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There have been many developments
of mine or metal detectors based on
ground penetrating radar techniques,
usually in handheld or rover-mounted
devices. In most mine or metal detector
applications, conditions are in a station-
ary mode and detection speed is not an
important factor.
A novel, forward-looking, stepped-fre-

quency ground penetrating radar
(GPR) has been developed with a capa-
bility to detect improvised explosive de-
vices (IEDs) at vehicular speeds of 15 to
20 mi/h (24 to 32 km/h), 10 to 20 m
ahead of the vehicle, to ensure ade-
quate time for response. The GPR sys-
tem employs two horn antennas (1.7 to
2.6 GHz, 20 dBi) as transmit and re-
ceive. The detector system features a
user-friendly instantaneous display on a
laptop PC and is a low-power-consump-
tion (3 W) compact system with mini-
mal impact on vehicle operations. In
practice, the whole GPR system and a
laptop PC can be powered by plugging
into a cigarette lighter of a vehicle.

The stepped-frequency continuous-
wave (CW) radar scans frequency from
1.7 to 2.6 GHz in 1,000 steps of 0.9
MHz, with the full frequency scan in 60
ms. The GPR uses a bi-static configura-
tion with one horn antenna used as a
transmitter and the other used as a re-
ceiver so that isolation between trans-
mitter and receiver is improved. Since
the horn antennas (20 dBi) are
mounted on the roof of a vehicle at a
shallow inclination angle (15 to 25°
with respect to horizontal), there is a
first-order reduction in ground reflec-
tion so that a significant amount of the
total reflected power received by the
GPR comes from the scattering of RF
energy off of buried objects.
The stepped-frequency technique

works by transmitting a tone at a partic-
ular frequency, while the received signal
is mixed with the transmitted tone. As a
result, the output of the mixer produces
a signal that indicates the strength of the
received signal and the extent to which
it is in phase or out of phase with the

transmitted tone. By taking measure-
ments of the phase relationship between
the transmitted and received signals
over a wide frequency range, an interfer-
ence pattern is produced showing all tar-
get reflections. When a Fourier trans-
form is performed on this pattern, the
result is a time-domain representation of
targets. Among the advantages of this
technique over impulse radar is the abil-
ity to transmit and receive much more
total energy, and to use non-damped,
highly focused horn antennas.
The novelty of the IED detector GPR

has been achieved by miniaturization of
GPR electronics (single electronics
board, 10×5×2 cm), low power con-
sumption (3 W), faster signal processing
capability, and minimal impact on vehi-
cle operations.
This work was done by Soon Sam Kim and

Steven R. Carnes of Caltech, and Christopher
T. Ulmer of Ulmer Systems, Inc. for NASA’s Jet
Propulsion Laboratory. For more information,
contact iaoffice@jpl.nasa.gov. Refer to NPO-
47028.

Forward-Looking IED Detector Ground Penetrating Radar
This convoy-mounted IED detector radar could be used on route-clearing vehicles.
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Fully Printed, Flexible, Phased Array Antenna for Lunar 
Surface Communication 
Applications include RFID tags, sensors, smart cards, electronic paper, and large-area 
flat-panel displays. 
John H. Glenn Research Center, Cleveland, Ohio

NASA’s future exploration missions
focus on the manned exploration of the
Moon, Mars, and beyond, which will rely
heavily on the development of a reliable
communications infrastructure from
planetary surface-to-surface, surface-to-
orbit, and back to Earth. Flexible anten-
nas are highly desired in many scenarios. 
Active phased array antennas (active

PAAs) with distributed control and pro-
cessing electronics at the surface of an
antenna aperture offer numerous ad-
vantages for radar communications.
Large-area active PAAs on flexible sub-
strates are of particular interest in

NASA’s space radars due to their effi-
cient inflatable package that can be
rolled up during transportation and de-
ployed in space. Such an inflatable pack-
age significantly reduces stowage volume
and mass. Because of these performance
and packaging advantages, large-area in-
flatable active PAAs are highly desired in
NASA’s surface-to-orbit and surface-to-
relay communications. 
To address the issues of flexible elec-

tronics, a room-temperature printing
process of active phased-array antennas
on a flexible Kapton substrate was devel-
oped. Field effect transistors (FETs) based

on carbon nanotubes (CNTs), with many
unique physical properties, were success-
fully proved feasible for the PAA system. 
This innovation is a new type of fully

inkjet-printable, two-dimensional, high-
frequency PAA on a flexible substrate at
room temperature. The designed elec-
tronic circuit components, such as the
FET switches in the phase shifter, metal
interconnection lines, microstrip trans-
mission lines, etc., are all printed using
a special inkjet printer. Using the devel-
oped technology, entire 1×4, 2×2, and
4×4 PAA systems were developed, pack-
aged, and demonstrated at 5.3 GHz. 
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