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ABSTRACT

The aim of this paper is analyses and study the influence of frequencies and types of pulse signals on Ground
Penetrating Radar (GPR) wave’s response. One of the most important steps in applying radar GPR or
simulation in detecting objects buried under the surface is the frequency selection or type of signals. In this
work, the effect was studied using programs (Reflexw and GprMax2d) that depend in work on the method

of Finite-difference time-domain method (FDTD).
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1. INTRODUCTION

Ground penetration radar (GPR) is a non-destructive
geophysical tool that uses high-frequency radio
waves to assess the location and depth of buried
objects. Its wide range of sampling frequency
combined with its non-destructive nature and its ease
of implementation, has enabled it to find a large
number of applications, such as archeology,
construction of buildings, detection of anti-
personnel mines or the analysis and characterization
of stone materials. GPR provides the precise spatial
location of targets from high-resolution images over
short periods [1-2].

The technical design of ground penetrating radars
can be classified into two groups. GPR systems that
transmit a pulse and receive the reflected signal from
the target are called pulsed radar, these radars
generate an electromagnetic field of wvariable
amplitude as a function of time upon emission of the
pulse [3]. The pulse duration is typically between 0.5
ns and 10 ns, it depends on the type of application.
However, some applications require the emission of
pulses of duration up to Ius. However, other
parameters condition the duration of the pulse. Since
the pulse duration is proportional to the range of the
radar and inversely proportional to the spatial
resolution [4]. Radars which the acquire data in the
frequency domain and transmit continuously
(transmitter always activated) are called CW. If the
carrier is frequency modulated (FM), it is called FM-
CW [5-6]. These radars are simpler in structure and
therefore less expensive, but they operate much
more slowly. In this work, we have simulated the

operation of the pulsed radar system using different
types of signals and frequencies [7].

Pulse GPR are those that acquire data in the time
domain. The time pulse is transmitted and the
reflected energy is received as a function of time [8].
The pulse duration is typically between 0.5 ns and
10 ns, it depends on the type of application.
However, some applications require the emission of
pulses of duration up to 1us. The majority of GPR
systems incorporating the pulse technique send a
pulse to an antenna which produces an
electromagnetic wave (EM) [6]. The characteristics
of the antenna determine the center frequency of the
EM wave and the associated bandwidth is
determined by the pulse width. The antenna plays a
major role in the dynamics of the pulsed GPR system

(8]
2. MATERIAL AND METHOD

2.1 GPR principal

GPR is a device for real-time monitoring of soils and
subsoils at depths that can vary from a centimeter to
a few hundred meters. Its main asset is its non-
destructive nature. The GPR is based on the
interaction of electromagnetic waves with the
heterogeneities of soils and buried objects. GPR
radar systems based on the properties of
electromagnetic waves are for example intended for
the detection of buried objects, change of medium or
for the visualization of opaque structures [9-10].
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BASIC PRINCIPAL OF GPR

Figurel. Basic principal of GPR

2.2 Methods and software
A) FDTD method

The FDTD approach used to model GPR is a
numerical method that provides a solution to
Maxwell's equations, expressed in differential form
in the time domain. The method, originated by Kane
Yee, is based on the discretization of the partial
derivatives in Maxwell's equations using central
differencing [11-15].

B) Reflexw software

In this work, the collected GPR data was imported
and processed using Reflexw, which is an
independent package software that can import a
range of different data types for the processing and
interpretation of reflection and transmission data
specifically in GPR application, and reflection and
refraction of seismic and ultrasound data.

C) GprMax2d

GprMax2d is an open source software that simulates
electromagnetic wave propagation. It uses Yee's
algorithm to solve Maxwell’s equations in 3D using
the FDTD method. The finite difference expressions
for the spatial and temporal derivatives are central-
difference in nature and second-order accurate [16].

It is designed for simulating GPR and can be used to
model electromagnetic wave propagation in fields
such as engineering, geophysics, archaeology, and
medicine. There is a wide range of applications
including assessing critical infrastructures such as
bridges and roads, locating buried utilities, mapping
glaciers, finding anti-personnel landmines, ect [17].

