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Front cover materials researchers at GTRI
used a flame-sprayed ceramic coating
to stop rusting in a commercial product.
Inside front cover GTRI engineers
developed this instrumentation receiver
for use in flight testing of the ALQ-184
electronic countermeasures system at
Eglin AFB.




_~__TIME OF TRANSITION

Fiscal 1987 was a year of marked transition for all
research organizations at the Georgia Institute of
Technology. With the passing of President Joseph
Mayo Pettit, Georgia Tech found itself ending an
era of great accomplishment.

Dr. Pettit left a deep imprint on every phase
of this university’s life, but one of his most
impressive accomplishments was the nurturing of
research at Georgia Tech. During his fourteen-year
tenure, Tech grew from a university primarily
devoted to undergraduate-level studies to an
institution with one of the country’s leading
engineering research programs.

Georgia Tech's research community
benefited from Dr. Pettit's leadership in many
ways. Not only did he encourage faculty to
become more active researchers, but he also
kept the Georgia Tech Research Institute as an
integral part of the university at a time when
some similar academic R&D organizations were
breaking away from their mother institutions.

This decision has allowed the Georgia Tech
research community to grow with more vigor and
diversity than might otherwise have been
possible. Increasingly, engineers and scientists
from GTRI have become involved in productive
collaborations with other faculty in Georgia Tech
academic departments. With the growing need
for interdisciplinary research, these partnerships
should become increasingly frequent.

Despite his belief that GTRI should remain
close to Tech, President Pettit wanted the

organization to be anything but inward-looking.
For this reason, the Research Institute has
continued to maintain one of the country’s
leading university-based programs in electronic
defense. It also has been a pacesetter in
developing alternative energy sources, protecting
the environment, and making computers more
useful to society.

Another key mission at GTRI has been
economic development — for Georgia, the
United States and the world's underdeveloped
nations. In this state, Georgia Tech has played a
key role in the expansion of high-technology
industry. Pettit was well acquainted with what a
university could do in this area. At Stanford
University, he was influential in the founding of
Silicon Valley, and he saw Tech playing a similar
role in Georgia.

Ever the realist, Dr. Pettit's reaction to his
own impending death was to encourage his
colleagues at Tech to prepare for the future then
“get on with it.” Georgia Tech has dutifully done
just that: selecting Henry C. Bourne as acting
president and appointing a search committee for
a new permanent president. When this report
reaches some readers, Dr. Pettit's successor will
be in office, and the next era in the
university's life will have begun.

Despite the many changes to come, Dr.
Pettit's legacy will continue. We dedicate this
year's annual report to the memory of this
outstanding man.
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DIRECTOR

As we proceed into Georgia Tech's
second century, GTRI continues to
broaden its capabilities in areas ranging
from artificial intelligence to
communications to manufacturing tech-
nology. And with additional senior
research investigators, GTRI has further
strengthened its position at the leading
edge of research in the fields of biosafety
and metallurgical development and
processing.

To retain its viability and competitive-
ness as an organization, GTRI moved to a
sounder financial base through the
creation of an overhead rate separate from
that of Tech's academic research
community. The new rate more accurately
reflects GTRI's own research costs. In
achieving fuller recovery of its expenses,

RESEARCH
EXPENDITURES
(Millions of Dollars)

NUMBER OF r O\
RESEARCH GTRI will have additional resources for
PROFESSIONALS internal discretionary research and capital

equipment purchases, as well as for
covering essential operating costs.

In tandem with the new, somewhat
higher rates, GTRI formed a series of task
groups to intensively study the
administrative and support functions of
GTRI and to search for more cost-effective
ways of accomplishing our work.
Containing costs is vital to maintaining
GTRI's ability to compete economically
with other research organizations.

GTRI also began to explore new ways
to meet the challenges of a changing
federal procurement system. Specifically,
the Competition in Contracting Act is
impacting our applied research and
development work, which is primarily
contract-derived, rather than flowing
through university-type grants. While we
enthusiastically support the act’s goal of
cost-effectiveness, we will work to
influence the system to recognize and take

MAJOR
SPONSORS (In Percent)

Dr. Donald ). Grace

advantage of the unique qualities that
make university-based research a national
resource.

In response to changes in the
structure of federal funding, GTRI is
continuing to increase its industrial
sponsorship. A $7.3 million subcontract to
develop and build one of the largest
phased-array antennas ever to fly on an
aircraft exemplifies GTRI's growing
partnership with industry. During FY87
industry accounted for 24.6 percent of
GTRI research dollars, compared with
219 percent in FY86.

A factor in the growing amount of
industrial sponsorship will be the Basic
Research Credit, a part of the 1986 Tax
Reform Act. Companies will now be able
to reduce their costs in conducting basic
research by claiming a 20 percent credit
on research grants, contributions, and
contracts at qualifying universities and
other non-profit institutions. Designed to
encourage U.S. competitiveness through
technological innovation, the credit serves
as arr incentive for companies to support
basic research in science, engineering, and
mathematics at research facilities.

GTRI also continued to organize large,
interlaboratory research programs as many
of our sponsors moved toward larger
projects that require multidisciplinary
efforts. For example, our researchers are
continuing their work on a $16.9 million
contract from the U.S. Air Force to develop
an advanced threat simulator — the single
largest contract in GTRI's history.

