<" of 
Hydrometeorology in Moscow arc among tht· or
ganizations within the Soviet Union attempting to in~ 
elude satellite data in climate analysis. Soviet plans for 
additional global satellite climatology programs imitate 
those already implcmcntrd by the lJS. 

l.e.(2) Contributions to GARP (U) 

(C) A total of 150 member nations of the \Vorld 
Meteorological Organizations (WMO) carrird out thr 
first worldwide Global Atmospheric Research Program 
(GARP) from December 1978 through November 1979. 
Observations from Meteor 2 spacecraft were included 
within the large data base that the \V~H) system
atically collected during this program. 

l.e.(3) Agriculture (U) 

(C) Satellite infrared (IR) obst·rvations have suc
cessfully identified moist and arid agricultural regions 
within the Soviet Union. Soviet scientists arc also study
ing both visible and IR imagery to better understand 
the dynamics of melting snow cover in Northern and 
Central Siberia. This snow cover is an important source 
of moisture reserve for agriculture. 

l.e.(4) Severe Weather (U) 

(U} Meteorologists at the Hydrometeorological 
Scientific Research Centn in Moscow are devdoping 
techniques to apply meteorological satellite imagery to 
supplement synoptic and radar observations for de
tecting and/or predicting heavy rain storms, thunder
storms, dust storms, and hail storms. Meteorological 
satellite data also provides otherwise unavailable 
weather observations to Arctic and Antarctic research 
expeditions and to high-latitude stations. 

l.e.(5) Aeronomy aod the Upper 
Atmosphere (U) 

:ml 

High <"nergy particle research conducted at the 
Institute of Appli<·d Geophysics in f,..loscmv addrrsscs 
the clfrcts that such radiation may have upon eos
monauts, space systems, and the ionosphcn·. 

(r) Soviet cosmonauts have conduCJ.ccl research 
on visible radiation emitted in the Earth's upprr atmo
sphere. Analysis of these observations has kd to various 
theories and models for the different sources of electro
magnetic radiation emitted from the upper atmospheric 
layers. 

l.e.(6) Geophysical Prospecting (U) 

(t:) M~tcor satdlitr- imagery is used to idcn1ify 
geophysical formations that are known to correlate with 
the presence of mineral deposits. The Institute of 
Geophysics of the L'SSR Academy of Sciences, with the 
cooperation of several other institutes within the Soviet 
Union, successfully located tectonic fractures over large 
trrritories with the help of ~fcteor satellites and other 
remote sensing obsnvations. 

l.e.(7) Pollution and Environmental 
Protection (U) 

(C) \'isual wavelength observations obtainr-d from 
r-..frtcor 2 and manned Soviet spacecraft arr usr-d to 
locate atmospheric pollution, particularly in the vicinity 
of large industrial centers. The Soviets have developed 
techniques for estimating the extent and density of the 
aerosols and for determining- the chemical composition 
of the offending pollutants. They arc using this informa
tion to develop plans for atmospheric environmental 
protection. 
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'"\S7' The Soviets announced the Meteo 
load wei ht includin solar anels as 1 300 k 

~~~------~ Since the spacecraft is basically 
configured the same as Meteor I satellites, best esti
mates place the weight of Meteor 2 satellites at 1,500 kg. 
The increase in weight is caused by spacecraft body 
modifications and additional sensor payloads on 
Meteor 2 satellites. 

f-!j The Meteor 2 displayed at the Paris Air Show 
in 1977 is shown in Figure 55. Dimensions based on 
analysis of this display are shown in Figure 56. 

____ 1.f. Prospects and Limitations (U) (b)(1 );1.4 (c) 2.b. Network Orbital Characteristics (U) 
(b)(1 );1.4 
(c) t0 fi0f8ft:Jli Vv1ilffffll!) The Soviets h e acknowl-

(b)(l);l.4 (c) 

~----c,,;1u,ed inadequate com uter su f their remote 

w 

(b)(l);l.4 (c) 

'---~=~--~.,..-J country is at least 3-4 years behind 
the US in machine processing of remotely sensed data, 
and, therefore, the Soviets are emphasizing optical 
rather than digital data analysis. 

(U) Soviet meteorologists are developing and 
evaluating new techniques to mesh microwave radio 
frequency, IR, and visual meteorological satellite obser
vations, and they are attempting to improve their 
satellite-derived assessments of cloud type, cloud 
moisture content, and precipitation. Meteor 1/18 
carried an ultrahigh frequency polarimeter as well as 
visual and IR detectors, and the later Meteor space
craft are continuing the role supporting technique 
development. 

2. System Description (U) 

2.a. Spacecraft Configuration (U) 

~) The characteristics of the Soviet METSAT ve
hicles are assessed on the basis of information from 

v ral sources. These include photographs of public! 
displayed vehicles, statements o av· • , 

I I and the characteris ucs o 
data sent over the Moscow-Suitland line. 1 

~ The Soviets have displayed models of Cosmos 
122, 1441 and 156 and a Meteor 2 series satellite at 
various international exhibitions. Essentially the same 
basic spacecraft has prevailed from the outset of the 
program. The main body is cylindrical in shape with 
the long axis pointed toward the Earth via an active 
three-axis flywheel stabilization system. Power is pro
vided by two large sun-oriented solar panels. 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

-tel- The Meteor 2 spacecraft are all placed into 
900-km circular orbits inclined at 81 devrees.·r===-

(b)(l):1.4 (c) 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

1(U) Moscow-Suitland line (Cold Linc) is a communications link established during 1966 for the exchange of meteorological data between the US 
and USSR. 
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Fig. 56 (U) Meteor 2/XX Configuration 
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(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

(b)(l);Sec. 1.4(c);(b)(3)P.L. 86-36;(b)(3) 50 USC 30241 
( 1) 1=F-~-__J 

1gurc 
57 is a Soviet diagram that presents the division of 
responsibilities in ~fetcor operations. 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

l. Meteorological Syst.em 

Controlf Point 1 • I : ;_ ~ :;_Ill.ill R .tLlll ---
2, System Control Point • __ -- I -- _· - _' 

I 3. Coordinating and Computer Ce~~r- , 5.'-Mtlte0rol0gical 
-✓ .. 1 ~'.' 

l' 6_. _Television Data s--Z,:5l ~:_; ~-$~'"" 
" ·i._ j ) • •--1 ~ .. 

'[§;£] 1111 ... , : ',+:-. ' ~ t 
9. Control Center !-pallll■ I -~- '-,l.1 ,_),. .. (f\- • 

7. Actinometric Data 

I ~·I I! 
10. Hydrometeorological Center of the USSR j ,,.,.,.,....-;.,, '"" t"~-;,, 

\,.-. ~ 
/_I·, \'\" 

11. For Civil Aviation 

12. About. the State 
of Ice Cover 

4. Meteorological Data 
Reception Point 

U ta Conversion Equipment 
I 

8. IR Data 

19. International Exchange 

18. Forecast.s 

13. For the Navy, River!_ ~ J f., 
and Fishing Fleet • _ :., : 

'i!/Jt;;] 17. For the Population, about 
/ DangeroUB Weather Phenomena 

,, 

I~ 1r,,i:«_;1 _•v~~1 
14. For Agriculturn ~ _ ~ 16. For Forestry 

15. For Geoloi:cical Surveying 

no A81-lllZ9 
I OR Of I It.ML CJL O.IL. 

Fig. 57 (U) Meteor Command Diagram 
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(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 

2.d. Users (U) 

(U) Figure 5 7 lists many of the civil customers of 
meteorological satellite data. Military use of Meteor 
data is outlined in paragraph l .d. of this section. 

3. System Capabilities and Limitations (U) 

3.a. Spacecraft Sensors (U) 

=,I 

(b)(l);Sec. 1.4(c);(b)(3)P.L. 86-36;(b)(3) 50 USC 3024 
(i) 

L __________________ I Figures 58 and 59 show views 
of the sensors on the Meteor 2 series display. The dis
play model may not show the complete Meteor 2 sensor 
complement. 

3.a,(I) Multispectral Scanner (U) 

(U) The primary sensor package On board the Me
teor 2 is the radio-television complex. The RTVK is 
composed of two sets of dual (redundant) multispcctral 
scanners, the MSU-M and the MSU-S. These MSU 
units are optical-mechanical systems using single-line 
scan and single element receivers. The low-resolution 
MSU-M operates in four spectral bands, three visible 
and one IR. The medium-resolution MSU-S operates 
in two spectral bands, one visible and one IR. A 1977 
article by A. S. Sclivanov, V. P. Chemodanov, et al. 
diagrammed the MSS (Figure 60) and provided the 
following description of its operation. 

(U) The radiation flux, being reflected from the 
mirror I (MSU-M) or from one of the edges of pyramid 
I' and mirror I" (MSU-S) and passing through objec
tive 2, is directed by a mirror 3 to an interference mirror 
4. The latter reflects the radiation flux in the visible 
band to the diaphragm 5 while the radiation in the IR 
band is passed to diaphragm 6. Passing through it, this 

81 

flux is collected by a lens 7 and with the aid of a mirror 
8 with an interference coating is directed to a photo
multiplier (FEU) 9. After diaphragm 5 and collecting 
lens 10, the visible radiation is directed to the FEU 13 
by interference mirrors l l and I 2. Only the optical 
elements for two channels and the FEUs (9 and 13) are 
installed in the MSU-S instrument. 

