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ABSTRACT 
 
This article is intended to study the resolution of ground 
penetration radars (GPR). Thus, the characteristics of the 
pulses emitted by the GPR radar antennas determine the 
quality of the target reflections. In order to complete a GPR 
survey, it is important to know as much as possible the 
transmission characteristics of these antennas. This 
information is very important for selecting the appropriate 
antennas and setting configuration parameters for a specific 
survey. It is with this in mind that this article deals with the 
development of a simulation set, based on the finite 
difference method in the temporal domain (FDTD), on the 
ability to detect and distinguish objects in different 
situations. In one particular case, the results of these 
simulations of the 400MHz antenna provide an estimate of 
the resolution of the antennas being tested. The conclusions 
reached are the first step in establishing the actual limits of 
the detection capacity of these antennas. 
 
Key words: Ground Penetrating Radar (GPR), antenna 
resolution, Simulation; physical properties, detecting, 
distinguishing. 
 
1. INTRODUCTION 
 
Ground penetration radar (GPR) plays a growing role in non-
destructive exploration, imaging of the polled media is based 
on the emission of electromagnetic waves (EM) in the 
hyperfrequency range (about 100 to 3000 MHz) that spread 
through the various layers of the prospected (heterogeneous) 
media, through a resistive dipole that acts as a resistive 
dipole transmitter, and to record with another dipole at 
reception a portion of their energy reflected by any interface 
with dielectric contrast [1],[2].This technique has great 
potential and is commonly used for the study of subsurface 
in civil engineering, geological and geotechnical studies, 
mapping and discovery of public services, which has led to 
an increasing demand for techniques that can represent the 
basement at a higher resolution than possible before [3],[4] 
[5], [6].  

                                                        
 

 
Numerical modeling and simulation of widely used GPR 
systems and have been recognized as the best way to achieve 
our results. A variety of differential equations and integral 
equations based on numerical modeling techniques have 
been developed for this purpose [7], [8]. The spatial 
resolution depends on the characteristics of the radar and 
survey signal, the (EM) electromagnetic properties of the 
environment studied and the distance from the antenna to the 
target. The frequencies, the number of scans on the target, 
and the spatial configuration of the antenna beam are the 
characteristics that define the radar signal and the 
investigation [9], [10]. The resolution of the characteristics 
of the subsoil is partly affected by the wavelength antenna 
which is directly linked to the higher frequency for a 
frequency of GPR providing a higher resolution than the 
lower radar frequency [11].  
 
In this article, we studied the horizontal and vertical 
resolution of the two objects using the simulation on 
Reflexw. The distance between horizontally and vertically 
placed objects has been calculated. For the horizontal 
position, the GPR uses the wavelength and for the vertical, it 
uses the frequency pulse and the duration. The simulation 
was compared with data from experimental work [12] and 
the results showed good performance.  
 
In particular, this work concerns the development of a 
simulation set to analyze the resolution capacity of the three 
bowtie antennas at the frequency of 400 MHz, which makes 
the simulation at their real resolution capacity and the 
comparison with the theory [13]. The presentation of this 
document focuses on the methodology proposed to carry out 
the resolution of the antenna [14]. 
 
2. MATERIAL AND THEORY 
 
2.1 Methodology 
In this work, we distinguish between buried objects of the 
same type and geometrics shape with simulation by Reflexw 
software. who used the same objects: rectangular objects and 
circular bar buried in a medium of air. In the first stage, we 
detect each body separately, conductor, dielectric and 
different shapes, then we detect two bodies buried together 
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horizontally and vertically and in the other three bodies 
buried together horizontally and vertically and this process is 
done to detect previous objects when they are of the same 
type. In the second stage, we detect the different objects in 
the physical properties (table1), buried horizontally and 
vertically [15], [16]. 

