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Radar Gounters
Camouflage

New sensor penetrates foliage, provides warfighters
with all-weather, day-night target detection means.

By Clarence A. Robinson |r.

n airborne sensor system that

provides standoff and persis-

tent wide-area surveillance

of dismounted troops and

vehicles moving through

foliage holds the potential to
change the scope of warfare. Mounting
this sensor beneath an unmanned heli-
copter would enable identification of
possible ambush sites. This small radar
also denies concealment and sanctuary
to enemy units hiding in wooded areas
or moving in the open during darkness
or adverse weather.

The Defense Advanced Research
Projects Agency (DARPA) Information
Exploitation Office (IXO) is developing
the Foliage Penetration (FOPEN)
Reconnaissance, Surveillance, Tracking
and Engagement Radar, or FORESTER.
The sensor is designed to detect and
track moving dismounted soldiers and
vehicles at a range of 30 kilometers (20
miles). The ground moving target indi-
cator (GMTI) radar also can locate and
track people in the open or through light
foliage at a range of at least 50 kilome-
ters (30 miles).

FORESTER’s program manager,
Lyndall Beamer, explains that the
ultrahigh frequency (UHF) synthetic
aperture radar imagery resolution is 6
meters with a swath width of at least 5
kilometers (3 miles). “The sensor’s
waveform agility and flexibility also
enable the system to operate without
undue interference to other users of
the spectrum,” he states. “Employing
the sensor system on the DARPA/U.S.
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An Army Night Vision Laboratory Black Hawk helicopter with an extra 10 inches
ground clearance carries the Foliage Penetration (FOPEN) Reconnaissance,
Surveillance, Tracking and Engagement Radar (FORESTER) during sensor flight
tests. The radar, which can pinpoint troops and vehicles moving under trees, is
slated for use on the A160 Hummingbird unmanned helicopter.

Army A160 Hummingbird unmanned
aerial vehicle [UAV] helicopter [see
page 43] or other suitable platform
will provide a robust, wide-area, all-
weather, standoff capability.

“Filling a surveillance gap that cur-
rently exists, FORESTER’S capabili-
ty is particularly important to the
United States, which relies on infor-
mation dominance for battlefield suc-
cess,” Beamer continues. “The sensor
development is a joint DARPA/Army
program to design and integrate a
long, lightweight, electronically
scanned and mechanically positioned,

multichannel radar. Syracuse
Research Corporation [SRC] is the
prime contractor. Cost is one of the
major factors in the program. The
sensor system is being designed for a
manufacturing cost not to exceed
$2.5 million per unit, with a goal of
$1 million per unit in quantities of 50
or more.”

The sensor package has been
installed and flown successfully on
an Army Black Hawk helicopter to
demonstrate real-time detection and
tracking of dismounted troops and
vehicles. FORESTER subsequently



will be flown on the A160 to detect
and track slow-moving, low radar
cross-section targets. An enemy in the
field is certain to seek cover and con-
cealment, making it critical for U.S.
forces to locate and destroy these tar-
gets in a timely fashion.

Beamer’s background before his
DARPA program manager assign-
ment was in the intelligence commu-
nity. Among other duties, he was
responsible for drafting U.S.
Defense Department planning guid-
ance on intelligence, space, com-
mand and control and special opera-
tions mission areas. He also was
chief of the strategic concept divi-
sion, Defense Intelligence Agency,
deputy for the Office of Collection
Planning, and assistant for special
operations intelligence. With a bach-
elor of arts degree from Indiana Uni-
versity, he also completed the post-
graduate intelligence program at the
Joint Military Intelligence College.

The ability to find targets on the
move and to strip them of concealment
will have profound implications for
commanders in maintaining constant
total situational awareness, Beamer
reports. Using a rotary-wing UAV, such
as the Hummingbird, would enable
determining minimum detectable target
velocity with the system’s low frequen-

FORESTER tracks targets ... v x

through foliage, identifies
ambush locations, and cues
confirmation sensors.

FORESTER Vision:

Provide persistent
wide-area surveillance
of dismounted troops
and vehicles moving
through foliage.

FORESTER detects and tracks slow-moving low radar cross-section targets.
Denies the enemy sanctuary of moving through foliage.

The DARPA A160 Hummingbird equipped with the FORESTER sensor
provides persistent wide-area surveillance of dismounted troops and
vehicles moving through foliage. Note how the radar antenna is rotated
in the horizontal position to scan likely areas.

cy radar, exposing targets on the move
and confirming enemy presence below
the trees prior to weapons release.

