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SCOPE NOTE

In recent years, the United States has developed a variety of design
technigues that will reduce the energy reflected by or radiated from
aerodynamic vehicles and thereby decrease the likelihood of detection
by enemy radar, infrared, and other sensors. The United States has also
made significant strides toward the development of advanced technol-
ogies for the same purpose. This combination of innovative design and
use of advanced technologies is known collectively as Stealth,

The well-publicized US Stealth development cffort surely has
generated concern among Soviet military planners about defense
against low-signature and Stealth vehicles. In addition to the need for
increasing the depth of its defenses by fielding more defensive weapons
of existing types, the USSR will have to consider research and develop-
ment programs to improve the ability of those defenses to detect, track,
and destroy Stealth vehicles The degree of suceess that the Soviets
achieve in these endeavors is certain to influence US military programs,
strategy, and tactics.

We also anticipate that the Soviets will develop systemns of their
own that incorporate signature-reduction designs and technologies, The
US H&D community must know as far in advance as possible the means
by which the Soviets will reduce system detectability and the degree of
their success. This will be necessary to sid in the development of US
countermeasures and to augment the US Stealth program becauss Soviet
approaches may differ considerably from those under consideration for
US systems.

This Special National Intelligence Estimate is an effort to assess at
the naticnal level the Soviet capability and intention to respond to the
US challenge. It presents our evaluation both of the defensive mathods
and technologies we believe the Soviets will employ to counter the US
deployment of Stealth systems and of their technical capabilities to
develop indigenous offensive low-signature snd Steaith vehicles. The
SNIE is restricted to discussing only aerodynamic and balliste missile
systems over a 10-vear period, It also identifies collection and analytic
gaps that must be filled in order for the Community to provide broader,
more detailed studies in the future,




DEFINITIONS

Signature: The characleristic spectrum of radiated enerey from
the ohject. The source of energy may be the object itself, an incidentsl
source whose energy is reradiated {rom the object, or a specifie source
whase energy is reradiated from the object. (Respective examples are
infrared energy from an engine, visual energy from an obiect in
sunlight, and transmitled radar energy returning to a radar receiver,)

Low Signature (Low-Observable Technology): Characteristic of
any existing S?ncmrsuch as an aircraft, criise missile, reentry vehicle,
or spacecraft—that has been modified to reduce its signature. Such
vehicles can become less detectable 1o enemy sensors within the limits
imposed by the original design. Signature reduetion for selected aspect
angles or for all radiated or reradiated energy probably cannot be
achieved for these systems. '

Stealth {Very-Low-Observable Technology): The sum of innova-
tive design techniques and advanced technologies as expresed in a
future aerodynamic, missile, or space system developed to minimize
external signatures. Such systems will achieve very low signature levels
through special design to include caveful shaping, by infrared and elec-
tronic emission suppression, and by the application of advanced
coatings and materials.-Signature reduction for any aspect angle can be
achieved in this type of design.

Radar Cross Section (RCSk A guantitative measurement of an
object’s visibility to a radar as determined by the radar energy rellected
by the object. The RCS of a vehicle is determined by its shape and con- .
struction material, the angle at which the vehicle is viewed, and the
frequency and polarization of the viewing radar. RCS is usually
expressed in terms of square meters.

Infrared Radiation (IR} Emitted or reflected hest enersy in the
near visible light frequencies. The total IR signature of a vehicle is the
sum of its emissions, reflections, and engine exhaust. IR slgnature is
customarily measured in units of watts per steradian as a function of
wavelength.




KEY JUDGMENTS

Soviel Counter-Stealth

The Soviets are well aware of US plans to develop Stealth
aerodynamic vehicles; nevertheless, we judge that their air defenses will
remain vulnerable to penetration by Stealth aerodynamic systems for at
least the next decade. This judgment is based on a number of factors
that include:

— The limitations of existing Soviel sensors and information-
processing systems, which were designed lor use against high-
signature vehicles,

— The massive and capital-intensive nature of Soviet air defenses,
which necessitates incremental modification rather than whole-
sale replacement.

— The Soviets” lack of sophisticated measurement ranges, which
inhibits their developrment of counters to the threat posed by
Stealth.

— The length of the Soviet B&D eyele, which almost certainly will
delay the introduction of totally new defensive systems until
after 1995.

In the near term, the Soviets almost certainly will place a higher
priority on developing defenses against US Stealth vehicles than on
developing offensive Stealth svstems of their own. Indeed, the Soviets
already have made certain incremental meodifications to currently
available defensive systems in reaction to the US deployment of cruise
missiles—which naturally have the low radar cross section, low infrared
signature, and low electronic emission characteristics typical of a Stealth
vehicle.

The eritical factor in determining the degree of suceess that Soviet
air defenses will enjoy against low-signature and Stealth targets is the
availability of adequate and timely warning information. Therefore, we
expect the Soviets’ near-term responses to include:

— Uperading the sensors and signal processors in current systems.

— Increasing the depth of their defenses by extending ground-
based and naval radar and fighter coverage offshore using
Mainstay AWACS aireralt, aerial reflueling, and a new genera-
tion of more capable interceptor aircraft,




-—'ﬁlp-m-lr.

— Further pairing of dissimilar types of radars to fl] zltitude and
range detection gaps.

— Increasing the numbers of selected detection and defensive
systems,

— Adding mobile surface-to-air missiles {SAMs) to the inventory to
complicate penetration planning.

— Inereasing decentralized decisionmaking to counter overloading
of their existing command and control system.

— Additional netting of early warning, ground-controlled-inter-
cept, and SAM radars.

In the longer term, the Soviets are likely to seek technological
solutions to the defitiencies in their air defenses that will persist despite
the near-term improvements. We believe these will include developing:

— High-power," low-frequency conventional radars incorporating
new signal processors and electronic counter-countermeasures
(ECCM)

— Multistatic radars.

