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Researchers in the Radar and In-
strumentation Laboratory can sim-
ulate predicted radar images of
military vehicles like the tank de-
picted on this booklet’s cover.
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The Radar and Instrumentation
Laboratory (RAIL) was formed in
March of 1977 as an outgrowth of
the extensive radar experience at
Georgia Tech's Engineering Exper-
iment Station (EES). Since then,
the laboratory has continued as a
part of the Station while expanding
rapidly to meet the technology chal-
lenges of the 1980's.

RAIL capabilities span the fol-
lowing areas:

e Research — to provide a broad
base of fundamental information
and to discover new phenomena
that may be exploited to expand the
existing radar technology base.

e Development — to extend the
radar technology base necessary
for advanced systems by identifying
problems, determining alternative
solutions and testing innovative com:-
binations of technological building
blocks.

e System engineering — to trans-
form operational needs into system
performance parameters and pre-
ferred system configurations.

e Studies and analyses — to ac-
quire, organize and evaluate data
and to make substantive contribu-
tions to planning, programming
and decision-making.

People are the primary resource
of RAIL. The laboratory staff of full-
time professionals is well-balanced
in terms of education and expe-
rience. RAIL's immediate staff is
complemented by professionals
from other laboratories within the
Station and the teaching faculty of
Georgia Tech to provide expertise
in most fields of science and en-
gineering.

An extensive array of equipment,
computers and laboratory facilities
is available to RAIL researchers for
conducting experiments, automat-
ed analysis and design, and devel-
oping and demonstrating advanced
system feasibility.

RAIL is organized into five work-
ing units. The Instrumentation and
Measurements Division is primarily
responsible for experimental inves-
tigations to measure microwave
and millimeter wave characteristics of
tactical targets and their environ-
ments, analysis and evaluation of
experimental data, and synthesis
and development of advanced in-
strumentation equipment. The An-
alysis Division is engaged in syn-
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thesizing signal processing tech-
niques that exploit identifiable radar-
signature characteristics to enhance
target discrimination and classifica-
tion, system level development and
analysis, fiber optic applications,
and laser radar research.

Radar system engineering and
prototype development with empha-
sis on terminal guidance and mil-
limeter technology and applications
are the responsibility of the Devel-
opment Division. The Modeling and
Simulation Division investigates elec-
tromagnetic wave propagation phe-
nomena and formulates techniques
to exploit these phenomena, devel-
ops detailed electromagnetic scat-
tering models, and investigates sig-
nature modification technology and
radar cross section reduction. Final-
ly, the Special Projects Office pro-
vides RAIL with the specialized ad-
ministrative capability to organize
and manage large diverse research
projects which require support from
all divisions.

Ground-based, portable, airborne,
missile seeker, and shipborne radar
systems for government and indus-
try are the focal points of research
performed by RAIL. A staff of pro-
fessionals located on the Georgia
Tech campus and the nearby Cobb
County Research Facility is actively
involved in the study, analysis, de-
sign, development and evaluation
of multipurpose radar systems.

For many years, Georgia Tech
operated a permanent radar field
site at Boca Raton, Florida, for the
U.S. Navy. In recent years, mobile
and semipermanent sites have been
used more extensively within the
United States and abroad. Field op-
erations have been conducted at St.
Croix, Virgin Islands; Molokai, Ha-
waii; Baffin Island, Canada; and
Graffenwohr, Germany.

Georgia Tech'’s capabilities in ra-
dar research and development have
grown substantially over the past 25
years, and RAIL has been an inte-
gral part of that development. RAIL
projects sponsored by the Depart-
ment of Defense, other federal agen-
cies and private industry have re-
sulted in significant contributions in
radar systems and technology in a
host of radar-related fields.

This booklet highlights a number
of areas of achievement.



MILLIMETER

Advances in component tech-
nology have supported a rapid in-
crease in millimeter wave research
for military applications over the
past decade. Continued develop-
ment of this region of the electro-
magnetic spectrum is now a high
priority for the Department of De-
fense. Through sponsored and in-
house research activities, RAIL has
established a full spectrum devel-
opment capability ranging from 35
to 220 GHz. Current programs span
all research phases of millimeter
wave RED, including systems anal-
ysis, signature characterization,
modeling and simulation, hardware
development and fabrication, and
feasibility demonstrations of new
concepts.

