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Radar Continues

SCANNING

OUT

DEVELOPED AS A DEFENSE-ELECTRONICS
SYSTEM, RADAR TECHNOLOGY CONTINUES TO
SHOW THAT IT CAN PROVIDE BENEFITS FOR MANY
APPLICATIONS, INCLUDING IN AUTOMOTIVE AND

MEDICAL AREAS.

adar was once synonymous with the battlefield.

And indeed, it still is an invaluable high-fre-

quency technology for detection and warning

of targets, whether installed on board ships, on
aircraft, or in land-based systems. But RF/microwave radar
technology is increasingly being applied in other markets,
among them automotive, commercial, industrial, and even
medical applications. Suppliers of key components, such as
radar sensors, thus face the growing challenge of providing
advanced technology devices at reduced costs
to help spread radar technology to a greater
number of market areas.

As military spending and strategies change
with time, there is a greater tendency to rely
on Intelligence, Surveillance, and Reconnais-
sance (ISR) systems onboard unmanned aerial
vehicles (UAVs) or on satellites or ground-based
systems. The large system suppliers—including
Raytheon Co. (www.raytheon.com), Lockheed
Martin (www.lockheedmartin.com), and
Northrop Grumman (www.northropgrumman.
com)—are still the leaders in military radar tech-
nology, and are constantly reviewing their capa-
bilities in search of advances.

For example, the compact Raytheon Advanced
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Combat Radar (RACR) system (Fig. 1) is lightweight and scal-
able for use on a number of different aircraft, including on F-16
and F/A-18 fighter jets. It is based on the firm’s active electroni-
cally scanned array (AESA) technology and can be tailored
to any aircraft’s size and weight, both for air-to-air and air-to-
surface use. These electronically scanned radar systems allow
pilots to acquire targets over greater distances and to track
more targets simultaneously than radars with mechanically
scanned antennas. In fact, the RACR with its AESA technology

—

1. The Raytheon Advanced Combat Radar (RACR) system employs AESA technology
and a modular configuration to match with different-sized aircraft. [Photo courtesy
of Raytheon Co. (www.raytheon.com).]
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can conduct simultaneous air-to-air and air-to-ground missiles
because of its advanced processing power.

This trend toward smaller and lighter radar and surveillance
systems is taken to new extremes by SpotterRF (spotterrf.com)
and its lines of man-portable radar systems. As detailed in the
July 2012 issue of our Defense Electronics supplement (p. 6),
the company has assembled a portable Radar Backpack Kit
(RBK) based on a pair of its M600C radar systems. These units,
which are licensed by the US Federal Communications Com-
mission (FCC) for use at X-band frequencies, boast a 3-minute
setup time and a surveillance area as wide as 1000 x 800 m.
Each radar module weighs about 4 Ibs. and measures just
10.125x8.75x2.25in.

The portable radar units draw only 10 W power from a volt-
age supply at +12 to +30 VDC. They are designed to be accu-
rate at operating temperatures from
-30 to +65°C and include an Ethernet
interface for connection to a portable
computer. The total weight of the RBK
is less than 20 Ibs. with two of the com-
pany’s M600C radars, a network hub
tablet, a model 2590 battery, a tripod,
and the cables needed for operation.
Regardless of visibility or weather, the
system can provide full 360-deg. cov-
erage of an area greater than 150 acres.

For their part in promoting
radar technology, several years ago
MACOM Technology Solutions
(www.macomtech.com) developed
its Multifunction Phased Array Radar
(MPAR) panel with the Massachu-
setts Institute of Technology (www.mit.edu) for next-gen-
eration air-traffic-control (ATC) and weather surveillance
applications. The MPAR system consolidates eight separate
radar systems that are used for four functions: Terminal Air
Surveillance, En-Route Air Surveillance, Weather Radar, and
Terminal Doppler Radar. The MPAR system, which consists of
multiple MPAR panels functioning coherently to transmit and
receive radar pulses to detect, locate, and track both aircraft
and weather, provides improved weather forecasting and reli-
able ATC capability.