Beyond increasing the interaction of
our own laboratories, we are moving to
meet the multidisciplinary needs of our
clients by arranging joint efforts between
GTRI and our academic colleagues at
Georgia Tech

FY87 also saw a number of
achievements and milestones that
epitomize GTRI's commitment to
excellence:



— Celebrating its 25th anniversary, the
Industrial Extension Service completed the
upgrading of five regional offices into
Georgia Technology Centers. Located in
Albany, Augusta, Gainesville, Macon and
Savannah, the Centers help businesses
adopt new technologies, improve
productivity and gain

computerized technology and productivity
mrummtns The Centers
grew out of the Georgia Tech Industrial
Extension Service, which provides
technical and management assistance to
more than 1,500 Georgia industries every
year.

— GTRI began its role as a partner in
the Biomedical Technology Research
Center, created in FY87 by Georgia Tech
and Emory University to facilitate joint

medical /engineering research efforts
} xamples of current research include a
laser technique for removing fatty deposits
from arteries without damaging normal
arterial a high-strength plastic for
synthetic replacements of ailir g bones and
joints; the mapping of the human body’s
electrical blueprint” to improve medical
radiation therapy; and a new kind of
intrauterine device (IUD) with a design that
may avoid infec
with conventional [UDs

— The antenna and reflectivity range
at our Cobb County site became
operational. This unique research facility
made possible by an internal investment
of over $2 million
industrial and government users as wel
our own researchers

GTRI also continued to serve as a
training ground for the sc IH‘I\\I\ of
tomorrow, employing more than 100
graduate research assistants d uring FY87
And as part of our ongoing effort to
strengthen the ability of GTRI to meet the
growing — and changing — demands of
research, nearly 130 full-time professional
staff continued their advanced education
through GTRI's tuition reimbursement
program

FY87 was indeed a year of transition
But it was also a year of great achievement
creativity
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made possible by the dedication
and teamwork of GTRI personnel

GTRI researchers developed a polysilicone
elastomer as a material for finger pads in
industrial robots. This flesh-like material
should greatly improve the sense of touch in
robots of the future.
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TECHNOLOGY

INITIATIVES

Distribution of
SPONSORED RESEARCH
AREAS — FY 1987

Above, working with an Emory University
physician, GTRI scientists developed a
magnetic intrauterine device which elimin-
ated the need for a fibrous tail, the cause of
health hazards in some IUDs. Right, a new
synthetic version of the pigment for
ultramarine blue was developed in GTRI's
zeolites research program.

I n FY 87 GTRI implemented and expanded a number of new technologies, while
extending the breadth and depth of more mature R&ED programs. This research

involved such topics as

Advanced radar warning receiver
systems

Anaerobic fixed-film reactor wastewater
treatment

Antennas for conversion of solar radia-
tion on space stations

Application of artificial intelligence to
autonomous work cells (robots)

Application of artificial intelligence to
hazardous material emergency
response

Artificial intelligence in diagnosing
cardiovascular disease

Artificial intelligence techniques in
electronic defense systems

Automated aircraft maintenance
systems

Automated guided vehicle system
scheduling

Automated palletizing

Avalanche photodiodes

Chemical vapor deposition of ceramics

Command and control systems in missile
defense

Computer-based machine maintenance
systems

Cost/benefit analysis of automation

Digital coherent on receive radar

Electromagnetic susceptibility
measurement of integrated circuits

Electronic sensing for paraplegic
rehabilitation

Ergonomics

Free radical chemistry in cloud water

High-temperature millimeter wave
measurements

Indoor air pollution

Interfacial science technology

Laser instrumentation and ranging
systems

Machine vision

Modulated scattering technique for
antenna measurements

Molecular sieves and zeolites

Off-wire guidance of automated guided
vehicles

Phased array antennas

Robot safety

Solar-dynamic space power systems

Solar-unique materials processing

Spread spectrum techniques

Stratospheric bromine chemistry

Thermite synthesis

Three-dimensional tactile imaging

Use of the nematode as a bioassay tool

Variably spaced superlattices
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Above, engineers completed development of
HIPCOR, the first high-power, coherent
radar system operating at 95 GHz. Far right
this 90-foot source tower is part of a large
Electromagnetic Test Facility which became
fully operational during the past fiscal year.



RADAR

s part of the Strategic Defense

Initiative, GTRI engineers continued
to support the U.S. Army Strategic Defense
Command in its Terminal Imaging Radar
(TIR) project. The TIR is designed to detect
and image threat re-entry vehicles and to
discriminate threats from decoys and
other objects. It will validate technology
that provides the capability to track identi-
fied threat missiles and relay their future
predicted positions so that missile inter-
ception is possible. The technology will be
experimentally validated in test operations
at the US. Army Kwajalein Atoll.

To improve GTRI's radar modeling
capabilities, researchers developed the
MAX Geometric Data Base Editor. A
licensed software product, MAX is a
hierarchical data base graphics editor
which permits users to interactively create,
display, and modify computer models of
three-dimensional objects. MAX has also
been used for infrared studies, flight
simulation, and for construction of models
of the human heart.

Using MAX, engineers created and
modified computer models of radar
targets. The targets were fed into TRACK, a
program that provides computer
simulations of radar cross sections (RCS)
and radar tracking.