System analysis efforts include
use of the Air Force Target and
Background Information Library Sys-
tem (TABILS) millimeter wave data
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base to identify terrain features that
a tank commander should exploit
to minimize the probability of detec-
tion and successful attack by en-
emy millimeter wave precision
guided munitions. Under contract
to Standard Elektrik Lorenz in West
Germany, RAIL analyzed the applica-
bility of millimeter wave technology
to remotely piloted vehicles (RPVs).
RAIL also has analyzed the effec-
tiveness and efficiency of using a
millimeter wave 1nterrogator and
a variety of “reply” techniques in a
cooperative Battlefield Identification
Friend or Foe (BIFF) system to
identify a friendly target.
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RAIL has extensive experience in
measuring and modeling millime-
ter wave target signatures for char-
acterization/exploitation, particularly
for airto-surface sensor applica-
tions. One important area of capa-
bility is characterization of various
types of millimeter wave ground
clutter. One of the most severe clut-
ter types is frozen snow, which can
exhibit wide variation in backscatter
characteristics. A single patch of
snow/ice could include adjacent
areas of extremely high and very
low backscatter at the same time;
these factors make stationary target
detection and classification even
more difficult than normally expec-
ted in typical high clutter environ-
ments. Under U.S. Air Force spon-
sorship, RAIL was the first R&GD
organization to document such
snow backscatter characteristics at
millimeter wave frequencies. This
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program has resulted in a much
better understanding of the tech-
niques which can be utilized to de-
tect stationary targets in a snow-co-
vered background.

Radar signature exploitation pro-
grams have stressed both frequen-
cy and polarization agility as either
individual or complementary means
for enhancing the distinctive char-
acteristics of various types of sta-
tionary targets. For moving targets,
the unique Doppler characteristics
of various vehicles also have been
exploited for target classification
purposes.

RAIL has made important advan-
ces in transmitter technology over
the past several years. Solid state
sources, klystrons and travelling
wave tubes have been used in
transmitter designs for various radar
and electronic countermeasure hard-
ware development programs. Ex-
pertise in the design and develop-
ment of millimeter wave transmit-
ters employing extended interaction
amplifiers (EIAs) and extended in-
teraction oscillators (EIOs) has
gained national recognition for RAIL.
As an example, criteria have been
established for reliable design and
development of compact 95 GHz
transmitters with pulse widths as
short as a few nanoseconds when
operating at a pulse repetition fre-
quency of 20 kHz and a peak power
in excess of 1 kW.

RAIL developed one of the first
high power 95 GHz transmitters for
advanced attack aircraft. This unit
was integrated into an airborne pod
configuration in support of the Aero-

nautical Systems Division’s Tactical
Avionics for Low Level Navigation
and Strike (TALONS) program. Un-
der study is the utility of millimeter
wave radars for various adverse
weather avionics applications such
as terrain avoidance and following,
ground mapping, and target acqui-
sition and tracking.

Although millimeter wave hard-

ware development programs pri-
marily have focused on radar sys-
tems and associated instrumenta-
tion at 35, 95 and 220 GHz, RAIL
recently developed a 140 GHz in-
strumentation radar for signature
characterization/exploitation. A
state-of-the-art 95 GHz high-power,
fully-coherent monopulse radar —
the first of its kind — is being built
to support Army advanced millime-
ter wave target acquisition and ter-
minal guidance R&D.

PHOTOGRAPHS: (Page 2) RAIL
developed this totally self-con-
tained short pulse 95 GHz radar
transmitter, capable of producing
a two nanosecond pulse of 1kW
peak power at 95 GHz. (Page 3)
Below: RAIL currently is research-
ing the applicability of Intrapulse
Polarization Agile Radar (IPAR)
techniques for target discrimina-
tion, classification and identifica-
tion at millimeter wavelengths.
Shown here is the RAIL X-band
IPAR prototype which was used
to initially demonstrate this uni-
que polarization modulation con-
cept. Above: RAIL designed this
dual-band millimeter wave illum-
inator to support Air Force evalua-
tion of airborne millimeter wave
electronic warfare receivers.
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The conceptual design of a radar
system is dictated by its mission re-
quirements: target detection/track-
ing performance, environmental
conditions, geometry considerations,
and target types. Georgia Tech has
developed various computational
tools to quantify radar stystem per-
formance as a function of these sep-
arate parameters, including a de-
tection range and tracking accu-
racy program called MERGE.

RAIL analyzed a lower cost var-
iant of the Sergeant York weapons
system for detecting fixed wing and
rotary wing aircraft for General Elec-
tric. A candidate domestic radar
system was identified, and the de-
tection performance of a suitably
modified system was calculated for
a variety of radar, environment,
geometry, and target parameters.
Performance limitations were there-
by determined, permitting an itera-
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tive process of radar system modi-
fications to meet mission opera-
tional requirements.

The laboratory conducted per-
formance and cost-benefit analyses
of several new radar system config-
urations designed to improve the
AN/APS-94F of the OV-1B (Mo-
hawk) surveillance system. The Mo-
hawk currently has a fixed, side-
looking airborne radar (SLAR), but
can be modified to scan electroni-
cally, considerably reducing flying
time and increasing information
return.