(U) To separate the radiation of the visible band 
into three channels, additional optical elements are in
troduced into the optical system of the MSU-M, inter
ference filters 14 and 15 and interference mirror 16. 
They accomplish the separation of the radiation on the 
FEUs (17, 18). 

(U) The photometric calibration of the instru• 
ments is accomplished by closing the main light flux 
using a "riser" on the obturator 19; in this case, a light 
beam of the calibrated channel goes to the FEU through 
a window 20, which is closed by an optical wedge. The 
obturator rotates cophasally with the line scan. The 
calibration channel consists of an incandescent lamp 
SMN-I0-50 (21), diaphragm 22, lens 23, turning prism 
24, collecting lens 25, and light pipes 26, which direct 
the calibration flux to the FEU. 

~ The MSS package flown on Meteor I/ I 8 pro
duced data of value to Earth resources studies. How
ever, the Soviets stated that because of limitations of the 
tape recorder, only four of eight channels could be oper
ated. Three of the operable channels were 0.6-0. 7, 
0.7-0.8, and 0.8-1.1 µ.min the visible and near-IR spec
tral region with a resolution of approximately I km. The 
fourth channel operated at 8-12 µm with a resolution of 
about 30 km. Figure 61 presents imaging of a dust storm 
in the Aral Sea region in the 0.8•1.l µ.m range. This 
image was obtained on 22 May 1975 from the MSS 
aboard Meteor l/18. Apparently, chis MSS could imatre 
and record onlv two channels simultaneouslv I 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 

9ECFll:T 
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Fig. 58 (LI) Meteor 2/XX Series Display, Close View of Sensors 

Fig. 59 (U) Meteor 2/XX Series Display, Clost> View of Sensors 

82 

SEeRl!!T 
(This page is Unclassified) 

DST - I '130S-0'14-83 
28 Octobt"r 1983 

UNCLASSfflt:D 

l.'.NCLASSIFIED 

• 

• 

• 



Sl!C,.l!'f' 

FTD ASl-1832 

Fig. 60 (U) Optical Schemes ofMSU-M(a) and MSU-S(b) 
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1. PATH OF OUST STORM 
2. SANDY COAST Al SHOALS 
3. DELTA OF SYR-DAR'YA RIVER 

/ 4. DELTA OF AMU-DAR'YA RIVER 

FOR OFFICIAL CSE O'.\"LY 

Fig. 61 (U) Output ofMSS Aboard Meteor 1/18 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 
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3.a.(2) Automatic Picture Transmission (U) 

ec. L4(c);(b )(3) P.L 86-36;(b )(3) 50 USC 3024 

r 2 series satellites. 

(b )(I );Sec. 1.4( c );(b )(3) P.L 86-36;(b )(3) 50 USC 3024(i) 

(C) Cntil late July 1977, the Soviets operated their 
APT system only within their own boundaries, denying 
the \Vestern countries access to this information. How~ 
ever, NASA's Goddard Space Flight Center (GSFC) 
drtcctrd in July 1971 that the Soviets were routinely 
transmitting APT signals over the US. The reason is 
unknown, but it probably was in support of Soviet 
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(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 
operations in the vicinity of Cuba. After GSFC pro• 
cessed several Meteor passes, information concerning 
the transmission was given to the Air Force Weather 
Facility at Cape Canaveral, Florida. Observations by 
this facility were made on the data receipt, processing, 
and subsequent picture quality of the Meteor APT sys
tem. Overall, these data were a welcome addition to 
other freely accessible meteorological data with the ex
ception that all data could not be processed simulta
neously, thus making it difficult to determine important 
parameters like cloud heights. 

-ts, The Cuban newspaper El Mundo contained a 
- series of pictures in the 25 March 1969 issue showing 

one of four announced Soviet-built, mobile mete
orological satellite data receiving vans (Figure 62) sta
tioned in Cuba. According to the article1 the van shown 
in Figure 63 became operational on 16 March 1969 at 
the Institute of Meteorology of the Cuban Academy of 
...... ~--ces in Casablanca. The twin helix antenna ·--

l(b)(l);l.4 (c) I tcd an th,: receiving vans is very s1m11ar to u1eTc._ __ _, 
I- I APT antenna found on some Soviet space 
support ships, such as the Kosmonaut Yuri Gagarin 
and Kosmonaut Pavel Belyayev. (See Figure 64.) The 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b) 
(3):50 USC 3024(i);Sec. 1.4(d) 

-:-.. ~;-;.;,;-:,:-:❖:~-:•'.❖:•'.·!•'· . 

--~ 

ITO A81-1833 UNCLASSIFlED 

W Fig. 62 (U) Meteorological Satellite Data Receiving Van 
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on-board rectification. The data is rectified on board 
the spacecraft to correct the imagery for Earth curva
ture. This correction provides a minimal amount of 
skewing at the picture's edge, which facilitates the lo
cation of geographical features in comparison to surface 
synoptic weather charts. 

(U) A description of Soviet APT collection equip
ment was given in a 1977 document. The first stations 
had a spiral eight-tum antenna with a gain of at least I 0 
dB for linearly polarized waves and 12 dB for circularly 
polarized waves. The length of the spiral was 4.24 m, 
the radius of the spiral was 0.34 m, and the diameter of 
the reflector was I. 75 m. Input impedance was 140 
ohms. Rather than one eight-turn spiral, some antennas 
like the BED SPRING APT collection antenna (Figure 
64) have used two four-turn spirals. The preamplifier, 
connected between the antenna and receiver, trans
mitted 2-3 MHz bandwidth signals with a gain of at 
least 20 dB. The receiver is a superheterodyne with a 
sensitivity of6 µVanda bandwidth of30 kHz. Picture 
recording used a drum phototelegraph that revolved at 
120 rpm for Meteor APT or 48 rpm for NOAA satellite 
APT. Newer equipment likely operates at 240 rpm. 

-(b)(l);l.4 (c) 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 
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~ Statements made by the Soviets in numerous 
publications indicate they have used microwave radi
ometers to measure open water and ice pack boundaries 
and atmospheric humidity. 

(l'.) Reports from the open literature mentioned 
previous satellite microwave instruments. Cosmos 243) 
launched in 1970, contained microwave radiometers 
working at wavelengths of 0.8, 3.4, 8.5, and l.35 cm. 
Thc.se sensors were used to study the sea surface tem
perature and the effect of sea foam on thermal emission 
from the surface. In addition, these radiometers were 
likely used to measure other parameters. Terrestrial 
emission in the 8.5-cm range is affected by atmospheric 
precipitation and clouds, heavy precipitation absorbs 
emission in the 3-cm wavelength range, the variation in 
1.35-cm radiation is sensitive to atmosphr-ric water va
por content, and a 0.8-cm wavelength detector can 
sense the radiation emitted by clouds and thus can be 
used in estimating their ,-vatcr vapor content. Cosmos 
669, a photorcconnaissancc satellite, apparently con
tained a submillimeter radiometer with two channels. 
Operating in the wavelength band of 0.08-0. 143 and 
0.4-0.667 mm, the- radiometer was used to study mois
ture content in the atmosphere at middle and upper 
atmospheric levels. 

--re, According to L. A. Alcxandrov, a prominent 
scientist in the Soviet ~fETSAT program, !'vfrtcor 1/18 
carried a microwave radiometer. The instrument, 
which was downward pointing and nonscanning, 
sensed microwave radiation at a wavelength of 0.8 cm. 
Designed primarily to study precipitation, the instru
ment reportedly performed satisfactorily. In addition to 
ddint'.ating areas of precipitation, microwave obser
vations arc useful for determining sea states, surface 
wind fields, and ice conditions. 

~ According to L. A. Pakhomov, Chief of 
Section, State Scirntific and Research Center for the 
Study of Earth Resources, two of the three channels of 
the passive microwave radiometer aboard ~ktcor 1/25 
failed, one channel almost immediately after the mis
sion hcgan and the other shortly tlwreafter. 

te," Meteor 1/28 probably contained a microwave 
radiometer operating in three bands: 0,8, 1.35, and 8 
cm. Reported resolution is 24 X 30 km for the 0.8 cm 
scanning channel, 90 X 90 km for the nonscanning 
1.35 cm channel, and 100 X l(X) km for the 8.5 cm 
nonscanning channel. Determination of atmospheric 
moisture and ice cover is the reported purpose of the 
instrument. 

it') 'The Soviets arc interested in using micrm-vavc 
radiometry to observe soil moisture. Such observations 
would be useful in planning and monitoring their 
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agricultural production. Both aircraft and satellite
bonw instruments have been proposed, although most 
of the significant experiments through 1979 have used 
aircraft as the instrument platform. 

-re, Oleg Prokovsky and "furiy Timofeyev at 
Leningrad State University arc reported to be analyz• 
ing the design ofsatdlitc microwave radiometry experi
ments. The reported purpose of the experiments ts 
remote sensing of sea state and surface moisture. 

~) The Main Ccophysical Observatory (MCO) 
is also probably involved in soil moisture studies with 
satellite microwav(' radiometry. MGO personnel were 
major participants in the joint US-USSR aircraft mi
crowave radiomrtric study of the Bering Sra, and the 
Observatory's rcscan·hers reportedly \Vere analyzing 
microwave' data from the \ieteor l/25 satt-llitt•. 