In FY 87, GTRI provided technical
support for the development of the Marine
Air Traffic Control and Landing System
(MATCALS). Designed to be quickly set up
at a landing field area, MATCALS provides
air traffic control of friendly aircraft —
from initial detection to hands-off landing
in “zero-zero” weather. GTRI is now serving
as technical advisor to the Navy on
development of MATCALS.

In the last year, GTRI engineers also
worked for the U.S. Navy on the DCOR
(Digital Coherent on Receive) program.
Their objective is to achieve the
advantages of a time-coherent radar
system with either a locally generated
noncoherent signal or a remotely
generated signal with no local coherent
reference.

GTRI began development of a design
concept to allow use of available receiver
modules in a prototype of a two-
dimensional digital beam-forming array.
Such processing has applications not only
for radar detection and tracking but also
for communications systems and
electronic interception of signals.

During the year, GTRI's Electromag-
netic Test Facility provided a unique and
vital resource in support of Tech's radar
research. This state-of-the-art facility
includes a far-field antenna range and a
turntable radar cross-section range. The
facility is used for testing of antennas,
receivers, and communications systems,
and for measurement of target radar cross
section (RCS) characteristics.

GTRI continued development of
antenna measurement technologies and
techniques through tests performed on
GTRI's Compact Range. In a project for the
U.S. Army Proving Grounds, GTRI
engineers used the range to conduct
research on the design of a seventy-foot
diameter outdoor compact range which
will operate into millimeter wave
frequencies.

Work progressed on a second-
generation Simulated Air Defense System
(SADS) for the Air Force, and the Army's
mobile version of SADS was modified to
improve performance, reliability, and
maintenance.

GTRI also maintained its long-time
participation in a number of ITEAMS

(Integrated Technical Evaluation and
Analysis of Multiple Sources) efforts.
Critical to national security, ITEAMS
programs bring together government and
industry scientists to analyze specific
foreign systems.

Researchers completed the
development of HIPCOR, a high-power
coherent 95 GHz radar. HIPCOR provides a
powerful tool for investigating target,
clutter, and propagation phenomenology
whose understanding is critical to the
development of advanced millimeter wave
seeker systems.

A variable-beam antenna under
development will use the Wheeler twist-
reflector/trans-reflector technique to
continuously vary beam widths from one
to seven degrees. The antenna will operate
in a Cassegrain configuration.

Accurate testing of major weapon
systems requires a realistic simulation of
the threat environment, but construction
of copies of high-cost “full-up” phased
array radars is not economically feasible.
GTRI began developing innovative antenna
concepts using less costly techniques to
mimic the scan characteristics of threat
phased array radars. O



COMPUTER
APPLICATIONS

few large companies were once the
only manufacturers of computer
based equipment to tally votes in

governmental elections. With the advent of  sponsored equiy

microprocessors, many small companies progran

make these machines, and the quality of Modern phased-a

available equipment is not uniform. In FY heavily on computers

87, GTRI computer scientists, under steer their agile t

contract with the Georgia Secretary of completed development

State, developed standards to assure that computer controller for GTRI's a
automatic, computer-based voting platform telemetry antenna. The
equipment is accurate and reliable. Their must automatically find and track
work will serve as a foundation for a state separate targets in missile

beams. In FY 87, engir
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Top of page, researchers developed software
so that a manufacturer can use machine
vision to detect flaws in a commercial
printed circuit board. Above, GTRI engineers
tested computerized voting machines for the
state of Georgia and began setting up
evaluations criteria.



ARTIFICIAL
INTELLIGENCE

d roinin aboratory Ior € [
experiments. Tech researchers are defir
ne robot apal s needed for tele employees. The Safety Parameter [)\\}‘M',
perated equipment which will be used by System — part of the Emergency
r I-based scientists ¢ lucting Response Data System — will constantly
Xperir S in sp: Software under monitor the vital signs of the power plant
1 pment by GTRI will enable robotic offering a probable diagnosis and
aboratory assistants to perform a broad corrective action if it detects an anomaly
I f activities. Special clamping The system, which grew out of GTRI's work
fixtures, tactile sensors, and unique in developing computer programs that
I t ques will allow the robots to  assess machinery performance, will not be
perate safely and efficiently in the zero limited to nuclear plants. It could also be
ravity environmelr used to monitor the complex operations
\ vital but tedious part of building f many types of industrial plants
1 the writ f specifications. In GTRI continued its involvement in the
FY 87, GTRI cor led development oOf ¢ 1 pment of an autonomous helicopter
rt system the a rchitect apable of pilotiess Z:u;” Researchers
ISing persona puter provided technical assistance to NASA
accur: ully documented spx atior regarding tl ymputerized route-planning
by responding jueries from the expert approach for aircraft already pioneered by
GTRI engineers. The route planner can
In a similar project for the Air Force
resear 1t levelop an expert
en te specincations Ior
venICle very year, the Air
| ssues large numbers of
purchase descri ns with exhaustivel
let: I specifications to solicit bids for
[ ¢ WIith aemands [or venicle
procurement increx ever ar, GTRI's
pert systen ease the burden of
St fcat NTIT vhile capitalizing or
xpertise of Air Force personnel
juipment used to monitor nuclear
power plants produce ly amounts
f data. GTRI is deve ¢ mputer
progr nvert data from gauges and
i to a graphic presentation that w
b re understandable plar

select the best route through defensive
points in a given scene

To implement Al systems, researchers
are exploring computer architectures,
including a shared memory system that
one day may be distributed throughout
the airframes of the next generation of
fighters. Designed in the 1990s, these
aircraft will contain electronic flight
associates, each expert in a particular
aspect of the craft’'s mission

GTRI has developed a full-scale expert
system shell known as the Generic Expert
System Tool (GEST). It is similar to systems
now available from commercial businesses
and allows users to rapidly prototype expert
systems.