RAIL defined the capabilities of
several radar units of the Marine Air
Traffic Control and Landing System
(MATCALS) which will be used to
control air traffic at expeditionary air
bases. MATCALS incorporates an
Airport Surveillance Radar (ASR),
Radar Beacon System, and Preci-
sion Approach Radar (PAR). RAIL

personnel analyzed radar and bea-
con requirements for MATCALS
and participated in tests at the Pa-
tuxent River Naval Air Station in
Maryland.

PHOTOGRAPHS: (Left) RAIL
helped to define capabilities of
radars in the Marine Air Traffic
Control and Landing System
(MATCALS). (Center) An example
of the predicted radar cross sec-
tion reduction of a target by shap-
ing and use of radar absorbent
material (RAM). (Right) RAIL en-
gineers compare predicted signa-
tures with measured data for
model validation.
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Development of increasingly so-
phisticated hostile detection sys-
tems that threaten the effectiveness
of U.S. military systems has fo-
cused attention on methods of in-
creasing the survivability of U.S. mil-
itary equipment by reducing its
detectability.

Target signature models and com-
puter programs that model the
reflectivity of multi-layered flat
plates and cylinders have been
combined for cost-effective evalua-
tion of RCS reduction (RCSR) tech-
niques. Expensive prototype con-
struction is reserved for the most
promising RCSR configurations. A
recently developed multilayer ra-
dome provides a very low RCS at
design frequencies, while passing
the operating frequencies with little
loss.

More complex targets such as air-
craft and ships are represented as
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collections of basic target elements,
and thus the dominant sources of
target echo can be isolated. Meth-
ods of reducing total target RCS by
reshaping or reorienting major scat-
terers or by covering them with
radar absorbent material (RAM)
have been investigated. Other
research areas concentrate on
the determination of material prop-
erties of RAM samples using admit-
tance tunnel and compact range
measurement facilities. The Geor-
gia Tech admittance tunnel is cap-
able of measuring the sheet admit-
tance, or equivalently the sheet
impedance, of a variety of mate-
rials. A thin sheet of the material is
placed over an aperture in the tun-
nel and illuminated by a plane wave
travelling down the tunnel toward
the aperture. The phase and ampli-
tude of the reflected wave are re-
corded using a CW reflectometer

while a metal shorting plate moves
away from the aperture on the out-
side of the tunnel. The material
properties can then be computed
using a variety of methods.

The compact range is capable of
making far field RCS measurements
on targets four feet and smaller from
S-band to Ku-band. A parabolic re-
flector provides a plane wave. A CW
reflectometer nulls the background
signal and records the target RCS.
The range may be used to measure
the RCS of standard and low cross
section designs, scale models, ra-
dar absorbent material (RAM), and
for some material property mea-
surements.

The RCS of several military land
vehicles with and without RCSR
camouflage nets was recently
measured for the U.S. Army
MERADCOM to evaluate the effec-
tiveness of such nets.



MODELING &
SIMULATION




ence term, combined with empiri-
cal dependencies of sea backscat-
ter on other sea state parameters
like wind velocity and sea direction.
The model predicts mean sea clut-
ter cross section per unit area for
radar frequencies from 1 to 100
GHz, and both horizontal and verti-
cal linear polarizations.

As part of a project to investigate
the detectability of targets on the
ocean surface, RAIL researchers
developed an ocean surface model
which can use any desired number
of Gerstner waves to model the
ocean as accurately as necessary.

Radar performance models de-
veloped by RAIL are used exten-

sively in radar system analyses. The
probability of detecting a target
against a given background is cal-
culated using the target and clutter
models to provide input to search
radar signal processor and display
models. Sophisticated, state-of-the-
art clutter rejection radar systems
with automatic detectors, as well as
more conventional radar systems
with human operators, have been
modeled.

Other models for tracking radars
simulate track errors from surface

and volume clutter, multipath, glint,
and servo system lag, allowing the
prediction of total engagement con-
tours. In combination with missile
fly-out models, the track error
models predict aimpoint wander
during terminal guidance, and pro-
vide impact point distributions for
extended targets.

RAIL uses models of tracking
radars and missile engagement scen-
arios to generate detection contour
and engagement plots for targets
with known radar cross section,
velocity, and altitude.

