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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,
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— 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.
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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,




Radar Cagalilifies Against Low Badar Cron
Section Targers

The 'dapatiidity 'of & radur (s detect 4 Large! dopends
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Tise rudar cross section is jesf Tuncthon of
Trequency. AL kigh Frequcacivs, it spproaches a
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approxitates the size of sence past of te Larger, fuch
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3 measurabibe sigmal wil be retarred Lo the pdar foar
very small values of radar cross soctinn (si o 34
approaches rero mucl fster than radar cro- s seckian
approaches sera, the ranio of mdar cross se ing 1 B
renasing largs even fw small rdar rows 5 liong),
Ve, Tar targets with 3w radsr choss 5 etiaing,
otfer abjedis in the envirorment=birds, i culs, and
vepelation, for exanspde - cominibule ay muc i 1o Ihe
signil as duoes (b Larget st Il This hockpse winad
tolurn wocalied clutler, Mast Sinvice falars olia niml
Bave the peccssary elulics rejectinn electrai-ivs Lo
aliw ihem to dissnminate botween irue ga pely and
cletter of 1he same ar lger radar cross 00RO,
Eitimates of a radar's thearstical capabilitess in the
hypathetics] absence of clutier prosgly overLate the
capabilitics of thal radar aguingt a law fadar CriGs
sechiom Larget. An sccunile discussion ol o wpeciis
radar's capabilitnes i dereel o particular fow gadar
SToas SEtion Wiget must mnclude the elfoels of
frequency, eluller, tang abtatule, aspest, andd fight
prafile. Such o discussinn i beyand the sca e ol thiz
raper,
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