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Abstract—In this paper, the interaction between a 

measurement system, the landmine, and the soil is 

investigated to detect an unknown buried object. In 

particular, the performance of different approaches for 

landmine localization using electromagnetic time reversal 

(EMTR) methods is investigated in terms of their detection 

efficiency and computational efficiency. The considered 

methods include the classical time-domain EMTR, iterative 

EMTR, EMTR-DORT (decomposition of the time reversal 

operator), and EMTR-MUSIC (Multiple signal 

classification). The obtained simulation results show that 

EMTR is a promising technique for landmine detection and 

localization. 
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I. INTRODUCTION 

 

Although a large spectrum of methods has been investigated 

to detect landmines, only enhanced metal detectors and 

ground penetrating radars have been used in the field [1]. 

The performance of these methods is still far from the 

desired levels due to the complexity of the environmental 

and field conditions. In this paper, time reversal methods in 

both the acoustic and the electromagnetic regime [2] have 

been applied to localize landmine(s). We present the results 

of an investigation in which different types of EMTR based 

methods (classical EMTR, iterative EMTR, DORT, and 

TR-MUSIC) are applied to the problem of landmine 

localization. These methods have shown to be promising in 

terms of accuracy and efficiency in localizing landmines, 

and could potentially replace or complement existing 

methods in the future.  

 

II. COMPARISON BETWEEN EMTR-BASED METHODS 

The simulation results showed that both the TR-MUSIC and 

DORT methods, implemented in a single frequency, were 

able to accurately locate the targets. The resolution of the 

DORT method can be increased by increasing the number 

of antennas. However, even with a higher number of 

antennas, DORT does not allow to achieve super-resolution. 

With a similar computational cost to that of the DORT 

method, EMTR-MUSIC is able to achieve super-resolution 

to distinguish targets located within distances as low as 

λ/20. The classical EMTR method implemented in the time-

domain requires higher computational resources compared 

to DORT and TR-MUSIC.  

 

In summary, TR-MUSIC appears to outperform other 

EMTR-based methods, allowing to detect multiple closely 

spaced targets using a reasonable number of sensors. 

 

III. NUMERICAL RESULTS 

As seen in Figure 1 (a), A 5-mm radius spherical metallic 

target is buried in a homogeneous soil at a depth d = 0.4 m.  

Three identical dipole antennas are used as transmitters with 

length and radius 135.5 mm and 2.5 mm, respectively. At 1 

GHz, the antenna return loss is about 20 dB, which is 

appropriate to detect landmines at this frequency. All dipole 

antennas are at a height h = 0.5 m above the ground. The 

horizontal distance between adjacent antennas is s = 0.5 m. 

The frequency range of the excitation Gaussian pulse is 

from 0 to 2.0 GHz.  

 

 
Figure 1.  (a) A view of the geometry of the homogenous soil half-

space problem. (b) 2D view of the TR-MUSIC pseudospectrum. 

The red circle and the black cross show the actual and estimated 

landmine locations. The soil permittivity and conductivity are 4.0 

and 0.01 S/m, respectively.   

 

Figure 1(b) shows the TR-MUSIC pseudospectrum 

obtained using the CST-MWS time-domain solver. The red 

circle and black cross show respectively the actual and 

estimated target locations. In this case, TR-MUSIC could 

localize the landmine with a localization error of 3.58 mm.  
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