~ The Soviets have encountered sensor problems 
in their microwave remote .sensing efforts. Unrelia• 
bility is a major problem; microwave data exchanged 
b<'twccn the l)S and Soviet lfnion indicates that 
some n1icrowave channels often do not function al aH or 

fail shortly after launch. In discussions with US 
scientists, L. A. Alexandrov, of the State Committee 
for Hydromet<'orology and Control of the Natural 

• 

Environment, admitted that the USSR is having prob- • 
!ems with the signal-to-noise ratio in their passivi:: 
microwave remote sensing of tht' sea. This lack of data 
quality is further illustrated by the results of a cooprr-
ativc US-l;'SSR program in which micrmvavc sensors 
\vcrc flown O\Tf the Buing- Sea on US and Soviet air• 
crati.. The Soviet data was so inferior that. according to 
onr US scientis1, there was no point in analyzing i1. The 
Soviets seem embarrassed about their weakness in 
microwave tcchnolog-y and will probablv continue to 
test improved microwave sensors I -1(b)(l);l.4 (c) 
I 

1'e) The lnstitutc of Space Research (lKT) in 
Moscow has been developing a large space-based radio 
telescope since the early l 970's. In addition to extra
terrestrial observations the most likely application for a 
larg-e space-based radio tdcscope is mapping the 
Earth's surface; detailed temperature mapping has 
potrntially si~nificant military. as \'vTII as mete· 
orological, applications. 

3.a.(4) Infrared Spectrometer (U) 
(b)(l);l.4 (c) 

• 
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"'tSl A 12 May 1971 TASS announcement indicated 
that Meteor 1/8 carried an IR spectrometer used to 
produce temperature profiles. Representatives of the 
Hydromet reportedly revealed details of the instrument 
during an August 1971 exchange in Moscow. This spec
trometer used a single detector with a grating scan from 
10.5 to 15.0 µm and a spectral resolution of approxi
mately 0.4 µ.m. Observations were in the direction 
of nadir with no spatial scanning accomplished. The 
Soviets stated that for temperature retrieval mea
surements, the five center wavelengths of 13.3, 13.7, 
14.3, 14.4, and 14.7 µ.m were used. The instrument 
accuracy was said to be l % , based upon comparison 
with data gathered by meteorological rockets. 

~ The Soviets announced that Meteor I /25 car
ried a nonscanning spectral interferometer or Fourier 
spectrometer, developed and built in the German 
Democratic Republic (GDR), for conducting joint 
experiments within the framework of international co
operation under the lntercosmos Program. The GDR 
instrument was designed to operate from 6.3 µm, the 
water vapor band, up to and including 15 µm, the 
carbon dioxide band. 

(U) An IR telescope-spectrometer apparently was 
used on board Salyut 5 to gather water vapor and ozone 
information. The device, labeled ITS-5, reportedly 
measured atmospheric transmission and was probably 
used in a limb-scanning mode. Measurements taken in 
the 6.3 µm water vapor band and the 9.6 µm ozone 
band allowed inference of water vapor and ozone con
centrations at altitudes of 20-70 km. 
(b)(l);l.4 (c) 

(b)(l);l.4 (c) 

~ Additional details of construction of the Salyut 
4 telescope-spectrometer (ITS-K) have been reported 
as follows: telescope and spectrometer were jointly 
constructed and the nitrogen cryostat was joined to 
the telescope, detector temperature was maintained at 
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50° K in the cryostat, volume of the cryostat was 19. l 
liters, weight of the equipment was 70 kg, diameter of 
the telescope mirror was 300 mm and angular reso
lution was 8 x 16 minutes, and spectral range was 
1-8 µ.m. 

(b)(l);l.4 (c) 

~ The Soviets apparently e oun ere ulty 
ter instruments. Since 

probable that most of the early spectrometers did not 
function correctly because no Soviet METSA T spec
trometer results appeared in the open literature until 
June 1978, when a paper on the Meteor 1/28 
interferometer-spectrometer data was presented at a 
COSPAR meeting. During this period, Soviet scientists 
did not publish papers on remote sensing of tem
perature and water vapor, but the papers were either 
theoretical or used data from American satellite spec
trometers. In addition, the Soviets openly reported re
sults from their satellite microwave instruments during 
the same period when they were silent about their spec
trometer results. 

(b)(l):1.4 (c) 

All indications point to the conclusion that Soviet 
METSA T spectrometers have been generally un
reliable or inaccurate or both. 

3.a.(5) Particle Sensors (U) 
(b)(l);l.4 (c) 

How-
ever,the 
proton-electron thermometer. 
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(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

3.e. Mutual Usability of US-Soviet Systems (U) 

(l_) Soviet use of CS satellite data grants i_m
portant dimc-nsions to their total ,veath_er measunng 
and forecasting capabilities in the operational areas a~ 
well as in the research arca5. They frequently use US 
data in their publications, and they acknowlrdge direct 
reception of American METSAT <lata (and many other 

plac.es). 

(C) There arc many US satellite programs fro~ 
which the Soviets prohably receive and process AP1 
data. These includr- the NOAA and GOES satdlitt·s. 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 
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W (b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 
simultaneous transmission of visible and IR imagery is 
not possible, so Soviet imagery is not routinely used in 
the US. 

w 

(U) Undoubtedly, the Soviets are heavy sub
scribers to the US weather and LANDSAT data distri
bution centers. 

~ During joint experiments, the Soviets lean 
heavily upon US weather satellite data. One example is 
the GARP program. The Soviets were unable to launch 
their planned geostationary satellite, and the US used 
one of its own satellites to cover the gap created by the 
Soviet failure. 

(U) Use of Soviet APT by US customers is also 
possible with slight modification of the US APT re
ceivers. However, Soviet APT operation is sporadic and 

(b)(1);(b)(3):50 USC 3024(i);l.4 (c) 

4. Subsystems (U) 
(b)(l);(b)(3):50 USC 3024(i);l.4 (c) 
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4.b. Spacecraft Subsystems (U) 

4.b.( 1) Attitude Control System (U) 

(l) Accurate control and exact knowledge of the 
attitude of the Meteor spacecraft arc essential to re
duce and interpret precisely the transmitted data. The 
Meteor ACS includes the following systems: (I) three 
orthogonally aligned flywheels to accomplish long-term 
orientation, (2) an electromagnetic damping system to 
unload excess momentum from the flywheels, (3) a cold 
gas jet system necessary to provide initial stabilization 
and to provide attitude correction or change impulses 
that exceed the limits of the flywheel system, (4) horizon 
and sun seekers and rate gyros to provide the proper 
attitude reference, and (5) a logic system necessary to 
link the various control subsystems into a coherent 
unity. 

re'7 Soviet sources stated that the total !\.-feteor 
ACS weighs 150 kg and consumes 50 W for the electron
ics, the flywheels, and the magnetic dumping or dc
saturarion of thr flywheels. 

t,e) According to N. N. Sheremc-t'ycvskiyi a Soviet 
scientist, the single axis flywheels arc used as the main 
control clements, and the extra momentum of the fly
wheels is reduced by use of jct microengincs or two 
magnetic torque motors. This creates functional redun
dancy of the system and ensures reliability. Control 
logic was chosen such that the jet unloading system 
switches off the flywheels and the magnetic torque mo
tors provide the initial satellite damping. 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 

L__ _________________ _j92 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 

~ Sheremet'yevskiy identified the following ACS 
problems: (I) developing reliable and low-power elcc
trochemechanical control elements, (2) synthesis of 
magnetic dump systems, (3) optimization of reactive 
dump systems, and (4) control organization providing 
an automatic change of system operating modes. 

4.b.(2) Power System (U) 

(l,;) The Soviet -r...feteor 1 and Meteor 2 spacecraft 
arc equipped with solar panels to provide a long
lifetime electrical system. Ideally, a solar array should 
havr two degree-of-freedom movements (azimuth and 
elevation) to maximize power by maintaining the array 
perpendicular to the sun direction. 

~ Cosmos l 44, a precursor to the Meteor I series 
1v1ETSAT, was publicly displayed by the Soviets. Anal
ysis of photographs taken at these displays indicates 
that the solar panel support structure allowed two-axis 
movements in azimuth and elevation (See Figure 66) 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 

~ N. N. Sheremet'ycvskiy wrote a paper on the 
advantages of a single degree-of-freedom solar panel 
tracking system. He stated that fixing the solar panels in 
elevation would result in an efficiency loss of not more 
than 17 percent at ~fotcor orbital altitudes. (Sec Figure 
6 7.) The use of oversized panels could compensate for 
this loss in cflicicn\y. Examination of :METSAT re
vealed that the Soviets did increase the METSAT solar 
panel size hy onr-third beginning with Cosmos 144. 
