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 This study aims to detect landmines in various environments by analyzing the 

scattering parameters obtained via Ground Penetrating Radar (GPR). The GPR 

system captures the scattering parameter, which serves as the key indicator of 

subsurface anomalies. A reference signal is first acquired from a simplified 

environment where a landmine is embedded in isolation. Signals from more 

complex or cluttered environments are then measured and compared against this 

reference. The presence of a landmine alters the scattering characteristics of the 

medium, influencing the measured parameter. By evaluating the similarity between 

the reference signal and the signals collected from the target environment, it is 

possible to infer the existence of a landmine. This similarity is quantified using a 

correlation function, which effectively highlights matching patterns. The strength 

of this approach lies in the distinctive and invariant nature of the scattering 

parameter, which provides a reliable basis for detection. The proposed method 

offers a practical and efficient solution for landmine detection, especially in 

scenarios where signal clarity and robustness are essential. Its reliance on scattering 

parameter uniqueness ensures consistent performance, making it a promising tool 

for real-world applications in humanitarian demining and subsurface anomaly 

detection. 
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1. INTRODUCTION 

One of the widely used tools to detect objects in a wide variety of applications, including landmine detection [1], 

Buried Pipe Detection [1], and Detecting oil under snow [3] is GPR. GPR is capable of detecting metallic and 

nonmetallic objects because it is sensitive to changes in electric permittivity, electric conductivity, and magnetic 

permeability. GPR has limitations, e.g its signal is attenuated by metallic objects and also, conductive and wet ground 

makes detection hard for GPR [4]. In Antarctica, GPR was used for ice sounding for the first time [5]. 

GPR usually operates in the frequency ranging from 1-5000 MHz [4]. Two traditional GPR systems exist, 

according to the radiated signal. Pulse radar systems that use small pulses of a short period (generally 1-10 

nanoseconds) are commonly used. Other GPR systems use sinusoidal radio waves of a tone signal. This type of GPR 

is named Continuous Wave GPR (CW-GPR) [6]. 
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A distinguished feature of Step Frequency Ground Penetrating Radar (SFGPR) is penetrating depth without 

lowering power [7]. Stepped-Frequency Continuous-Wave (SFCW) GPR is another system, suitable for detecting 

the buried pipelines. This type of GPR uses narrow IF bandwidth and high power, hence it has lower noise [5]. 

The landmine detection is essential for mankind but also expensive because of its unclear position [8,9]. Several 

methods are utilized to detect landmines including video impulse GPR system [8], multiple landmine detection[1], 

the Acoustic laser method [10], clutter modelling [11], Prony's algorithm[12], Complex-valued neural networks[13], 

Bispectrum method[14] and Karhunen-Loeve (KL) transform[15,16]. 

In the video impulse GPR system, an FR-127-MSCB impulse GPR is used for measurements and a fuzzy logic-

based algorithm uses the similarity of prototypes or feature sets for landmine detection [8].  

The algorithm of multiple landmine detection uses symmetry filtering for extracting signals for each object and 

energy projection for estimating the number of objects. In this method, the envelope detector is used in landmine 

detection [1]. 

Parametric acoustic array (PAA) source in Acoustic laser method is used to transmit a sound beam from a safe 

distance. The standoff system concept is used and discussed in this method [10]. 

The clutters have an essential role in detection of small objects in the heterogeneous soil. Hence, GPR clutter has 

influenced the propagation of electromagnetic waves [11]. 

Prony’s algorithm finds the domain complex natural resonances (CNRs) for vectors of the time-domain. In this 

method, the distance-based detectors process an unknown image with CNR features known objects [12]. 

The neural network can be used for landmine detection. The data is provided by different kinds of sensors. The 

classification on phase-sensitive detection has provided detection of the landmine by a complex-valued neural 

network [13]. In another method, Bispectrum is used to extract shape-dependent features. A neural network is trained 

on the feature extracted from the image window. The trained network performs detection and classification. For 

example, KL transform is used to extract features [14-16]. 

