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Abstract. Degradation of soil quality is a serious threat to the sustainability of irrigated

systems. To prevent this degradation, it becomes necessary to develop simulation models to
assess the long-term effects of road practices. The main purpose of this article is to simulate the

salt signals taken by the GPR radar, using Reflexw and GprMax softwares. Note, however,

that the operation of these two programs is based on numerical methods including finite
difference method (FD) for Reflexw and finite difference time domain (FDTD) for GprMax.

During the spread of radar signal in a geological environment, we note that the signal decreases
because of the phenomenon of absorption and reflection, and we find that the physical setting

that has a great influence on the conduct of the wave in different geological environments is

the effective permittivity.
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1. Introduction

Soil salinization is one of the most common forms and drivers of land degradation, and
entails significant environmental, social, and economic consequences. It is estimated
that 20% of the total land area of Morocco is affected by salinity. With the rapidly
increasing population densities and drastic land use changes over the past few decades,
soil salinization has become the main restraint not only for a sustainable development
of agriculture, but also for the stability of regional ecosystems. Timely detection as
well as assessment of soil salinity are essential to regional ecological stability, and
these problems have attracted considerable attention worldwide in recent years.

Ground penetrating radar (GPR) is a similar technique to the seismic imagery
reflection [1]. It uses electromagnetic waves that propagate and refract in hetero-
geneous medium in order to scan, to localize and to identify quantitative variations
within electric and magnetic proprieties of the soil. GPR uses an array of frequencies
ranged from 10 MHz to 2.6 GHz. When using lower frequency antenna (between 10
and 100 MHz) investigated depth will be higher (more than 10 m), however resolution
remains lower [2].

The treatment of geophysical data is based on numeric modeling of signals cap-
tured by the radar. Within electromagnetic field numeric modeling appeared at the
beginning of the seventies [3] and coincided with the introduction of powerful and ac-
cessible microprocessors that allow realization of personal calculation within a short
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time [4]. It is possible to model the physical proprieties implicated in any geophysical
technique by using either forward modeling or inverse modeling. Forward modeling
takes as model subsoil that includes all of its appropriate physical proprieties and uses
theoretical equations in order to simulate the response of the receiver. This, in turn,
will determine a given technique to measure through the model. However, reverse
modeling uses data collected from the field in order to create a model of subsoil that
will fit better with the original data. To obtain reliable data, a number of measures
and data processing must be performed. Forward modeling allows us to test and to
determine how proprieties of subsoil materials will change.

GPR is used for the exploration of the subsoil in several research fields such as the
detection of landmines [5], geology [6, 11], civil engineering [7], glaciology [8, 9] and
archeology [10]. It was also successfully applied to 2D imaging of cracks and fractures
in resistive soils such as gneiss [12] [14]. In this work we intend to simulate the salt
signals taken by the GPR radar, using Reflexw and GprMax software.

2. Theoretical background and method

2.1. GPR operating principle. GPR is a nondestructive method that has been
proved for internal imaging of several types of geological materials such as granite
and engineered materials such as concrete construction and other buried structures
(pipes, cables ...). The signal can penetrate into the soil and into material buried
within the soil, allowing its detection as well as its depth below the ground surface.
The operating principles of various existing GPR radar are based on the same prin-
ciple: a transmitting antenna is placed in contact with the ground, emitting short
pulses towards the ground (Figure 1 (a) Tx). The electromagnetic wave generated
propagates inside the ground that is considered as a dielectric medium. If an obstacle
is encountered, a part of the signal emitted by the antenna of GPR returns to the soil
surface (reflected wave) and then detected by the receiving antenna (Figure 1 (a) Rx).
This recovered wave reflects a trace of subsoil at a specific point and at given time.
As the user moves the GPR radar above the studied field, new signals are transmit-
ted and reflected signals are again recovered at the receiving antenna. This process
(sending and receiving generated signals) leads to the acquisition of a set of traces of
soil, as numerical data, following a straight prospecting direction thereby establishing
what it is called a radargram or a B-scan (Figure 1 (b)) of the studied medium. The
treatment of the data set is provided by specialized software that allows the obtaining
of hyperbola (Figure 1 (b)). Note that the hyperbola observed in this figure, is an
extremely important index, since it gives, suitable information about localization of
buried objects.