— Laser radars,

i — Acoustic detection systems.

— Improved infrared search and track sets (IBST).

- Long-range air-to-air and surface-to-air missiles with multi-
mode terminal seekers.

— Fully automated command and eontral systemns connected by
digital data links.

Soviet Stealth Developments

The Soviets have an excellent theoretical knowledge of electromag-
netics and traditional signature-reduction technologies, However,
achieving Stealth is dependent on the integration of thaping and other
signature-reducing technologies into & weapon system.

:(wﬂ doubt that Soviet designers have as vet decided on an
overall conceptual approach to any Stealth desizgn. Therefore, while the
Soviets probably will begin within five years to modily existing designs
to reduce their external signatures, the length of the developmert cyvele
makes it unlikely that they could Held an unmanned Stealth wvehicle
before 1995 or a manned Stealth platform before 2000, Te prolong the
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service life of existing acrodynamic svsterms—and to control the risks
associated with Stealth development—their initial attempt to produce a
Stealth wehicle is likely to be an air-to-surface missile, followed by
manned systerns such as reconnsissance aircraft or tackical bombers,
which depend on defense avoidance for survival.

The Soviets have shown an interest in signature-reducing technol-
ogies with broad application to a variety of aerodynamic vehicles and
have acquired related technical information, materials, and manufac-
turing equipment from a variety of foreign sources. We periodically
acquire information from articles in technieal journals or from technieal
intelligence sources that leads us to believe that independent research
efforts are continuing in:

— Radar eross section theory.

—_ Radar—abmrﬁing materials.

— Automated Hi.lght controls,

— Infrared signature reduction.
— Electronics emission reduction,

The Soviets have three outdoor radar cross section ranges, the most
prominent of which are at Kalinin and "v’un:mezh_[

IThese facilities will contribute to both counter-Stealth
and offensive Stealth developments but represent a level of technology
several vears behind that of the United States.

Moscow has applied signature-reduction and -enhancement tech-
nigues to ballistic misile reentry vehicles since the late 1960s. The
objective of this program might be to deploy a mix of reentry vehicles,
decoys, and other penctration aids that offer a wvariety of radar
signatures in a single payload in order to complicate targeting for
antiballistic missile defenses.

[ ]
| _




Fipure 1
Design Considergtions for Stealth Alrcraft
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DISCUSSION

The Stealth Concept

1. The objective of the US asrodynamic Stealth
program is to achieve and maintain a high-confidence
capability to penstrate the continususly improving
Soviet -defenses, which rely on radar, infrared, and
visual sensors to provide target acquisition, identifica-
tion, and tracking data to controllers of interceptor
aircraft, surface-to-alr missiles, and antiaireraft artil-
lery. If atlacking vehicles—airesals, sand eruise amd
ballistic missiles—were not acquired by Soviet sensors
o il acquisition wers delayved bevond the reaction time
of their defensive network, the attacking foree would
be able to penetrate to its targel without suffering an
unacceptable rate of attrition. Existing vehicles, modi-
fied to reduce their radar cross ssction (RCS), infrored
(16} signatures, and elecironic emmissions, will degrade
the capabitity of most current Soviet defensive systems
and render same others slualete, but other Eactars must
be considered in order to pemetrate Tulure Soviet
defenses. Among these Future considerations are acous-
ties, contraily, and reflected light.

2. Developing a Stealth valicle requires that all of
these factors be considered from design ineeption,
Shaping to reduce radar cross section is the most
eritical factor in designing a Stealth vehicle; reducing
infrared emissions from the vehicle’s propulsion sys-
tem without degrading performance is also a major
design challenge. Becawse a vehicls's electronic cmis-
slons ean be tracked by SICINT systems, passive
clectronic subsystems or those designed ta have & low
probability of intercept must also be developed. Fig-
uree | illustrates some of the desirable features of a
Stealth vehicle

The Counter-5Stealth Petential of Current and
Mear-Term Sowiet Systems

3. The Soviets are well aware that the United States
plans to improve its capubility to penctrate Futere
Boviel air deflenses by developing aaredynamic vehi-
cles with reduced external signatures, altheush they
almost certainly consider the impending introduction
of Stealth technalogy as only the latest of a number of
technical and tactical changes thal bave foreed the
Soviets to react {soc Inset]l Mescow perceives the

United Slales b have a significant lead in the applica-
ble technologies and probably has committed substan-
tial resources to research efforts devoted to countar the
1S systems,

4. Ovwer the last two decades, the Soviels have spent
roughly as much on developing and deploying a strate-
gle defense-in-depth as they have their offensive foress,
They have established an air defense systern wsing a
layered concept that compensates for the shorteomings
of the individusl elements, but this approach has resull-
ed in an air defense metwork so massive and eapital
intensive that we believe their near-term response to
any new threat will be limited 1o systern improvement
by incremental modification. The modifications already
begun by the Seviets in response to the US deployment
of the crube misile—a system that inherently has a low
radar cros section and low IR signature—constitute
their initial response to Stealth deployment. In the
longer berm, we expect Moscow to develop new techns]-
ogies and operational concepts that better match the
increased penetration threat of US follow-on systems,
bul for the nest Bve to 10 years the Soviets will be
foroed to rely on defensive systems already In place or
exprcted bo enter their inventory soon,

Early Warning Rodar Systems

5. The ecritical factor in determining the degree of
supcess that Soviet sir defenses will enjoy sgainst Jow-
signature and Stealth targets is the availability of ade-
quate sensors and signal procesing, The existing Soviet
air defense network is alerted by an extensive netwerk
of ground-based acquisition radars. The Soviets will
have several thousand early warning radaes of some 13
types In service by 1990, Although some of these have
an excellent theoretical capability to detect small targets
under controlled conditions, detection ranges would be
severely degraded by low-level penetration tactics,
background clutter approsimating the return of Stealth
wehicles, and other eperational considerations.

