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Abstract—In this contribution, a novel Ground Penetrating
Radar (GPR) configuration to detect low-contrast buried targets
is presented. It is based on combining the advantages of Forward-
Looking GPR (FLGPR) and Down-Looking GPR (DLGPR) using
a distributed GPR system, with a vehicle-mounted transmitter
looking ahead and a drone-mounted receiver looking downwards.
This configuration provides good penetration and high resolution,
reducing the clutter compared to DLGPR. Several simulations
have been performed and the resulting Synthetic Aperture Radar
(SAR) images have been compared.

I. INTRODUCTION

Ground Penetrating Radar (GPR) is a well-known technique
for subsurface imaging applications, such as pavement in-
spection, archaeological survey, or landmines and Improvised
Explosive Devices (IEDs) detection [1]. The main advantages
of GPR over other non-invasive techniques are that it can de-
tect both metallic and non-metallic targets, and it can provide
radar images of the underground. However, its performance is
greatly affected by clutter mainly due to the strong reflections
from the rough soil surface.

For the targeted application, the GPR system must keep a
safety distance to avoid the accidental detonation of mines and
IEDs. The typical approach to overcome this issue consists
of a vehicle-mounted Forward-Looking GPR (FLGPR) [2].
In this configuration the antennas look ahead of the vehicle,
almost parallel to the soil surface. This helps to mitigate
the clutter since the specular reflection from the soil surface
is in the opposite direction of the antennas. However, main
drawbacks are the low sensitivity and the low height reso-
lution (challenging the distinction between targets above or
below the surface). Recently, another approach based on a
drone-mounted Downward-Looking GPR (DLGPR) has been
proposed [3]. In DLGPR the antennas are orthogonal to the
soil surface, providing higher height resolution but suffering
from stronger clutter (due to the specular reflection from the
soil surface backscattered to the radar).

In order to reduce the clutter and improve the resolution,
a novel GPR configuration that exploits the advantages of
both FLGPR and DLGPR is proposed. It consists of a dis-
tributed GPR system, with the transmitter and the receiver
antennas separated several meters. The transmitter looks ahead
of the vehicle (resembling FLGPR systems), whereas the

receiver looks downwards (following a DLGPR configuration).
This article is devoted to analyzing the performance of this
configuration for detecting plastic IEDs. The scattered field
from a dielectric object buried under a rough ground surface
has been simulated using Finite-Difference Frequency-Domain
(FDFD) method [4]. Then, it has been post-processed with a
Synthetic Aperture Radar (SAR) algorithm, and the resulting
radar images have been compared.

II. METHODOLOGY

A. Scattered field simulation
The FDFD method has been used to simulate the 2D GPR

scenario shown in Fig. 1. A multistatic configuration has
been considered: the transmitter (TX) is placed at position
rt (with an angle of incidence θinc), and the receiver (RX)
is looking downwards and is moved between R positions rr
(r = 1, ..., R). The soil is characterized by its constitutive
parameters (εrs and σs) and its roughness (average height hs
and correlation length Ls). The target has a circular shape with
radius δtg and is centered at (xtg, ytg). It is also characterized
by its constitutive parameters (εrtg and σtg). Simulations have
been performed for both TE (Transverse Electric) and TM
(Transverse Magnetic) polarization at N frequencies. It must
be noticed that in the FDFD simulations the contribution of
the flat surface to the scattered field is removed.
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Fig. 1. Simulated 2D multistatic GPR scenario.

B. Inversion method
As aforementioned, the simulated scattered field is post-

processed with a SAR algorithm. The SAR image value at
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Fig. 2. SAR image with low grazing incidence considering a flat surface.

point r′ is given by (1), where Rr denotes the path length
from the transmitter (at rt) to the r-th receiver (at rr) and
passing through the point r′.

ρ(r′) =

N∑
n=1

R∑
r=1

Escatt(fn, r
t
r) exp(jβ0Rr) (1)

In order to obtain a well-focused SAR image with the buried
target detected at its real depth, Rr is calculated taking into
account the dielectric permittivity of the soil.

III. RESULTS

In this contribution, the scenario is composed by a 2-cm
radius dielectric target (made of TNT with εrtg = 2.9 and
σtg = 0 S/m) buried at 20 cm depth in a sandy soil (εrs = 2.5
and σs = 0.0125 S/m). The target is centered on the x-axis
(thus, xtg = 0 m and ytg = −0.20 m). The scattered field is
simulated at 201 frequencies between 3.5 and 5.5 GHz. It must
be noticed that due to the low contrast between the soil and
the target, it is practically undetectable using common FLGPR
or DLGPR configurations.

A. Low grazing incidence

First, the TX has been oriented with an angle of incidence
of 83◦ (close to grazing incidence such as in FLGPR systems).
It has been placed at x = −20 m and y = 2.5 m, whereas the
receiver has been placed at 1 m height and moved between
x = −0.8 and x = 0.8 m. This geometry helps to properly
illuminate the target.

The resulting SAR images are shown in Fig. 2 for both TE
and TM polarizations considering a flat soil surface (depicted
with a dotted white line). The maximum of the SAR image
power is ≈15 dB higher for TM than for TE, making easier
the detection of the target.

Fig. 3 shows the SAR images when the target is buried
under a rough surface (hs = 2 cm and Ls = 80 cm). In this
case, the maximum is ≈7 dB higher for TM. Both the clutter
and the target have higher reflectivity for TM, so the resulting
signal to clutter ratio is almost the same as for TE. This might
be affected by the fact that the simulation is 2D.

B. Brewster’s angle incidence

Then, another geometry with an angle of incidence closer
to Brewster angle (≈58◦) has been analyzed. For this angle
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Fig. 3. SAR image with low grazing incidence considering a rough surface.
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Fig. 4. SAR image for Brewster’s angle considering a rough surface.

of incidence, TM waves are ideally perfectly transmitted into
the soil (without reflection). The TX and RX are placed closer
(with the TX at x = −4 m) to properly illuminate the target.

SAR images are depicted in Fig. 4 considering the same
rough surface. The target cannot be detected even for TM
polarization. This might be due to the lower angle of incidence
and the closer distance between TX-RX, which could imply
that more rays reflected by rough surface points are received.

IV. CONCLUSION

A novel GPR configuration has been analyzed to detect
a TNT target buried in sandy soil. Simulations show that
orienting the transmitter with a low grazing incidence helps to
reduce the clutter backscattered to the receiver, thus enabling
the detection of the target in the SAR image.
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