MICROELECTRONICS

hile continuing to design and model

semiconductor devices and grow
them through molecular beam epitaxy and
ultraviolet lithography, GTRI engineers
began screening microcircuits for
durability and environmental stress.

Researchers also made advances in
the development of new optoelectronic
devices such as electroluminescence
panels, avalanche photodiodes and
infrared detectors. Molecular beam epitaxy
was used to grow high-purity materials
and superlattice structures for fabrication
into avalanche photodiodes and high-
performance microwave field effect
transistors.

GTRY's invention of the variably
spaced superlattice concept, which
provides for high-energy injection of
charge carriers into an adjacent semicon-

ducting layer, represents a milestone in
microelectronics. In this scheme, quantum
well widths are progressively decreased
through the structure; under the
appropriate reverse bias voltage, the
confined energy levels in each well are
lined up. As a result, electrons resonantly
tunnel through the structure and are
injected at high energy into another semi-
conductor layer. When the injection energy
exceeds the energy gap in this layer,
impact ionization of valence electrons
occurs, providing carrier multiplication.
The advantage of this process is that
it allows the production of a near-mono-

energetic stream of electrons at low
voltages, and the energy of those electrons
can be tuned to optimize the operation of
devices.

This process is also being used to
improve the performance of electro-
luminescent devices (higher luminescent
efficiency at low bias voltage) and
avalanche photodiodes and microwave
devices (increased sensitivity and lower
noise). The improvements are achieved
without using a high electric field bias
voltage to heat the electron distribution,
which normally is inefficient and noisy.

Improving the efficiency of avalanche
photodiodes was made possible by the
use of molecular beam epitaxy to grow
high purity gallium arsenide (GaAs) with
lower temperature mobilities exceeding
117,000 cm2/Vs as well as aluminum
gallium arsenide (AlGaAS)/GaAs superlat-
tices.

Engineers began using AlGaAs in
the growth and fabrication of superlattices
for ultra-fast optically bistable switches
and quantum well optical waveguide
devices. These devices, along with new
types of detectors now being examined,
are the basic components used in the
construction of optical integrated circuits;
they have the potential of increasing
computing speeds by several orders of
magnitude over current technologies.

Studies also continued of the growth
conditions for zinc cadmium telluride
(ZnCdTe) and mercury cadmium telluride
(HgCdTe) alloys for infrared detectors and
solar cells. GTRI research has established
a better understanding of the growth
mechanisms of these materials. W

e e
Last year, Tech researchers used molecular
beam epitaxy to grow optoelectronics
devices of high purity such as this gallium
arsenide pin avalanche photodiode. The
device is 150 microns in diameter.
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GTRI engineers created this thermal picture
of a German village for use in infrared
imagery studies.
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Above, researchers here developed this radar
data acquisition system to quantify radar
and electronic countermeasures signals in a
flight test environment at Eglin AFB. Right
research continued on a laboratory
prototype which delivers localized auditory
cues to a pilot through earphones.




ELECTRONIC
DEFENSE

he F-16 Falcon is one of America’s

front-line fighter aircraft. To support
the equipment that tests analog/hybrid
circuit cards like those used in the
avionics systems of the F-16, GTRI
engineers are developing an Automatic
Test Equipment Software Support
Environment (ATESSE). The ATESSE will
provide an integrated set of software tools
to support all stages of the life cycle of the
software used to control Automatic Test
Equipment (ATE)

A prototype of the ATESSE's “core
facilities” is under development and will
include schematic capture, circuit
simulation, component and subcircuit
modeling, fault modeling and other
simulation aids, as well as user interface
and executive and hardware environments
In addition, the ATESSE will include a
circuit simulation verifier and ATLAS code
synthesizer to produce usable ATLAS code
for DC circuit analysis

is exploring the
of cial

‘el\‘te‘“g nic defe“se.

GTRI

In another project during fiscal year
1987, researchers explored the develop-
ment of range instrumentation for
quantifying ECM (electronic countermea-
sures) signals and radar degradation
caused by ECM. Radar instrumentation
hardware was developed for operation
with an IBM-PC-compatible computer.
Real-time software was developed for
signal calibration and storage of radar
signals on a pulse-to-pulse basis. For the
Qualification Test and Evaluation of the
AN/ALQ-184 ECM system, Tech engineers
designed software for reduction of test
data

In battle, airborne radar and
communications systems must be capable
of rapid reprogramming to overcome a
hostile ECM signal environment that is
onstantly changing. Looking ahead to the

year 2000, researchers explored the
development of an ECCMS (electronic
counter-countermeasures system) that
would enable radars, communication
systems, and general avionics to perform
real-time, in-flight reconfiguration of
ECCM elements to maximize performance
in a hostile — and changing — ECM
environment. In addition, GTRI established
general requirements and broad specifi-
cations for an ECCM Advanced Extendable
Integration Support Facility (AEISF) that
could potentially replace the present-day
Avionics Integration Support Facility (AISF)
A maijor challenge for electronic
warfare (EW) systems is the provision of
effective ECM techniques against the
many threats encountered in combat. The
selection of ECM techniques must make
optimal use of limited ECM resources
such as transmitter channels, waveform
generators, and modulators. Moving
beyond the relatively simple computer

programs now used in ECM selection,
GTRI will be developing an ECM Resource
Manager that will use artificial intelligence
(Al) to improve the overall effectiveness of
available ECM systems