The significancr of this modification is not known with 
ccrtairity, but it may have indicated Soviet intentions to 
rely on the single-axis system. Among the advantages of 
a single-axis system, according to Sheremet'ycvskiy, are 
satellite physical symmetry to minimize external dis
turbance torques, provision of a stable .FOV for the 
Earth-pointing sensors, and elimination of distortion to 
the antenna-lobing patterns caused by two-axis panel 
motion. 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 
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(b)(l);Sec. 1.4(c);(b)(3)P.L. 86-36;(b)(3) 50 USC 3024(i) 

Meteor 2 space-
craft on display at the Paris Air Show in I 977 had its 
solar panels fixed at 22 degrees elevation. Although the 
solar panel support structure allows articulation about 
the pitch axis, this may allow only a one-time deploy
ment from the stowed position. Sun sensors detect the 
sun's azimuth and command yaw reoric;:ntation of the 
panels. The solar panel output history suggests that 
pitch attitude of the panels is fixed throughout the orbit. 

~ The Meteor 2 solar panels have an area of 
approximately 19.5 m2

• Using a mid-life solar cell con
version efficiency factor of90 W /m2

, the Meteor 2 max
imum power output could be I 755 W durin eriods of 

(b )(!); 1.4 (c) ideal sun incidence angle. 

(b)(l);l.4 (c) f.!7 During pen s o s , 
1- I batteries provide spacecraft power. 

-----~ Therefore, dunng sunlight, JX>Wer from the solar panels 
that is in excess of equipment needs charges the 
batteries. 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

~ Detailed information concerning the Hydro
met receiving station at Novosibirsk resulted from the 
visit of US scientists in 1970. The facility iS located near 
Academgorodok (Academy City). The site is a fenced-
in compound containing several antenna installations 

wo-sto control buildin . See Fi ure 68. This 
(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

ts, The antennas seen in Figure 68 include a tower 
upon which a microwave antenna reportedly is moun
ted, two dual helix antennas on the building roof, and 
a lar e 384-element 16 X 24 steerable arra . The 

(b)(l);Sec. 1.4(c);(b)(3)P.L. 86-36;(b)(3) 50 USC 3024 
(i) 

'-----------~4 Pictures o t e arge p anar 
array were first pub 1s e in lzvestiya of 31 October 
1969. This antenna, which the Soviets refer to as the 
FOBOS antenna, is used for receiving the l(b)(l):1.4 (c) 

'---~~--~!Analysis of the lzvestiya picture (Figure 
69) reveals dimensions of8 X 12 m, an operating range 
of roughly 315-515 MHz, and a gain approaching 40 dB 
if all 385 elements are active. US scientists reported the 
array could be operated electrically from the building; 
however, in actual operation," .. ,the satellites provide 
command signals to the antenna." The last item ap
pears to mean the antenna uses an autotrack capability. 

95 

~ The control building, which has base dimen
sions of approximately 15 X 30 m, provides about 900 
m2 of space. In addition to equipment associated with 
the antennas, it reportedly contained a MINSK-22 
computer. That machine was reportedly used to 
"check" data. 

~ The Hydrometeorological Center in 
Novosibirsk was reported to be housed in a large five
story building. The center employed approximately 500 
people and is supported by a computer center in 
Academgorodok. The Soviets stated that the Moscow 
center will have a similar computer capability. 

(U) METSAT receiving equipment in the Moscow 
area is probably divided between the Hydromet build
ing in Moscow and Hydromet facilities in Obninsk. A 
FOBOS antenna used to collect data from Meteor 2 and 
some other experimental satellites is located in the 
Hydromet facilities in Obninsk. The State Scientific 
Research Center for the Study of Natural Resources 

SECFll!!!T 
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(GOSNITSIPR) reportedly uses thi_s antenna and a 
terminal in the Hydromet Center bmldmg m Moscow 
•~ collect METSA T data 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 

d
i l(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 I 
he Sov.ie_ts ha_ve ~nnouncea tne existence 01 over 
T rccewml! sites m the USSR. 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 
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SECTION VII 

METEOR-PRIRODA SATELLITE SYSTEM (U) 

1. Background (U) 

(U) Interest is increasing in the field of Earth re
sources as the economic benefits of research in this area 
become more apparent. The Soviets have recognize the 
utility of space systems in remote sounding of natural 
resources. Satellite-provided imagery of the Earth's sur
face in the visible, infrared, and microwave spectrums 
plays a vital role in their development of this science. 

~The Soviets have developed their Earth re
sources satellite program in two directions. The first 
involves obtaining imagery on photographic film, then 
returning the film to Earth. This program uses cameras 
on the unmanned Earth Resources Photographic 
Satellites and the manned Soyuz and Salyut spacecraft. 
One disadvantage of this system is the data is not avail
able in real-time; the film must be deorbited, recovered, 
and processed before it is usable. This disadvantage is 
not present in the second part of the Soviet Earth re
sources satellite program; the Meteor-Priroda satellites 
transmit imagery over radio links in real-time or near
real-time to ground sites in the Soviet Union. 

(U) The Soviets used the early Meteor I satellites 
and sensors for unsophisticated Earth resources experi
ments. The first sensor designed especially for Earth 
resources applications, a multispectral scanner unit 
(MSU), was flown on Meteor 1/18 launched in July 
1974. The Soviets improved this sensor and flew it on 
Meteor 1/25 in May 1976. The latest version of this 
sensor is the radio-television complex (RTVK) consis
ting of dual low-(MSU-M) and medium-(MSU-S) res
olution multispectral scanners. The RTVK is the 
primary imaging meteorological sensor package on the 
Meteor 2 satellites and has flown on every Meteor
Priroda satellite to date. The Soviets introduced, on 
Meteor 1/30, two new sensors, BIK-E and Fragment, 
developed especially for Earth resources applications. 

(U) The Soviets began their Meteor-Priroda sat
ellite program with the launch of Meteor 1/28 in June 
1977. Yu. V. Trifonov, in the September-October 1981 
issue of Earth Research From Space, described the main 
goals of the Meteor-Priroda program as, "the devel
opment of equipment and techniques for obtaining and 
processing satellite data on the Earth's surface for the 
purpose of studying natural resources, developing 
equipment for correcting spacecraft trajectories to ob
tain special orbits and to guide spacecraft over test 
ranges, and to gain experience in using spacecraft to 
develop the Earth's natural resources." 

IOI 

%. System Description (U) 

ll.a. Spacecraft Configuration (U) 

(U) The Soviets use the Meteor 2 spacecraft body 
as the body for the Meteor•Priroda satellites. According 
to the Soviets, the Meteor 2 body possesses the high 
reliability, pointing accuracy, orbit adjust capability, 
and available power required for the Earth resources 
mission. An exception is the Meteor-P satellite, 
launched IO July 1981. Although the Soviets consider 
this satellite a part of the Meteor-Priroda program, 
there are a number of differences, including the fact that 
the Soviets evidently used an old Meteor I-style body 
for Meteor-P. (See Figure 72.) The older body was 
probably used because Meteor-P was a cooperative 
effort between the Soviet Union and Bulgaria and car
ried, in place of the normal Meteor-Priroda sensors 
(Fragment and BIK-E), a number of Earth resources 
sensors built by Bulgaria. 

,fot The weights of the satellites will vary some
what, depending on which sensors each carries. In addi
tion to the standard RTVK package carried on all 
Meteor Priroda satellites; open source indicates Meteor 
1/30, with Fragment and BIK-E packages weighs about 
1,700kg. 

2.b. Network Orbital Characteristics (U) 

(U) The Meteor-Priroda satellites are the only 
Soviet satellites launched into retrograde orbits. The 
Soviets launch these spacecraft into 650-km circular 
orbits inclined at 98 degrees. This orbit is Sun
synchronous; that is, the angle between the orbital 
plane and a line between the centers of the Earth and 
the Sun does not change with time. Therefore, it is the 
same loca1 solar time each time the satellite passes over 
a particular location. 

(U) The Soviets do not seem to be trying to estab
lish a particular Meteor-Priroda network. (See Figure 
73.) The orbits of Meteor 1/30 and Meteor-P, while 
relatively close in right ascension, are still further apart 
than the maximum error the Soviets have demonstrated 
in orbit placement. The current "network" provides 
two relatively close (in time) ascending passes at about 
2200 local time and two close descending passes at 
about IOOO local time. 

i'l According to N. 
Soviet technical paper 

N. Sheremet'yevskiy 
presented at the 

ma 
1978 
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Fig, 73 (U) Meteor-Priroda Orbital Arrangement 

fer-International Astronautical Federation (!AF) Con 
ence, Meteor 1/28 has used an on-board plasma eng 
to apply a IO-second correction to its orbital pen 
This orbital period correction enabled Meteor 1/2 
complete exactly 74 orbits every 5 days. Therefo 
Meteor 1/28 repeated its ground track on a 5-day cy 
The Soviets have also stated that Meteor 1/30 repe 
its ground track every 15 days. It is almost certain 
Meteor-Priroda satellites have electric reaction engt 
to perform similar orbit adjustments so that a sin 
satellite can obtain repeated imagery of the same pl 
on the Earth's surface, separated by a whole numbe 

ine 
'od. 
8 to 
ore, 
de. 
ats 
all 

nes 
gle 
ace 
r of 

days. 

2.c. Operation, Command, and Control (U) 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024 (i) 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

103 FAC-2A1; para 1 column 2 DOE redaction ended at 
"Meteor-Priroda." Unknown why we redacted the 

SECREI remainder of that line. Per RM, case previously QCed 
and CCO-2's hard copy review missing so leave as is. 
