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Guest Editorial
Foreword to the Special Issue on Subsurface Sensing

Using Ground-Penetrating Radar (GPR)

G ROUND-PENETRATING radars (GPRs) have been uti-
lized for subsurface sensing for more than 40 years; the

wide range of applications includes geology, glaciology, sed-
imentology, hydrology, mining/tunneling, concrete/pavement
evaluation, archaeology, and many others. The major advantage
of GPR with respect to other nondestructive techniques is the
combination of fine downrange resolution (which can be of
the order of a few centimeters) with large penetration depth
(ranging from less than a meter to over 3 km depending on
material properties and operational frequency.) In addition to
traditional surface-based GPRs, systems are now frequently
operated on airborne or in subsurface platforms (also known
as borehole radars). Several companies worldwide manufacture
commercial GPR equipment, thousands of companies offer
GPR services, and many institutions perform research in the
field. GPR clearly is an important technology for geoscience
and remote sensing applications.

The diversity of GPR applications has resulted in the evolu-
tion of a variety of radar systems, with all requiring coupling
of radiation through an interface into the subsurface and al-
most all using ultrawide operational bandwidths (i.e., fractional
bandwidths greater than 20%). GPR technologies and systems
continue to evolve as the range of applications increases. Recent
interests in mapping the underground infrastructure of urban
areas, antipersonnel landmine detection, and archaeology de-
mand not only 3-D imaging but also detection and classification
of observed inhomogeneities. Responding to these demands,
scientists and engineers from many areas (geophysics, hy-
drology, radar and antenna engineering, electromagnetic field
theory, signal and image processing, inverse scattering, etc.)
have continued to perform research in ultrawideband tech-
nologies, imaging/inversion methods, and scientific data inter-
pretation. As a result, substantial advances have occurred in
recent years.

This special issue of the IEEE TRANSACTIONS ON

GEOSCIENCE AND REMOTE SENSING (TGRS) serves to
record the current state of the art and to report recent results to
the wider geoscience and remote sensing community. Contribu-
tions for the special issue were solicited from papers presented
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at the biennial international scientific conference on GPR
(held in Columbus, OH, in 2006 and Delft, The Netherlands,
in 2004), as well as from the general geoscience and remote
sensing community through announcements in TGRS. The
special issue includes 17 papers selected through a thorough
external review process. These papers describe new approaches
to subsurface sensing, including developments in electromag-
netic wave propagation, imaging/inversion of GPR data, and
antenna/radar technologies. Associated applications range from
glaciology to pavement evaluation to landmine detection. We
are pleased to submit this special issue to the TGRS community
and hope that it accomplishes the goal of capturing the current
state of the art of GPR for remote sensing applications.
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He is currently a Professor with the Center for Northeast Asian Studies, Tohoku University.
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with research centers in Mongolia, China, and Russia. Recently, he has been engaged in
the development of GPR for humanitarian demining, and conducted field evaluation tests in
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Visiting Professor with Jilin University (Changchun, China), the Delft University of Technology
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Alexander G. Yarovoy (M’96–SM’04) received the Diploma (with honors) in radiophysics and
electronics and the Cand. Phys. & Math. Sci. and Dr. Phys. & Math. Sci. degrees in radiophysics
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projects. His main research interests are in UWB technology and its applications (in particular,
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