During FY 1987, GTRI brought
together experts in Al and design
automation for a workshop to explore the
use of Al in developing a formal science of
design automation for military weapons
systems. Sponsored by the Air Force's
Wright Aeronautical Laboratories, the
workshop examined the design of mission
and sensor algorithms, processors,
multiprocessors, and very-large-scale-
integrated (VLSI) circuits. Also studied
were engineering design, methodology
and validation, and a design automa-
tion testbed. A follow-up workshop
is planned
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In FY 1987, GTRI continued to be one of the
leading university research organizations
working in the analysis and evaluation of
advanced defense communications

techniques.
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COMMAND
AND

|< eeping flights on schedule while
meeting airplane maintenance require

ments and crew work limits poses a

)mplex challenge for the airline industry
[o address this problem, GTRI researchers
are developing a computer-based system
to automate the intricate decision-making
process used by a major U.S. airline

Designed to be user-friendly, the system
will display information on computer
monitors in a format that mimics the
system now used by airline employees
GTRI researchers are also developing
an expert system to help the airline more
efficiently use a variety of maintenance

resources from

hangars to spare parts
to specialized mechanics
In a similar project for the U.S. Air
Force, researchers are developing a
mputerized system to replace the
grease pencil and plexiglass” now used to
monitor the maintenance status of planes
and to implement flight schedules. The
system will automate procedures which
ensure that planes receive maintenance
and that a sufficient number of planes are
available to complete missions. Beyond
automating the procedure, GTRI is
' f expert systems to

(&€

min

ncrease the efficiency of the process

For the Strategic Defense Initiative

researchers are exploring ways to

streamline communications for more C\
effective command and control. Because \ \ R
of the complexity of the proposed missile \ “\
lefense system \(‘!‘.xiH‘.Q battlefield data to \

one centralized location could create an \
information bottleneck. Command and '
ontrol architectures are N'H‘.U, studied to

ntify the communication and decision
support capabilities best suited for use
against a specific threat. Using "end game

models” to determine the performance of

; :
software development teams. In addition L LR s R ol
Pen-Aids, the penetration analysis aiding GTRI researchers deve;loped a corpmand
and control system which allows aircraft
maintenance to be conducted in an orderly,
efficient way.

system developed for the U.S. Tactical Air
Forces, entered test and evaluation this
year and is expected to be in operational
use early next year Using terrain data
maps and intelligence on enemy anti
aircraft systems, Pen-Aids determines
which areas are shielded or masked from
enemy radars and can be used as
corridors of penetration for friendly
aircraft

various SDI elements against hypothetical
reats, GTRI researchers are establishing
riteria for command and control

In FY 87 GTRI began offering con
sulting services to enhance productivity of

15
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ELECTROMAGNETIC
COMPATIBILITY

W

Many electromagnetic interference tests
were made at GTRI during the year,
including this conduction emission test of
the power supplies for a large antenna
array.




MILLIMETER
WAVE

TECHNOLOGY

evelopment of HIPCOR — the first 95

GHz millimeter wave radar to
combine high power (2 kilowatts) with
coherency — reached a successful
conclusion in fiscal year 1987. Sponsored
by the U.S. Army Missile Command, the
HIPCOR program gives researchers a
powerful new tool to investigate targets,
clutter, and propagation phenomenology.
Measurements made with this radar will
be critical to the development of other
advanced millimeter wave systems.
HIPCOR incorporates state-of-the-art
components and subassemblies to
generate a range of sophisticated wave-
forms. The radar's wide band width,
polarization and frequency agility, and
coherency make it a unique tool for
electromagnetics research

NASA is exploring the use of
radiation from the Earth instead of the
sun to power low-orbit satellites. GTRI
engineers have built prototypes of
rectifying small antenna arrays to convert
terrestrial radiation into usable energy.
Similar techniques are being investigated
for the transfer of power from low-orbit to
high-orbit satellites via millimeter wave
transmissions.

To shield tanks, trucks, and even
soldiers from hostile millimeter wave radar
systems, researchers are developing “low
observable” materials, mostly textiles
Potential targets covered with or actually
made of these materials would be
significantly less visible to millimeter wave
seekers because of the materials’ electro-
magnetic-scattering characteristics

Understanding how radar performs in
the often inclement weather of Europe is
vital to the defense of the West. Moisture
on an object or in surrounding clutter
changes radar images. During fiscal year
1987, engineers used GTRI's radar cross
section range to gather target signatures

in wet and dry conditions. Nozzles
controlled the amount of water falling on
the objects — from a light mist to a
downpour.

In a project for the Army Missile
Command (MICOM), GTRI collected
signatures of approximately twenty
military targets at millimeter wave and
infrared frequencies. The millimeter wave
measurements were taken in Ka band (30-
40 GHz) and M band (90-100 GHz).
Researchers at Tech simultaneously

conducted infrared and millimeter wave
measurements as part of the Defense
Department effort to evaluate and
eventually develop dual-mode seekers.