(NSA redacted entire column) 
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(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

(C) According to the September-October 1981 is
sue of Earth Research From Spact, data on the S345Z signal 
are recordr:d on both magnetic tape and photographic 
film at the three Hydromet reception sites. Photographs 
of the RTVK imagery are duplicated and sent di
rectly to consumers. The BIK-E data are sent to 
GosNITsIPR for primary processing. Fragment data 
are received at the MEI 0KB and are prncTsscd at both 
!Kl and GosNITs!PR. 

2.d. Users (U) 

(L') Customers of !vfett"or-Priro<la imagc>r;· arc> di
verse and numerous. IKI and GosNITslPR use 
Fragment data to develop sophisticated new processing 
techniques. The USSR Ministry of Geology, one of the 
main consumas of Meteor-Priroda imagery, uses 
RTVK data to investigate regional tectonic structures 
in the Earth's crust. Geologists use this data to predict 
potential oil-, gas-, and gold ore-bearing geological 
structurt's. The RTVK information is also ust"d to de
fine ice characteristics in ocean areas for the merchant 
marine and fishing fleets. Hydrologists use satellite im
agery to estimate snow cover and water reserves in 
mountainous areas. Oceanographers use the Mcteor
Priroda satellites to observe such phenomena as ocean 
vortices, internal waves, and river discharges and to 
locate fish breeding grounds. Agronomists evaluate the 
health of agricultural crops with satellite imagery. For
est management specialists have used satellite data to 
detect and monitor forest fires. Distribution of !\.1etror
Priroda data seems to be very open throughout the 
Soviet Union. 

ts-} The Soviets have stated their Institute of 
Foreign Geology examines imagf'ry of forrign countries 
for natural resource studies. 

"tst Although there is no evidence the Soviets in
tend to make Meteor-Priroda data available to Soviet 
Bloc or Free-World countries, perhaps as a commercial 
competitor to LANDSAT, the potential exists. The 
Soviets have a captive market for this valuable product 
in the Bloc countries and could, to achieve a significant 
political coup, supply Western countries with imagery 
roughly comparable to LANDSAT at a price much less 
than LANDSAT requires or even at no cost. RTVK 

data is currently available to anyone willing to invest in 
an inexpensive APT receiver, although the higher reso
lution Bl K-E and Fragment imagery of course requires 
more sophisticated receivers and processors. 

3. System Capabilities and Limitations (U) 

3.a. Spacecraft Sensors (U) 

(l) The ti.frtcor program has always involved the 
development, testing, and eventual replacement of a 
continuous series of new sensors. The ~fcteor-Priroda 
program has started out the same way. The initial 
Mcteor-Priroda satellites, Meteor 1/28 and 1/29, car
ried the RTVK package as the primary sensors (Figure 
74), although these sensors appear externally different 
than the multispectral scanners on the Meteor 2. (Com
pare Figure 74 \-..'ith Figure 58.) ~1cteor 1/30 {Figure 75) 
introduced a new generation of Earth resources sensors, 
the BIK-E and Fragment. ~feteor-P carries an experi
mental sensor package designated Bulgaria 1300-2 built 
by Bulgarian scientists. Fragment and BIK-E will 
prnhably beconw the primary Earth r<'sourccs St'nsors. 

3.a.(l) RTVK (U) 

(L) The RTVK packagr has bnn carried on every 
l\fetcor-Priroda satellite launched to date. Figure 76 
shows the RTVK on a r..tetcor 1/28/ /1/29-Type dis
play model. Figure 77 shows the sensor ht'a<ls for the 
MSU-M and 1-lSU-S. Figure 78 shows the entire 
RTVK sensor systt·m. 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 
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RTVK PACKAGE 

Fig. 74 (U) Meteor 1/28/ /1/29-Typc Satellite 

Fig. 75 (U) Model of Meteor 1/30 Spacecraft 
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Fig. 76 (U) RTVK Sensor System on ~-feteor Display 
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Fig. 77 (U) MSU-)-1 and MSU-S Sensor Heads 
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Fig. 78 (U) RTVK Sensor System 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

5.a.(2) BIK-E (U) 

(U) The BIK-E complex is composed of two mul
tispectral scanners, the medium-resolution MSU-SK 
and the high-resolution MSU-E. This sensor was devel
oped especially for Earth resources applications and 
was flown for the first and only time on Meteor 1/30. 

5.a.(2)(a) MSU-SK (U) 

(U) The MSU-SK is a wide-angle, medium
resolution, four channel sensor using a conical scan 
technique. The diameter of the MSU-SK optics is 200 
mm. The following description of the sensor comes from 
the September-October 1981 issue of Investigation of 
Earth From Space. "According to a simplified diagram of 

l07 

the MSU-SK (Figure 79), it functions in the following 
manner: at an angle of 39 degrees to the vertical, radi
ation from the underlying surface is gathered by the 
spherical mirror ( l) and directed to one of the four 
optical arms (2) that are located on scanning wheel (3), 
which rotates around a vertical axis. In the optical arm 
the radiation flow is focused with the help of a number 
of optical assemblies and a flow corresponding to a 
single television element is separated from it, directed 
toward the scanning wheel's axis of rotation, refracted, 
and then split in the spectrum-separation system (4). 
Photoreceivers (5) convert it into a video signal that, 
after shaping in amplifiers (6)i is sent to the instru¥ 
ment's output." 

"Four lines of the image are "drawn" during one 
revolution of the scanning wheel, it being the case that 
the sighting axis describes a conical surface in space, 
while its trace on the Earth's surface (a line) is a circular 
arc with a central angle of about 66 degrees. 

UNCLASSIFIED 



UNCLASSIFIED DST-1430S-024-83 
28 October 1983 

''Channel calibration is carried out both according 
to an internal standard and with respect to the sun. The 
MSU-SK's spectral characteristics are presented in 
Figure 80." 

(C) The MSU-SK has a swath width of 600 km, 
much less than the MSU-M and MSU-S and a nadir 
resolution of 175 by 243 meters. (See Table XIII.) 

3.a.(2)(b) MSU-E (U) 

(U) The MSU-E is a high-resolution, lhree chan
nel scanner designed for problems requiring high reso
lutions over comparatively small observed areas. The 
!\{SU-E incorporates a very advanced detector system 
using charged couple device (CCD) arrays. (Sec Figure 
81.) The image of the Earth's surface enters through the 
objective lens (1) and is projected through a spectrum 
splitter (2) onto three CCD arrays (3). Each array con
sists of l ,024 elements and operates in its own spectral 
band. (See Figure 82.) The video signals generated by 
the CCD arrays enter channel amplification and shap
ing units (4). Each of the CCD arrays are perpendicular 
to the direction of the spacecraft's flight. Line scanning 

is done electronically; frame scanning is done by sat
ellite velocity. 

(l'.) A radiative-type refrigerating unit cools the 
CCD arrays to a range of -30 to -50 degrees centi
grade. The Soviets have not yet added an on-board 
calibration system for the :MSU-E. According to the 
Soviets, their scientists are considering increasing the 
swath width by increasing the number of elements in 
each CCD array. 

3.a.(3) Fragment (U) 

(C) The Soviets encountered a need in their Earth 
resources program for an operational system that would 
acquire and process multispectral video data character
ized by high spectral accuracy and which depicts in 
real-time, with good spatial resolution and high data 
rate (digital), the rapidly occurring changes in target 
areas on the Earth's surface. This need resulted in the 
experimental "Fragment'' system. 

(C) Fragment, rather than being merely a sensor, 
is an entire data transmission system. According to 

TABLE XIII 

(U) METEOR-PRIRODA SENSOR CHARACTERISTICS 

RTVK BIK-E 

MSU-M MSU-S MSU-SK MSU-E FRAGMENT 

Swath Width (km) 1.930 1,390 600 28 85 

Scan Ra1e (lines/sec) 4 48 48 218 87 

Weight (kg) 45 5.5 47 I 7 280 

Power Consumption {W) 200 

Num\)('r of Channels 4 2 4 3 8 

Spc=ctral Intervals (µ.m) 0.5-0.6 0.5-0.7 0.5-0.6 0.5-0. 7 0.4-0.7 
0.6-0.7 O.H.I 0.6-0.i 0.6-0.8 0.5-0.6 

0.6-0.7 
0.7-0,8 

0.7-0.8 0.7-D.8 0.7-1.1 0.8-1.1 
1.2-1.3 

0.8-1.0 0.8-1. I 1.5-1.8 
2.1·2.4 

Nadir Resolution (m) 1,000 X 1,600 140 X 24{) liS X 243 28 80 (0.4-0 7) 
(0,5-0.61 
(0,6-0. 7) 
(0,7-0.8) 
(0.8-1.1) 

24-0 I 1.2-1. 3) 
I 1.5-1.8) 

480 (2.1-2.4) 

UNCLASSIFIED 
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Fig. 79 (U) Structural Diagram of the MSU-SK Fig. 80 (U) Spectral Characteristics of the MSU-SK 
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Fig. 81 (U) Structural Diagram of the MSU-E Fig. 82 (U) Spectral Characteristics of the MSU-E 
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the Soviets, the Fragment system consists of a scan
ning unit, a complex of photodetcctors with a fibre
optics collector, an analog-to-digital converter, a digital 
radio transmitter unit, and receiving and processing 
equipment. 