Earlier this year, the firm also contributed to a major advance
in solid-state power for radar applications by introducing a line
of gallium nitride (GaN) in plastic packaged power transistors,
featuring peak power levels to 100 W in plastic packages at
microwave frequencies. Suitable for a new generation of com-

(www.fraunhofer.de).]

mercial and military radar systems, these plastic-packaged
transistors are supplied in miniature 3 x 6 mm dual-flat no
leads (DFN) and standard small outline transistor (SOT-89)
packages. They approach output levels of 100 W when operat-
ing at 10% duty cycle with a 1-ms pulse width and +50 VDC

2. This W-band radar system uses a three-channel

antenna with dielectric lenses to allow close-up
monitoring of bodily functions in medical applica-
tions. [Photo courtesy of the Fraunhofer Institute

drain bias. The transistors are available for use from DC to 3.5
GHz and DC to 4.0 GHz.

STEERING THE RADAR

The use of radar systems for automotive applications, notably
for collision-avoidance chores, has been in planning since
the late 1950s. Because of the high frequencies employed for
automotive radar systems, however, commercialization of
automotive radar—even for luxury car models—wasn't feasible
until the 1990s with the support of millimeter-wave semicon-
ductors. With automotive radar systems focused largely at 24
and 77 GHz, advances in microcontrollers and RF/microwave
integrated circuits (ICs) and monolithic microwave integrat-
ed circuits (MMICs) during the 1990s made the design and
fabrication of high-frequency radar modules more practical
for inclusion in commercial vehicles.
Early automotive radar applications
based on surround sensing technolo-
gies included parking-assistance sys-
tems, collision-warning, and adap-
tive-cruise-control (ACC) systems.

In 1992, commercial carrier Grey-
hound Bus (www.greyhound.com)
took a lead in the use of traffic radar,
installing forward-looking K-band
(24-GHz) and side-looking X-band
(10.525-GHz) radar systems with fre-
quency-modulated-continuous-wave
(FMCW) signals on about 1500 of its
buses. The forward-looking radar sys-
tems employed phased-array antennas
and about 0.5-mW transmit power for
a detection range of about 350 ft. From 1992 to 1993, the firm
reported a reduction of about 20% in accidents for the buses,
although also struggled with interference with the automotive
radar from traffic radar signals.

In 1999, Mercedes introduced the 77-GHz “Distronic” radar
system into its S-class vehicles, with other high-end automobile
manufacturers to follow. This ACC system helps maintain safe
distances between vehicles. Japanese car manufacturers such
as Honda and Toyota also applied brake-assist systems for
collision mitigation applications based on 77-GHz long-range
radar electronics. As a general trend, automotive radar systems
are moving from driver/passenger comfort functions to more
functions that serve both comfort and safety.

A number of organizations exist to assist in minimizing
interference among automotive radar signals. The European
Telecommunications Standards Institute (www.etsi.org) estab-
lished the 76 to 77 GHz frequency band for European automo-
tive radar use in the 1990s by means of the ETSI EN 301 091
standard. The band is now allocated for Intelligent Transport
Services (ITS) in Europe, North America, and Japan. As dictat-
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ed by the FCC and the North American Free Trade Agreement
(NAFTA), ultrawideband (UWB) technology in the range of
22 to 29 GHz is allocated for the North American market at a
maximum mean power density of —41.3 dBm/MHz.

The short-range automotive radar frequency allocation
consortium (SARA) was founded in the early 2000s to promote
technology and UWB regulation for 24-GHz automotive radar

in Europe. A range of 21.65 to 26.65 GHz was selected for UWB
short-range automotive applications, with frequencies from 77
to 81 GHz for UWB short-range automotive use later added.
In addition to SRR sensors, several companies currently
offer long-range-radar (LRR) sensors at 77 GHz. The ARS
300 radar sensor from A.D.C. Automotive Distance Con-
trol Systems GmbH (www.conti-online.com) uses FMCW

-

KRYTAR, Inc., founded in
1975, specializes in the design
and manufacturing of ultra-broadband
microwave components and test
equipment for both commercial and
military applications.

Products cover the DC to 67 GHz

These principles
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the microwave community.

with KRYTAR .
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the steady growth that has earned
KRYTAR an enviable reputation in

signals to measure distance and veloc-
ity for collision-avoidance applica-
tions. The 77-GHz LRR3 long-range
radar sensor from Bosch (www.bosch-
automotivetechnology.com) is based on
silicon-germanium (SiGe) semiconduc-
tor technology and features a rugged
mechanical design to withstand high
vibration levels.