A very complex closed loop mis-
sile simulation system was de-
signed, fabricated, delivered, and

TS

developed by RAIL combines a
general purpose computer, special
purpose digital hardware and ana-
log hardware to produce synthetic
backscatter. Battlefield clutter is syn-
thesized by an array of digital filters
that allow user selection of ampli-
tude distributions, spatial distribu-
tions and spectra. The targets are
simulated by combining recorded
backscatter with user-defined man-
euvers.
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verified at Eglin AFB. This four-
year project involved engineers with
expertise in missile flight dynamics,
simulation hardware?software de-
sign, electromagnetic propagation
phenomena, microwave component
design, real-time simulation design,
seeker system characterization, and
advanced computer technology. For
another missile simulator, RAIL de-
veloped simulation software in a
top-down structured design per MIL
STD 483. The Environmental and
Radar Operation Simulator (EROS)

PHOTOGRAPHS: (Left) RAIL gen-
erates a variety of models of tanks,
ships and aircraft for studies of re-
flectivity characteristics. (Right)
The laboratory developed this
three-dimensional surface model
of a six-component ocean wave.
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RAIL has been in the forefront of
track-while-scan surveillance tech-
nology over the last few years, de-
veloping applications for physical
security and battlefield surveillance.
The key to these programs has
been the development of two high
speed digital pipeline microproces-
sors for real time radar data pro-
cessing. One processor contains
the American Micro Devices (AMD)
2900 series bit slice micrologic with
the salient characteristics of 16 bit
words, 5SMHz clock rates, and micro-
programmability. The second pro-
cessor was developed using silicon
on sapphire (SOS) technology to
provide the salient characteristics of
high speed and low power con-
sumption.

Notable recent accomplishments
in this technology include:

MX missile support. RAIL recent-
ly completed a multiyear program
demonstrating hardware which
would provide physical security in
several of the MX missile siting sce-
narios. In support of the original MX

vertical shelter basing scenario, RAIL
developed and demonstrated a pro-
totype netted track-while-scan anti-
personnel/vehicle radar called the
Long Range Area Radar for Intrus-
tion Detection and Tracking sys-
tem (LARIAT). This system was
capable of netting up to 10 radars,
each with a 10 km radius detection
zone, into a single display capable
of automatic detection and tracking
of walking men and ground vehi-
cles.

Waterborne Intrusion Detection
Segment (WIDS) support. RAIL
developed an advanced develop-
ment model of a low-cost track-
while-scan surveillance radar system
which detects waterborne targets.
The system is capable of automatic
detection and tracking of targets
and the application of certain alarm
criteria to determine potential phys-
ical security threats.

Anti-Armor Surveillance and Tar-
get Acquisition Radar (ASTAR).
RAIL developed an advanced de-

velopment model of a track-while-
scan, battlefield surveillance radar
system installed in an armored per-
sonnel carrier. ASTAR features a
telescoping mast-mounted, low side-
lobe antenna, automatic acquisition
and tracking of moving battlefield
targets, and real time display of the
battlefield scenarios and target
parameters.

Nuclear Site Protection. At the
Savannah River Nuclear Plant near
Augusta, Georgia, RAIL researchers
made air surveys to determine where
to locate sensor systems to detect
and track air traffic approaching
sensitive areas of the plant. Various
threat scenarios studied for the De-
partment of Energy included at-
tacks by terrorists using helicopters,
parachutes, hang gliders, light air-
craft, and other airborne assault
modes.

Speed timing radar support. RAIL
has prepared a video tape for the
Department of Transportation that
will ensure more effective use of
highway safety speed timing radar.
Preliminary studies were conducted
with equipment commonly used
throughout the state to detect speed-
ing motorists. A large margin for
error due to vehicle monitoring
practices is being reduced by con-
ducting video training courses for
law enforcement officers.

PHOTOGRAPH: (Left) Researchers
collected data on reflectivity and
attenuation with this radar during
a nuclear blast simulation.



RAIL has worked for many years
to develop instrumentation which
supports diverse technological
areas. These include:

Instrumentation radars. RAIL has
built systems which measure radar
reflectivity over the 1 to 220 GHz
frequency regime. Recent accomp-
lishments include the development
of an airborne, scanning 35 GHz
radar and a helicopter mounted 95
GHz monopulse tracking radar.

RCS measurement range design.
RAIL has performed study pro-
grams for industry and U.S. gov-
ernment agencies to upgrade far
field radar cross section (RCS) ran-
ges. In recent programs conducted
for industry, RAIL engineers added
millimeter wave measurement ca-
pabilities to existing ranges. In addi-
tion, Phase | of a multi-year effort to
upgrade the RATSCAT facility at
Holloman AFB, New Mexico was
completed.

Compact and Model Range Fa-
cilities. RAIL participated in devel-
oping the Georgia Tech “compact
range” and frequently uses the
range for research. This range is
capable of low cost measurements
of the RCS of targets up to four feet
in length, with minimum RCS values
of -40 dBsm over frequency ranges
of 2 to 18 GHz. Another model RCS
range is under development which
will be able to handle targets up to
10 feet in length and 1,000 pounds
in weight over the frequency range
of 5to 95 GHz.