A foliage penetration radar can
locate a large class of targets that
includes hidden tanks, mobile surface-
to-air missiles, rocket artillery systems,
supply vehicles and hidden operating
bases. Beamer notes that the program
started before his arrival. “We want to
take this system and create an opportu-
nity for our forces to accomplish what

The FORESTER radar system is installed in the A160 Hummingbird aircraft for fit
check. Note the sensor’s antenna mounted beneath the aircraft. With the
landing gear retracted and the aircraft in position over a reconnaissance area,
the antenna rotates 90 degrees to a horizontal position to scan a 250-kilometer
area every 40 seconds to 50 seconds for hidden enemy soldiers and vehicles.

has previously been impossible. What
would have happened, as an example, if
we had a system like this during the
Vietnam War? The technology could
dramatically have changed the strategic
focus of that war, especially along the
Ho Chi Minh trail. The massive flow of
troops, weapons and supplies down the
trail could have been targeted and halt-
ed. The foliage penetration capability
can shift the way a war is fought, forc-
ing an enemy to hunker down.”

The FORESTER vision is to mount a
21-foot-long airfoil linear array antenna
beneath a helicopter UAV such as the
A160, “which is beneficial to our pro-
gram,” Beamer explains. “The Hum-
mingbird flies high at 30,000 feet and
can carry a heavy payload, allowing us
to perform relentless long-range recon-
naissance. The sensor system is fairly
heavy now at approximately 600
pounds; however, we will reduce that
weight once the radar goes into produc-
tion,” he asserts. “But we are first
focusing on the technical capability to
find people through the trees.

“The idea is to fly the UAV helicopter
into the wind. If the wind is 50 miles an
hour, we fly at the same speed to essen-
tially hover over a target area. A mast
interface bracket mechanically rotates
the radar antenna into a horizontal posi-
tion much like an aircraft wing, to elec-
tronically scan the radar—plus or minus
45 degrees—over an area of interest.



This 90-degree total scan when flying at
a 20,000-foot altitude, as an example,
covers a 250-kilometer [155-mile] area
every 40 to 50 seconds. This area can be
revisited again with the radar in less
than a minute,” Beamer explains.

The radar system functions in real
time, passing surveillance data over a
Ku-band datalink to a groundstation.
Response can be immediate whenever
targets are located. FORESTER’s UHF
radar operates in P band, penetrating
foliage very well and is unaffected by
obscurants such as snow and particu-
lates, Beamer insists. “We can put
enough energy on a target area to find
what we are looking for.

“The program is still in a crawl-
walk-run mode of development, and we
took a small version of the sensor sys-
tem to Redstone Arsenal, Huntsville,
Alabama, and tested it atop a tower.
We had people move around the area

inches of ground clearance, for flight
tests. After the Black Hawk tests, engi-
neers plan to fly the radar on the A160
UAV. With DARPA/Army advocacy,
Beamer’s plan is to fly the FORESTER
on the Hummingbird later this year.
“We started flying on the Black Hawk
in January, anticipating approximately
30 flights to evaluate and measure sys-
tem performance, validating software
robustness and reliability,” he relates.
The helicopter’s constant vibration,
rattle and jitter pose a difficult environ-
ment for any sensor, and “DARPA
magic similar to gimbals was employed
for motion compensation,” Beamer
adds. “We proved the heliborne sensor
could locate people moving on the
ground. The demonstrations will contin-
ue with progressively more difficult sce-
narios. Black Hawk pilot skills require
flying a specific profile of 1-meter-per-
second velocity relative to the ground.

“What would have happened if we had a

system like this during the Vietnam War?

The technology could dramatically have

changed the strategic focus of that war.”
—Lyndall Beamer, FORESTER program manager

in tree lines, and we successfully
located them,” he maintains.

The radar is mounted beneath an
Army Night Vision Laboratory Black
Hawk helicopter, which has an extra 10

This task is successfully accomplished
about 80 percent of the time,” Beamer
verifies. During flight tests, the radar
system functions properly —meeting all
of the metrics such as side lobes,

Doppler side lobes, sensitivity and
antenna channel match, which are
required performance for the missions.

Earlier, Boeing and the University of
Maryland conducted comprehensive
aeromechanical and wind tunnel tests
to determine the effect of the sensor on
effective aircraft operations, including
platform survival by determining air-
frame stress. The radar antenna is large
in relation to the A160’s airframe.

Depending on successful helicopter
testing, the system will be flown on the
A160. The radar already has been
mounted on the Hummingbird for
checks to determine fit and ground
clearance for takeoff and landing.
When flying on the UAV, the antenna
will rotate into scanning position and
help determine the impact on the air-
craft. The transmitter, antenna and soft-
ware for the radar have been demon-
strated successfully with the Humming-
bird on the ground.

As A160 aircraft equipped with
FORESTER routinely strip concealed
military targets of foliage sanctuary,
huge implications are likely to emerge
in the way future warfare will be con-
ducted, Beamer asserts.

DARPA FORESTER:
http://dtsn.darpa.mil/
ixo/programs.asp?id=37
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