3. RADAR GPR IMPULSIONNEL

GPR is based on the emission of a short duration
pulse, the pulse GPR radar is the most commonly

used according to the literature and has a high
commercialization rate among GPR radars. It
generally consists of: a module allowing the
generation of a short duration pulse, a transmitter
(transmit antenna (s)), a receiver (antenna, sensor
(s)), control electronics, an analog / digital converter,
a sampler [18-19]. Types of signals that utilize in
GPR :

A) Gaussian

In this paper we quantify such effect, showing a
Gaussian Wavelet Transform [20].

A Gaussian waveform.

W (t)=e S012 (1)

where (=2m*f2, y=1/f and ff is the frequency.
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Figure.2. Example of the gaussian waveform
B) Ricker

The Ricker wavelet is theoretically a solution of the
Stokes differential equation, which possible
applicable to seismic waves propagated through
viscoelastic homogeneous media. We defined the
time-domain breadth and the frequency-domain
bandwidth of the Ricker wavelet and developed
quantities analytically in terms of the Lambert W
function [21].

A Ricker (or Mexican Hat) waveform which is the

negative, normalized second derivative of a
Gaussian waveform.
W(O==(20(t=02 ~De—C(t)2 2
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where (=212f2, y=\2/f and f is the frequency.
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Figure.3. Example of the Ricker waveform
C) Sine

A single cycle of a sine waveform.

W(t)=Rsin (2xft) 3)
And
)1 iffe <,
1= {0 if ft > 1.
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Figure. 4. Example of the sine waveform

4. DEPTH RESOLUTION

The depth resolution r [m] is defined as the minimum
distance between two targets so that the latter
appears distinct during radar surveys. This quantity

. %
is equal to i :

» V. : is the speed of propagation in the
medium,
» B: is the bandwidth at half height of the
received signal.
Most radar systems are such that B~f;. :

3.108

I = v ©)

Table 1: Relationship between frequencies, Resolution
and Penetration depth

Frequency | Resolution (cm) | Depth (M)
(MHz)

80 46 40
100 37 30
200 31 30
300 12 15
500
900 4 2

45 |
1l
o

§ 25 —I

o8 1 12 14 16 18
Frequance on Gha

Figure.5. Evolution of the resolution as a function of the
frequency

A higher frequency will have a shorter
wavelength. Penetration is directly related to
wavelength. Smaller wavelengths are more easily
reflected or refracted in the superficial tissues than
longer wavelengths. As the wavelength is increased
(or frequency decreased) the ultrasound
will penetrate deeper [22].

Wavelength

Wavelength (1) can be described as a propagating
wave which repeats itself at a particular distance and
is measured in meters:
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o f
GPR antennas can typically be distinguished when
moving along the concrete features aligned
perpendicular to the direction of travel if they are
spaced at least one half of a wavelength apart (%)
Features that are stacked on top of each other can
typically be distinguished if they are at least a quarter
of a wavelength apart (%) However, features that are
closer to each other than these distances may appear
as a single feature in GPR data [24-25].

Relationship between frequency and depth
Choosing a frequency for a GPR survey is quite
critical. The lower frequency with long wavelengths
provides the deepest penetration, whereas high
frequency with short wavelengths are only able to
image shallow features [23].

Relationship between frequency and resolution
The resolution of subsurface features is in part
affected by antenna wavelength which is also
directly related to the frequency. Higher frequency
radar provides higher resolution than lower
frequency radar. This is due to the shorter
wavelengths of high frequency produce a narrower
cone of transmission, which can focus on smaller
areas and thereby resolve smaller features than the
more spread out transmission cones produced by low
frequencies and longer wavelengths [22-23].

5. RESULTS

To simulate the GPR signals of objects by
GprMax2d, we need a certain number of parameters,
such as the frequency of the antenna used, the
geometry of the subsoil and targets, the dielectric
permittivity, the magnetic permeability and the
electrical conductivity. On a GPR image, each object
below the surface appears as a hyperbola due to
repeated reflections produced as the GPR unit passes
over an object.