Table 1: Physical properties of the materials 

 
2.2 Numerical modeling of Reflexw software 
Reflexw is one of the software packages for geophysical 
processing and interpretation. This software is based on 
direct modeling to simulate the propagation of EM waves, 
based on the finite-difference in the time-domain (FDTD) 
algorithm. This FDTD method is based on the local 
resolution of the two Maxwell-Faraday and Maxwell-
Ampère equations, the internal structures of the geological 
models studied can be discredited spatially and temporally 
using a mesh-based on The Yee Schema, in order to evolve 
the electric and magnetic fields, illustrated by the Maxwell 
equations (1) and (2), describing the propagation of the EM 
wave in the simulated medium [17]. 
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2.3 Investigative problem 
GPR information can be affected during transmission and 
reflection of pulses by the physical properties 	(휎, 휀푎푛푑휇)of 
the surveyed media, the speed of propagation and the depth 
of the buried objects, which directly influences the quality of 
the amplitude of the EM waves reflected, transmitted and\or 
refracted between the transmitter and the receiver, these 
parameters are very important to determine how targets can 
be accurately located, and thus to deduce the nature and 
distribution It is therefore essential to define a protocol of 
measures in advance. This will depend on the following 
considerations: 
 

A. GPR Equation 
The GPR equation characterizes the radar system 
performance relative to technical parameters of the 

transmitter, receiver, antenna characteristics, and properties 
of media and target objects. The radar equation can be 
defined as [18],[19],[20]. 
 

푄 =   (3)

  
Where푄is system performance (ratio of the emitted signal 
amplitude to the minimum receiver sensitivity); 
휉 is transmitter antenna efficiency; 
휉 is receiver antenna efficiency; 
퐺 is transmitter antenna gain; 
퐺 is receiver antenna gain; 
퐿is distance to the target; 
훢 is attenuation coefficient; 
푓 is frequency; 
푔is backscatter gain of target;  
푆is the target area. 
 
The technical parameters of the GPR radar are the easy-to-
control factors that influence the performance of the system 
and can be measured accurately enough, while the soil 
properties and targets are the most difficult to predict, and 
obtaining a reliable estimate of the extent of the radar signals 
requires site testing. 
 

B. Space resolution 
The resolution of GPR systems is a very important parameter 
to determine how targets can be accurately located, and thus 
to deduce the nature and spatial distribution of these 
materials. Vertical resolution (depth or longitudinal) noted 
(Δ ) and horizontal resolution (transverse range) noted (Δ ) 
(Figure 1), sometimes necessary to conduct operations of 
GPR surveys [21]. 
 

 
Figure 1: Reflections from two targets with vertical separation 훥푟. 

 
Thus, the vertical resolution depends on the durationΔt of the 
radar pulse, which is linked to the center frequency of the 
antenna as follows: 
 

∆ ≈ =
√

   (4) 
 

Material 
Relative 

permittivity 
(F/m) 

Conductivity  
(S/m) 

Velocity 
(m/ns) 

Wood 3 0.003 0.17 
Iron 1.45 9.99×106 0.24 
Air 1 0 0.3 

Dry sand 6 0.0001 0.12 
Soil 9 0.001 0.1 
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Where휏  is the effective duration of the radar pulse obtained 
from the width of the signal envelope at its -3 dB level, given 
by:  

휏 = 2∆푡 = 2(푡 − 푡 ) = ∆  (5) 
 

Where		∆푡 is the duration of the radar pulse between two 
targets separated vertically by a distance equal to ∆ in (푛푠), 
푣 is the velocity of the wave propagation in the medium in 
(푛푠 푚⁄ ). 
 
For most natural materials, this approach does not take into 
account the dispersion effect due to the attenuation of 
electromagnetic waves that increases with frequency. This 
low-pass filter effect in propagating materials increases the 
pulse duration and therefore increases the resolution. Earth 
materials with high water content tend to have higher 
attenuation properties, but this feature is offset by reduced 
pulse length due to slower wave velocity in wetter materials 
[22]. 
 
