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Abstract: This paper presents a comparative study between two electromagnetic  inverse methods based  respectively on 
electromagnetic time reversal (EMTR) technique and genetic algorithms (GA) for radiating sources characterization in the 
near field (NF). Indeed, frequency inverse methods reveal insufficiencies in transient radiations study. For instance, it leads 
to a repetitive process for multiple distinct frequencies. To overcome the frequency method limitations, EM inverse method 
in time domain (TD) successively based on GA and EMTR technique are implemented using analytical equations governing 
equivalent  dipoles  radiations.  The  performance  of  the  two methods  is  compared  in  terms  of  complexity,  accuracy,  and 
calculation time. A TD measurement test bench is given using the NF scanning technique. Experimental results confirm that 
both methods are efficient and provide adequate equivalent models. Nevertheless, GA‐based method depends on simplifying 
assumptions  and  thus  the  convergence  is  not  always  guaranteed.  Therefore,  EMTR‐based  method  is  more  suitable, 
particularly for high switching frequencies in electronics systems. 
 

1. Introduction 

In order to control and predict electromagnetic (EM) 
interferences produced by electronic devices, 
electromagnetic compatibility (EMC) has become among the 
main concerns for circuits designers [1]. In the literature, the 
investigation of radiated emissions has been of great interest 
[1]. As a common solution, the inverse problem resolution 
has been proposed to characterize radiating sources, 
particularly in the near field (NF) region [2-3]. A NF 
measurements studies have been conducted in [4-5]. 

Generally, analysis of magnetic field disturbances 
requires the study of critical frequencies appearance facing 
EMC standards. For a defined system, the first step of 
modelling is the identification of radiating sources in the 
frequency domain (FD). EM inverse problem based on 
conventional optimization methods, such as genetic 
algorithms (GA), have been discussed in [2-3] using 
frequency analysis. Nevertheless, frequency methods are not 
very efficient in the presence of transient radiations, as well 

as it cannot deal with fast and high changing current ( ), 

which is a time domain (TD) challenging issue in many 
electrical engineering systems [6-11]. Moreover, particularly 
when dealing with radiation behaviours of electronic systems, 
active elements are not necessarily radiating simultaneously. 
This fact is not considered using FD analysis where dipoles 
appear all at once.  

Therefore, analytical equations have been developed 
in TD for modelling radiated emissions in the NF [6, 8, 10]. 
For instance, in [8], authors have studied a matrix inversion 
method in order to determine the TD NF equivalent model 
parameters.  Works in [9-10] have differently investigated the 
use of GA-based methods in the time domain. However, on 
one hand, the aim of this optimization method, in either 
frequency or time domain, is to ensure the algorithm 

convergence towards an optimal solution [3, 10]. Moreover, 
choosing appropriate parameters settings such as crossover, 
variables bounds, and mutation probability are of a great 
importance since settings strongly affect computing time and 
memory. The solution quality can also be deteriorated with 
the increase of the problem size, especially in case of 
multisource structures. On the other hand, EM TD inverse 
method based on GA requires as an input to provide an 
excitation signal. Therefore, authors in [11] have proposed 
using a simplifying assumption which limits the validation of 
the proposed method. In fact, they have suggested that the 
measured radiated magnetic field is approximately 
proportional to the current signal flowing in the radiating 
source.  

In this regard, electromagnetic time reversal technique 
(EMTR) has been presented as an efficient alternative method 
for radiating sources reconstruction [12-15]. Time reversal 
(TR) has been applied in several applications such as 
acoustics and recently in electromagnetics [16]. The idea 
behind TR is going back in time, in a way that an EM wave 
follows the path it comes from in the immediate past. A time 
reversal mirror (TRM) can be theoretically employed in order 
to obtain focusing signals [14, 17-18]. Due to this focusing 
property, TR is able to identify radiating sources in both time 
and space. Authors in [12-13] have introduced this theory for 
a single source identification in TD using sinusoidal and 
Gaussian type excitations. Moreover, experimental 
measurements have been carried out using a TD test bench. 
For validation purposes, a comparative study between TD 
EMTR-based method and a conventional FD optimization 
method based on GA has been carried out in [19] using a 
mono turn coil. Based on FD magnetic field modelling, 
characterization of transient disturbances has required an 
iterative process in order to cover the whole frequency 
spectrum of measured radiated field. However, TD EMTR-
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based method has been carried out in one run with a 
considerable reduction of computational time. 