Battlefield Instrumentation. RAIL
has supported the Army in develop-
ing instrumentation for war games.
Propagation measurements for graz-
ing and near grazing conditions

INSTRUMENTATION
TECHNOLOGY

have been made to support devel-
opment of the Army’'s Microwave
Intervisibility Measurement System.
This instrumentation concept will
be used in simulated engagements
to automatically monitor when two
player vehicles (ground-to-ground
and ground-to-air) are in a line-of-
sight condition and capable of wea-
pon system engagement.

Fiber-optic technology. RAIL op-
erates a fiber optic laboratory with
full facilities for performing signal
processing and electro-optic inter-
face experiments using clock rates
up to 1 GHz. Research programs
have included development of a
wide bandwidth delay line for a
radar warning receiver, a fiber optic
correlator for signal processing ap-
plications and a fiber optic strain
sensor interferometer.

Miscellaneous instrumentation ca-
pabilities. RAIL has made remote
measurements of low and high
speed events through photographic
recordings. Both 16-mm and 35-

mm movie and instrumentation cam-
eras may be used in conjunction
with radar measurements to quanti-
fy physical target parameters not
easily obtained by direct measure-
ment methods without radar data
corruption.

PHOTOGRAPHS: (Top Center) The
sum and difference patterns for a
monopulse tracking antenna.
(Right) Final adjustments are
made on an advanced high power
short pulse 95 GHz prototype radar
designed to gather unique re-
search data from an airborne test
platform.
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reflectivity characteristics of targets and clutter for more than 30 years, and RAIL con-

Georgia Tech’s Engineering Experiment Station has performed measurements of the /é‘
tinues to build on this rich legacy of measurement activities. The radar backscatte | ‘

of land, rain, snow, dust and debris, military ground vehicles, ships and boats, and
aircraft have all been subjects for study by RAIL personnel over the last several
years. Instrumentation radars operating over the frequency ranges of 1 to

140 GHz, as well as two Mobile Data Acquisition/Reduction Facilities and

several mobile instrumentation vans, are maintained and operated for use /// ,’ g‘g [
on reflectivity characterization programs. These radar measurement , ," o “‘
capabilities include dual polarization, frequency agility, coherent in- , " (‘.\’%\\\‘,}
phase and quadrature receivers, polarization agility, pulse compression , ' A \\“‘5

o . SR S o1e R \ "—
using either frequency or polarization (Intrapulse Polarization Agility, "‘ £ % },‘=
IPAR) waveforms, and monopulse and conical scan angle mea- I"i= .5\“ é\i,,/%“"
surements. A XA

Analysis facilities provide average values, amplitude densities E.g,"ll"llz'::‘:"-
and cumulative distribution functions, frequency spectra, correlation ~ ' lll,,'.':'
functions, calibrated radar maps, polar plots, and range and cross- - —j"lllln.' [
range profiles of targets. Facilities also exist for large analysis pro- (| | L
grams such as the U.S. Air Force’s TABILS millimeter wave data base. g \““ %

Recent measurement programs at RAIL have involved diverse

S AR
areas of study. Engineers in the laboratory have obtained measure- \““‘“ = - ’\‘\\\.\\\\s‘sf
O
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n

ments of sea backscatter over the frequency range of 9 to 95 GHz,
taking into account depression angle, polarization and wind/wave

height/direction. Another research program resulted in measurements
of the radar cross section of several Navy surface effect vehicles. The Air
Force sponsored research to measure the “echo sources” of aircraft at

<
2.
XA
N
RN
Q3
%%,
(ITh

i

—

millimeter wave frequencies. The laboratory performed measurements
and analyses of high value targets and terrain signatures at millimeter wave \ \\ \,l,'.
frequencies to provide data for the Eglin AFB TABILS data base. For the U.S. \ #.g
Army, RAIL has conducted millimeter wave measurement programs of military \ \ \ ~
vehicles which included full polarization matrix, high resolution data for target \ \~
rotations on a turntable and coherent measurements of moving targets at various \ \~
angles. Another program for the Army produced measurements at 35 and 95 GHz of \s
desert terrain reflectivity from an airborne platform. Measurements have been made by §~
RAIL engineers of snow reflectivity at 35 and 95 GHz from both airborne platforms and §
tower-based measurement systems.

The RAIL measurement facilities are constantly being upgraded to provide portable, rugged,
flexible measurement radar systems and in-the-field analysis facilities. Many of the systems also incor-
porate state-of-the-art processing capabilities such as wideband frequency agility, polarization agility, and pulse
compression using pulse-to-pulse coherent frequency agility or intrapulse polarization agility. The in-the-field analysis
capabilities provided by the Mobile Data Acquisition/Reduction Facilities ensure the quality and usefulness of the
data being collected.