Horizontal resolution consists of lateral separation of objects 
from the basement, which is the minimum distance that 
should exist between two reflectors located next to each 
other at the same depth so that the radar detects them as 
distinct events(Figure 2)[23].This resolution is related to the 
width of the wave beam emitted by the antenna. A narrower 
beam will of course give a better horizontal resolution. The 
beam can be considered as the energy cone that will intersect 
the reflecting surface. So it's going to touch an area that's 
called the antenna footprint. This area is visible in Figure 3. 
The influence zone is defined as the zone that can contain a 
second target that cannot be resolved uniquely.  
 

 
Figure 2: Schematic representation of the antenna footprint, which 

is used to define the horizontal resolution. 

 
Figure 3 :Reflections from two targets with horizontal separation 

훥 . 
 

So that the horizontal resolution can be identified with the 
size of the fingerprint. A common approximation identifies 
the fingerprint with the diameter (D) of the first Fresnel area 
given by equation (6):[24]. 

∆ = D = + λd  (6) 

 
Another expression of the diameter can be obtained using 
equation (7):[25]. 

∆ = D = +   (7) 

Where휆 is the wavelength in (m);  
d is the vertical distance between the antenna and the 
reflector surface in (m); 
휀  is the relative permittivity of the medium; 
 
Other researchers define the horizontal resolution as the 
distance between the half-power points of the spatial 
response of the scatterer at the plane of the surface: [22]. 
 

∆ = 4d    (8) 

 
3. RESULTS AND DISCUSSION 
 
3.1 Detect targets 
In this paragraph, we will start simulating the detection of 
buried objects with different geometric shapes, using the 400 
MHz antenna and the radar pulse type of Kupper. The use of 
two types of dielectric and conductive objects have been 
buried at depth 1m in the Medium of soil with physical 
properties (Medium: ε =9    σ= 0.001). The objects used are 
of various geometric shapes, circular (R=0.05), rectangular 
(L=50cm and W=10cm), and square (L=10cm). In Figure 4a, 
the detection of buried dielectrics objects is simulated and 
Figure 4b of the conductive targets. 
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Figure 4: Radargram of detect targets buried in soil (a) dielectric 
and (b) conductor. 

 
3.2 Horizontal buried targets of same type 
In this model we simulate detection targets buried at depth 
1m and different horizontal distances (20, 40, 75 cm) as 
shown in figure 5. 

 
Figure 5:Modeling bar circle (R=0.04) 

 
The model shows the objects buried together with spacing 
horizontal (20; 40 and 75cm). 

 
A. Dielectric bars 

The simulation resolution of the GPR antenna for detection 
of the targets buried in the medium of soil and air, the first 
case soil and second air as shown in Figures 6a and 6b, the 
bars used are dielectric. The simulation frequencies have 
been set at 400MHz. The emission and reflection of the 
simulated signal were recorded over the effective pulse 
duration of 1.3 ns for 400MHz antenna. The results obtained 
from the measured vertical resolutions have been 
summarized. They have also been presented as shown in 
Figure 6a for the medium of soil and 6b for the medium of 
air. In this figure we note the presence of diffraction 
hyperbolas which indicates the presence of the targets. 

 
 
 

 
 
 

Figure 6:Radargram of the detection two dielectric bars buried 
horizontal with spacing 20 cm (x1 = 1.9, x2 = 1.10), 40cm (x1 = 

3.8, x2 = 4.20) and 75cm (x1 = 5.675, x2 = 6.375) (a) soil medium 
(b) air medium. 

 
B. Conductors bars 

The same thing in Figure 7, we buried two targets in a 
circular shape and with a conductivity (conductor) with three 
spacing distances. 

 
 
 

 
 
 

Figure7:Radargram of the detection two-conductor bars buried 
horizontal with spacing 20 cm, 40m and 75cm (a) soil medium (b) 

air medium. 
C. Conductor and dielectric horizontal spacing 

In this part, we use targets different in the physical 
characteristics as a good conductor and a good dielectric and 
separated by a horizontal distance, 20 cm, 40 cm, and 75cm 
as in figure 8. Note in Figure 8 that the impact of high 
conductivity bar iron very strongly on the wooden bar, 
almost entirely disappeared. In figure 8, the distance interval 
of 40 cm and still an influence by the iron rod on the wood, 
but less. 

