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Abstract: This work presents research on the influence of the variation in humidity of the medium on
the Ground-penetrating radar GPR response. During this research, we used a GPR SIR 3000 system
coupled with a 400 MHz frequency antenna, and GprMax and Reflexw software, which are based
on the numerical method known as finite difference in time domain (FDTD). The results obtained
(experimental and by simulation) have shown that the reflection force and the penetration depth of
GPR waves are strongly related to the physical properties of the objects and the medium inspected.
The increase in the conductivity of the inspected medium causes areduction inthe depth of the GPR
waves, which causes the non-detection of objects.

Keywords: electromagnetic wave; Snell’s law; conductivity; ground penetrating radar; object detection;
humidity; Reflexw and GprMax simulation

1. Introduction

Ground penetrating radar is a non-destructive technique used to assess the location and depth
of underground targets [1,2]. It is based on the emission, by an antenna coupled to the ground,
of short electromagnetic pulses, of harmonic waves confined to a certain frequency band. Once the
transmitted signal is returned, by deep-buried objects, it will be picked up by the GPR receiving
antenna and will be transformed into a response signal, which is in the form of an image called a
radargram. This image radargram will be processed with specialized software to collect information
from the subsoil [3]. Its wide range of sampling frequency combined with its non-destructive nature
and its ease of implementation have enabled it to find a large number of applications [4] such as
archeology, the construction of buildings, the detection of antipersonnel mines, shallow geological
research or the criminal science sector, where it can be used can find corpses or buried weapons,
etc. [5–8]. GPR provides the precise spatial location of targets from high-resolution images over short
periods. These images can be affected by several factors such as the nature of the ground, internal and
external noise, etc. The interest of this work focuses on the influence of the variation insoil humidity
on the quality of the radargram.
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2. Snell–Descartes Laws

When an electromagnetic wave strikes the interface between two media with different dielectric
properties, part of its energy is reflected and the rest is transmitted to the lower medium (Figure 1).
The incident, reflected and transmitted wave directions are linked together by Snell’s law [9–11].

θi = θr (Snell’s law of reflection) (1)

β1 sin θi = β2 sin θt (2)

β1: medium1 wave number; β2: medium2 wave number.
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Figure 1. Diagram representing the phenomena of reflection and transmission at the interface between
two media which represent different dielectric contrasts.

If several interfaces are present, this rule must be applied to each limit and the wavefront or
rays must bend or change direction at each limit. If the speed or the materials vary continuously,
this relationship still applies. In GPR, medium 1 can easily be considered as an atmospheric environment
and medium 2 considered as the soil or material to be probed [12,13].

3. Methodology

In this work, we have used a GPR SIR3000, Gprmax and Refexw software.

• GPR SIR3000

The SIR3000 is a lightweight, portable, single-channel (Figure 2), ground-penetrating radar system
that is ideal for a wide variety of applications.
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• Reflexw

This is a processing software program for GPR and seismic wave propagation based on the
Finite-difference time-domain FDTD. Field data as well assynthetic data can be processed in two and
three dimensions. In our case, we used the Reflexw 2D [14].

• GprMax2d

GprMax is based on FDTD and is available free of charge for both academic and commercial
use; it has been successfully employed in many situations. The tool can be downloaded from
www.gprmax.org or by contacting the author [14].

4. Results and Discussion

4.1. Simulation Results

The purpose of this paragraph is to show the influence of the humidity of the mediumon the
GPRoperation. We simulated the detection of a conductive object (circular) buried in a medium of wet
sand by varying each time the conductivity of the medium and the depth of the object.

• With a conductivity of 0.001 s/m, the targets are easily detectable by the GPR in the two depths
chosen for this study: 0.3 and 0.7 m.

• We also note that with a conductivity of 0.01 s/m, the GPR detects objects but with less visible
hyperbolas than for the previous case.

• Meanwhile, for aconductivity of 0.1 s/m, and at a depth of 0.3, the presence of the object is indicated
by an almost invisible hyperbola, and at a depth of 0.7 m, the object is invisible.

Following the results obtained, it is clear that the change in conductivity affects the quality of the
GPR results.