The purpose of this paper is to provide a full TD 
comparative study between two EM inverse methods based 
respectively on EMTR and GA for the identification of 
radiating sources in case of a multisource structure. 
Measurements have been performed above an academic 
structure containing two radiating nearby current loops, 
including an angled source, supplied by a DC-DC converter 
circuit, well known in advance and similar to real sources. In 
fact, in advanced power electronic systems, a representative 
radiation model is based on a limited number of different 
equivalent dipoles [20, 21]. For instance, radiating sources, 
such as switching cells and magnetic components, have been 
commonly modeled by circular magnetic dipole. Hence, for 
simplification purposes, the studied test case is a basic 
multisource structure that has similar properties as a complex 
application whose radiation could characterize any power 
electronic circuit.  

This article is organized as follows: Theoretical 
investigations of both EMTR and GA-based methods are 
discussed in section 2. A NF measurement test bench is 
described in section 3.1. The studied structure is introduced 
in section 3.2. Obtained results are given in section 4. 
Measured magnetic field maps are compared to estimated 
distributions. Section 5 concludes the paper by addressing the 
main issues raised in this comparative study. 

2. Theoretical Basis  

In what follows, the magnetic field is calculated in NF 
region using a set of equivalent dipoles. An elementary dipole, 
Fig. 1, is defined by its coordinates (𝑋 , 𝑌 , 𝑍 ), magnetic 
moment and orientation angles (θ, φ . It has a surface of  𝑆
π  𝑟 , where 𝑟 is the radius, and a moment of  M ⃗   𝐼
S ⃗, where 𝐼  is the current flowing in the loop. Furthermore, 
the discussion in this paper is completely based on time 
domain analysis.  Analytical equations of equivalent dipoles 
radiations have also been developed in TD [10-11, 12-13].  

 
Fig. 1. Equivalent magnetic dipole representation. 

  
2.1. Electromagnetic Time Reversal Technique 

Time reversal technique has known a success first in 
acoustics and ultrasounds applications. More recently, this 
theory has been introduced in the wide field of 
electromagnetics [16]. This approach has often been called 
electromagnetic time reversal technique (EMTR). EMTR 
technique is based on the following steps, Fig. 2: 

  
a. Forward propagation phase that consists on the 

measurement or computation of initial EM field using a 
time reversal mirror (TRM), which is a set of transducers 
recording received radiated fields, Fig. 2. 

 

b. Time reversing phase that is based on flipping recorded 
magnetic field in time and then simulation of back-injected 
signals. Due to the reciprocity theorem, the same field is 
obtained by emitting a pulse at TRM and recording the 
signal at the source point. 

 

c. Backpropagation phase: it consists to the propagation of 
time-reversed signals, Fig. 2. This phase is based on the 
reversibility in time of the wave equation.  

 

d. Focusing phase and assessment of obtained focusing 
results:  determining the most characterized source by the 
highest concentration. Due to focusing, EMTR has been 
proven to be a solution to space and time reconstruction 
problems and locating sources [13-18]. 

 

Fig. 2. EMTR principle.  
 

2.2. EM Inverse Method Based on GA 
GA has been considered as one of the most commonly 

employed stochastic optimization methods. Theoretically, 
GA simulate the evolution in a population using a particular 
selection criterion in order to find an optimal solution. A GA 
procedure is carried out as follows:  

 

a. Coding: it is the genetic representation of each 
individual in the population (can be a potential solution). 
 

b. Fitness function: it reflects how close the solution is to the 
optimal solution of the problem. 

 

c. Genetic operators: such as the crossover and the mutation, 
allowing the research field exploration by obtaining new 
individuals in the population from those existing. 

 

d. Genetic parameters: such as the population size, the 
generations number, crossover and mutation probability.  

 
GA-based method has shown good performances in 

the identification of radiating sources in both FD and TD [2-
3, 11, 19]. Fig. 3 illustrates the flowchart of the EM inverse 
method based on the used GA procedure. In this article, we 
take into account studies in [10-11] to implement the 
proposed method in TD. The procedure has been established 
on the minimization of the error described by the fitness 
function. We refer to [2] in order to accelerate the 
convergence of the algorithm by using a proper choice of GA 
options, Table 1. Moreover, the proposed optimization 
method based on GA involves the knowledge of the time 
domain waveform of the excitation signal. As a solution, by 
analyzing TD analytical equations of dipoles radiation in the 
NF [13], authors in [11] have made simplifying assumptions 
by supposing that TD magnetic field at the identified dipole 
position is proportional to the TD current signal flowing in 
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each radiating source. Therefore, in order to obtain the 
excitation shape of each identified dipole in the studied 
structure, we use the measured TD magnetic field. At the end 
of the optimization process, the obtained dipoles parameters 
provide the best estimation of the near field distribution.  
 