Circular  

Rectangular 
 

Square  
 

75cm 40cm 20cm 

(a)  
 

(a)  
 

(b)  
 

(b)  
 

(a)  
 

(b)  
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Figure 8: Radargram of the detection two bars conductor and 
dielectric buried together horizontal with spacing 20 cm, 40cm and 

75cm; (a) soil medium (b) air medium. 
 
3.3 Buried bars vertical spacing 
In figure 9 shows the modeling of detection of the targets 
circle (Figure 9a) and rectangular (Figure 9b) buried with 
spacing vertical. 

 
 

 
 

Figure 9: Modeling for detection of the targets buried vertical 
spacing. 

(a): Two circle bars, (b): Two conductor bars 
 

A. Conductor targets buried with spacing vertical 
In this part, we utilize in the simulation two mediums dry 
sand the first case and air for the second case. an iron and 
wooden bar as form circular with 0.04cm in diameter and 
rectangle bars (w = 0.04, l = 0. 5) was buried at a depth of 1 
m and located on the surface at four different distances (5, 
20, 40, 75 cm).  The radargrams illustrated the emission and 
reflection of the signal were recorded over the effective pulse 
duration of 1.3 ns for 400 MHz antenna. The results obtained 

from the measured vertical resolutions have been 
summarized in Table 2 for the theory of the 400 MHz 
antenna and the simulation. They have also been presented as 
shown in Figure 10a, 10b. In this figure we note the presence 
of two diffraction hyperbolas which indicate the presence of 
the bars. This is exactly the depth at which the iron or bar of 
dielectric was supposed to be buried. 

 
 

 
 
 

Figure 10:Radargram of the detection two bars conductor buried 
together vertical with spacing 5cm, 20 cm, 40cm and 75cm; (a) soil 

medium (b) air medium. 
 

B. wooden bars buried Vertical  
The same work as in the previous paragraph only here are 
dielectric targets and the results are shown in figure 11. 
 

 
 
 

 
 

Figure 11:Radargram of the detection two bars dielectric buried 
together vertical with spacing 5cm, 20 cm, 40cm and 75cm; (a) 

circular (b) rectangular 
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C. Dielectric and conductor bars buried together with 
vertical spacing  

In this part, we will simulate the resolution of the radar GPR 
in detecting objects in the form of rectangular and different 
physical properties conductor and dielectric as shown in the 
figure 12a and 12b. 

 
 
 

 
 
 

Figure 12:Radargram of the detection of two bars rectangular 
dielectric and conductive (5, 20, 40, 75cm). 

 
3.4 Three bars dielectric and conductor buried together  
In figure 13, we will simulate the resolution of the radar GPR 
in detecting three objects in the form of rectangular and 
different physical properties conductor and dielectric as 
shown in figure 13. 
 

 
Figure 13:Radargram of resolution Radar GPR for detection three 
bars dielectric and conductor buried together with spacing vertical. 

 
 
3.5 Cavity 
At the end of this work we will simulate the detection of 
submerged cavities inside a conductive or dielectric medium 
as shown in figure 13. 

 
Figure 14:Modeling detection of the cavity inside the medium of 

dielectric or conductor. 
 

 
 
 

 
 
 

Figure 15:Radargram of the detection of the cavity with the 
diameter 15cm; (a) cavities of the conductor (0.15) filled with a 

dielectric (0.04cm); b) dielectric cavities (0.15) filled with 
conductor (0.04). 

 
4. CONCLUSION 
 
After performing this simulation to study the resolution of 
the radar GPR using the Reflexw program, which depends on 
the FDTD method, it was effective and successful, and is 
considered the first of its kind. We were able to discover the 
different things in the physical properties, buried together, 
and distinguish them. In this work, the emphasis was placed 
on the antenna accuracy with 400 MHz, which is considered 
the most used. Through the previous results, we note that 
several factors affect the resolution of the radar GPR, 
including the types of the medium for example (soil or air) 
distances between the targets horizontal or vertical and the 
type of frequency. 
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