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Two-Dimensional Microwave Imaging Approach
Based on a Genetic Algorithm

Salvatore Caorsi, Member, IEEEand Matteo Pastorino, Senior Member, IEEE

Abstract—In this paper, a multi-illumination multiview ap-
proach to microwave imaging is proposed, which is based on
a genetic algorithm (GA). The inverse problem is recast in an
optimization problem, solved in the framework of the Born
approximation. The formulation of the approach is described
and images of reconstructed circular (multilayer) cylinders are
reported.

Index Terms—Born approximation, genetic algorithms, mi-
crowave imaging.

I. METHOD FORMULATION AND IMAGING CONFIGURATION

I N the present paper, we propose a microwave imaging (MI)
approach for reconstructing unknown cylindrical dielectric

objects under TM illumination conditions. The starting
point for MI approaches in the spatial domain is the Fredholm
integral equation, which relates the scattered electric field

(measured in a suitable domain) to the internal field
and to the dielectric properties of the scatterer [1]–[3]:

(1)
where only the components of the field vectors are involved
and . In relation (1), denotes the test area (con-
taining the scatterer cross section); is the two-dimen-
sional (2-D) Green's function for free-space; finally, is
theobject functiongiven by , where

, and denote the wavenumbers in regionand in the
external medium, respectively.

In this paper, we exploit a stochastic technique for global op-
timization, which is based on a genetic algorithm (GA) [4]–[6].
Although stochastic optimizers, when they are implemented on
serial computers, are slow in comparison with more standard
techniques (like the distorted Born iterative method (DBIM)
[7]), GA’s exhibit several interesting features: 1) they have been
found to be very robust in terms of capability to reach global
minima [4]; 2) it is possible to insert a lot ofa priori information
into the solving procedure; 3) they allow a natural implementa-
tion on parallel computers that it seems to be the only possible
way of managing a lot of data in a reasonable time. For example,
a GA has been recently applied for imaging of perfectly con-
ducting objects [8].
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Fig. 1. Imaging configuration.

The proposed approach to MI is studied here in the framework
of the first order Born approximation (BA) [1], which increases
the speed of the optimization. The BA acts a linearization of (1)
and is valid only for weakly scattering objects. However, in con-
junction with the GA, the approach turned out to be rather effi-
cient and some interesting reconstructions have been obtained.

As an imaging configuration (Fig. 1), we assumed a square
test area (side: ) and an observation domain made of
measurement points, equally spaced on an arc of circumfer-
ence of radius . A set of incident plane waves is as-
sumed whose propagation directions are defined by the angles

. A multi-illumination mul-
tiview approach is considered in which the observation domain
jointly rotate with the illuminating source. After linearization
by the BA for which , the fol-
lowing fitness function(FF) (acting on discrete unknowns) can
be defined in (2), shown at the bottom of the next page, where

is the number of subdomains, is the (constant) value of
the object function inside theth subdomain, denotes the
th measurement point for theth view, and indi-

cates the integral of the Green function performed over theth
subdomain and calculated at point . The minimization of the
FF is obtained by a GA [4]–[6], which is based on a random
search of the (global) minimum. In theinitialization phase, a
set of trial solutions is randomly generated. It constitutes a
populationof chromosomes, which are arrays given by

, being the value of the
object function inside theth subdomain of . Each value
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Fig. 2. Reconstruction of a lossless homogeneous cylinder (first example).
Object function at different iterations.k: iteration number. (a)k = 1

(initialization step). (b)k = 200. (c)k = 600. (d)k = 800. (e)k = 1000. (f)
k = 2000.

is selected in the range
being given by , where

is the value of the original object function at and
is a given constant. This represent a way to introduce somea
priori information on the object since the choice of limits
the search space for the solution of the optimization process. In
particular, if is correctly fixed (according to the availablea
priori information), not realistic values of can be avoided.