Monopulse and conical scan instrumentation radar facilities currently under development will provide the means
for measuring target glint and low angle tracking errors at radar frequencies up to 140 GHz.
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RAIL’s staff has several decades of experience in radar system performance analysis
and evaluation. The performance of radar systems has been evaluated for various
operational scenarios, with attention focused on antenna/radome and transmit-
ter/receiver sub-systems, radar platform considerations, technology risk
assessments, and cost/performance trade-off analyses. Radar systems eval-
uated have ranged from airborne surveillance and tracking systems to
ground-based target acquisition radars. Signal processors considered
have included simple non-coherent, analog, MTI processors, and co-

herent, fully-digital, airborne pulse-Doppler processors.

The key radar subsystem in performance/trade-off studies is invari-
ably the radar signal processor. In many instances, the processing
strategy and method of implementation chosen are the determin-
ing factors in the selection of the radar system.

As a result of these programs, RAIL has expertise in evaluating all
types of radar signal processors. A sampling of the type of signal
processors evaluated and the methodology employed includes:

e Moving Target Indication (MTI) and Pulse-Doppler (PD) Proces-
sors. These processors enable the radar system to discriminate be-
tween moving targets and stationary clutter. MTI processors include
range-gated-ilters and delay-line-cancellers. PD processors include
digital Doppler filters and fast-Fouriertransform (FFT) processing.

Performance evaluation involved the consideration of clutter power
spectral density, filter frequency response, and motion compensation
effects for coherent systems, non-coherent effects for clutter-referenced
systems, signal processing losses (filter straddle, filter mismatch, weight-

ing, etc.), improvement factors and degradation factors (clutter spectral
broadening and system instabilities).
e Stationary Target Indication (STI) Processors. These processors enable
the radar system to discriminate between stationary targets and clutter. The
key to evaluating these processors is the target/clutter discrimination algorithm
employed and the requirements the algorithm places on the radar system itself
(e.g., frequency agility and/or polarization agility). RAIL has studied many discrimin-
ation algorithms/techniques including dynamic threshold gating, pseudo-coherent
detection, frequency induced amplitude oscillations, polarization ratio discriminant, in-
trapulse polarization waveform coding, and Mueller (Stokes) matrix algorithms.
e Target Recognition Processors. These processors enable the radar system to discriminate
between different classes of targets, such as a truck and a tank. The key to evaluating these
processors is the target-recognition algorithm employed and its impact on the radar system
itself (e.g., large bandwidth requirements). RAIL has evaluated several target recognition algorithms, including high
range resolution profiles/pattern recognition and Mueller (Stokes) matrix algorithms.
e Tracking Radar Processors. These processors enable the radar to maintain a track on a given target (or targets)
while either in a search-light or scanning mode. Evaluation considerations include tracking mechanism (conical
scan, monopulse, or track-while-scan), tracking error considerations (glint, signal-to-noise ratio), and tracking update
algorithms for a track-while-scan system.

DRAWING: A polar plot of the radar cross section of a target vehicle.







SYSTEM

RAIL's radar system develop-
ment capabilities have evolved over
the past 25 years to a point un-

" equaled by any other academic or

non-profit institution. RAIL has con-

@ ceived, designed, fabricated, inte-

grated, and tested radar and radar-

' related systems for the Department

of Defense, other federal agencies,

and private industry. Ground-based,

® airborne, and shipborne systems
have been developed.

A signal processing subsystem

. of a continuous wave multi-fre-
quency ranging and velocimeter
radar with conical scan tracking
was developed for White Sands
Missile Range. The radar system
_ transmits three different frequen-

4 cies for detection and ranging of
airborne targets. The signal pro-
cessing subsystem performs a
2048-point complex fast Fourier
transform (FFT) on each signal, se-
lects a target based on predeter-
mined target selection criteria, and
extracts phase, amplitude, and ve-

& locity data from the target returns.
The Intrapulse Polarization Agile
Radar (IPAR) system transmits a
pulse that is encoded by polariza-
tion modulation on a subpulse basis.
The coding is utilized to effect pulse
compression of the received echo
.pulse This method differs from

more conventional approaches of
pulse compression encoding on

carrier phase or frequency because
the coding is contained in the rela-
tive phase between the horizontal
and vertical polarization compo-
nents of the transmit pulse. As a
consequence of this novel ap-
proach, IPAR exhibits many unique
characteristics including the ability
to be implemented with a variety of
RF waveforms and an intrinsic po-
tential for discriminating stationary
targets from surrounding clutter.

The current IPAR concept has
been implemented in an X-band
radar developed by RAIL. A high
speed digital processor implemen-
ted in TTL and ECL technology al-
lows binary codes up to 32 bits in
length to be generated at bit rates
up to 100 MHz and processed in
real time. The system has been
used in a comprehensive data col-
lection program to investigate and
quantify IPAR’s properties for var-
ious applications.