 

Fig. 3. Flowchart of the used optimization algorithm.  
 

 
3. Experimental Validations 

3.1. TD NF Measurement Test Bench 
It is worth noting that in a FD method magnetic field 

maps have to be measured and treated for several distinct 
frequencies. However, by applying a TD-based method, a full 
measurement acquisition is needed and characterization is 
carried out through a single solve. Therefore, a NF TD 
measurement test bench is required.  In fact, TD measurement 
tools such as high precision oscilloscopes are employed, as in 
[13], with a synchronous acquisition. A synchronization 
signal is used to trigger off the transient event. When the 
reference signal is detected the sample is recorded. To 
perform radiated emission measurements, a magnetic field 
probe has been placed above the studied structure. This probe 
is a circular loop, of a radius equal to 1.6 𝑚𝑚 that generates 
a voltage from the varying magnetic flux. Based on the 
mechanical displacement of the measuring probe, radiated 
field maps are obtained instantaneously. A computer records 
measured datasets through an oscilloscope (Lecroy 
WaveRunner 104XI). This technique can be applied to the 
three components of the field, but for the scope of this paper 
it is limited to the normal component 𝐻 . The proposed bench 
is depicted in Fig. 4. 

 

 
Fig. 4. TD measurement test bench. 

3.2. Studied Configuration 
Measurements have been performed above a PCB 

(Printed circuit Board) involving two nearby current loops 
with a same radius 𝑟 5 𝑚𝑚. Configuration parameters are 
shown in Table 2. We have chosen for this experimental 
validation a structure whose radiating sources are real and 
well known in advance in order to better test the robustness 
and the effectiveness of proposed methods in finding an 
efficient equivalent model. The first loop is placed on the (XY) 
plane, whereas the second is tilted around y-axis, as in Fig. 5. 
These loops are excited by a current equal to 0.5 A and are 
subjected to a voltage of 30 V. The DC-DC converter, which 
provides the power supply, has a switching frequency of 𝑓 
 50 kHz and a duty cycle  𝛼  0.5. The excitation signal is 
properly selected and it corresponds to the DC-DC 
converter’s switched current that includes many resonances 
at several frequencies. Measured signals at three scanning 
points above the structure (whose positions are highlighted in 
Fig. 5) are pictured in Fig. 6. In Fig. 7, measured TD maps 
are given for different time steps.  

 

 
Fig. 5. Studied structure. 

 
 

Fig. 6. Measured radiations signals at A, B and C. 
 

Table 2 Configuration parameters 
Scanning area 31 mm 18 mm  

Height of measurement 8.5 mm 

Scanning resolution 1.5 mm 

TRM 286 scanning points 

Signals Duration 20 μs 

Table 1 Adopted options of GA 
 
Fitness function 

𝐻 𝐻

𝐻
 

Population size 20 𝑁 𝑁  30 𝑁  
Crossover rate 0.6 < R < 0.8 
Selection function Roulette 
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Fig. 7. Measured maps: 𝑡 5.98 𝜇𝑠, 𝑡 6.08 𝜇𝑠 
and 𝑡 6.31 𝜇𝑠. 
 
4. Comparison and Results 

4.1. EM  Inverse Method Based on GA 
In this subsection, we apply TD EM inverse method 

based on GA. Obtained parameters of the equivalent model 

are in Table 3. Fig. 8 sets out the measured magnetic maps at 
different time steps. The representative model has a similar 
radiation behavior as the studied structure along time. Hence, 
there is a sufficient agreement between measured 
distributions and field maps calculated using parameters of 
the identified model at the same time steps (Figs 7 and 8).  

 

Fig. 8. Estimated TD maps using GA-based method. 
 

4.2. EM  Inverse Method Based on EMTR 
In this paper, EMTR-based method is applied in time 

domain using the maximum focusing criterion [12, 13]. 
Identified parameters of the equivalent model are revealed in 
Table 4. Using obtained equivalent dipoles, the radiation 
behavior of the PCB is reproduced. Magnetic field maps at 
previous time steps are illustrated in Fig. 9.  

An efficient agreement is observed between measured 
and estimated TD field maps using EMTR technique at the 
same different time steps, Figs 7 and 9. We notice similar 
radiation distributions between reconstructed behavior and 
the studied structure emissions along the period test.  