Scattering parameter (s-parameter) was used to detect the buried objects and small cracks and holes in metals and 

other materials [2,17]. Modelling the environment using a lumped element model is an approximate model [2]. The 

scattering parameter depends on some parameters of the object such as size, shape, composition, and permittivity. 

Hence, we can get some properties of the object from it [18].  S-parameter is used to detect a tumor in the brain and 

lungs. In this method, s-parameter is transformed to the time domain by Inverse Fast Fourier Transform (IFFT) and 

the process is applied on the time-domain signal. This method uses the peak of time-domain signal when the tumor 

is present and absent with each other for detection of the tumor [19-21]. 

In this paper, two kinds of simulations are done. In the first kind landmine is present and in another it is absent. 

Hence, a method for deciding on the presence of a landmine is selected. We choose the correlation method between 

two signals. All plots in the simulation part demonstrate the ability of this method. In this method, there is a 

restriction on the substance of the soil layer. If the wet soil was close to the surface of the ground, good results could 

not be obtained. GPR can-not obtain good results when the wet soil in the environment exists as in figure 8 and 

results are shown in figure 9. However, in our environment, the soil is dry so this method can help us very well. 

2. SCATTERING PARAMETER 

The scattering parameter can be calculated according to the incident and reflected waves. The incident wave 

illuminates the target and is produced by a transmitter antenna. The reflected wave is scattered from target and 

received by receiving antenna [2]. Scattering regions are regions that are classified according to the wavelength and 

size of the target. The Rayleigh scattering region is located where the size of the object is smaller than the 

wavelength. The object size in the resonant scattering region is more than 10 λ [22]. In this paper, the landmine is 

on the resonant scattering region. Standing wave and travelling wave are measured mixtures together in one direction 

in one-point. They can be calculated rarely independent and they are dependent on the frequency. Hence, impedance 

or admittance are not good displays, for this reason, we use the scattering parameter [23]. For the N-port network, 

the scattering matrix(s-matrix) is defined as the impedance or admittance matrix. S-matrix is calculated according 

to the incident wave and reflected wave. The environment can be modelled like a circuit and calculated s-matrix.   is 
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the amplitude of incident voltage wave and  is the amplitude of reflected voltage wave[24]. The S-matrix relates 

these two parameters to each other. The following formula shows it. 
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Here, ijS  means transmission coefficient from port j to port i when other ports are terminated in the matched 

load. We can calculate 12S by applying an incident wave to the port 2 and calculate the output wave from port 1 

[24]. 

The S-matrix of the reciprocal network is symmetrical by calculating the S-parameter. It is defined as 

 

(𝑠)=(𝑠)𝑡                  (4) 

 

Where t means the transpose matrix. 

Likewise for a lossless network, the following expression can be obtained 
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Where * means the conjugate matrix. 
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3. CORRELATION FUNCTION 

The correlation function is defined as 
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*( ) ( ) ( )  vwR q v s w s q ds

+

−

−                                                                                                                         (7) 

In this method, the scattering signal is complex. Hence, the correlation is also a complex number. In this paper, 

similarity is demonstrated based on magnitude. For this reason, normalization is used.  

*( ) ( ) 0 vP v t v t                                                                                                                                      (8) 

 

P for two signals that are similar is the power of the signal [25]. 

4. SIMULATION ANALYSIS  

The GPR is appropriate to detect objects with a size of 5-30 centimeters (cm) [26]. The S-parameter can be used 

for the detection of a plastic landmine by using the simulation of a simple and complex real environment in Computer 

System Technology software (CST).  

In this paper, the landmine is made from polyimide. It is loaded from the material library of CST. Its epsilon is 

3.5 and mue is 1. The radius of the landmine is 5 cm and the height is 15 cm. Sandy soil epsilon is 2.53 and mue is 

1. The distance between the landmine peak and soil surface is 5 cm. Figure 1 shows an a landmine alone in dry soil. 

 

Fig. 1.  Landmine alone in simple environment 

 

A GPR is simulated with two inputs and two outputs. For these purposes, two Vivaldi antenna are dedicated that 

can radiate and receive wave. The location of antennas in all simulations is constant. The transmitted signal plot in 

figure 2. Figure 3 shows an antenna and Figure 4 shows antennas in the environment. 

