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Abstract

Ground Penetrating Radar (GPR) is a geophysical technique based on the emission and reception of high-frequency

electromagnetic waves, used to explore and map underground structures. The effectiveness of GPR is directly

conditioned by the choice of the antenna, each offering specific properties that impact the accuracy of the information

obtained. This work presents a simulation study of the operation of GPR radar with an antenna array as in the Reflexw

software. Different models were carried out to evaluate the detection of objects of various shapes, sizes and natures,

buried in various mediums. The results obtained showed the effectiveness of the antenna in most of the cases studied.

However, in certain mediums with high conductivity, the rapid attenuation of GPR waves led to non-detection of objects.
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1. Introduction

Ground Penetrating Radar (GPR) is a non-destructive
geophysical prospecting technique based on the
analysis of propagation phenomena (refraction,
reflection and diffraction) of high-frequency
electromagnetic waves in the subsoil [1-2]. It is used in
several research fields such as geology, archaeology,
civil engineering, etc. [3-4].

A GPR system consists of a transmitting antenna that
sends short pulses of high-frequency radio waves into
the ground. When these waves encounter different
underground materials or structures, they are reflected
back to the surface. The degree of reflection depends
on the dielectric properties of the materials. A receiving
antenna then picks up the reflected signals, which are
recorded and processed by the GPR system [5-7].

The penetration depth of waves is limited both by their
frequency and by the conductivity of the materials they
pass through. Thus, higher frequencies provide better
resolution but shallower penetration, while lower
frequencies penetrate deeper but with lower
resolution [8-10].

Regardless of the GPR operating mode or application
area, the antenna must have a wide bandwidth,
ensuring the stability of its impedance, directivity and
polarization properties over a wide frequency range.
Choosing the antenna best suited to a given application
is Therefore a determining factor for the efficiency of
the system [11-12].

This work presents a simulation study of the operation
of GPR with the antenna array (as in Reflexw software),
for the detection of objects of various shapes, sizes and
natures, buried in different mediums. The simulations
were performed using Reflexw software, which is based
on the FDTD (Finite Difference Time Domain) method.

2. Antenna array

An antenna array is a group of antennas connected and
arranged in a regular structure to form a single antenna
that can be used in GPR systems to enable faster data
collection by increasing the extent of the surveyed area
per unit time [13-14].
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Fig.1. Example of an antenna array

This can be a significant advantage in archaeological
prospecting, road and bridge inspection, mine
detection, as well as in several other civil engineering
and geoscience applications where data collection
requires the execution of a large number of additional
profiles, Antenna arrays allow the simultaneous
collection of multi-offset measurements, thus
providing additional information for more efficient
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imaging and characterization of the natural or artificial
scenario under test [15].

3. Results and discussion

3.1 Detection of two circular objects: conductor and
dielectric

In this part, we simulated the detection of two objects,
one conductive and the other dielectric, buried in
different mediums (dry sand, wet sand, concrete, snow
and clay). Figures 2, 3, 4, 5 and 6 show the radargrams
of object detection and the evolution of GPR waves in
the studied mediums over time. On the radargrams, we
note the presence of hyperbolas which indicate the
presence of objects. However, the visibility of these
hyperbolas varies depending on the medium, due to
the differences in physical properties (permittivity,
conductivity) of each of them. It can be seen that the
presence of the conductive object is always marked by
clearer and better defined hyperbolas than those
associated with the dielectric object. This is explained
by the high conductivity of the conductive material,
which leads to a more intense reflection of the GPR
signal. In the particular case of the clay medium (Figure
6a), the detection of objects is not possible. Indeed, the
high conductivity of the clay causes a rapid attenuation
of the GPR waves (Figure 6b), which prevents the
detection of objects.

e  Drysand medium
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Fig.2. (a) radargram of the detection of two objects
buried in a dry sand medium (b) evolution of GPR
waves over time.
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e Wet sand medium
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Fig.3. (a) radargram of the detection of two objects
buried in a wet sand medium (b) evolution of GPR
waves over time.
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Fig.4. (a) radargram of the detection of two objects
buried in a concrete medium (b) evolution of GPR
waves over time.

67



Journal of Harbin Engineering University
ISSN: 1006-7043

e Snow medium
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Fig.5. (a) radargram of the detection of two objects
buried in a snow medium (b) evolution of GPR waves
over time.

e Clay medium
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Fig.6. (a) radargram of the detection of two objects
buried in a clay medium (b) evolution of GPR waves
over time.

