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Abstract: This paper is aimed to explore the possibility of
using an inverse scattering procedure to predict the

domain which the biological body belongs. The evaluation
of the electric field distribution Y,o1 inside the object under

electromagneticfield induced in biological body in realistic
environments. The presence of a white gaussian noise is
considered and preliminary results concerning a two-

test is formulated as an inverse one and a suitable cost
function S(Y,o,) to minimize is defined:

dimensional geometry are presented.
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The introduction of cellular phones and the diffi.rsion of
the mobile communications has led to an increasing public
concern about the effects of radiated electromagnetic fields
on the human health. Consequently, it results mandatory
that, in order to avoid the spreading of incorrect believes,
the electromagnetic community provides quantitatively
information about the electromagnetic field distributions

induced

in

biological systems

to allow

successive
evaluations on the possible effects on the human health.

In order to attain this purpose, many works, concerning

as well as theoretical
investigations, have been proposed (see for example, []-[3]
and the references therein). In particular, direct numerical
approaches [4] have been applied in order to estimate the
electric field distribution induced in reference phantoms by
a given illuminating source.
Recently, the authors proposed an approach based on
the use of a microwave imaging technique which, starting
from the knowledge on the electric field distributions in
reference phantoms provided by direct simulations, allows
to perform numerical evaluations for in vivo situations [5].
experimental evaluations

The prediction of the electric field distribution inside

is obtained by applying an inverse
scattering procedure reformulating the original problem as a
minimization one through the definition of a suitable cost
biological bodies

function. Appropriate constraints are imposed on the field
solution and no modeling of the electromagnetic source is
required. The input data arc derived from the knowledge
(through measurements) of the scattered electric field,
outside the object and during the exposure, and of the
incident electric field.
In this paper, the robustness of this microwave imaging
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a and I are scalar parameters, r is a function of the
known dielectric properties of the biological body, G (.) is
where

the free-space Green function and Y;,," is the known
incident field.
For the minimization of the functional defined in (l), we
considered an hybrid approach conjugate-gradient based. In
more detail, the prediction of the electric field distribution
is obtained by generating, at each iteration k, a sequence of
trial solutions, according to the following rule:
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where r

(-1,

l),

: log2llog(l+k); p is a random value in the range
and (,u, and drul are chosen according to the

Polak-Ribiöre procedure.

RESULTS

We considered a two dimensional biological body
representing a simplified model of the horizontal cross
section, at the eyes level, of a human head. An electric line,
at the operating frequency of 900 MHz, located 2mm far
from the biological structure, is the illumination source.
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approach in a noisy environment is checked assuming that a
white gaussian noise affects the values of the scattered
electric field collected in the observation domain.

Fig. shows the normalized amplitude
the
reconstructed electric field, inside the investigation domain,
for a noisy case (SNR 10 dB). In particular, the
distribution at the initialization (b), at an intermediate

MICROWAVE IMAGING APPROACH

iteration (c), and at the convergence iteration (d) are given
(crlB:0.1). The reference configuration is reported in Figure

The starting point of the microwave imaging approach
is the measurement of the scattered electric field Yr.", in a

number

of

points located

all

:

1(a).

around the investigation
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Figure I
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CONCLUSIONS

An inverse scattering procedure has been applied for
electromagnetic field prediction in a noisy environment. An
iterative procedure based on a hybrid approach has been
presented. The validity of the approach has been verified in
a prelimary example.
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