. Tn the near term, we expect the Soviets to deploy
combinations of these syitems in order to magimize
their detection capabilities. VHF radars such as the
Tall King C radar—also used as the aequisition radar
for the 5A-5 surface-to-air misile and for ground-
conteolled intercept-—have some capability o detect

—Fer-GEchEs=




Saviel Perceptions of the US Stealth Program

v.. A greal deal of attention in the United Siates is
devotad 1o expanding its aviztion capahilities in arder ta
overeome the air defenses of the Warsaw Pact coun-
trics. To achieve thia goal, the United States s condwel-
ing the work on the "Stealth” program, which i
attempting 1o devedop methods that would substantially
complicate detection of airerafll through air defense
means wing Lhe principles of radio location or heat-
seeking.

The “Stealth”™ aircraft development program i being
conducted by & number of large US serospace firms, A
contract for 7.3 billion dollars for designing the future
steategte ATB bomber was granted to the Maorthrep
Corporation. The Lockhsed Company, wsing the expe-
rience it gaioed in designing the 5R-TLI and A-L)
mircraft, is ot presant building 28 reconneisance airersfi
which have received the desipnaticn CSIRS. Their
carstruclion is baing Bnaneed by the projsct for design-
ing the future ATF Gghter sireraft. The Bndng, Grum-
rnan, and Vought companies ase abse phriicipating in
this woek. In Hesal vear 1082 alone, ths United States
spent nearly 1 bEllten dollars on this developesent
wirk. .

... According to American military exparns, Lhe
development and deployment of “Stealth” airerafi will
greatly increase the surprise use of aireraft, because of a
sharp decrease in the distance at which they can be
detected, and it will abo decresse the effectiveness of
antiaircraft guided missiles, bacouse of the decreass in
the EPR and an increass n Oustuating ecrors when
aiming missibes. Shorteomings of such aireralt inetude a
certain decresse in aerodynamic characteristics, a rels-
tively small combat load because of the presumed

ahzenoe of external pods, as well a5 Hmitstion in using
navigatiomal systems for  operational activities and
eommunieations.

Although research in the “Stealth” program, judging
from Western press reports, i still in the experimental
stage, the United States is already brying to determine
future wses for “Stealth”™ technology in desiening cew
types af tactical Bghter aireraft, reconnaisance aircraft,
and warivus wnmanned systems ond winged missiles
The main attention of the American administration,
hawever, is directed toward the development of strate-
gic bomber aviation

In sccordamee with the modernization plan for the
strategic forces of the United States Air Force, serial
production is being plannsd for the ATB bombers in
1988- 1989, immediately following the completion of
the planned production of 100 Bockwell B-1B bambers.
The ATB aireralt will be ripgarously tested in the process
of B-18 production. Thas, the B-18 bomber fulfills two
functions: It is an intermediary srategic alreraft for
penctrating the sir defenses of a probable enemy, and it
sofwas &5 4 guaranlee in the event of failore of the -
Srealth concept.

If the ATE bomber is developed swocessfully, it can
b deploved in 199L In that esse some 100 of thess
afrerall will be secomplishing misions of penetrating
air defensss instead of the B-1R bombers, which would
then be wsed only as carriers for winged missiles to be
released putside the air defense zone of the enemy,

The Moscow Jorrnal of Anfi-Adrerafi  Defenses,
March 1983

Unelassified

low radar cross section largets cperating at high
altitudes bul are less effective against such targets at
low altitudes. We believe the Soviets are more likely to
pair the Tall King with more cHective low-altitude
someprs—like Big Back, Tall Rack, and height find-
ers—that are already available, rather than invest in a
major modlfication to the Tall King itsalf.

7. Lower frequency radars (that is, VHF) are more
efective against low radar eross section targets because
the radar wavelength approximates the length of the
platform  (see figure 2) They are, howewver, more
susceptible to ground clutter, The Sovicts have & now
VHF eatly warning radar, the Tall Rack, under devel-
opment. We expect this system, which wes an antenna
mast about 30 meters high, to be effective againg low
radar cross section vehicles operating at bath high and
low altitudes. I this new systom is developed suceass-
fully, it could be deploved in the late 19505

B, In addition te ground-hased carly wamning assats,
the Soviets are deploving their new TL-T6 Mainstay
AWACS aircraft (see Ggure 3), which will be, wsed to
improve their offshore early warning capability. The
radar on this aircraft has a fair-to-good capability
against low-signature targets and & poor capability
against Stealth targets at high or low altitudes, aver
land or over water. The Mainstay's detection, tracking,
and command and control capsbilities will be an
excellent adjunct to interceptors and SAM batteciss
facing conventional and, to a lesser degree, low-
signature thrests. Target track datz will be relayed
from Mainstay to ground, naval, and airborne defen-
sive systems through data Haks, thereby alleviating
some of the operational problems imposed by low-
signature and Stealth targets We expect 27 to 36
Mainstay sirersft te be in the Soviet inventary by
150,
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Fighter Ajrcraft Systems

8. We do not expect the overall force level of Soviet
interceptor aircraft te change appreciably through
1960, but the incorporation of aircraft now entering
production of in the final stages of fight test will
dramatically improve Soviet air defenses By 1990,
about 40 percent of the Soviet Fghter inventory will
consist of MIG-31 Foxhound, §U-27 Flanker, and MIG-
29 Fulerum airesaft equipped with pulsed-Doppler
radars with digital datas processing systoms, eapable of
conducting leokdown/shootdown attacks—a capability
essential for defending apaingt cruise missiles and low-
stgnature aireraft but possessed by only a small percent-
age of the current Soviet fighter inventory.