To increase the efficiency of milli-
meter wave research, GTRI engineers have
improved the state of the art in
precision measuring technology. Through
the creation of software and use of

automatic network analyzers, researchers
have cut the time required for calculating
dielectric constant, permeability, and
tensor permeability from days or weeks
to hours
GTRI has also pioneered in precise
millimeter wave measurements at tempera-
tures above 2000° C. These experi-
ments are important in testing the
durability of low observable coatings on
missiles during atmospheric reentry
Finally, research engineers were able
to improve spectral purity through “phase
locking” high-power/high-output orotrons
which produce millimeter waves in a
broad tuning range of 50 to 75 GHz

GTRI engineers developed this horizontal
reflectivity arch for measurements in the
2-60 GHz frequency range.
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ANTENNA

DEVELOPMENT

GTRI engineers continued
development of one of the
largest phased array antennas ever to fly
on an aircraft. The 1,728-element antenna
will track targets over a frequency range of
2.2 to 2.4 GHz, allowing the Air Force to
collect telemetry data on up to five
missiles and drones simultaneously. Under
development for the Air Force Systems
Command, the antenna will be one part of
a $34 million airborne electronic platform
for tracking missile tests at Eglin Air Force
Base

Two antennas are under construction.
Measuring thirty feet long and 2.5 feet
wide, each phased array antenna will
weigh only 2,700 pounds, light enough to
be mounted along one side of the
fuselage of a DeHavilland-8, an
economical twin-engine aircraft commonly
known as the Dash-8. Engineers used
computer simulations of the antenna'’s
design to determine the combination of
aluminum alloys that would provide
maximum strength and minimum weight

Unique features of the antennas
include polarization insensitivity and low
noise temperature. From an altitude of
25,000 feet, the antenna will cover an area
reaching from sea level to 30,000 feet and
+/- 60 degrees along the horizon

In another project for the National
Aeronautics and Space Administration
(NASA), GTRI engineers continued to
evaluate antenna designs for the initial
configuration of the proposed U.S. Space
Station. The antennas will be used in two
types of zones — one for command and
control, the other for co-orbiting satellite
operations

The command and control zone,
which must be able to accommodate six
users simultaneously, will receive status

M L 3 S T St N 5 B PR T
Left, a subarray for a large phased-array
antenna system is tested on an indoor
compact range at the Research Institute.
Right, this signal receive tower is part of a
new Electromagnetic Test Facility, which will
greatly enhance GTRI's ability to conduct
antenna and radar cross section
measurement programs.
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information that will be used to determine
allocation of resources. The space station
will have two co-orbiting satellite zones —
one in each orbital direction — that can
accommodate five users simultaneously
(the requirement will be expanded to
twelve o sixteen simultaneous users). The
co-orbiting satellite zones will be used for
operations such as servicing spacecraft,
retrieving high-orbit satellites, and dis-
patching repair crews to spacecraft.

GTRI has surveyed a number of
candidate antennas, examining such
factors as bandwidth, reliability, packaging
constraints, and switching network
complexity. Preliminary findings suggest
that mechanically steered antennas may
be best suited for the command and

control zone, while multiple-beam reflector
antennas may work best for the two co-
orbiting satellite zones. Next, GTRI
engineers will analyze electromagnetic
interference, determine optimum locations
for antenna mounts, and develop the
antenna management system.

GTRI engineers also continued to
serve as technical consultants to the
Johnson Space Center during the procure-
ment and installation of a large planar
near-field measurement facility at the
NASA Houston complex. The planar scan
area is approximately forty by forty feet
with a 1-60 GHz measurement frequency
range

In another project for NASA,
researchers are exploring the use of patch
antennas as part of a mobile (and
inexpensive) system to track satellites. The
patches, or printed circuits, can be arrayed
and electronically steered like a
conventional phased array but at much
lower cost. GTRI is also evaluating patch
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antennas for a number of other
applications requiring low-cost phased
arrays.

To speed up near-field measurements
of radar antennas, GTRI engineers
developed a modulated scattering
technique and constructed a 128-element
linear array device. Measurements that
took hours using older mechanical
systems now take minutes using GTRI's
electronic scanning system. With its swift
operation, the new system is feasible for
routine production testing of antennas.

Engineers also updated the
computers and graphics capabilities of a
conventional mechanical planar scanner
used for near-field measurements. The
addition of color graphics permits a rapid
visual assessment of antenna
performance.

At GTRI's compact range, researchers
installed a CW (continuous wave) 2-18 GHz
amplitude/phase radar cross section
system. With a range resolution of 3/10
inch, the system is used to calculate high-
resolution, band-limited impulse
responses and scattering characteristics of
radar targets.