2.2. Description of soil salinity. The fundamental components of soils are min-
eral particles, organic matter, water and air. Mineral particles are inorganic materials
derived from rocks by weathering. The pore space, organic matter and living organ-
isms are filled with water and air. Soil water and air typically make up about 50%
of the soil volume. The Soil salinity reduces plant growth and causes crop failure by
limiting plant water uptake due to an osmotic effect making it more difficult for the
plant to extract water, by specific-ion toxicity, or by upsetting the nutritional bal-
ance of plants. The volumetric effective relative dielectric constant can be described
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Figure 1. Schematic explanation of the principle of the GPR.

approximately as a mean value of all of the dielectric constants of the different soil
components:

εeff ≈
n∑
i=1

εiυi (1)

where
• εeff : effective relative dielectric constant.
• εi : component dielectric constant.
• υi : component relative volume.
• n : number of soil components

2.3. FDTD based modeling and simulation. Maxwell’s electromagnetic equa-
tions that mathematically express the relations between the fundamental electromag-
netic field quantities and their dependence on their sources can be used to describe all
electromagnetic phenomena. The fundamental equations are [15]: Acquisition meth-
ods have to be synchronized and all referred to the same coordinate system in order
to integrate the geometric data collected by the different techniques [16]. To illustrate
the application of finite differences centered to the Maxwell equations, take the case
of Ampere equation in the 2D case in TM mode:
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of each component of the electromagnetic field. This discretization of Maxwell’s
equations constitutes the basis of the Yee algorithm as shown in Figure 2.
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whether

Ez|n+1
i,j =

1− σ·∂t
2·ε

1 + σ·∂t
2·ε

Ez|ni,j +
∂t
ε

1 + σ·∂t
2·ε

Hy|
n+ 1

2

i+ 1
2 ,j
−Hy|

n+ 1
2

i− 1
2 ,j

dx
−
Hx|

n+ 1
2

i,j+ 1
2

−Hx|
n+ 1

2

i,j− 1
2

dy



Figure 2. Yee cell in Cartesian coordinates.

3. Results

Simulate signals GPR, Reflexw and GPRmax require a number of parameters such
as the frequency of the antenna used, the geometry of the ground, the dielectric
permittivity, magnetic permeability and electrical conductivity of the media involved
in the simulation. To the simulation, such as by Reflexw and GprMax, of the soil,
in which the salt (rectangular or circular form) is buried, is simulated by wet soil
whose dielectric properties εr = 30 and σ = 0.16S/m. The salt, conductivity = 9.93.
10S/m, is buried at a depth of 0.5m and is located at the surface, between 0.8 m and
1.2m along the Ox axis (Fig 4a and Fig 4b). Frequency simulation is set at 800MHz.
The emission and reflection of the simulated signal is recorded on a time window of
20ns with a spatial increment of 7cm. Figure 3 (a,b) shows a geometric model of
bar rectangular of salt used for simulation of radar signals reflected by a simulator
(GprMax). The results obtained are summarized and represented by the software, as
radargram as in Figure 3 (c,d) (by GprMax) and Figure 4 (c,d) by Reflexw. In these
figures we note the presence of two diffraction hyperbolas that indicate the presence
of the salts around 0.5m, this is exactly the depth at which it was supposed to bury
this bar.

4. Conclusion

GPR is not widely accepted as a method to measure subsurface soil water con-
tent. However, in recent years, GPR instrumentation has seen intensive development,
allowing faster, easier and most importantly, more accurate soil moisture content mea-
surements. Hence, spatial resolution has improved, particularly for this application
where the required penetration depth is low, so that small heterogeneities in the field
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Figure 3. Diagram representing the position of the salts in the rect-
angular block (a) and circular block (b) by GprMax. Radargram the
buried rectangular salts (c) and circular salts (d) in the wet sand for
800 MHz antenna.

can be used to obtain information on the relative permittivity and analyzed to calcu-
late soil moisture content. We presented a GPR method to measure subsurface soil
moisture content. This method currently relies on calibration tests in the laboratory
and in the field for a better understanding of petrophysical property relations between
permittivity and volumetric moisture content. Further studies are needed for more
information on this issue. The simulation results we have achieved for different ob-
jects (salts rectangular and circular) buried, show that the detection of objects buried
under ground, the radar GPR is through a process signal that leads to the production
of radargrams where hyperbole that appear indicate the existence of these objects,
while giving their exact locations in the soil depth. The change of the permittivity
causes the reflection of the electromagnetic wave, while attenuates conductivity, more
the permittivity of the dielectric perfect medium is high more the amplitude of the
reflected wave increases. By against, most middle is the wave conductor tends to
diminish.
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