RAIL developed a coherent re-
peater for use in verifying the cor-
rect operation of a given class of
target acquisition and track radars.

The repeater has six modes of
operation and is designed to oper-
ate over a 4 to 8 GHz range of fre-
quencies. It provides a coherent ex-
tended target echo or coherent
point-target echo simulating ranges
of either 15 or 30 km, simulates a
target at either 15 or 30 km with

DEVELOPMENT

one of three simulated velocities
superimposed on the coherent re-
turn pulse, and tests the radar’s co-
herent Doppler tracking response
to a moving target traveling a simu-
lated radial path between 10 and 40
km at one of three velocities.

System anomalies which occa-
sionally cause the AN/MPS-36 ra-
dar to spiral off the target were in-
vestigated for White Sands Missile
Range. These anomalies were de-
termined to be a result of cross-po-
larization signal coupling in the an-
tenna feedhorn structure. Based on
this study, RAIL was funded to mod-
ify the AN/MPS-36 radar to elimi-
nate the cross-coupling.

PHOTOGRAPHS: (Above left and
below right) RAIL was a key
member of a team which devel-
oped a prototype U.S. Army Real
Time Velocimeter System (RTVS)
for use as a transportable CW in-
strumentation radar system. (Be-
low left) RAIL engineers have
adapted radar techniques initially
developed for military non-metal-
lic mine detection to two civilian
applications. One version of this
radar can readily locate under-
ground pipes and another detects
voids beneath pavement that
would later result in breakdown
of the pavement surface.
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PHOTOGRAPHS: (Above) RAIL
has access to a compact reflectivi-
ty range at Georgia Tech whose
12 x 16 foot parabolic section pro-
vides a large plane wave area. This
range requires less space than a
conventional outdoor range while
offering improved security and
freedom from extraneous envir-
onmental effects. (Below) The lab
uses two netted DEC VAX 11/780
computers to perform complex cal-
culations relating to radar system
performance and electromagnetic
scattering phenomena.

RAIL has developed a number of
instrumentation radar systems for
tasks such as basic radar reflectivity
data collection, radar system simu-
lation, and new radar techniques
evaluation. The systems cover most
radar bands from 1 to 140 GHz, are
designed to allow maximum flexibil-
ity of configurations, and are in-
strumented to permit accurate mea-
surements to be made.

RAIL researchers have use of two
elevated outdoor antenna ranges, a
compact reflectivity range, a cylin-
drical indoor near-field and antenna
test range, and a millimeter wave
test laboratory with facilities for
measurements from 35 to 220
GHz. Laboratory facilities for high
power transmitter development in-
clude high voltage power supplies,
high voltage/current probes, and
test equipment. RAIL also main-
tains model shop facilities for proto-
type fabrication and has access to
the Georgia Tech machine shop
with full metalworking capabilities.

RAIL engineers have ready ac-
cess to a number of computer facil-
ities, including: a Gould SEL 32/77
which is secured for classified pro-
cessing and capable of real time
simulation; three DEC VAX 11/780’s;
a number of Data General Eclipses
and Novas; and a CYBER 70/74
mainframe computer on the Geor-
gia Tech campus. Computer mod-
els and software support programs
are available to support a wide
range of research activities.

RAIL recently developed a Mobile
Data Acquisition/Reduction Facility
which provides minicomputer con-
trol of data acquisition, conversion
and recording, color display and
hard copy graphics, and a wide
range of statistical data analysis
routines.

RAIL staff members conduct short
courses on these radar-related sub-
jects:

Reflectivity of Land and Sea
High Power Radar Transmitters
Techniques of Radar Reflectivity

Measurement

Radar Cross Section Reduction



Modeling and Simulation of Land
Combat

Computer Modeling of Electro-
magnetic Signatures

Principles of Modern Radar
Radar measurement capabilities

include:

Frequency Capability
UHF RF sources (+10 dBm),
Logarithmic Receiver
1 kW Non-Coherent,
Logarithmic Receiver;
1kW Coherent, Linear
I/Q Receiver
1 W Non-Coherent,
Logarithmic Receiver;
10 W Coherent, Linear
I/Q Receiver
50 kW Non-Coherent,
Dual Polarized,
Logarithmic Receiver;
1 kW Coherent,
Logarithmic Amplitude,
Linear I/Q Receiver,
Full Polarization Matrix
Ku Band 50 kW Non-coherent,
Dual Polarized,
Logarithmic Receiver
Ka Band 20 kW Non-Coherent,
Dual Polarized,
Logarithmic Receiver;
3 W Coherent,
Logarithmic Amplitude,
Linear I/Q Receiver,
Pulse Compressed to 1
ft. Resolution, Full
Polarization Matrix.
1 kW Non-Coherent,
Logarithmic Receiver;
1 KW Coherent*, Linear
I/Q Receiver, Pulse
Compressed to 2 ft.
Resolution
140 GHz 150 W Non-Coherent*,
Logarithmic Amplitude,
Conical Scan, Linear
Quadrature Error
Signals.
55 W (average) CW or
Pulsed Coherent Laser
Radar*, Dual-plane
Scanning, HgCd Te
Detector