The environment boundary conditions are specified as a Perfectly Matched Layer (PML), meaning that lateral 

reflections have been eliminated. The distance between ports and surface of the soil is 1 cm. The first simulation is 

a landmine alone in dry soil that is shown in figure 1. The S-parameter matrix has been taken according to the 

frequency ranging from 600-2000 MHz. The s-parameter of this simulation is taken as a reference signal. Some 

simulations are shown in figures 5, 6, 7 and 8.  İn figure 5, a brick concrete is put under a landmine and in figure 6, 

a pipe is put. Figure 7 shows a very complex environment. In figure 8, a 5 cm layer of moist soil is put in the surface. 

İn the other simulations, the landmine is absent. The similarity between simulations are calculated in table 1. 
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Fig. 2.  Transmitted signal in simulations 

 
 

Fig. 3.  Antenna 

 

 
 

Fig. 4.  Antennas and environment with landmine from the top 
 

 
 

Fig. 5.  Environment simulated with a concrete brick under the landmine 

 

 
 

Fig. 6.  Environment simulated with a pipe under the landmine 
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Fig. 7.  Complex environment simulated with a landmine 

 

 
 

Fig. 8.  Environment simulated with the landmine and a layer of moist soil in the surface 

 

 

Table 1. Similarity 

 

Type Similarity(percentage) 

figure 1a without landmine 50.2 

Figure 3a 98.68 

Figure 3a without landmine 54.29 

Figure 4 99.26 

Figure 4 without landmine 70.1 

Figure 5a 99.11 

Figure 6a 65.3 

 

Figure 9 demonstrates s21 magnitude when the landmine is present or absent when a layer of wet soil is on the 

surface, compared with the reference signal. 

For the wet soil, the other methods like time delay differences [27] and resistively Loaded Vee Dipoles can be 

used [28]. We cannot separate the effect of every object because the S-parameter behaves nonlinearly [24]. 

Figure 10 demonstrates that s21 magnitude is taken from figure 1, figure 7 and figure 7 when the landmine is 

absent in one plot. 

In figure 11, the impact of each of the objects is shown. The black line shows S21 from dry soil. It is obvious 

that the red line is different from the others. The green and blue lines are very similar to the black line. It is very 

clear that the soil effect is undeniable. 
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Fig. 9.  Received signals for understanding the effect of a layer of moist soil 

 
Fig. 10.  Received signals for understanding the similarity between environments that landmine is present   

 
Fig. 11.  Received signals for understanding the effect of soil in simulations 
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Now, we want to compare simulations together. A signal should be used as a reference signal for comparison. A 

3-D plot of probability of detection (PD) according to the similarity and SNR is plotted in figure 12. A White 

Gaussian Noise (WGN) has been added to the signal and then the similarity has been calculated according to SNR. 

In this paper, we define SNR according to the dB. The Number of Experiments (NE) to calculate PD is taken as: 

100
 

%
NE

error
=                                                           (9) 

 

Hence, NE for 0.01 % error is 10000 times [29]. 

Calculations for PD are done 100 times. When similarity in every calculation with constant SNR is more than 

threshold, the PD 1 percentage increases. 

 

Fig. 12.  PD when landmine is present 

It is important that all landmines are found. Hence, probability of error (PE) according to the similarity and SNR 

is plotted in figure 13. Calculations for PE are done 100 times. When similarity in every calculation with constant 

SNR is more than threshold, PE 1 percentage increases. PE is done when the landmine is absent. 

 

Fig. 13.  PE when landmine is absent 
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5. CONCLUSION  

In this paper, the detection in the presence of other objects is done. It is very important that your model can find 

the effect of landmine from other objects. The scattering parameter can be used for the detection of buried objects 

in the subsurface. The effect of noise is not considerable because landmine presence or absence effects are visible. 

In this paper, we demonstrate that if the level of threshold decreases, SNR decreases and PE increases. Hence, the 

level of threshold must be optimum. This method is applicable where subsurface soil is dry. This method is not 

operating where the surface of soil is wet, for example in the tropical forest. 
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