To reduce unwanted backscatter on
the compact range, researchers developed
a wing-shaped, low radar cross section
(RCS) support column to hold targets
during RCS measurements. Capable of
holding five hundred pounds, the column
has an extremely low radar cross section,
reducing the column’s interference with
the backscatter produced by targets

Researchers are also measuring
statistical and median gain characteristics
of different classes of millimeter wave
antennas, and work began on the
calculation of scattering by arbitrarily
shaped overmoded wave guides
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At left, GTRI engineers collaborated with
Emory medical researchers to develop a
computer expert system for diagnosing
coronary disease. Top right, scientists at GTRI
used this triple quadrupole tandem mass
spectrometer to identify hard-to-detect
gaseous ions in the lower atmosphere.
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for air synthesize an extremely pure form of
titanium diboride powder.
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MANUFACTURING
TECHNOLOGY

lexible, adaptive equipment is be-

coming increasingly valuable in
factories and warehouses. To meet this
need, industry is turning more and more
to automated guided vehicles (AGV) for
materials handling

In FY 87, GTRI's research into off-wire
guidance of AGV systems culminated in
development of a vehicle that can move
freely around a room without following
wires or stripes. Researchers improved the
AGV's operational safety, equipped it to
learn from errors, upgraded the camera
which orients the vehicle to landmarks,
and taught it to program flexible paths
more efficiently and learn new programs
quickly. Researchers also explored
opportunities for more efficient AGV
scheduling control with plan-ahead
capability for assigning tasks.

In a new materials handling project,
researchers evaluated the speed and
mechanical strength of a conveyor/sorter
system, exploring new design options to
improve performance. The automated
package-handling system designed and
built by GTRI engineers for the U.S. Postal
Service was tested in a post office with
real mail. Results were encouraging.

Distribution centers and warehouses
often need to palletize orders consisting of
many unequal-sized containers. Current
technology has been unable to automate
this complex task, which is still done by
skilled workers. In FY 87, GTRI engineers
collaborated with other researchers at

GTRI engineers have developed an
automated guided vehicle which can
operate without having to follow guidelines
of fluorescent tape or wire along a factory
floor.

Georgia Tech to develop computer
software tools for determining good pallet
load-building plans.

GTRI engineers developed a
completely new technology for tactile
sensing: conducting elements are
embedded in a polysilicone matrix
material to be used as sensitive finger
pads for an intelligent robot designed at
GTRI. Although the robot was developed
to support manufacturing in space, the
technology will be adapted to terrestrial
applications.

The Tech research team is among the
first to develop three-dimensional tactile

imaging for robotics applications. They are
building in artificial intelligence for
adaptive planning and process control
This technology is considered the wave of
the future for batch-oriented light
manufacturing

The researchers also began
investigating several medical applications
of their new tactile sensing technology,
including use in artificial limbs

Another project involved the
evaluation of cost advantages in a robotic
aircraft repair facility under development
by an Air Force contractor. GTRI engineers
also prepared a set of robot safety
schemes and guidelines to assist the
robot cell designers and installers




ASSISTANCE TO
INDUSTRY AND
GOVERNMENT

Five of GTRI's twelve industrial
extension offices across Georgia be-
came officially designated as Georgia
Technology Centers in FY 87. Each of these
offices — in Albany, Augusta, Gainesville,
Macon, and Savannah — now is staffed by
three engineers, two cooperative program
students, and a secretary. The expansion
enabled Georgia Tech to provide more
short-term technical assistance, with some
two thousand companies currently
assisted annually

The Macon office became the first
open site for delivery of satellite-based
televised continuing education coruses for
engineers. The GTRI staff also conducted
more short courses in the field, bringing
educational resources from the campus to
industry and local development groups in
a half-dozen locations

The Industrial Educational Group,
specializing in on-site training courses for
Georgia businesses, completed a revamp-
ing of its human resources development
curriculum and developed a new technical
curriculum

Due to opportunities identified and
researched at GTRI, three companies
announced plans to build Georgia plants
at a total investment of nearly $130
million, and two other plants became
strong possibilities. These reports
identified support resources for the food
processing industry, analyzed present and
future Japanese investment in the state,
assessed the economic impact of Georgia
ports, and identified industrial

opportunities based on the available
resources in several multi-county rural
areas in Georgia.

Industrial energy specialists
broadened their efforts to focus on energy
conservation studies in military,
institutional, commercial, and industrial

facilities. The Industrial Energy Extension
Service continued to make energy con-
servation recommendations for industrial
plants, serving some sixty-five plants in FY
87. More than 80 percent of these
recommendations were implemented

Several federally sponsored programs
of technical assistance to industry
continued. GTRI specialists aided
companies hurt by competition from
imports, advised Georgia companies on
how to sell their products and services to
the federal government, and helped indus-
tries in rural areas to survive and grow.

On the international scene, Georgia
Tech experts provided on-site technical

consultation services to small and
medium-sized industries in South Korea
GTRI also supplied the leader for a multi-
university, multi-disciplinary team which
developed a manual to guide the Agency
for International Development in doing
cost-benefit analysis of its projects
During the year, GTRI assisted some
450 firms with on-site occupational health

and safety problems in order to reduce
workplace injuries and increase
productivity. Also, environmental
specialists helped 150 small-quantity
hazardous waste generators to identify
problems on-site and comply with
government regulations

Boiler efficiency tests are among the
services offered to Georgia industries
through the Industrial Energy Extension
Service operated by GTRI.
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GTRI acquired a sophisticated scanning
transmission electron microscope for
research and training in asbestos
abatement. This asbestos fiber is magnified
ten thousand times.
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ENERGY

ALTERNATIVES

l n FY 87, GTRI shifted its solar energy
research away from large energy systems
to solar-unique processes — those which
use photon (light) energy as well as
thermal energy. Tech scientists designed
an ultra-high flux solar furnace and
scientists produced several unique,
patentable materials, including single
crystals of ultra-high strength and purity
called “ceramic whiskers” and new types
of carbon and graphite fibers

