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Abstract - This paperdiscusses an inverse scattering problem for the reconstruction of permittivity distribution of two-
dimensional dielectric objects.Based on the boundary condition and the measured scattered field, a set of nonlinear integral 
equation is derived and the imaging problem is reformulated into optimization problem. We solved the problem by 
combining subspace-basedalgorithmand self-adaptive dynamic differential evolution (SADDE). Numerical results showthat 
the permittivity distribution of the dielectric objectsis well reconstructed by SADDE. 
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I. INTRODUCTION 
 
Recently, a subspace-based algorithm is proposed to 
solve inverse scattering problems [1]-[4], and the 
method is an extension of the subspace-based method 
targeting at pointlike scatterers to inversion for 
extended scatterers. Subspace-based algorithm is 
different with methods of processing inverse 
scattering problem by CSI. The essence of the 
subspace-based optimization method is that part of 
the contrast source is determined from the spectrum 
analysis without using any optimization when the rest 
is determined by optimization method. By applying 
the singular value decomposition (SVD) to the field 
equation, the induced current is divided into the 
signal space and the noise space. This feature can 
reduce the number of unknowns and computing costs 
to speed up the convergence of the algorithm. In 
recent decades, articles have focused on the 
comparisons of different algorithms for inverse 
scattering. In this paper, the inverse scattering 
problem of dielectric objects by transverse magnetic 
(TM) wave illumination is investigated on the 
application of combining subspace-based algorithm 
with SADDE[5]-[7]. The objective function of 
SADDE is to minimize the discrepancy between 
measured and estimated scattered field data. 
 
II. INVERSE PROBLEM 
 
The SADDE, a population-based optimization 
method, extends the concept of the DDE but its 
processing has the self-adaptability and the ability of 
approaching the “Best”. The SADDE finds the best 
permittivity distribution by starting with an initial 
population of prospective solutions as a parameter 
vector, randomly selecting the vector difference of 
each set of parameters, and multiplying the vector 
difference by an inertial weighting factor to add to the 
current best solution to produce a perturbation vector. 

In SADDE, the basic idea is to evolve the control 
parameters through generations. New generation 
vectors are generated by using the evolved values of 
the prior generation control parameters. These new 
generation vectors are more likely to survive and 
produce offspring during the selection procedure. The 
survived vectors carry the improved values of the 
control parameters to the next generation. The control 
parameters of each individual are self-adjusted in 
every generation  

 
Fig.1  Geometry of the problem 

 
III. NUMERICAL RESULTS 
 
A configuration of the imaging environment is shown 
in Fig. 1. A square investigation domain, which is 
divided into 6 × 6 square cells ( N = 36 ), is 
successively illuminated by TM waves of an unit 
magnitude with the frequency of 3GHz (i.e., the free-
space wavelength λ = 10cm ). In the following 
examples, six illuminations are incident, i.e., there are 
six views for measuring scattered fields. The 
measurement points (M = 36) are at a 30cm-distance 
from the center of the investigation domain and rotate 
jointly outside of the domain. Consequently, a 216-
element data set of the scattered fields is obtained. 
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In the example, let us consider a hollow object 
ofε = 3. The original distribution is shown in Figure 
2(a). When dealing with the inverse scattering by 
SADDE, the search range for the unknowns is set to 
1.0 to 4.0. Fig. 2(b) shows the reconstruction results 
by SADDE. It is clear that the reconstructed image is 
quit good. The reconstructed error is 0.2%. In Fig. 
2(c), the objective function values by SADDE versus 
the number of call functions. It can be found that the 
objective function value of SADDE is small. 

 

 
Fig.2(a) Original relative permittivity distribution of a hollow 

object 

 
Fig.2(b) Reconstructed permittivity distribution by SADDE 

 
Fig.2(c) Objective function value by SADDEand GA 

CONCLUSIONS 
 
This paper discusses an inverse scattering problem 
for the reconstruction of permittivity distribution of 
two-dimensional (2-D) dielectric objects by subspace 
algorithm.Based on the boundary condition and the 
measured scattered field, a set of nonlinear integral 
equation is derived and the imaging problem is 
reformulated into optimization problem. The 
optimization problems for imaging the permittivity 
distribution reconstruction of dielectric objects are 
investigated by applying SADDE and GA techniques. 
The numerical results show that the proposed method 
be used to reconstruct the properties of complex 
inhomogeneous dielectric materials. It is seen the 
reconstructed results are well by SADDE for the low 
noise case. Moreover, compared to GA, SADDE can 
converge to a more accurate distribution of the 
dielectric constant in the same parameter settings for 
both noise and noise free cases. 
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