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Abstract. In this work, an approach for the reconstruction of both geometrical and dielectric 
properties of multiple defects inside a known host medium is analyzed. In particular, the GA-
based integrated strategy is applied starting from the knowledge of the scattered field in an 
external measurement domain in order to determine positions, sizes and dielectric permittivities 
of the defects, as well as the related field distribution. In order to evaluate the effectiveness in 
both locating the defects and reconstructing the corresponding permittivity profiles, a selected set 
of numerical results is presented. 
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1. INTRODUCTION 
 

In order to inspect industrial products, effective non-destructive evaluation and testing 
(NDE/NDT) techniques are needed. Different approaches have been proposed in the framework 
of microwave-based strategies [1-2], because of the non-invasive measurements and the 
possibility of examining large “volumes” of products with an unsupervised process. Moreover, 
suitable inverse scattering approaches have been developed in order to look for a complete image 
of the region under test [3-4]. However, these techniques have to be further developed in order to 
address more effectively several methodological issues as well as some bottlenecks concerned 
with the computational costs. Towards this end, recent advances are focused on the exploitation 
of the a-priori information in order to reduce the number of unknowns [5-6]. In this framework, 
two GA-based optimization techniques for the retrieval of positions and sizes of multiple defects 
inside known host medium have been proposed in [7]. The first technique, called Hierarchical 
Strategy (HS), is characterized by parallel optimization sub-processes, while the other approach, 
called Integrated Strategy (IS), consists of a single optimization process. In order to deal with 
more realistic situations, this work is aimed at discussing the application of the IS to



 

more complex problems than those proposed in [7], where the dielectric permittivity of the 
defects is an unknown, as well. Therefore, more complicated numerical experiments have been 
considered in order to evaluate the capabilities of properly retrieving both the geometric (i.e., 
positions and sizes) and dielectric parameters of multiple defective shapes. 
 
2. MATHEMATICAL FORMULATION 
 

Let us consider a region Ω characterized by an object function 
021 επ
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where G0 is the free-space Green’s function and ( ) ( ) ( )
02
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frequency. By assuming that, in each region Di, a differential equivalent current density radiates 
in an inhomogeneous medium, equation (1) becomes [6] 
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where  is the total electric field in the unperturbed scenario and G1 is the 
inhomogeneous Green’s function. The second term in the right side of (2) describes the 
electromagnetic field induced by the differential object function 

( yxE v
cfinc ,)( )
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with i=1,…,C. In order to reduce the number of unknowns, ( )yx
iD ,τ  is expressed through a set of 

representative parameters: the centers of the defective shapes ( )ii yx ~,~ , their lengths, sides and 
orientations ( )iii WL θ~,~,~ , and their dielectric permittivities iε~ .  
Consequently 
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Therefore, the array of unknowns is defined as follows 
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where ( ) ( )[ ]iiiiiii WLyx εθ ~;~;~;~;~,~=Ψ . 
In order to numerically deal with such a problem, the region H is partitioned in N sub-

domains. The optimal solution χopt is determined as the result of an optimization procedure by 
minimizing the following cost function: 
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providing a measure of the misfit between the estimated fields and the scattering data collected at 
M locations of the observation domain O [i.e., ( )mm

v
tot yxE ,  and ( )mm

v
cftot yxE ,)( , m=1,…,M] as well 

as those collected at N positions inside the investigation domain Ω [i.e., , n=1,…,N]. ( nn
v
inc yxE , )

As far as the minimization of (6) is concerned, the Integrated Strategy (IS) proposed in [7] 
has been considered. Such a technique consists in a GA-based iterative procedure, where a 
population χ  of Q trial solutions code a different number of defects, from 1 up to Cmax 
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At the iteration k=0 (k being the iteration index), a random initialization generates the first set of 
trial solutions, 0χ . Then, the following steps are carried out until a stopping criterion holds true 
(k<Kmax or ( ) thopt Φ<Φ χ , ( )[ ]{ }{ }k

qqkopt χχ Φ= minminarg ): 
 
• the iteration index is updated (k=k+1); 

• a set of Q/2 individuals, 
k
b

χ , coding the same number 1−k
optC  of defects of 1−k

optχ  is 

randomly generated; 

• a Q/2-sized population (
k
o

χ ) partitioned into Cmax-1 equally-sized subsets with 

individuals coding the same number of cracks Cl (Cl=1,…,Cmax, 1−≠ k
optl C ) is computed 

from 1−k
optχ  by applying random operators [7]; 

C

• standard selection, mutation, and elitism are applied to the set of trial solutions { }k
o

k
b

χχ ∪  

in order to get kχ  and to identify the best solution ( ){ }k
qQq

k χχ Φ= = ,,1min minarg K . 
 



 

3. NUMERICAL RESULTS 
 

Let us consider a square non-dissipative host medium of size λ8.0=ΩL  characterized by a 
dielectric permittivity 0.2=Ωε . The region Ω has been discretized with N=256 sub-domains, 
while M=50 measurement points and V=4 views have been used. The actual scenario is 
composed by three void defects located at ( 2.0/1 =λx ; 16.0/1 =λy ), ( 2.0/2 −=λx ; 16.0/2 =λy ), and 
( 0/3 =λx ; 16.0/3 −=λy ). Their area Ac/λ2 has been varied within the range [0.01;0.0625] in order 
to evaluate the dependence of the reconstruction accuracy of the IS on the cracks dimension. As 
far as the GA-based optimization is concerned, the parameters adopted in [7] have been 
considered and the permittivity iε~  of the defects was looked for between 1.0 and 2.0, being the 
maximum number of defects set to Cmax=3. 

Figure 1 shows the samples of the reconstructions obtained for (b) Ac/λ2=0.01 and (d) Ac/λ2 = 
0.0625. Quantitatively, the result depicted in fig. 1(b) is characterized by a localization error 
δ [7] equal to 3%, while the area error Δ is lower than 50%. The values of iε , with i=1,…,C, 
have been overestimated, since 57.1ˆ46.1 << iε . When Ac/λ2 = 0.0625 [fig. 1(d)], the proposed 
reconstruction is characterized by δ= 5% and the permittivity of the cracks has been correctly 
estimated. On the other hand, the reconstructed shapes are characterized by a wrong orientation 
and the error Δ is equal to 43%. 
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Figure 1 - Reconstructions obtained when varying the area of the defects. (a)(b) Ac/λ2=0.01 and (c)(d) 
Ac/λ2=0.0625. (a)(c) original profile of the permittivity. (b)(d) reconstructed defects. 

 



 

4. CONCLUSIONS 
 

 In this work, a numerical assessment of a GA-based approach for the reconstruction of 
defective shapes located inside industrial products has been presented. The achieved results 
confirm the effectiveness of the approach both in locating and reconstructing the dielectric 
distributions of the cracks. Future works will be aimed at defining suitable genetic operators to 
control the aggregation/disjointing of adjacent defects. 
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