10. All three aircraft—the heart of Soviet air de-
fense systerns for at beast the net decade—are
equipped with improved radars, fire-control systems,

and air-lo-air missiles.

[

| These three
aircraft are also equipped with infrared search track

(IRST) sots. [

In a lockdown mode of bad weather, this trackifE
eapability would be severcly degraded Nevertheles,
LRET sets provide an adiunct to radar attack by permit-
ting the operatar to passively track o target or to attack
a target in an ECM eovironment if some other sensor
provides range data. Tf the Soviets perceive that US
developments in reducing radar eross ssetion cannot be
countered by radar improvements alone, they may turn
increasingly to infrared or other passive sensors for
detection, tracking, and misile puidance.

il In addition to defending againg penetrating
fighter and bomber aircraft, the Soviets are threatened
with offshore launches of cruise missiles. We judge




Figure 4
New Soviet Fighters

5U-17 Flanker

MIG-29 Falerum

WIT] A

that production of new tanker and AWACS aircraft
will support the Soviets” plans to move defensive forees
further from their coastline in order to intercept
cruise-missile-carrying aircraft before missile launeh,
If the newer lighters also are equipped for aerial
refueling, the Soviels could extend their defersive
barrier far enough offshore to provide the prelaunch
intercepl capability we balieve they are seeking.

12 Those targets that successfully penstrate the
offshore Larrier will be more difficult 1o intereept over
land, even though the Soviets have extensive land-
based defenses. Low-allitude penatration tactios have
already reduced track time and irnposed clutler prob-
lems on Soviet radar and infrared sensors: reduced.
signature systems will further increase the siress on
their defenses. Almost half of the Soviet interceptar
aircraflt will have some capability e sttack low-
signature targets, including cruise missiles, in the 1950
time frame bul probably will have little capability
zgainst Stealth vehicles before 1995 Moreover, the
effectiveness of individual air defense systems will be
determined in large part by the evolution of Soviet air

defense dectrine, their Future command and contral
structure, and their technological response 1o the
fncreased threat,

Surfoce-to-Air Missile Systems

13. By 1990 the Soviets will have at least 14 surface-
to-air missile (SAM) systems in the field and may have
begin deploving ground-based laser defenses, As in
the case of Soviet early warning racars, some SAM
systems could threaten low-signature and Stealth veli-
cles wnder eerlain conditions, but operational Factars
would seduce their effectivensss under wartime
conditione.

I4. The S4-5, the USSR's longest range SAM, has a
limited ability to ateack low-signature targets, especial-
ly thote operated at low altitudes Mevertheless, be-
eause of the Soviets” significant investment in this
svstemn and its deplovment in Fastern Europe, we
anticipate thal Moscow will improve the acquisition
and tracking radars currently asoeiated with the SA-5.

15, The SA-10 (see figure 5), the Sovist Union's
mast modern strategic SAM, is the first designed to
defend against low-altitude sircraft and sir-te-surface
missd)

The SA-10 will be fielded in two versions: the trans
portable verslon—the SA-10A—is now being  de-
ployed: the mobile veesion—the SA-X-10B—& stll in
development,

16, The SA-X-12, in development dnce 1473, is the
Soviets' latest tactical radar-guided SAM. I destan—
which incorporates two versions of an interceptar
misile—allows the system to attack both high- and
bow-altitude targets ranging from cruiss misiles ko
tactieal ballistic missdles. Tts ability to track low radar
eross section Largets could be improved by modifying
its acquisition and engagement radars to include better
clutter reiection in the Former and tower mounting For
the latter.

17. The Soviets have Gelded large nombers of
infrared SAM systems designed und developed in the
1960: and 1970: that are highly mobile, casy to
conceal, and relatively inczpensive to build, However,
present Soviet technolozy in this area will oot pose o
significant threat to US low-signature or Stealth ve-
liieles in the near term, becauss even the newest Soviet
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Figure 5
Components of the SA-10 SAM System
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IK SAMs show only marginal eapabilities 1o attack
cruise missibes. Substantial improvements in infrared
sensing technology will have to be achieved before
these weapons will be capable of attacking US Stealth
vehielas,

Antigircraft Artillery Systems

15, The L3U-23-4 i5 the curment Soviet mobile
radar-directed antiaircraft gun system. It iz capable of
tracking: targets with a radar cros section of 0.01
square meter or larger. The Follow-on £5U-X system
could be improved by adding an acquisition radar,
improving clutter rejection, eliminating multipath
tracking errors, and upgrading its firo-contesl eom-
puter. Because its range would be limited to about 5
kilometees, Its uselulness against low-signature and
Stealth wehicles is limited o point defense af high-
value targets. We expect to see significant numbers of
the Z5U-X Gelded during the early 1690s.

Command, Contral, and Communications Systems

19. The existing Soviet air defense :-,.-su:mE

Nerest difficulty in tracking conven-
tional aircraft fving al low alkitude Under some
conditions, its highly centralized structure can inhibit
the rupid flow of information and firing decisions
necessary to engage and defeat fast-moving targets.
The Soviets recognize that low-signature and Stealth
targets would severely stress their eurrent network and
are implementing procedural changes as stopgap
measures until better systems are available in the
1940s. Decisionmaking is being forced to lower eche-
lons te permit more rapid response to targets. Individ-
ual pilots, Bight leaders, and SAM battery command-
erd are being taught to recognize an overload of the
command and control system, and are being encour-
aged to engage targets on their own initiative, using
local sensor and computational resources, without
awaiting approval and terget asignment From their
SUTHEC NS,