Moreover, each chromosome is encoded in a binary se-
quence (binary chromosome) by means of a -level quan-
tizer. At this point the iterative process starts and the population
at a generic step (the population dimension, , is kept
unchanged) is computed on the basis of the population at step
by using the genetic operators of selection, crossover, and muta-
tion [4]–[6]. The iterative process continues until a stopping cri-
terion is satisfied ( being a fixed
threshold) or a given number of iterations is completed.

TABLE I
DIELECTRIC RECONSTRUCTIONS

(FIGS. 2 AND 3).

� : PERCENTAGE MEAN ERRORS ON THE

RECONSTRUCTION OF THEOBJECTS.� : PERCENTAGEMEAN ERRORS ON THE

RECONSTRUCTION OF THEBACKGROUND. � : MAXIMUM VALUE OF

THE RECONSTRUCTEDOBJECTFUNCTION

II. NUMERICAL RESULTS

In the first example, the scattering object is a homogeneous
circular cylinder. The assumed parameters are the following:
diameter , ( , free-space wavelength);

(discretization cells); (unit uniform
plane waves); (measurement points), (di-
ameter of the observation domain). For this canonical scat-
terer, the values of the scattered electric field on the mea-
surement points have been computed by using the analytical
solution in terms of Bessel eigenfunctions. The other data
concerning the GA (chosen according to values suggested
in the literature) are the following: population dimension,

; probability of crossover, ; probability
of mutation, ; number of quantization levels,

; constant value for the searching range definition,
. Fig. 2 gives reconstructed images of the test area.

At the initialization step , completely random values
are assumed. When the number of iterations increases, the
background becomes more and more clear and the location
of the scatterer very accurate. At step , the recon-
struction seems rather good. The quantitative reconstruction
errors are expressed through the following parameters (given
in Table I): the percentage mean errors on the reconstruction
of the scatterer and of the background ; maximum
value of the reconstructed object function . For this
example, some further investigations with different values
of , , and have been performed. It resulted that,
although the computational load notably increases, the recon-
struction quality does not improve significantly for .
For example, we obtained % and % for

(2)
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Fig. 3. Reconstruction of a hollow cylinder (second example) Object function
for different numbers of views(V ). (a) Actual object (discretized); (b)V = 1
(single view process). (c)V = 2. (d)V = 3. (e)V = 4.

and % and % for .
On the contrary, if decreases, the quantitative errors be-
come large ( % and % for and

, respectively). Concerning the effects of, we have
found that % and % for ,
but large errors have been obtained for lower values of this
probability (e.g., % for ). Finally, for this
example, must be kept small, as the quantitative errors
sharply increase when increases (e.g., % for

and % for ). These re-
sults confirm, at least for the present case, the validity of
the values suggested in the literature on the subject [5], [6].
The above results have been obtained in about 4.5-min CPU
time on a PC Pentium using a nonoptimized code, with a
memory requirement of about bytes.

In the second example, a hollow cylinder has been consid-
ered. The internal and external radii are given by
and , respectively. The object function is given by

. The same square investigation domain ( sub-
domains) was used and the same parameters for the GA were
considered. Even in this case, the values of the scattered elec-
tric field in the observation domain have been analytically com-
puted.

Fig. 3 shows the original (discretized) cross section of
the cylinder and the reconstruction images. Table I gives

the quantitative errors. As expected, the single-view process
is unable to reconstruct such a rather complex scat-

terer, but for and , the location is very good,
very limited spatial noise is present in the background and
also the shape of the cylinder is retrieved in a quite accept-
able way, considering that the reconstruction is performed
within the Born approximation.

III. CONCLUSION

In this paper, an approach to 2-D microwave imaging has been
proposed that is based on a GA. The method is applied in the
framework of the first-order Born approximation, which results
in a quadratic fitness function. Although better results can be
obtained by using more complex approaches (like the distorted
Born iterative method [8]) or more sophisticated fitness func-
tions, the presented results seem unusually accurate for being
obtained by using this simplified scheme. A version of the ap-
proach able to take into account the nonlinear form of the inverse
scattering equations for strong scatterers is currently under de-
velopment.
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