(C) Figure 83 is a cutaway of the Fragment sensor. 
The East German Karl Zeiss-Jena Company developed 
the optical system (3), consisting of a 0.24 meter
aperture Cassegrain lens with a focal length of 1 meter. 
The rest of the sensor was build by the Institute for 
Cosmic Research, Worthy of particular note are the 
fibre-optics splitter (6), the cooling radiators ( 13), and 
especially the analog-to-digital conversion unit ( 10). 
The digital aspect of the Fragment system is extremely 
interesting. 

(U) Sophisticated, high-resolution, real-time sen
sors almost require the high reliability, 1ow noise sensi
tivity, and high data rate of a digital radio data link. 
According to the Soviets, the Fragment radio link is a 
1000-MHz, phase modulated signal with a capacity of 
3.840 megabits pc-r second. The total information con
tent (video, synchronization, calibration, etc. data) of 
all eight of the Fragment sensor channels is 5.60 mega
bits per second, so the Fragment radio link can transmit 
data from four to six of the eight Fragment sensor chan
nels simultaneously. The Fragment transmitter power 
is about 5 W through a highly-directional antenna. 

(l.:) According to the Soviets, the Fragment 
ground reception site, the Special Design Office of the 
ME[, uses an Orbita-type antenna with an effective 
area of about 50 m2 to receive the 1000-MHz data link. 
The antenna tracks the satellite with look angles pro
vided by GosNITsIPR. The digital data is recorded 
using a complex composed of several low-, medium-, 
and high-speed magnetic memory units and is sent to 
!Kl and GosN!TslPR for processing. The Soviets also 
mention that they are considering methods to create a 
radio link with a capacity of up to I 00 megabits per 
second. 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

3.a.(4) Experimental Sensors (U) 

(l) The !\1ctcor-Priroda satellites also carry a 
number of experimental sensors, some one of a kind. 
Examples include: 

A three-channel microwave radiometer oper
ating at 0.8 cm (scanning), 1.35 cm, and 8.5 cm; 
carried on Meteor l/28. 

A spectrometer-interferometer, developed in the 
GDR and operating at 6.25-25.0 m; carried on 
Meteor 1/28. 1/29 and 1/30. 

A four-channel spectrometer for measuring cor
puscular radiation flow, operating at 0.3-30 kcV; 
carried on ~frtcor 1/28. 

A scanning IR radiometer for slant sounding of 
upper atmosphere radiant heat, operating 0.3-30 
µ.m; carried on !\.kteor 1/28. 

3.a.(5) Meteor-P Sensors (U) 

(L') ~leteor-P ,vas the result ofa cooperative t'ffort 
between the USSR and Bulgaria and was intended 
to nJmmcmoratc the 1300th Anni\'ersary of the found
ing of Bulgaria. In addition to the RTVK compkx, 
!vletcor-P carrlfd an infrared sensor, Lastochka-65, 
operating bt>tween 8 and 12 µm with a 15 X 15 km 
resolution. ~frtcor-P also carried a sensor package, des
ignaied Bulgaria 1300-2 and composed of a number 
of Earth resources/meteorological sensors built by 
Bulgaria. (Sec Fi~ure 84.) 

• 

• 

(l'.) The SMP-'.l2 is a '.l2 channel programmable 
spcctromctn operating in the visible and near-IR spcc
lrums (0.4-0.9 µm). Resolution is 280 X 280 meters. 
The R~f-1 is a single channel microwave radiometer 
operating at 4 cm with an angular antenna resolution 
of 3 degrees, The three-channel R!v1-2 microwave radi-
ometer operates at 0.8, 1.35, and 1.6 t'm with an angular • 
antenna resolution of S degrees. 

L_ ________________ ___j 10 
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9 BLOCKS OF AMPLIFIERS FOR DIRECT 
CURRENT AND HIGH-VOLTAGE POWER 
SOURCES FOR PHOTORECEIVERS 
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11 CONTROL AND INFORMATION COLLECTION 
AND PROCESSING SYSTEM UNITS 

12 ELECTRIC POWER SYSTEM UNITS 
13 COOLING RADIATORS FOR PHOTOAECEIVERS 

UNCLASSIFIED 

Fig. 83 (U) General View of"Fragment" Multispcctral Scanning System 

111 

(This page is Unclassified) 



sce,u:T 

MUL TfCHANNE I. 
PROGRAMMABLE. S?ECIROMtTER ~ 

fTO A62-W5tl 

Fig. 84 (l!) Metf'or-P Satdlite and Sensor 

(U) Data from all three Bulgaria 1 ,100-2 sensors 
can be simultaneously transmitt~d directly over tht 
APT link. !n addition, up to 6 minutes ofSMP-32 data 
and 90 minutes of RM-!/RM-2 dara can be recorded 
and transmitted later over the APT link. This capability 
allow, MSU-M or MSU-S visible/IR imagery ro he 
collected simultaneously with the Bulgari~ 1300~2 <lara; 
visible/IR imagery aids com;idcrably in intupreling the 
Bulgaria 1300-2 data. Bulgarian ground starion!i can 
receive the APT downlink directly. 

5.b. System Coverage (U) 

(t:) The Soviets are apparently not int~rcsted in 
obtaining complete, continuous Earth coverage with 
the Metcor-Priroda satellites. For example, on Meteor 
1/30

1 
~fSU~SK cove.rage is not continuously complete 

south (north) of77" N (77" S). Rather, the Soviets se,:m 
interested in obtaining sets of data on the same particu
lar areas separated by a number of days, This practi,~c, 
while nm very useful for meteorological applications., is 
appropriate for natur;;tl resourtcs resrarch, 

I 
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(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

4.b.(2) Recorders (U) 

(U) Out-of-country data from all four channels of 
the MSU-M and both channels of the MSU-S can be 
recorded by on-board magnetic memory units for play
back later over the Soviet Union. Each of two recorders 
carried by each satellite has a capacity of 6 minutes. 

4.b.(3) Payload Signals (U) 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

I I 3 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

(l:) In addition, the real-time data from the MSU
E and MSU-SK sensors are transmitted over a 466.5-
MHz digital signal. According to the Soviets, the digital 
463-MHz link has a capacity of 7 .68 megabits per 
second. The MSU-E and MSU-SK cannot operate 
simultaneously. 

(U) Real-time Fragment data is downlinked on a 
1000-MHz digital signal. According to the Soviets, this 
signal uses phase modulation and has a capacity of 
3.840 megabits per second. Fragment transmitter 
power is about 5 W, and the transmitting antenna has 
a directivity factor of about 2. 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

4.c. Ground Stations (U) 

(b)(l);Sec. 1.4(c);(b)(3)P.L. 86-36;(b)(3) 50 USC 3024 
(i) 

According to the 
'-,S'o-cv~iec:-ts-,--,,,h"e---..'"'~~ra7ta~a-,-e~tr,.,.Jansmitted over the 
466-MHz digital signal to an experimental information 
discrimination system at Obninsk that uses the FOBOS 
antenna fitted with a low-noise receiver I 

(b)(l);Sec. 1.4(c);(b)(3)P.L. 86-36;(b)(3) 50 USC 3024 
(i) 

Page 114 is denied in full and not provided. Sl!CFll!T 
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W (U) According to the Soviets, Fragment data is satellite. For example, Bulgarian scientists are able to 
receive Bulgaria 1300-2 data directly from Meteor-P 
through an APT station in Bulgaria. 

w 

downlinked on the 1000-MHz digital signal to a Special 
Design Office of the Moscow Power Engineering 
Institute in Moscow Oblast. 

(U) Data transmitted on the APT link can be 
received by any APT ground station within view of the 

I Page 116 is blank and not provided. 
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SECTION VIII 

OCEANOGRAPHIC RESEARCH SATELLITE SYSTEM (U) 

I. Background (U) 

(U) Oceanographic research has always been 
hampered by the relative inaccessibility of the ocean. 
Oceanographers were formerly restricted to data gath
ered from a small number of oceanographic research 
vessels, weather reports infrequently transmitted from 
ships, and information gathered and relayed by auto
mated ocean buoys. 

(U) Compared with the number of meteorological 
and geophysical monitoring stations established on 
land, the number of ocean-monitoring platforms is in
significant. The expense of an observation network of 
oceanographic ships and buoys, dense enough to pro
vide a contiguous data picture and large enough to 
cover the ocean regions, has until now been prohibitive. 
Recent international programs, such as the first Global 
Atmospheric Research Program (GARP), are spread
ing the cost of establishing a large observation network 
among many nations. However, large gaps in data 
coverage still exist. 

(U) Soviet oceanographic research satellites 
(OCEANs) have the potential to provide real-time 
monitoring of ocean parameters on a global scale. Ship 
and buoy reports will continue to play a major role 
in oceanography through the next decade; satellite 
oceanography will become increasingly important as 
spaceborne sensors and data interpretation techniques 
improve. 

~ OCEANs can provide data on internal ocean 
waves; estimate sea state and wind velocity, measure 
the vertical distribution of water vapor over the ocean 
and its affects on the transmission characteristics of the 
atmosphere, determine ice-water boundaries and ice 
thickness and age to provide safe routes for ships and 
submarines through and under icy waters, and inter
rogate buoys and relay buoy data. OCEAN data can be 
extremely valuable for Soviet global naval operations. 