20. While Soviet commanders are encouraging the
development of autonomeus command capabilitiss Lo
overcome some of the deficiencies in their command
and controd system, they simultanecusly are seinfore-
ing the role of centralized command and eontrol by
netting together early warning, ground-control-inter-
cept, and surface-to-air missile radars. The resulting
networks capitalize on differences in sensor frequency,
output power, and [ocation to present o more complete
picture of the aerial sitwalion—particularly with re-
spect to bowealtitude penetrators and low-signature

wehicles such as cruise missiles, This sort of inferma-
tivm is essential to the orchestration of Soviet air
defenses in response to the longer term Stealth threat,
but scnsor natting may produce overloading of the
command and control system, Unsil technical im-
provements in data handling and inlegration are im-
plemented, information from the netted sensors could
contribute to the effeclivensss of local air defense
nodes but would provide only a marginal improve-
maenl in the ability of Soviet commanders to manage
the overall air battle,

2]. Technological improvements will be necessary
to correct the hardware limitations apparent in the
Soviet air defense network. Existing Soviet command
and control systems are based on a one-on-one con-
cepl—a single inlerceptor or SAM on a single target.
The new generation of Interceptors now being de-
ploved and the SA-10 system are capable of simulta-
nesusly engaging multiple targets, As 8 result, the
Lazur ground-controlled intercept system and the
Vektor-2 SAM command and contrel system are being
replaced by more zapable systems,

22 New air-to-air, air-to-greund, and ground-to-ate
dala IinksE
al-
ready providing better air situation informstion that
will allow the Soviets to take Full advantage of their
new defensive systems. The present objective appears
to be one of providing decisionmakers in the cockpit or
at the SAM battery level with enough air siteation
information to make correct engagement decisions
This radical departure from historie Soviet practice is
necesilated not only by the decreased resction time
available during engagements with low-signature tar-
gots, but also by the belief that intensive electronic
counlermeasures may degrade command and conteol,
or that integral command, contral, and ¢ommunica-
tions nodes may be put out of action Centralized
decisionriaking is idesl, but in the above cases it alsa
should be sufficiently fexible to allow engagement
decistons 1o be made at ¢ level appropriate te the
siluation, The Soviets will retain centralized dgc-i;ign.
making whenever posible,

%1 The Mainstay AWACS aircraft will enhance the
Soviet alr defense command and control system by
downlinking tracks of targets not visible to ground
sensors bo ground stations via digital data signal. Target
information collected by the Mainstay's radar and IFF
{identification friend or foe) system probahly includes,
identification, position, altitede, veloeity, and number
aof targets in a group. We believe the Mainstay can
manage up to 12 simultanecus sirborne-controlled
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intercepts, and control of some intercepts would be
secomplished via air-to-air data links monitored by
controllers abourd the Mainstay. The command, con-
tral, and communications eapabilities apparent in the
Mainstay system originally resulted from the Soviet
percaption of the threat posed by low-altitude pene-
trators. Although the Mainstay has a marginal dstec-
tion capability, it will serve as an interim Sovied
command, contrel, and communications response to
the Stealth threat.

Future Soviet Technical Responses
Early Warning Radar Systems

24, We are aware that the Soviets are developing
higher powered early warning and intercepd radars
with the better resolulions necessary™to come 1o grips
with the low-signature and Stealth detoction and
tracking problem. Soviet radar designees are Iikely 1o
incorporate VHF and UHF Frequdneles, increased
pulse repetition frequencies, and improved signal
processing in their next generation of radars—possibly
by developing o pulsed-Doppler processor, They may
also develop spread spectrumn radars in erder to make
effective jamming more difficult; however, thess
would not necessarily have improved ecapabilities
against Stealth vehicles. These newer radars will con-
tinue to have built-in elestronic coumter-counter-
measures (ECCM) based on such techniques a5 side-
lobe suppression, waveform diversity, and cross

polarization canceflation.

L

Fighter Aireraft Systermns

26 We are wnable to determine the dirsetion that
Soviet avionies designees will take—in part bocauss we
expect now technologies to emerge—but eestain cur-
rently available technologles offer the most likely
avenues of approach 1o the problems posed by Stealth,
I comsistent with past practics, Moscow will upgrade
the radar and infrared sensors on its next generation of
intereeptors in an attempt o mest the Steslth threat.
Mo single technology will correct the deficiencies of
current Soviet air intercept radars, but the Soviets are

14

likely to examine the following technies] areas because
they offer the greatest potential for impsaved
performance:

— Beduced radar frequency to improve eadar crass
section detection capability and lessen clutrer
interference

— Increased transmitter power, antenng aperiure,
and sensitivity.

= Increased signal-processing efficiency and clutter
reduction through new wavelorms.

— Improved subclutter visibility through internal
refinements.

27, Future Soviet interceptors are certain to include
much-improved 1RST sets to enable Soviet pilots to
conduct tailchase intercepts of low-slgnature vehicles
Current Soviet [RST sets are thought to have 2 very
limited capability against low-signature targets and
bose effectiveness in clouds or against 3 clutlersd
background. IF the Soviets are to improve significantly
the capability of their IRST sets, they must devalop
improved sensors and,slgmal processors that ean reject
low-altitude ground cletter.

28 The Swviets have developed an autonomous
mideourse guidance concept For Useir radar-guided
air-to-air m'l_ﬁ.i]EC

]

0. Articles in Soviet technical journals have dis-
cussed  laboratory-level optical processing of radar
signals, an indication of the Soviets” interest in devel-
oping electro-optical adiuncts for airhorne detection
and tracking of low-signature and Stealth vehiclas,
Optical processing—an attractive alternative to the
high-auality digital technology on which US systems
denend—would increass the speed st which radar
data could be processed and would allow the detection
of smaller, near-nodse-level returms by providing great-
er correlation power and clutter rejection. The Soviets
bave sl demonstrated lechnology in operational laser
rangefinders, which could lead to the development of
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laser radar systems for the detection and tracking of
targets. However, we have no evidence of such dovel-
opments st this time.