3.2 Detection of conductive objects of different
shapes and sizes

In this section, we simulated the detection of
conductive objects of different shapes and sizes, buried
in the same mediums studied previously. The figures
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below present the models of the objects as well as the
radargrams obtained. In dry sand (Figure 7 b),
hyperbolas indicating the presence of objects are very
visible. However, their contrast varies depending on
the shape, size and depth of the objects. These
parameters directly influence the strength of GPR wave
reflection, and therefore the visibility of hyperbolas. In
wet sand (Figure 8 b), hyperbolas appear less distinctly,
especially for objects located at depth. This reduction
in visibility is due to the greater attenuation of
electromagnetic waves in a humid environment. In
concrete and snow (Figure 9 b and 10 b), hyperbolas are
clearly observed, but there are still some differences
between the results obtained in these two mediums,
linked to their distinct electromagnetic properties
(permittivity, conductivity). Finally, in the clay medium
(Figure 11 b), the objects are not detected. As in the
previous section, the high conductivity of clay causes a
rapid attenuation of the GPR signal, which prevents the
appearance of the characteristic hyperbolas.
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Fig. 7. (a) Model of some conductive objects buried
in a dry sand medium (b) radargram of object
detection.

e Wet sand medium
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Fig.8. (a) Model of some conductive objects buried in a
wet sand medium (b) radargram of object detection.

e Concrete medium

distance [m]
0.0 0.5 1.0 15 20

0.0

depth [m]
[=]
o
f= 4
=

I R

DISTANCE [METER]
5 1.0 15

0.0 0. 20

TIVE [ns]

Fig.9. (a) Model of some conductive objects buried in a
concrete medium (b) radargram of object detection.

e Snow medium
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Fig.10. (a) Model of some conductive objects buried in
a snow medium (b) radargram of object detection

e Clay medium
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Fig.11. (a) Model of some conductive objects buried
in a clay medium (b) radargram of object detection.

3.3 Detection of objects of different natures
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In this section, we simulated the detection of
objects of different natures: iron, copper, empty
cavity and cavity filled with water, buried in the
same mediums considered previously. The figures
below present the models of the objects as well as
the radargrams obtained. In dry sand (Figure 12 b),
detection is generally satisfactory. Hyperbolas
associated with iron and copper objects appear
sharper and more contrasted than those
corresponding to cavities. This difference is
explained by the high electrical conductivity of
metals, which causes a more intense reflection of
the GPR signal. In wet sand (Figure 13 b), the
hyperbola associated with the iron object remains
clearly visible, mainly due to its high conductivity
and its reduced depth, close to the surface. On the
other hand, the hyperbolas associated with other
objects appear much less distinct, or even almost
invisible, due to the increased attenuation of GPR
waves in this medium. In concrete and snow
(Figure 14 b and figure 15 b), objects are detected,
but differences in the visibility and clarity of
hyperbolas are still observed. These variations are
linked to the electromagnetic properties specific to
each material, which influence the propagation
and reflection of GPR waves differently. Finally, in
the clay medium (Figure 16 b), the detection of
objects remains impossible, including those
located near the surface. The high conductivity of
clay leads to rapid absorption of the radar signal,
which considerably limits the penetration of waves
and prevents the appearance of characteristic
hyperbolas.

Dry sand medium
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Fig.12. (a) Model of objects of different natures buried

in a dry sand medium(b) Radargram of object
detection

wet sand medium
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Fig.13. (a) Model of objects of different natures buried

in a wet sand medium(b) Radargram of object
detection.

70



Journal of Harbin Engineering University
ISSN: 1006-7043

e Concrete medium
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Fig.14. (a) Model of objects of different natures buried
in a concrete medium(b) Radargram of object

detection.
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Fig.15. (a) Model of objects of different natures buried
in a snow medium(b) Radargram of object detection.
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Fig.16. (a) Model of objects of different natures buried
in a clay medium(b) Radargram of object detection.

4. Conclusion

In this work, we simulated the operation of GPR radar
with an antenna array. Different models have been
created to detect objects of various sizes, shapes and
natures buried in different mediums. The results
obtained showed the effectiveness of this antenna for
GPR applications, except in certain cases where the
conductivity of the medium is high. In these situations,
the rapid attenuation of GPR waves prevents the
detection of objects.
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