4.1.1. Simulation of a Medium with a Conductivity of 0.001 s/m

Figure 3a,b present two models of two conductive objects buried in a medium of wet sand with
a conductivity of 0.001 s/m at two different depths, 0.3 and 0.7 m, while Figure 3c,d present the
radargrams obtained. We note the detection of two objects in this case; the presence of each object is
indicated by the presence of a clearly visible hyperbola.
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Figure 3. Simulation results(a,b) models of two conductive objects buried in a medium of wet sand at a
depth of 0.3 and 0.7 m (c,d) object detection radargrams.
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4.1.2. Simulation of a Medium with a Conductivity of 0.01 s/m

In this case, we simulated the detection of the same previous objects in the medium of wet sand
with a conductivity of 0.01 s/m. On the obtained radargrams (Figure 4c,d), we note that the hyperbolas
indicating the presence of objects are less clear than the previous case due to the increase in the
conductivity of the medium.
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Figure 4. Simulation results(a,b) two conductive objects buried in a wet sand medium at a depth of 0.3
and 0.7 m (c,d) object detection radargrams.

4.1.3. Simulation of a Medium with a Conductivity of 0.1 s/m

In the case where the conductivity of the medium is 0.1 s/m, we note the detection of the object
at a depth of 0.3 m, with a hyperbola that is almost invisible, while at a depth of 0.7 m, the object is
invisible due to the increased conductivity of the medium and the depth of the target (Figure 5c,d).
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Figure 5. Simulation results(a,b) two conductive objects buried in a wet sand medium at a depth of 0.3
and 0.7 m (c,d) object detection radargrams.

4.2. Experimental Results (by GPR Radar)

This section presents experiments carried out on the beach in the city of Martil (located 12 km
from Tétouan), in order to detect buried objects of different types using our GPR radar system
(model SIR3000), equipped with an antenna of 400 MHz. For this experimental study, we used:

• A conductive object,
• A container (empty and filled with sea water) and
• A rocky object.

The results obtained experimentally by the GPR were processed by the Reflexw software; with this
same software, and using the same objects mentioned above, we carried out simulations of the GPR
measurements and we found good agreement between them.

4.2.1. Conductive Object

For the detection of the buried conductive object (Figure 6), we chose two depths: 0.3 and 0.5 m:

• Depth 0.3 m
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Figure 6. Image of a conductive object with dimensions 0.61 × 0.35 m.

Figure 7a shows the radargram obtained at this depth; we can see the presence of the hyperbola
indicating the object in question. It is clearly visible, due to strong reflections by the conductive object.
Figure 7b shows the result of the same object and under the same conditions as those of the experiment.
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Figure 7. (a) Result obtained by GPR, and (b) result obtained by simulation.

• Depth of 0.5 m

At a depth of 0.5 m, we noticed that the hyperbolas which represent the conductive object seem
less visible than for the previous case (depth of 0.3 m), due to the increase in depth, which decreases
the intensity wave reflection. We also observed this difference in the results obtained by simulation,
shown in Figure 8b.
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4.2.2. Use of Dielectric Objects: A Plastic Container (Empty Then Filled with Seawater)

During this experiment, we proceeded as follows:

• First, we tested the GPR with an empty underground container (Figure 9);
• Then, in a second step, we used the same container but this time the container was filled with sea

water (see Figure 9b).
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We found that the GPR could not detect the presence of the empty container (Figure 9c). On the
other hand, when the container was filled with sea water, which has a high conductivity, the visibility
of the object was better (Figure 9d). This is due to the significant difference in permittivity between the
water inside the container and the medium, which created strong signal reflection.

4.2.3. Use of a Rocky Object

In this case, we buried a rocky object at a depth of 0.2 m (Figure 10a); despite this small depth,
the GPR was unable to detect the object, which was due to the humidity of the environment and the
poor reflection of the rocky object.
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5. Conclusions

The study presented in this work allowed us to gaina global idea of the GPR response for targets
with different physical properties and shapes, buried in a wet sand medium.

The results obtained showed that:

• The conductive objects are easily detectable by GPR due to their high conductivities, which cause
total reflection of the signal.

• The higher the difference in permittivity between the object and the medium, the greater the
reflection strength of the signal.

• The humidity of the medium reducesthe penetration depth of GPR waves, which causes the
non-detection of targets.
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