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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 {ree space and the scattered near and far fields are
measured. By using measured fields, thc imaging problem is reformulated into an
optimization problem and solved by the genetic algorithm. Numerical results show that the
convergence speed and final reconstructed results by using near-field data are better than
those obtained by using far-field data. Finally, it s worth noting that the present work
provides not only comparative information but also quantitative information.
INTRODUCTION

The electromagnetic inverse scatiering problem of conductors has been a subject of
considerable importance in remote sensing and noninvasive measurement. In the past twenty
years, many rigorous methods have been developed to solve the exact equation. However,
inverse problein of this type 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 on gradient search
approach such as thc Newton-Kantorovitch method [1], [2], the Levenberg-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 Jocal extreme. In contrast, the second approach is based on the genetic algorithm
[4], {5]. The genetic algorithm is a well known algorithm that uses the stochastic random
choice to search through a coding of a parameter space. Compared to gradient scarch
optimization techniques, the genetic algorithm is less prone to convergence to a local
minimum, which in turn renders it an ideal candidate for global optimization.

In this paper, comparison of image reconstruction by using near-ficld 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 us consider an imperfectly conducting cylinder with cross section described in
polar coordinates in the xy blane by the equation , — () located in free space. An incident
plane wave whose clectric field vector is parallel to the z axis is illuminated upon the metallic
cylinder. By using the induced current concept, the scattered field can be expressed as the
integral of the two-dimensional Green fanctions multiply the induced surface current density,
which is proportional to the normal derivative of the electric field on the conductor surface
[2], {4]. Besides, for an imperfectly conducting scatterer with finite conductivity, the
boundary condition can be approximated by assuming that the total tangential electric ficld on
the scatterer surface is related to surface current density through a surface impedance [2]. As a
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result, for the direct problem, given the shape and the conductivity of the object, we can use
the boundary condition to solve the surface current density, then caleulate the scaitered tield
by using the Green function. Let us consider the following inverse problem: given the
scattered field, determine the shape and the conductivity of the object. 'The genetie algorithin
is used to minimize the root mean square ercor of the measured scaltered ficld and the
calculated scattered ficld, through three genetic operators: reproduction, crossover and
imutation. When the root mean square error changes by less than 1% in iwo successive
gencrations, the genetic aigorithim will be terminated and a solution is then obtained, Le., the
shape and the conductivily is obtained.
NUMERICAIL RESULTS

By a numerical simulation we compare the tmage reconstruction by using ncac-field
and far-ficld data. Let us consider an imperfectly conducting eylinder in free space and a
plane wave of unit amplitude incident upon the object. The frequencey of the incident wave is
chosen to he 3 GHz. In our calculation three examples are considercd. To reconstruct the
shape and conductivity of the cylinder, the object is Hluminated by four incident waves with
incident angles ¢ =07, 907, 180", and 270", and cight measurcinent points is taken on a
circle of radius R' at cqual spacing. in our cases, R' is chosen much smaller than or larger
than 21)"7’//%, correspouding to the ncar-ficld or far-field mcasurement, where £ is the
largest dimension of the scatterer. ere R'=0.00m for ncar-field measurcnient and R'=7mi
for far-field measurement. The number of unknowuns is set to 10, to save comapuitng time. The
population size is chosen as 300. The scarch range for unknown cocflicient of the shape
function is chosen to be from 0 to 0.1, The
scarch range for unknown conductivily is

o chosenn from 3x10" i 7x10’. The
: - £ - ES(arlicld) . . .

ol S # o EGllarfiod) | extreme value of the coelficient of ihe
N ey ] shape function and conductivity can be
D
4 determined by the prior knowledge of the
P ) objects. “The crossover probability  and
g - mutation probability are set to be 0.8 aud

0.04 vespectively.
i e ] In the first cxample, the shape
ob e e A ST function is chosen to he
0 20 40 60 80 100 120 140 160 180 200
Gonerations F(0) = (0.02 4-0.004 sin 20 -1+ 0.008 sin 30) 111
with copper  material (o = 5.8x107 ¢/m).
Fig. 1 Shape function crrors and conduclivity The reconstructed  telative  rool  mean

crrors for example | in each generation by using

near-tield and Fau-field data square crror for the shape and conductivity

(LS and HC) by using the ncar-ficld and
far-ficld data are plotted in Vig. 1. Tlere the
shape (unciion is alse plotied for reference.
From Fig. 1, it is clear the convergence speed and final rins ervor by using the near-field data
are better than those obtained by using far-{ield data. The final rins errors for conductivity by
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using the near-field and far-ficld data are {.7x107 and 2.4x[07 respectively. Note that the

convergence is achieved at the 130th gencration by near-ficld measurement. However, for far-

field measurement, the convergence is not achieved until the generation is 200. This is due to

the fact that the kernel of integral for far-ficld measurement is more smooth (less singular)

than that for near-field measurement. As a result, the near-field measurement is less illposed
than the far-field measurement.

0.5—— —— T e ey ]
£5(nar fold) | | In the second example, we
0.45} ECEnaar figh) . .
i ES(far field . ey e . e o .
oaf SUT Braa | sclected the peanut shape function
a.35¢ . F(0)y=(0.026+0.009c0s20)m  with
g , silver material (o=6.17x 07 s/m). The
2 ook purposc of this example is to show that
Eoash e ‘ .
2 ol differcnt shapc and conductivity has
LA similar results. Reconstructed results are
pif shown in Fig. 2.
0.05 o CONCLUSIONS
e 3
P T NV We have compared the tmage
40 50 G0 70 BO . .
Generalions reconstruction results Tor an imperfectly

Fig, 2 Shape function errors and conducnn‘g cylindet b)., us‘;mg near-field

conductivity crrors for the example 2 in cach and far-field data. It is found that the

generation by using near-field and far-field reconstructed  results  for  near-field

data : i )

measurement are better than  those

obtained by the far-field measurement.

The can be explained by the fact that the near-field mcasurement is Tess illposed than the far

ficld measurement. Finally, it is worth noting that in these cascs the present work provides not

only comparative information but also quantitative information.
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