Table 2. Properties physical of materials used in

simulation
Material Relative Conductivity o
permittivity (F/m) (S/m)

Air 1 0

Clay 12 0.001
Freshwater 81 0.0005
Iron 1.45 9.99 106
Wood 3 0.003
Sea water 81 4

Rock 10 0.1

5.1 Comparison between the use of frequency
400 and 800Mhz to detect the same object

In this paragraph, we will make a comparison to
simulate the detection of a rectangular bar of metal
using two frequencies 800 and 400MHz to find the
difference and accuracy between them using the
GprMax2d program. We observe through the
radargrams in figure 6a and b, that the resolution of
the antenna 800MHz is more than 400MHz. Also,
we notice through the amplitude of the wave, it is
large at a frequency of 800MHz up to 1000 A/m
while with the frequency 400MHz it was less as
shown in the figure 6¢ and d.

x10°
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2
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Scan length (m)

0.5 1 15 2
Scan length (m)
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Figure. 8. Radargrams for detection the targets by
©) differenbtrequencies 200-2000MHz
irect wave /e

5.3 Study of variation in pulse signals by £
GprMax2d T

In this part, we will study the effect of the type of
signal used by simulation by the GprMax2d )
program, and three types of signals as shown in ' e Y
figure 9, 10 and 11 (Gaussian, Ricker and Sin) at
same frequency, that the radar relies on in the
prgzess of detectiIE&Hd¥AV&stigations were chosen. ”
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Figure. 9. Model for detecting a rectangular bar of metal
using the Gaussian signal and frequency 800MHz, (b)
radargram, (c, d) amplitude of the signal
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Figure. 10. Model for detecting a rectangular bar of "
metal using the Ricker signal and frequency 800MHz, (b) Figure. 11. Model for detecting a rectangular bar of
radargram, (c, d) amplitude of the signal metal using the Sin signal and frequency 800MHz, (b)

radargram, (c, d) amplitude of the signal

After completing the simulation process using
several pulses of the signals, it became clear that
there i)a difference, as is evident in the previous
figures.

In the Gaussian pulse, we find that the wave
amplitude reached 400 V/m and, also the reflection
from the surface of the buried metal bar was different
from the other (figure 9).

Profondeur(m)

In the Ricker pulse, we find that the wave amplitude
R reached 1500 V/m and, also the reflection from the

surface of the buried metal bar was different from
the other (figure 10).

In the Sin pulse, we find that the wave amplitude
reached 1000 V/m and, also the reflection from the
surface of the buried metal bar was different from
the other (figure 11).

5.4 Study of the variation in signal type by
Reflexw

This model shows the signal type influence on
detection targets. It is an air medium with 10m wide
and 2m deep. It consists of targets rectangular bar (1
= 0.3, w = 0.05) (iron, wood, air, rock and water)
having different physical properties inside the

e ——————
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medium (¢ = 1, 6 = 0) at a depth of 1m from the
ground surface as shown in figure 12.

. . L . ayw
Signal types: kuepper, sine, sin, sine continuous,

Signal Kuepper 4 Extr. Dampe and Signal Kuepper
6 Extr. Dampe.

Depth
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Figure. 12. Model for detecting five bars of metal using
four signals by Reflexw software and frequency 800MHz
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Scan length (m)

5.5 The difference in frequency in 3D

Comparison simulation 3D for detection of the tube
using two frequencies 800 and 400MHz by using the
GprMax3d. We observe through the radargrams in
figure 13b, that the resolution of the antenna
800MHz is more than 400MHz as shown in the
amplitude of the signal in figure 13c and e. 03]

Figure. 13. (a) Model 3D to detect tube using two
frequencies 400 and 800MHZ, (b, c) radargram and
amplitude of the signal for detection bar by frequency
800 MHz respectively, (d, e) radargram and amplitude of
the signal for detection bar by frequency 400 MHz
respectively

e —
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6. CONCLUSION

The results showed that there is a large effect of the
frequency in the resolution of the radar GPR and that
there is a direct relation the larger the frequency the
greater the resolution and also showed that there is a
direct relation between the frequency and depth as
the greater the frequency the decrease in depth. The
results also showed that there is an effect on the type
of signal used to detect objects and reflections. The
results also showed the efficiency of the programs
used in this work, which are based on FDTD method
in simulating radar signals in detecting buried
objects.
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