 

Table 3 Parameters obtained using GA-based method 
 Max moment 

(A.𝒎𝟐) 
Position  

(mm) 
Orientation

(rad) 

# 1 3.50 10  -0.2 / -6.7 / 0.9 0,10    0,12 
# 2 6.96 10  0.2 / 9.4 / 2.5   0,82    0,03 Table 4 Identified parameters using EMTR technique 

 Max moment
(A.𝒎𝟐) 

Position  
(mm) 

Orientation
(rad) 

# 1 2.99 10     0 /  -6.3  / 0   0           0 
# 2 6.37 10  0 /   7.9  / 0    0.78       0 
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1.  

Fig. 9. Estimated TD maps using EMTR technique. 
 

4.3. Discussion 
It is important to notice that compared to frequency 

methods, where identification approaches have to be carried 
out at only chosen frequencies, TD approaches enable 
analysis to be performed through one run, which is much 
more straightforward. This is a real case where methods based 
on TD analysis are strongly required. It allows the 
identification of an adequate equivalent model of studied 
structure, for all spectrum frequencies at once, which avoid 
the repetitive process of optimization methods.  

 

In order to evaluate the contribution of the proposed 
EMTR technique, a comparison between measured and 
reconstructed magnetic field using TD inverse methods based 
on successively GA and EMTR methods at 𝒀𝟎 (Fig. 5) and 
 𝑡 6. O8 𝜇𝑠 is presented in Fig. 10.  According to these 
results, estimated magnetic fields along x-axis has a sufficient 
agreement with measured signals at 𝒀𝟎 . Moreover, both 
methods give efficient reconstruction of measured radiation 
signals at position A, B and C, as depicted in Figs. 11-13. 
Obtained comparison results prove the efficiency of the two 
methods in providing an adequate estimation of radiated field 
signals at different scanning points and thus a representative 

equivalent model. However, the EMTR-based method seems 
to be more suitable compared to the optimization method 
based on GA. Indeed, the relative error obtained using EMTR 
technique is almost half that of GA-based method, as 
mentioned in Table5. 

 
Fig. 10. Comparison between measured and estimated 
radiated field along x-axis, cut at 𝑌  and  𝑡  6.08 𝜇𝑠. 
 

 

 
Fig. 11. Comparison between measured and estimated 
radiated field at position A. 

 
Fig. 12. Comparison between measured and estimated 
radiated field at position B. 

H
z(

A
/m

)
H

z(
A

/m
)

Table 5 Performances of each method 
Performance 

criteria 
EMTR-based 

method 
GA-based 

method 
Calculation time 42 𝑚𝑖𝑛 496 𝑚𝑖𝑛 
Relative error (%) 6.23 13.81 
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Fig. 13. Comparison between measured and estimated 
radiated field at position C. 
 

Compared to GA-based method, EMTR technique, 
which is a matrix method, is not based on a stochastic 
optimization algorithm and thus it needs reduced computing 
time. Using previous results and Table 5, the proposed 
EMTR-based method has been performed in 42 𝑚𝑖𝑛 and the 
GA-based method has converged 
in  496 𝑚𝑖𝑛 ,  which is ~11,8 times faster . Moreover, the 
GA-TD method is based on some hypothesis that are not 
considered on EMTR method. Hence, the comparison 
between these two approaches has revealed that NF EM 
inverse method based on EMTR is expected to be more robust 
and suitable in terms of convergence time, accuracy and 
simplicity of implementation.  
 

5.  Conclusion 

In this paper, a full TD comparative study of EM 
inverse problem based successively on EMTR and GA 
methods has been investigated using the near field scanning 
technique for radiating sources identification in a multisource 
structure. Measured radiated field maps are obtained by 
scanning the computing domain using a TD NF measurement 
bench. Efficient agreement has been noticed between 
measured and estimated distributions with both EMTR 
technique and GA -based methods. Nevertheless, results have 
shown that the optimization method based on GA is sensible 
to selected options and cannot guarantee convergence 
towards the solution. Moreover, the EM inverse method 
based on GA is founded on simplifying assumptions that 
limits its validity. However, the proposed EMTR-based 
method provides robust investigations with a reasonable 
processing time. Hence, with the aim of characterizing EM 
radiating sources, the contribution of the proposed EMTR 
technique is to overcome limitations of GA-based method 
particularly in terms of computing time and precision. Of 
course, the approach remains to be validated in case of 
realistic electronic devices, but it seems that the proposed 
EMTR technique can be an adequate alternative for 
multisource structures characterization. 
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