(U) The Soviets have conducted a variety of ocean
ographic experiments using a number of different sat
ellites since the late 1960's. Cosmos 243 and Cosmos 
384, launched in 1968 and 1970, respectively, carried 
microwave radiometers for experiments involving 
emitted radiation from the ocean surface. Cosmos 243 
was used in an international experiment in 1973 to 
study ice-water boundaries, ice-pack characteristics, 
and wind waviness using emitted microwave radiation. 

~ The Soviet Meteor satellites were used exten
sively in oceanographic research. In one instance in 

117 

1974, during an international experiment called GATE-
74, maps of sea surface radiation temperatures derived 
from data from Meteor 1/17 and NOAA-3 were com
pared with actual observations from ships. Because of 
the experimental nature of many instruments carried on 
the Meteor series spacecraft, it is likely that the 
OCEAN satellite sensors in at least their theoretical 
aspects, were first evaluated on Meteors. 

(C) The Soviets are also using their manned space 
program for oceanographic research. The cosmonauts 
on-board Salyut 6 provided data on fishing beds, 
probably derived from visual observation of plankton 
concentration, to the All-Union Scientific Research 
Institute of Sea Fisheries and Oceanography. Multi
spectral photography of the Caspian Sea, taken from 
Soyuz 12, was used in an oil pollution detection experi
ment. The Soviets will likely continue to use manned 
vehicles as low altitude observational platforms for 
oceanographic as well as meteorological purposes. 

ts', Intcrcosmos 20 was launched on I November 
1979 with an announced oceanographic research mis
sion. In addition to the Soviet Union, four countries 
of the lntercosmos organization-Hungary, East 
Germany, Romania, and Czechoslovakia-participated 
in the development of lntercosmos 20. The Soviets 
stated the satellite would be used to study the feasibility 
of detecting areas of increased biological production 
and of ocean pollution. lntercosmos 20 also carried an 
ocean buoy or automated ground station interrogation 
system. The satellite, passing over an ocean buoy, col
lects scientific data stored by the buoy and transmits it 
to a ground station. lntercosmos 20 is capable of trans
mitting scientific data directly to ground stations of the 
Unifed Telemetry System of the Socialist States 
(YETMS) in the USSR, East Germany, Bulgaria, 
Hungary, Czechoslovakia, and Cuba. On 6 February 
1981, another lntercosmos satellite, Intercosmos 21, 
was launched with an identical payload as lntercosmos 
20. 

(U) According to the Soviets, the Meteor and the 
OCEAN types of satellites also have a buoy and/or 
automated ground station interrogation capability. 

(b)(l);(b)(3) 50 USC 3024(i);l.4 (c) 
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(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

3. System Capabilities and Limitations (U) 

3.a. Spacecraft Sensors (U) 

'1'!) The OCEAN satellites carry a variety of sen
sors to examine the conditions of thr on·an and the 
atmosphere at the air-water interface. A number of the 
st·nsors \\'Cre tested on earlier Meteor spacrcraft, such 
as Meteor l/18, l/25, and 1/28. These ocean sensors 
were used during various international oceanographic 
projects such as the "Bering" experiment. and Global 
Atlantic Tropical Experiment (GARP). 

~) Several open-sourer Soviet articles ha\'C re
vealed the presence of visual. infrared, and 1crovvave 

OCEA:-1 atcl ite . 
. L. 86-36;(b)(3) 50 USC 3024 

(i) 

3.a.(l) Visual Radiometer (U) 

~ Open-source literature has indicated tht' pres
ence of a six channel nonscanning visible radiornetrr. 

;~)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024 

(l.) Different masses of wat{'r have different optical 
characteristics. The visible radiometer is used to deter• 
mine the boundaries of different ,-.,atcr masses, con· 
tincntal runoff water, ocean currents such as the Gulf 
Stream, and zones of upwelling. It provides information 
on internal ocean ,vavcs and aids in mapping the distri• 
but ion of chlorophyll and plankton in thr ocean. Data 
on plankton concentration is \'c~· importanl to the 
fishing industry. 

(l'.J The n:Stlluli,111 requirements of tKeanngraphic 
sensors are quite difTcre111 from those of meteorological 
or reconnaissance sensors. The large size of the water 
masst·s involved make very high spatial resolution un· 
necessary. However, the contrasts between <lilfrn·nt 
v,:ater mas!'..cS in a particlllar spectrum range an· \Try 
small. For instance. the bands of maximum ah:wrption 
of ocean chlorophyll ha\"C' a range of approximately 40 
nm. Therefore, a \"cry hi~h ~pectral resolution is re• 
quired for tlwsc measurements. The OCE:\~ type\ i~• 
ihk radiometer, according to open-source material. 
matches the rrquircd spatial and spectral re:-.olutious. 

3.a.(2) Infrared Radiometer (U) 

~ :\ccording to Soviet publications a 1()-rhanncl 
infrared radiometer is on bo,trd the OCE:\:\ sa1cllites. 

• 

• 

• 11s~~~~:=;=~:;=;;:~~~~~~cc;=~~~~===L-~ (b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 
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(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

(C) The microwave radiometers when used to • study ice fields can determine ice-water boundaries, the 
rating of the ice pack, and the thickness and the age of 
the ice. 

(L'.) The nadir-looking infrared radiometer could 
be used to measure ocean surface temperature, atmos- 3.a.(4) Unidentified Sensor (U) 

pheric parameters such as water vapor profiles, and 
~ Soviet articles 

heat transfer functions between ocean surface and open source indicate that 

atmosohere. Cosmos 1151 is carrying an active radar system de-

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024 
signed for collecting information on the maunitude of 

(i) waves on the sea surface.I 
(b)(l):Sec. l.4(c):(b)(3):P.L. 86-36:(b)(3):50 USC 3024(i) 

3.a.(3) Microwave Radiometer IU\ 
(C) Several articles that preceded to the launch of 

l(b)(l):Sec. l.4(c):(b)(3):P.L. 86-36:(b)(3):50 USC 3024(i) Cosmos 115 l indicated the desire of the Soviets to place 

'ffl - nd open sources indicate that 
an active radar on board the satellite for the purpose of 

there are two sets o1 microwave radiometers on board 
evaluating wind speed and direction in addition to wave 

the OCEAN satellite. I 
height. After the launch one article mentioned the pres-
rncc of an active radar on board Cosmos 1151. 

(L") A similar US satellite, SEASAT, carried three 

(b)(l);Sec. 1.4(c);(b)(3)P.L. 86-36;(b)(3) 50 USC 3024 

types of active radar on board, a radar scatterom("ter, a 
radar altimeter, and a synthetic apertun• radar. 

(i) -.1 

(b)(l);Sec. 1.4(c);(b)(3)P.L. 86-36;(b)(3) 50 USC 3024 • (i) 
-1 

(b)(l);Sec. 1.4(c);(b)(3)P.L. 86-36;(b)(3) 50 USC 3024 I Historically 1 the Soviets 

(i) seldom talk .,,L--··· r,•· • .,. i failures· thev iust simnlv 
ig:nore them. I 

(b)(l):Sec. l.4(c):(b)(3):P.L. 86-36:(b)(3):50 USC 3024(i) 

IA radar scatteromtlcr would 
IThc footprint provide the Soviets with a way of collecting thr data 

is on the order of 85 km, according to opc-n source required to determine sea surface conditions as they 
material. Several Soviet articles state that the micro- indicated thry desired to in open source artidcs on the 
wave radiometers on OCEAN satellites arc used to de- ocean satellites. 
terminc surface temperature, ice cover chara<:tcristics, 
atmospheric humidity, water reserves in clouds 
intensitv of nrccinitation.1 

and 3.b. Buoy and Ship Interrogation (U) 

~ Open source literature has revealed the pres-
cnn· ofa L---·· rtara rclav svstem on board the OCEA~ 
satdlitcs.l 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 

(b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 
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(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 

~ Open source articles on Cosmos 1076 and 
Cosmos 1151 have stated that the buoys along with 
Soviet ships "constitute a system of reference points 
and make direct measurements in the ocean for the 
purpose of monitoring and calibrating the satellite's 
equipment." 

121 
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Refer to "NSNCINNGA added" layer for redactions up to p. 

From here to end task to NGA upon appeal. Material 
121 that were placed prior to this DIF action. 

had to be withheld because NGA's response ended 
Sl!CPll!l' at p. 121. Apparently our referral copy excluded the OST-14305-024-83 

final 39 pages and NGA did not inform us that the 28 Octobtr I 983 

document abruptly ended. (b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 

3.f. Mutual Usability of US-Soviet Systems (U) • (I,;) The Soviets make extensive use of ocean~ 
ographic data from US satellites for research purposes. 