Surface-to-Alr Missile Systems

30, Much of the detection and tracking technology
developed for future interceptor alreraft could apply
to ground-based SAM systems Sovist experience in
developing IRSTs for aircraft could lead to an ad-
vanced ground-bBased IRST capable of supporting
cruise missile engagement by newer and Futore SAM
systems. Such a system would require advanced infra-
red detector and signal-processing tmhmlmv.t

a

31. Ower the years, the Soviets have continued o
upgrade the capabilities of thelr radar-directed SAMs

to meet the evolving threat to their defenses.

B

Command, Controd, and Commmunications Systems
32, As the US deploys and perfects the penstration
techniques of vehicles that have progressively lower
signatures, we expect the Soviets to continue upgead-
ing their acquisition and tracking radar netwarks by
improving the data-handling capabilities of their com-

mand and control systems in order to provide the
automated redundam links necessary to handle fast-

maving events throughout the Soviet air defense sys-
tem. If the Sowiets are to cope with the very shart
reaction times imposed by Stealth targets, they must
automate many if not all of the manual operations that
inhibit their current alr defense systemn. Automating
the system will require development of suitable system
architecture, alporithms, and software—areas in which
the Soviets most lag Western computer technology.,
The Soviets are likely to concentrate thelr resources in
this arca because of the potential for a high paveff
against low-signature and Stealth vehicles

Ballistic Missile Defenses

33, The Soviets probably believe that application of
Steafth technology to US ballistic misile reentry vehi-
cles is farther off, Their corrent ABM and ballistic
missile early waming systems are based primarily an
radar, amd their launch-detection satellites use IR
sensors. The Soviels are actively engaged In ressarch
on more advanced ballistic missile defense concepts
that could include directed-energy weapons. Should
these prove feasible, the Soviets would have to develop
more accurate fracking means that might couple
optical technigues such as laser or IR tracking with
advanced radar concepts lo provide a potentially
effective counter to Stealth ballistic missile BVs.

Other Defense Options

34, There are many options that the Soviets might
take i responding to the Stealth threat that are not
technology dependent. Most would be readily appar-
ent to the Intefligence Community and offer no long-
term solution to the problems faced by the Soviel air
defense system, The options include:

— Increasing"dhe wse of AWACS afrerall, aerial
refueling, and long-range interceptors to extend
defenses. Offshore barriers cowld be asgmented
by naval radars, shipborne SAM:, and aireraft

CATFiers.

— Increasing the oumbers of radars and SAM: to
offset the redections in range and reaction time
inpased by Stealth tarpets.

— Increasing the use of mobile SAMs Lo complicate
penctration planning.

— Clearing olitackes around SAM sites and mount-
ing mose SAM radars on towers to improve line-
of-sight and reduce grownd cluttes. -

— Using acoustic tracking nets, human spotters, ancd
visually simed antiniveraft artilleey.




~ Using manmade obstacles such as barrage
balloons.

Prospective Soviet Stealth Developments
The Impact of the Soviet RAD Process

35. The speed at which new technologies are incor-
parated inlo Soviet offensive forces will be determined
by the status of techmolosmies in research and the
eomplexity of the systems entering development. The
technology research phase can be shostened by tech-
nobogy transfer if applicable Western technology can
b hrought to the production line. The owerall result is
that system development can start earlier than would
have otherwise been possible if the Soviets had had 1o
rely on indigenous developments alone, However,
Soviet designers tend Lo select majon system techaol-
ogies early in the development process. The impact of
this approach, in terms of dtw]npmr.pt leadtime, Is
summarized in table 1,

[ncorporating Stealth Vehicles into Soviet Militory
Planning

36, Our judgments on how Soviet military planners
might reach a decision to incorporate Stealth technol-
ogies in their future forees are admittedly subjective.
Mevertheless, Soviet requirements to penetrate MA-
TO's defenses appear to be the most diffioult task for
their forces for the present. Thus, the Soviets probably
calculate that the most immediate need for Stealth
technology lies with those forces intended for periph-
eral strike and tactical sir oparations, and that Stealth
application te intercontinental bomber and long-range
cruise missile desipns may safely be relegated s lower
priority. Inm the longer term, the Soviets probably

Table 1

Impact of the Soviet R&D Cyele
on the Availability of Systems
Incorporating Stealth Technologies

anlisipate that the US Strategic Defense Initiative will
provide 3 number of the technologies to improve early
warning of an enremy bomber attack and that a U%
deployment ol ballistic misile defenses would be
accomparded by air defense modernization,

37, Peripheral Strike and Taetical Air Forces.
The seradymamic portion—aireraft and eroiss mis-
siles—of Soviet theater forces faces an increasingly
capable NATO defense. NATO air defenses, particu-
larly those in Central Europe, and the defenses oves
US carrier battle groups—the primary target of Soviel
naval air wndls—are rated highly effective by the
Soviets. The Soviets have invested heavily in these
forces over the last 10 years, deploving 5U-24 Fencer
and TU-22M Backfire bombers that were developed
before signature reduction was 8 significant design
eriterion. These aircraft probably will be the backbone
of the peripheral bomber forees throughout the rest of
the century, The Soviess probably see a need to arm
these aircraft with low-signature air-to-surface missiles
by 18930, and perhaps field Stealth missiles by 1895,
After 1992, they will field follow-on aireralt that are
likely to incorparate some low-signature technologies.