The research team also investigated
prospects for using concentrated sunlight
to modify the crystalline structure of
existing materials. The first materials they
looked at were carbon-carbon composites,

which are extremely hard and durable
materials used in missile nose cones,
rocket nozzles, and advanced brake
systems. The researchers believe that
carbynes, new high-temperature forms of
carbon as hard as diamond, can be
produced by solar radiation

In FY 87, GTRI engineers continued
working with NASA and major industrial
contractors to develop power systems for
the first U.S. space station. They also laid
the groundwork for involving Tech'’s solar
thermal test facility in simulation testing
of space station power system
components. In addition, GTRI personnel
developed a point-focus camera for
realignment of the solar thermal facility's
mirror field. The camera scans the field
and provides feedback to a control system
so that proper corrections can be made

The biomass research team
continued refining the GTRI entrained
pyrolysis process, raising oil yields to 60

percent. An independent economic
analysis showed that the oil can be
produced at a cost of $20 per barrel
Efforts in FY 87 focused on catalysis to
stabilize the oil in a usable liquid form
and to improve its quality.

A study of refrigerated warehouse
infiltration sought to validate existing
analytical models that predict the amount

of warm air entering when storage doors
are opened. These models will be
improved based on data gathered from
field experiments, and the results
eventually will be incorporated in the
handbook of the American Society of
Heating, Refrigeration, and Air-
Conditioning Engineers (ASHRAE). The
ultimate result will be improved
warehouse design and operation.

GTRI also completed a multi-year
study of the feasibility of using heat pipes
to dissipate waste heat in missile bases
located deep underground. FY 87 work
involved in-depth engineering feasibility
studies.

Under sponsorship by the Georgia

Power Company, GTRI engineers assisted
in the establishment and operation of a
testing and demonstration center to
promote the use of electro-technologies to
improve productivity and product quality
in Georgia industries

Several projects involved electrical
energy load research: a survey of customer
needs, statistical data analysis to help
Georgia utilities move toward a state
power pool, and design of forecasting
modules to facilitate statewide energy
planning. (
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Above, GTRI engineers focused on the uses of
solar processes for development of high
temperature materials in FY87. Al right,
agricultural researchers in GTRI have
installed an experimental poultry processing
line to develop machine vision technology
for the grading and sizing of poultry.
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Dr. Donald J. Grace, GTRI Director
(404) 894-3400

Gerald ]. Carey, Associate Director
(404) 894-3479

Howard G. Dean, Jr, Associate Director
(404) 894-3492

Robert G. Shackelford, Associate Director
(404) 894-3404

Dr. James C. Wiltse, Associate Director
(404) 894-3494

Patrick ]. O'Hare, Assistant Director,
Administration (404) 894-3490

Below is Donald ). Grace. On stairs from left
are: James C. Wiltse, Patrick ). O'Hare,
Howard G. Dean Jr., Robert G. Shackelford,
and Gerald ). Carey.
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LABORATORIES

Economic Development Laboratory
Dr. David S. Clifton, Director
(404) 894-384]
Agricultural Research, Cost-benefit
Analysis, Energy Economics, Hazardous
Waste Management, Industrial Energy
Conservation, Industrial Hygiene, Industrial
Market Research, International Programs,
Local Economic Development, Productivity,
Safety Engineering, Technology Transfer

Electromagnetics Laboratory
Robert G. Shackelford, Acting Director
(404) 894-3500
Infrared/Electro-Optics, Radiometry,
Microelectronics, Chemical Sciences,
Millimeter Wave Technology, Manufacturing
Technology, Artificial Intelligence, Missile
Simulations, Laser Applications, Remote
Sensing and Image Analysis,
Semiconductor Materials

Electronics & Computer Systems Laboratory
Fred L. Cain, Director
(404) 894-3542
Antenna Development, Biomedical
Electronics, Command and Control,
Communications, Computer Applications,
Electromagnetic Compatibility, Millimeter
Wave Technology, Manufacturing
Technology, Electromagnetic Analysis
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Energy & Materials Sciences Laboratory
Dr. Hans O. Spauschus, Director
(404) 894-3530
Solar Energy, Biomass Energy, Materials
Science, Materials Characterization,
Chemical Systems, Thermal Physics, Energy
Conversion, Environmental Sciences

Ll

Radar & Instrumentation Laboratory
Dr. Edward K. Reedy, Director
(404) 424-9621
Millimeter Wave Technology, Systems
Engineering, Signature Modification,
Modeling and Simulation, Surveillance and
Tracking, Instrumentation Technology,
Target Detection and Characterization,
Radar System Development, Fiber Optics,
Radar Tracking and Weapons Systems,
Laser Radar, Guidance and Seeker
Technology

Systems Engineering Laboratory
Robert P. Zimmer, Director
(404) 894-3519
Countermeasures, Defense Systems,
Electronic Support Measures, Concepts
Analysis, Modeling and Simulation

Systems & Techniques Laboratory

Dr. Charles Watt, Director

(404) 424-9611

Defense Electronics, Systems Development,
Microwave Systems, Antenna Systems

For further information about the Georgia Tech
Research Institute, please call or write

Office of the Director

Georgia Tech Research Institute

Centennial Research Building

Georgia Institute of Technology

Atlanta, Georgia 30332

(404) 894-3400
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