Radar technology has also captured
the imagination of engineers working
in medical applications, with medi-
cal radar systems applied to heartbeat
and respiration monitoring, as well as
for breast cancer detection. Both CW
Doppler radar and pulsed UWB radar
systems have been proposed for medi-
cal applications, for remote patient
monitoring. For example, the Virtual
Medical Assistant (VMA) from Sensio-
tec, Inc. (www.sensiotec.com) employs
UWB radar technology for remotely
measuring patient heart and respiration
rates and patient movement, without
implants, electrodes, or sensors con-
tacting the patient. The system, which
acquires data every two seconds, works
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a wide range of applications including:

(1 Test Equipment

[ Simulation Systems

[ SATCOM & SOTM

1 Jammers for Radar & IEDs

[ Radar Systems

1 EW: ECM, ECCM & ESM
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with a light-weight sensor panel that is
placed within about five feet of a patient.
It emits nanosecond UWB pulses that
penetrate the body, with reflected sig-
nals from the torso, heart, and lungs
detected, filtered, and processed to pro-
duce medical data on the patient’s body
movement, respiration, and heartrate.
The patient data is readily available
by wired or wireless networks to mul-
tiple care-givers, such as doctors and
nurses, and special alerts can be pro-
grammed for patients with critical
heart and respiratory rates. For caregiv-
ers, this can mean reduced monitor-
ing costs and increased productivity.
For patients, this type of medical radar
technology represents freedom from
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wires and sensors, as well as the elimination of skin tears from
adhesive-affixed sensors.

Researchers at the Fraunhofer Institute (www.fraunhofer.de)
have developed a prototype radar system that works at millime-
ter-wave frequencies from 75 to 110 GHz. The W-band radar
employs a three-channel antenna with dielectric lenses (Fig.
2); it is capable of penetrating all dielectric, nonmetallic, and

nontransparent materials and identifying small objects with
fine precision. The radar is suitable for a wide range of applica-
tions, from industrial monitoring to medical technology. The
W-band system, which is about the size of a cigarette box, is a
modular and cost-effective design. Based on gallium-arsenide
(GaAs) semiconductors, its use of antennas with dielectric
lenses allows it to capture data from objects both close as well

as far from the antennas. Measured data

can be transferred to a computer via
Universal-Serial-Bus (USB) interface.

Bristol University spin-out Micrima
(Bristol, UK) is developing a medical
imaging system that can distinguish
a breast tumor from normal tissue by
detecting the difference between their
dielectric properties. Micrima (www.
micrima.com) is applying pulsed radar
technology to trying to find breast
tumors. The firm’s multistatic array pro-
cessing for radio-signal image acquisi-
tion (MARIA) technology is based on a
multistatic radar.

The approach synthesizes an UWB
pulse with a microwave vector network
analyzer (VNA) sweeping in frequency
from 4 to 10 GHz. The signal is trans-
mitted from each element in a multiple
antenna array and then received by all
the other elements. The large aperture
and wide bandwidth theoretically allow

The confluence of advances in supporting CTT Power and Driver Amplifiers for SAR collection of reflected and scattered sig-

technologies, such as processors and memories — as well
as developments in UAVs — coupled with geopolifical Bond Frequency
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all-weather, wide-area and high-resolution imaging is
unmatched by other fechnologies.

This broad application spectrum is reflected in the
wide variety of new SAR systems being developed
and produced for a number of platforms to meet these
unique requirements.

(TT is well positioned to offer engineering and
production technology solutions — including high-rel
manufacturing — in support of your SAR requirements.

More than twenty years ago CTT, Inc. made a
sirong commitment fo serve the defense electronics
market with a simple goal: quality, performance,
reliability, service and on-time delivery of our products.

Give us a call to find out how our commitment can
support your SAR success. It’s that simple.
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ted signals have a peak power level of

SAR's unique combination of capabilities induding g, Lightweight /Compact Designs - less than 1 mW, so the system is com-

pletely safe.

Since breast tumors can be distin-
guished from healthy breast tissue by
differences in dielectric constant, the
use of radio-frequency signals makes it

USA-based possible to develop images for cancer-
thin-film ous cells. The system, which is undergo-
microwave . . L . o

Frodudion ing extensive clinical testing, was ini-
aclity tially simulated by means of computer

models before developing the experi-

mental hardware. Micrima’s ultimate
m goal is to create a compact, low-cost
INC. version of the MARIA system that could

be situated in surgeries and mobile
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