38. Sowlel tactical air force operations are conduct-
ed by sirsuperiority and ground attack fighters, and
reconnaissance aircraft. The Soviets have just complet-
ed developing the MIG-29 Fulerum and the SU.27
Flanker—designs that do not appesr to incorporate
signature-reduction technologies. We judge that these
aircraft will be the primary fghters in the Soviet
tactieal air inventory for years to come and probably
will be modified with some lowsignature features
during their operational lives. The design of 2 Stealth
fighter wsing technolegy currently awailable to the
Soviets probably would require saerifices in fight
performance that they are likely to consider unaccept-
abile in an air-to-air combat sircraflt where maneuver-
ability s an important aspect of survivability, We
therefore daubt the Soviets will fleld a Stealth fghter
helore the next century.

38, On the other hand, the cerrent Soviet tactical

Statuy af Change to Weapon  Years 1o Lnitial bomber and reconnaissance foree consists principally
Techuulogy System ﬁ:;[‘:;m:: of nircraft whose mid-1960's designs offer little poten-
Available now Mirsar medilication Sta? tial for ifmrm r?m “ payload, or decreased
Magor modiBeation 0 external signature. Aireraft in these categories would

—_— b less affected by the sacrifices in dight performance

: N"“' sritem 101 15 forced by current Stealth technology because their
:;]rl:flmd remarch  Major modification (=} pilats have traditionally "-I"-'-Pﬂ'ldﬂd more on aveidaage
Merw system L3 than mancuverability to survive. For these reasons, we

In explaratary Mlaiir mrulification 1310 13 —  belizve that an aleeraft from one of these twe mission
research phase Hew system 15 to 290 areas is likely to ba the firt manned system to benefit

From Soviel Stealth technology.
18
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40. Intereontinental Forces. The Soviots are well
aware that the US SDI effort is net expected to come
to full fruition before the vear 2000, This much
leacltime may allow the Soviets 1o investigate a num-
ber of signature-reduction techniques and to Ineorpo-
rate cffective ones inte their next generation of inter-
enntinental weapons, A wsaally reliable source recently
reported that the Soviets already are working on
technicues to reduce the IR signatures of their [CEM
boosters, an effort consistent with their program bo
teduce the radar cros section of ballistic reentry
vehicles (see section on ballistic misile systems),

41, The Soviets might be especially motivated to
incorporate signature-reduction lechniques in their
loang-range ceuise missiles and, eventually, their inter-
continental bombers. These systems have sufficient
flexibility to allow them to be used in & variety of
conventionz] and nuclear roles, and the development
of lovw-signature and Stealth sir-lannched cruise Eids-
siles would extend the effective service life of the
generation of bombers now deploved or in develop-
rment.

Acquiring and Using Stealth Technolegy

41 Sovict selentists have shown an interest in signa-
ture-reduction technologies applicable to a broad erom
section of asrodynamic vehicles, They have investigat-
ed radar-absorbing paints and materials for several
vears and bave acquired technical information, manu-
facturing equipment, and materials from several for-
eign sources. The objects of Soviet technical fnterest
include:

— Radar-ahsorbing tmaterials that show a high po-
tential te decrease the effectivensss of eertain
radars and millimeter-waveguided weapons,

— Large-seale eacbany] iron powder manuFacturing
facilities. The production capacity the Soviets
seek is beyond their normal military or eivil
requirements.

— Large avtoclaves suitable for making composite
aircraft parts. The aumber of autoclaves pur
chased exceeds their basic research requirement.

42 Developing the technologies required by Stealth
vehicles will tax the Soviets, cven with foreign techmni-
cal nssistance, but production of such wehicles may be
an even more fermidable task. Careful attention ta
auality eontrol—a long-term weakoess of Soviet indus.
try—is necesary to rminimize (e signature of any
given design. Reteaining production personnel inte

—_——

highly skilled technicians will be time consuming and
will put additional stress on the already burdened
Soviet military-product work force,

Research Faocilities

#4. A prerequisite 1o developing Stealth vehicles is
the ability to messure very small changes in the
energy emitted or reflecled by prospective designs.
The most challenging of these mnessuretents—detor-
mining the radar cross section of Srealth designs—must
be done on a highly instrumented indosr or outdpor
range. While initial radar eross section measurements
cant be made using precisely built scale models in 4
compacl ancchoic chamber, final proof of design
tesling requires the wse of fullscale vehicles and
prabably can only be done at an outdese Facility,

45, The Soviets are capable of constructing a com-
pact indoor range roughly equivalent to first-genera-
tion US facilities. With access to Western technology,
the Seviets probably will be able b build indoor ranges
in the next five years comparable to those currestly in
wie i the Unitad States)

3

46 We have identified three autdoaor rages in the
Soviet Union capable of preforming radar eross section
measurements. The feast active of these ranges is at
h:rab.'t[

A7, The range at Kalinin has probably been used to

mezasure the radar exass seetion of several aerodynamic
\'l:hir:l.egc

B
48, :1

Sﬁvir.lst‘have wver the last five vears upgraded therr
outdoot range at Voronezh)

JTEn’s range is environmentally suited
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for low radar eross section meastremants and, with
further development, could be capable of measuring
objects with sven lower radar cross sections, The
Vorpnezh range is our best candidate for further
development of the advanced measurement capability
nocessary o supporl both counter-Stealth sensor devel-
opments and indigenous low-signature and Stealth
vehicle development programs [

4% With the advent of eruise missiles with inher-
ently low radar eross sections, the Sovicts require
sophisticaled facilities capable of measwring the radar
erass section of smaller targets. In the past, such US
ranges required earefully controlled, graded surfaces
extending over great lengths—often several kilome-
ters—against which precisely adiusted tramsmitters
bounce radar waves onto pylon-mounted targets that,
in turn, reflect the energy into closely calibrated
receiver antennas, Mo such Soviel ranges are known to
exisl. Modeen range-gating techniques have reduced
the requirements for control of grownd surfaces”

