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Introduction 
In recent years, Most microwave inverse scattering algorithms developed are for TM wave illuminations in 

which the vectorial problem can be simplified to a scalar one b ]  . On the other hand, much fewer works have been 

reported on the more complicated TE case e] In this paper, the inverse problem of a homogeneous dielectric 

cylinder with unknown cross-section shape and dielectric constant by TE wave illumination is investigated. By 

applying the genetic algorithm and the moment method [3], the inverse problem can be solved as an optimized 

problem. Good reconstruction is obtained as multi-incident waves are applied to get the measured data. 

Theoretical Formulation 
Consider a homogeneous dielectric cylinder located in free space as shown in Fig. 1. The cross section of the 

dielectric cylinder is assumed to be described in polar coordinates by p = F(@. The permittivity and 

permeability of free space and the dielectric object are denoted by (co , p o )  and (c2,  p 2 )  , respectively. 

The dielectric object is illuminated by an incident plane wave whose electric field vector is perpendicular to 

axis (i.e., TE polarization). We assume that time dependence of the field is harmonic with the factor the 

e j o t  . Then, the incident electric and magnetic fields can be given by 

-+ 
(x, y) = (cos cpX  ̂+ sin q~)e-Jk(xSin++~CoS+) , 

where 4 is the incident angle and ko is the free-space wave number. 

Since the tangential components of J!? and fields should be continuous across the surface of the 
dielectric object, we can derive two integral equations as follows: 
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li;i(e) = J m l i ; i , ( e ) ,  p,(0) = , / F 2 ( e )  + F' ,  (e)p,(0),  = f v  j s  
w 

where j s  (e) and M, (8) are the equivalent surface electric and magnetic current densities, 2 is the outward 

unit normal on the object surface, and Go(koro) ,G2(k2ro) are the Green's functions in free-space and in a 

homogeneous space with relative dielectric constant E, = E~ / E o  respectively. 

For TE case, the magnetic field has only one component along the 

field as at the point (X, U) outside the scatter can be expressed by 

axis such that the scattered electric 

l?(x,y) = ~ [ j ~ ~ ~ G ~ ( k ~ r ~ ) ~ ( B ' ) + ~ ( B ' ) x V ' G , ( ( k ~ r ~ ) ] d B '  (3) 

In order to solve the direct problem for a given F(8)  and E~ (let p2 = po ), the moment method is applied. By 

employing the point-matching technique, the above integral equations (1) and (2) can be transformed into matrix form as 

(4) [ ~ i f l c l N d x l  = [C, I N d X N d  [ J 1 N d X l  + [ C * l N d X N d  [ M I N d X l  r [""lNdxl = [ ~ 3 1 N d X N d [ J I N d X l  + [C4lNdXNd[M1NdX, 

and the scattered electric field I? 
can be transformed as 

in Eqn.(3) 

with (=  ~ ( ~ - F ( 0 ' ) c o s 8 ' ) ~  +(y-F(B')sin8')2 Figure 1 Geometry of problem in (x,y) 
plane. - 

For the direct scattering problem, the scattered field H i$ calculated by assuming that the shape iunctioi , 
are known. This can be achieved by first solving j ( 8 )  and a(8) using (1) and (2) and then the scattered 

field outside the scatter can be calculated from Eqn. (5 ) .  It serves as the measured data of the inverse problem for 

the purpose of numerical simulation. 

For the inverse problem, we assume the approximate center of the scatter, which in fact can be any point 

inside the scatter, is known. Then the shape F ( 8 )  function can be expanded as: F(B)  = iBn cos(n.,) + icn sin(n8), 

where B, and cn are real number to be determined, and 2N+1 is the number of unknown coefficients for 

shape function. In the inversion procedure, the genetic algorithm is used to minimize the following cost function: 

"4 "=I 

E""xP(F) and E"@'(F) are the measured scattered field and the calculated scattered field respectively. 

Numerical Results 
In this section, we report some numerical results of using the scheme described in Section 11. The 

permittivity of the dielectric object E, is assumed in the following examples. The frequency of the incident 
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0.04 

0.02 

E - 

1 > 4.02 I)] 

wave is chosen for 3 GHz. To reconstruct the shape and the permittivity, the dielectric objects in the following 

examples are illuminated by plane waves of unit amplitude from three directions (4 = O0,12Oo,24O0), and the 

measurement points ( M, = g ) are equally separated on a circle of radius r, = 0.5m . Note that the simulated 

result using only one incident wave is much worse than that using two incident waves. 

In this example, the shape function is chosen to be F(8)=0.04+0.015*sin(39) m , and the relative permittivity 

of the object is E, = 2.3 . The reconstructed shape function of the best population member is plotted in Fig.2 (a). 

The r.m.s. error (DF) of the reconstructed shape F“‘(0) and the relative error (DIPE) of E:‘ with respect to 

the exact values versus generation are shown in Fig. 2(b). Here, DF and DIPE are defined as 

1 ” IEca’ - El 
DF = {,C[F“’(O,) - F(Oi)12 / F * ( @ ~ ) ) ” ~  2 DIPE = - 

.n final. 

N i = i  E 

The r.m.s. error DF is about 0.18%d DIPE= 1.14% 

- 

- 

Conclusions 
We have presented a study of applying the genetic algorithm to reconstruct the shapes and relative 

permittivity of a homogeneous dielectric cylinder by TE wave. Based on the equivalence principle, boundary 

condition and measured scattered fields, we have derived a set of nonlinear surface integral equations and 

reformulated the imaging problem into an optimized problem. Numerical results have been carried out and good 

reconstruction has been obtained. 
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Figure 2 (a). The solid curve represents the exact shape, while the star 

curves are calculated shape in iteration process. 

Figure 2 @) Shape-function error and permittivity error in each 

generation. 

References 
1. T. J C ui and W. C. Chew, “Diffraction tomographic algorithm for the detection of three-dimensional objects 

buried in a lossy half-space,” IEEE Transactions on Antennas and Propagation, Vol. 50, pp. 42 -49, h. 2002 

2. C. P. Chou and Y W. Kiang, “Inverse Scattering of Dielectric Cylinders by a Cascaded TE-TM Method,” 

IEEE Transactions on Microwave Theory and Techniques, M .47, NO. 10, pp. 1923-1930, Oct. 1999 

3. R. F. Harrington, Field Computation by Moment Method, Macmillan, New York, 1968. 

286 


