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ABSTRACT 

Comparison of image reconstruction by using near-field and far-field data for an 
imperfectly conducting cylinder is investigated. A conducting cylinder of unknown shape and 
conductivity scatters the incident wave in Cree space and the scattered near atid far fields are 
measured. By using measured fields, the imaging problerri is reformulated into an 
optimization problem and solved by the genetic algorithm. Numerical results show that thc 
convergence speed and f i n d  reconstructed results by using near-field data are better than 
those obtained by using far-field data. Finally, it is worth noting that the present work 
provides not only comparative informatiori but also quantitative information. 
INTRO1)UCTlON 

The electrornagnetic inverse scattering problem of conductors has been a subject 0 1  
considerablc importance i n  remote sensing and noninvasive measurcment. In the past twenty 
years, many rigorous methods have been developed to solve the exact cquation. However, 
inverse problem of this typc are difficult to solve because they are ill-posed and nonlinear. As 
a result, many inverse problems are reformulated as optimization problems. General speaking, 
two main kinds of approaches have been developed. The first is based 011 gradient search 
approach such as the Newton-Kantorovitch method [ I ] ,  [2], the Eevenberg-Marguart 
algorithm [3] .  Since these approaches apply the gradient search method to find the extreme of 
the cost function. This method is highly dependent on the initial guess and tends to get 
trapped in  a local extreme. In contrast, the second approach is based on the genetic algorithm 
141, [SI. The genetic algorithm is a well known algorithm that uses the stochastic random 
choice to search through a coding of a parameter space. Coinparecl to gradient scarch 
optimization techniques, the genetic algorithm is less prone to coiivergcnce to a local 
minitnuin, which i n  turn renders it an ideal candidate for global optimization. 

In this paper, comparison of image reconstruction by using near-field and far-field 
data for an imperfectly conducting cylinder is presented. The genetic algorithm is used to 
reconstruct the shape and conductivity of a scatterer. 
THEORETICAL FORMULATION 

Let LIS consider ;in imperfectly conducting cylinder with cross section described i n  
polar coordinates in thc xy plane by the equation = ~ ( 0 )  located in free space. An incident 
plane wave whose electric field vector is parallel to the z axis is illuminated upon the metallic 
cylinder. By using the induced current concept, the scattered field cau he expressed as the 
integral of the two-dimensional Green functions multiply the iuduced surfiice curl~e1~t density, 
which is proportional to the normal derivative of the electric field on the conductor surface 
121, [4]. Besides, for an imperfectly conducting scatterer with finite conductivity, the 
boundary condition can be approximated by assuming that the total tattgential electric ficld OII 

the scatterer surface is related to surface current density through a surface impedance [a ] .  As a 
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using the near-field and far-field data arc 1 . 7 ~  and 2.4~ 10.’ respectivcly. Note tliat the 
convergence is achieved at ttic 130th generation by near-field ineasureiiietit. IIowcver, for far- 
ficld measurement, the convergerice is not achieved until thc genelalion is 200. ’This is due to 
the fact tliat the kcrnel of integral for far-ficld measurement is inorc smooth (less singii1;u.) 
than that for near-field measurement. As a result, the near-field ineasureinent is less illposed 

than tlic far-field i-ncasureincnl. 
In the second example, wc 

sclected tlic peanut shape function 
F(0) = (0.026 t. 0.009c0s20) in with 
silver niaterial ( (T = 6.17 x IO7 shi). ’The 
purpose of this cxarriple is to show that 
tliffercnt shape and conductivity has 
si mil ar resu I ts. Recons truc tcd resid ts ale 
shown in Fig. 2. 
(:ONCLUSIONS 

We have coiripiiretl the image 
reconstruction rcsults for ;in iinpcrfedy 
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conducting cylinder by using near-field 
and Liar-field dah. It is found that thc 

Pig. 2 Shnpc liiiiclioii crrors and 
ci)ntluctivity crcocs for the cxniiiplc ’2 in  cacti 
gcncratioii by using near-ficld and f;tr-ficltl reconstructed results for mar-field 
(lala measurenient are better than thosc 

obtained hy the far-Cielcl nicasweiiient. 
The can be explained by thc fact that the near-field measurement is less illposed than thc Ear 
ficld inc i i s tm“.  Finally, it is worth noting that in  these cascs the present work provitles not 
on ly  coinparalive infoi.motion but also quantitativc information. 
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