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Abstract

A large and high-contrast penetrable object is reconstructed by using the effective
propagating modes in the angular spectral domain with the multi-incidence of multi-frequency
sources and the genetic algorithm to find the global minimum of the cost function iteratively.
For the object of the 34 X3 A size with its relative dielectric constant of £=4.0, where 2
is the free space wavelength, a large cell discretization upto 0.5 1//&x0.5 1//& is employed
to cope with the limited capability of the computer. In this inverse calculation, 10% gaussian
noise is assumed in the measured scattered field.

1. Introduction

Although the moment method inversion{l] gives the reconstruction of a high-contrast object,
it suffers from the ill-posedness when the noise is present in the scattered field and applies to
the rather small size objects smaller than its diameter of 0.22 A/ & since the cell discretization
in the moment method requires smaller one than 0.2 A//&X0.2A//e [2]. For the
reconstruction of a larger object, an iterative steepest descent algorithm is employed to
minimize the cost function[3], where the cost function is defined as the summation of squared
magnitude of the difference between the measured scattered fields and the scattered fields
calculated from the assumed dielectric profile. Bomn iterative method[4] reconstructs two
cylinders with its relative dielectric constant up t0 &=2.0 in 6 Amin X6 Amin Space domain by
using the FDTD in the time domain for the calculation of the forward scattering field, where
Amin is the free space wavelength corresponding to the highest frequency component of the
incident pulse.

For a high-contrast large object, the iterative minimization of the cost function by using the
stochastic algorithms such as simulated annealing[S, 6] and genetic[7] algorithms may be used
to reach the global minimum of the cost function. Because of the limited computation
capability of the computer in the case of cell discretization within its size of 0.2 1//&Xx0.2 A
/& , the maximum size of the object is limited to 1.25 4 X 1.25 A [6].

It is shown here that the discretization of the object into the cells of 0.5A//&X0.5A/V &
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for the moment method calculating the forward scatiered fields is tolerable for the iterative
search of the global minimum of the cost function. This enables the reconstruction of larger
object since the conventional discretization of the object is 0.2 A//&X02 A//& and it requires
much more computing time.

2. Formulation
When a TM wave 7/ is incident upon a square dielectric cylinder, the scattered field 2/
may be writen as

u(0, ¢) = ki f L_dp'dzﬁ'p'[er(p', ) —11ulo’, 6)C( p, ') (1)

where A is the free space wave number, y is the total field inside the dielectric cylinder S,
and G is the two-dimensional free space Green’s function given as

Glo, o) ==1 2 Jlke \H (ko)™ 9, o<, @)
for & dependence. Here J,, and Ff,,” are the mth order Bessel and second kind Hankel

function and o is the angular frequency.
The application of moment method converts eq.(1) into the following algebraic equation,

R g <
u’(p, ¢) = mz-anHm (kop)e’"’¢’§]A ,,m(Pn, ¢n)(5n —1)un (3)
where
b o
Al 0,8 =— 752 [ko@ koo ,)e 7, 4)

(o &) is the center of the sth cell, and ¢ is the radius of the equivalent circular cell
having the same area of the original rectangular cell. One may obtain the mth order angular
spectrum coefficient of the scattered fields ¢/ in eq.(3) as

N
P(o,m) = EIA,,,,,(p,,, ¢ )N e, —Du,HP(kyo). (5)

One may define the cost function f with the parameters of the M propagating modes, the [
incident angles, and L frequencies as

|Fh ®

where the /h iterative error function is given by

Fry=Usi (o, 6,1 6;,m)— U (p, €5 f1, 0;, m). Q)]
Here Uy and U, respectively, the measured and the calculated angular spectrum for the
distribution of the target and the assumed dielectric constants, &, and e,,k.

A hybrid algorithm combining the genetic algorithm(GA)[8] and the Levenberg-Marquardt
algorithm(LMA) is used to minimize the cost function in eq.(6) until to find the global
minimum of the cost function iteratively, which yields the tue distribution of &,. Fig. 1
shows this hybrid algorithm, where LMA may find one of the local minima of the cost
function which is guided further by GA to reach the global minimum.
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3. Numerical Results and Conclusions

Fig. 2 shows the cost functions versus the four different sizes of the discretized cells, (a)
0.1551//&, (b) 0.4 1//&, and (c) 0.466 A//e&, and (d) 0.56 A//&, where &=5. Although
the values of the global minima of the four different cost functions are different, their valley
regions are closely located except the case of its cell size, 0.56 A/J/ &, various numerical
examples show that these global minima are located in the error bound of 10% of the global
minimum of (a) 0.155 A /V&:.

A homogeneous square dielectric cylinder of its size 31 X3 4 and its &=4 is reconstructed
from the angular spectral formuladon in eq.(6) by using the hybrid algorithm of LMA and
GA and the large cell discretization of 0.5 A//&, as shown in Fig. 3, when 10% gaussian
noise in the scattered field is assumed. For the discretization size of 0.5 A//e. the totl
unknowns become (3 1/0.25A)’=144 and the reconstruction shown in Fig. 3 is obtained by
taking 23 propagating modes for the scauered field for 4 different incidences of the plane
wave with 3 different frequencies which gives total of 276 data points. The root mean square
error of the reconstruction is calculated as 8.46% which is smaller than the error involved in
the scattered field. By taking large cell division than 0.5 A/y/&, one may show numerically
that the reconstruction diverges.
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Fig. 3 Reconstructed profile of 34X 3 A object for
the discretization size of 0.5 A/VE with £,=4
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