Aerodynamic Systems

3. Achieving Stealth is dependent on the integra-
tion of shaping and signature-reduction teehnelogios
inta a weapon system. We are aware that for vears the
Soviets have applied some methods and techniques of
signature control—mast notably radar return modifi-
eation, inlrared emission reduction, and low probalili.
tv of intercept spnals—te seme of their weapon
systems. By combining these methods and techniguies,
the Soviets could design a low-signature flight vehicle;
however, we have no evidence that Soviet designers
have decided upon 3 coneeptual approach to a Stealth
vehicle wr that integrated development of an offensive
system i under wav. They may rely on disclosures
From the burgeaning US prograen to provide 5 COMeE-
tual basis for their indigenous effarts

&l Mevertheless, the Soviets have demonstrated a
erasp of applicable design theory and have showan
sutficient interest in related reseasch areas 1o indicate
that they are developing some signature-reduction
technologies.

iead us to believe that
several independent researdiefforts are continulng,

52 Articles in Soviet technical publications indiegte
an understanding of radar cross section prediction and
sirframe-shaping techniques. The Soviets have con-
ducted extensive research on rada r-absorbing materi-
als and have developed a wide ranpe of proven
materials wpon which their designers may draw, Al
though the new generation of Soviet fighters reported-
Iy eentains 10 to 20 percent compasite materials by
weight, we bave no information on the Soviet ap-
proach to the problems posed by bonding and adhesive
materials required to apply composite materials sue-
cessfully to sirframe constroclion,

53, Optimum shaping for low radar cros weolion
eould result in airframes that are marginally stable in
flight. The Soviets may be conducting ground-hased
research in advanced autemated flight conteals and
Ely-by-wire coneepts at the Novasihirsk Eclentific In-
stitute of Aviation Sjbnjat

]

34. Reducing the radar and infrared signatures of
high-performance turbine engines may well be the
pacing factor in the development of any Stealth vehicle.
The Soviets have wsed shislding 1o reduce the IR
signature of the engines on some of their sttack helicop-
ters in reaction to the heat-seeking missile threat in
Afghanistan, but eaternal shielding of this type tends to
increase the size of radar returns. While they have also
redesigned  helicopter engine exhaust nezzles in an
attempt to reduce IR slgnatures, we are nol aware of
any Soviet program to reduce the infrared signatures of
ather Lvpes of serodynamic vehicles.

55, The Soviets are progresing rapidly in severa)
electronics fields associated with low-signature vehicle
developments. I the area of airborne Communica-
tons, the Soviets have the necessary lechmology o
develon burst transmitters, These devices communi-
cate by means of short, high-powered bursts that
redisee the likelihood of an intercept that would give
away the position of the host vehicle. Spread spectrum
comentnications also has a high potential for applica-
tion to Stealth aircraft; we expeet the Soviets to [iekd
an aithorne spread spectrum system hy 1995,

3. The Soviels have sulficient technological cxper.
tise at hand to satisly the passive navigation recqine-
ments of Stealth vehicles Laser EVIO equipment has
been produced in the Soviet Unlon, and Soviet military
authars have noted the capohilities of US shart-ronge
mavigalion pids—forwnrd-looking infeared, low light
level TV, and laser subsystems, Projeeted Improvements
ter the Saviel GLOMASS space-basad navigation swstem
may be able ta supgport Stealth aperalions
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57. The Soviets are also progresing rapidly in radar 58. The Soviets sre tesling a new generation af agr-
technologies. They have developed an electronically | ground-, and sea-launched cruise missiles designed

scanned phased-areay antenna for the MIG-31 Fox-
hound and a plamar-areay antenna for the [L-78
Mainstay AWACS amreraflt. They probahly will investi-
gate wideband sigmals and Frequency agility tech-
nigques in order to seduce the emission signatures of
their current airborne radars and meet the require-
ments of Stealth vehicles, They have aleeady flelded

in the 1970s that have reasonably low external signa-
tures that eould be reduced through judicinus serody-
namic shaping and wse of mdar-absorbing materials,

andd narrow-band opticzl systems {laser rongefindersh
iov the MIG-29 Fulerom, ]
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Ballistic Missile Systems

59, Hemewed US intorest in strategie defense
places a pressium on early identification and very
mocwrate tracking of ballistic missdles, reentey vehi-
cles (KVs), and space systems. The Soviets may
atternpt to counter future US layered defenses by
applying signature-reduction techndques, many of
which are equally applicable o acrodyvnamic, bal-
listic, or space vehicles For example, the Intelll-
gence Community has assessed the §5.18 fallow-on
to have a greater throw weight or TANge, OF a
combination of both, based an improvement of it
propulsion system. The increased capability could
be used to modify the postboost vehicle to carey
lower sigmature reentry wehicles and additional
pefietration alds and other counter-SDI dewvices
Ower the longer term, the Soviets also might cxperi-
ment with lower signature propellants and may use
‘other techniques to achieve range and pavload
performance simélar to that of the $5-18. They also
may wse other signature-lowering technigues like
radar-ahsorbing paints and materials to reduce the
vulnerability of their missiles and warheads to
intercept.

60, The Sovicts probably began to apply signa-
ture-comtrol techaiques to ballistic missile reentry
vehicles In the late 1960s

:IIDuf caleulations indicate that
an absoebing material or a conducting layer located
within the BV heat shield could reduee the retuss
signal; the magnitude of the reduction depends on
the frequency of the incident radar and on the heat
shield's dielectric preperties and ronfiguration of
the conductive layer and heat shield materials. On
the Lasis of this analysis, we conclude that the
Soviets currently employ materials ta modify the
radar sections of some of their reentry
vithiclos,
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B2 In addition to lowering the signatures of the
BVs themselves, the Soviets have been investigating
viarious penetration alds and technigues since the mid-
1960s

Intelligence Gaps
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Likely Soviet Counter-Stealih Technology Efforts
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Likely Sovier Stealth Technology Effons
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