L-Band

C-Band

X-Band

95 GHz

10’.1m

*Under Development

PHOTOGRAPHS: (Above) RAIL em-
ploys a variety of instrumentation
radars covering most radar bands
from 1 to 140 GHz for research pur-
poses. (Below) Another important
RAIL research tool is this Mobile
Data Acquisition/Reduction Fa-
cility.

SADUNOSIY



|

LORGIA TECH LIBRARY

RADAR AND INSTRUMENTATION LABORATORY

Edward K. Reedy, Director
(404) 424-9621

EMENT DIVISION

SION

‘I he mailing address for the laboratory is:
Radar and Instrumentation Laboratory
Engineering Experiment Station

Georgia Institute of Technology

Atlanta, Georgia 30332



Radar and Instrumentation Laboratory {ronn 0L TIPNADY
Georgia Institute of Technology

ULUIuin LU Lx‘l“'\i

TECHNICAL DATA

Hierarchy of scattering shapes
Geometry Type [r;: :)‘: Formula Remarks
Wi RADAR AND ECM LETTER BANDS FOR FREQUENCY
el |l o || 12 e St
retiactor . reflection STANDARD RADAR BANDS* ELECTRONIC COUNTERMEASURES BANDS**
Frequency Band Frequency
Range (MHz) Designation Range (MHz)
Maxsmum Second strongest; high
RCS due to double
Righ gl i 5 raZb? st HF 3-30 Alpha 0-250
corner reflector g maximum with changog VHF 30 - 300 Bravo 250 - 500
e Charlie 500 - 1000
UHF 300 - 1000 Delta 1000 -.2000
% Echo 2000 - 3000
Pean Thied strongest; high L 1000 - 2000 Foxtrot 3000 - 4000
Flat plate F2 e v “»';"1 2:3::;?:::;‘1" S 2000 - 4000 Golf 4000 - 6000
x sy m i Hotel 6000 - 8000
e by & 4000 - 8000 India 8000 - 10,000
X 8000 - 12,000 Juliet 10,000 - 20,000
Maximum shrrebandizrng [ 12,000 - 18,000 Kilo 20,000 - 40,000
azimuth (6), drops off Lima 40,000 - 60,000
Cylinder no|ow 2 srdes S el K 18,000 - 27,000 Mike 60,000 - 100,000
" Can combine with flat KB 27,000 40$000
plate to form tophat
Normal Incidence corner reflector Millimeter 40,000 - 300,000
[r— *From IEEE Standard 521 - 1976, 30 November 1976
Prevelont causs of strong, **From AFR 55 - 44 (AR105 - 86, OPNAVINST 3430.9B, MCO 3430.1), 27 October 1964.
— i e broad RCS over varying
i 3 L azimuth and slevation
angles.
Normal Incidence
JAMMER-TO-SIGNAL RATIO
PARABOLOIDAL ANTENNA CHARACTERISTICS MAXIMUM DETECTION RANGE
o . G T L ( Signal-to-Noise Ratio = Unity )
e AR B 5)05RJ ) (BB T 3dB Beamwidth = 72.8) (4o,
J/S (o(SPG) ) ( = ) GZRT ) B, ) (—‘Fﬁg") 5 (degrees)
Where R it PrG2)\2g 1/4
MAX = e Meters
o= Target Cross Section (Meters?) Where (4m)3 KTBFy L
SPG = Radar Signal Processing Gain WAL
PJ = Jammer Power (Watts) D = Reflector diameter
Pt = Radar Transmitter Power (Watts) Where

G, = Jammer Antenna Gain (Direction of Radar) K = Boltzmann’s Constant

GRrJ = Radar Antenna Gain (Direction of Jammer) [Aperture distribution of the form 1-p2 where p is normalized radius| T = Temperature

GRT = Radar Antenna Gain (Direction of Target) First null position ]:_53.9 sin? ( 1‘3 ) degrees B = Receiver Bandwidth 3
BR = Receiver Bandwidth of Radar (MHz) First sidelobe vnax|n1nh position = ]fosin 1(2:07}) gegrees L = Signal Losses [K‘] Input
B, =Jammer Noise Bandwidth ( MHz) Gain = 10 log [ E(ZD)? | dB N ° Fp = System Noise Figure =
Rt = Range to Target (Meters ) Where |:§] Output
R, = Range to Jammer ( Meters ) E = aperture efficiency N
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