They have acknowledged that data from the Nimbus, 
ESSA, NOAA, GEOS, LANDSAT, and SEASAT 4.b.(2) Power Systems (U) 
spacecraft are used in the Soviet Union for research 
purposes. The wide availability of these data through ,fo, The OCEAN satellites arc equipped with a 

organizations like the World Data Center make it pair of solar panels to provide electrical nower to the 
unlikely that the Soviets receive oceanographic data snacecraft svstcm and batteries. I 

directly from US satellites. (b)(f);Sec. l.4(c);\DJ\3)P.L. 86-36;(b)(3) 50 USC 3024 
(i) 

{U) Use of Soviet oceanographic satellites, through 
either data exchange or direct reception, by US sci• 
entists is extremely infrequent. US researchers will oc• -te, The total area of the solar panels is about 4. 7 

casionally use Soviet data, most often in joint expcri• m2
• Vsing a mid•life solar cell efficiency of90 \V/m2, the 

ments, but the practice is not common for a number of maximum solar paro ... l "'"tnut is about 423 \V at ideal 

reasons. Soviet data is frequently inferior to data from sun incidence a1rn:le. I 

US satellites, as the Soviets are still several years behind 
the US in satellite oceanography. Soviet satellites are 
programmed to gather data over areas of interest to 
Soviet researchers, but these may not necessarily offer 
the same interest to US scientists. Finally, the Soviets 
appear reluctant to rdease scientific data, possibly for 
security reasons or from a desire to avoid comparison 
with US data. 

4, Subsystems (U) • (b)(l);(b)(3) 50 USC 3024(i);l.4 (c) 

4.b. Spacecraft Subsystems (U) (b )(I );Sec. 1.4( c );(b )(3) P.L. 86-36;(b )(3) 50 USC 3024(i) 

4.b.(1) Attitude Determination and 
Control System (U) 

~ Accurate sensor orientation requires precise 
knowlcdue and control of the soacecraft's attitude. 

(b)(1);Sec. 1.4(c);(b)(3):P.L. 86-36;(b)(3):50 USC 3024(i) 
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(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

4.c. Ground Stations (U) 

(U) The sensor data from the OCEA:'.'\ satellites 
arc used by several different scientific ag(·ncies in the 
Soviet Union and can be used hy the Soviet military. 
The primary user seems LO be the ~,farine Hydrophysics 
Institute of the Ukrainian Academy of Sciences at 
SevastopoL The Marine Institute was involved in the 
design and construction of the OCEAI\' sensors, and 
many of the public announcements concerning :he 

OCE.,\'.\ satelli1cs are issued b~ the Institutc's Dir('ctor, 
Academician Boris ~ckpo. 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

Pages 125, 127 and 128 are denied in full and not provided. Page 126 is blank and not provided. 
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high orbits are ideal for density measurements in the 
upper atmosphere. Soviet scienti cl in open 
literature that highly inclined satellites 
were involv • • • the 

ma be involved in similar scientific 
research 

(b)(l);(b)(3) 50 USC 3024(i);l.4 (c) 

I Page 130 is denied in full and not provided. Sl!!CfilE'f 
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SECTION X 

~ATELLITE SYSTEM~ 

131 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024 
(i) 

3.a.(l) Faceted Objects (U) 
(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

'----.--,--.---.----,------,.------,--.----\---i",-!I A retroreflector uses 
multiple internal reflective surfa s to reflect an inci
dent laser beam directly back alon its original path. 
The Soviets have placed retroreflecto on their Salyut 
spacecraft, their lunar rovers, and ce ain scientific 
satellites. Figure 54 shows the laser retr reflector on 
Bulgaria 1300, launched 7 August 198 I. e Soviets 

(b)(l);l.4 (c) 

SEGRE:J'. 
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(b)(l);l.4 (c) 

(b)(l);(b)(3) 50 USC 3024(i);l.4 (c) 
also ust for geodetic purpo.scs an cxtrnsivr ground net
work of laser range finders \ .. ·ith rctrordkctor equipped 
\Vt"strrn satrllitcs. 

(b)(l);l.4 (c) 
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POSITION FIXING BY DOPPLER NA VSAT (U) 

Claaified B1: USAF INTEL 201-6 
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(C) For a NAVSAT user lo determine his position 
he must solve the problrm in three steps: 

1. Determine the position of the NAVS:\T. 

2. Determine the range from tht' user to the 
:s!AVSAT. 

3. Determine the user's position from the 
information obtained in su·ps I and 2 ahovc, 

I. Determination of NA VSAT Position (U) 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

(l') The value of the )J"AVS.-\T radius vrctor R is: 

The longitud~ of the :SAVSAT suhpoint i.s the ,111gle 

= arctan (Y/X) = longitude 

X 
GREENWICH 
MERIDIAN 

z 

N l 
,I 

VALUE i ! 
OF Z 

VALUE ./ 
OF X r 

The latitude of the :,.J'A VSAT subpoint is the angle 

= arcsin (Z/R) = latitude 

The height of the NA VSAT abo\,c tht· Earth is h 

h = R - Earth radius 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

(C) The error associated with determining the 
satellite position is the largest contributing fartor to the 
total error associawd with the navigation fix. This sat-
dlitc position error is composed of uncertainties in the 

Sec A cndix II I. satellite's orbit and rcC1<lctic errors. g pp 

2. Determination of Range from Users to 
NAVSAT (U) 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b)(3);50 USC 3024(i) 

(b)(1);Sec. 1.4(c);(b)(3);P.L. 86-36;(b) 
(3);50 USC 3024(i) l::,,.;cL.-\.r;SJJ"IEf) 

Fig. :\-\ 
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C \ d1 0 

ITD A83-2498 UNCU.SSIFlED 

Fig. A-2 (U) Doppler Shift Curve 

(U) From this curve the user can calculate the 
range to the NA VSA T at the time when the radio 
frequency he receives equals that emitted by the 
NAVSAT. This range will be the range of closest ap• 
proach, r, and is given by the following equation; 

r = (-1;,/c) (V')/df/dt) 
where 

r range of closest approach 

I;. = frequency emitted by NAVSAT 

V = NA VSAT velocity 

c = speed of light in vacuum 

f = frequency received by the NA VSAT user 

(df/dt) = slope of the Doppler curve when f = f, 
S. Determination of the Position of the User (U) 

(U) First, the great circle cross track angle must be 
determined. (See Figure A-3.) 

(U) By the law of cosines: 

(R' + (er)' -r2) 
cos(s) = 2 (R) (er) 

151 

Therefore: 

_ (R' + (er)' -r') 
S - arccos 2 (R) (er) 

(U) Then the off-meridian angle of Earth trace, K, 
must next be determined. 

. K = cos(i)/sin(S), where i is the inclination 

(U) If the orbital inclination is not known, then K 
can be found by the method shown in Figure A-4. 

(U) From spherical trigonometry, it can be shown 
that: 

tan (K) = tan(A)/sin(B) 

(U) The overall geometry is shown in Figure A-5. 
If the satellite inclination is known, then from spherical 
trigonometry it can be shown that: 

cos(C) = cos(S) cos(C') + sin(S) cos(C') 
cos(90 + K) 

C 

= cos{S) cos(C') + sin(S) cos(i) 

arccos cos(S) cos(C') + sin(S) 
cos(i) 

UNCLASSIFIED 
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CHOSS TRACK ANGLE 

SATELLITE ALTITUDE 

DISTANCE FROM 
SATELLITE TD EARTH'S 
CENTER 

DOPPLER RANGE OF 
CLOSED APPROACH 

EARTH RADIUS 

CENTER OF EARTH 

t,':--;CJ..\~Sl!-!LD 

NAVSAT , A 
SUBPOlNT 1 I.--------'-------

C 

NAVSAT 
SUBPOINT 2 

B 

SUBPOINTS 1 AND 2 ARE n~o 
SEOUENTIAL SUBPOINTS NEAR 
POINT OF CLOSEST APPROACH, 
SIDES A AND B REPRESENT 
ANGULAR DIFFERENCES BEn~Ern 
SUBPOINT LONGITUDE AND 
LATITUDES 

l''.'-l'.L\SSIFl!-:D 

Fig. A-·1 (l!) Determination of0f1:Mrrilban Au~lt'. 
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LOCATION OF 
NAVSAT SUBPOINT 
AT CLOSEST APPROACH 

CROSS TRACK ANGLE 

DIFFERENCE BETWEEN NAVSAT 
AND USER'S COLATITUDES 

OFF-MERIDIAN ANGLE OF EARTH 
TRACE 

UNCL\SSIFIED 

fig. A-5 (U) Overall Geometry for Doppler NAVSATs 
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ll'\CJ.A<;SIFJEI) 
n lJ .\tB-:t5<r.! 

fig .. \-6 (U) Doppler :'\avigation 

(C) The usrr's latitu<lr is then rqual to 90 drgrees 
C. 

(l') Further: 

sin( L) 
~ (:us(K) sin(S) 

si11(C) 

I. = . cos( KI sinl1U 
an:srn sin(C) 

ff) Usrr's long-ituclc = satt'llia· longitude ± L. 

(l°) From Fi~urr :\•5 and the law of si11n: 

sinlK) 

I) 

sin(D)/sin(S) 

arcsi11 (sin(K)/sin(S) 

(l') Thrr('forr, us('r's latitude 

"' D). 

(U Further, from the law of \Osirn·s: 

nm(K) tan(L)/tan(S) 

l. .i.rct:tn en<;( K)/tan(S) 

(l'} Therefore, u~cr·s \on~itudc :::: s;itdlite longi
tudr ± L. 
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