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ABSTRACT.
We have constructed two dimensional and
three dimensional microwave tomgraphic
systems. The quantitative experimental
images reconstruction has been achieved in
2D case in both low and hgh dielectric
contrast cases. To reconstruct 3D inges
we generalized the Born gproximation
into the vector case. The imges of the 3D
mathematical models and eperimental
phantoms have been achieved in case of low
contrast of dielectrical properties.

Our overall microwave tomographic
project involves three major research parts.
The biophysical researchviolves the study of
the changes in myocardial dielectric properties
in the microwave spectrum caused by various
disorders such as ischemia, infarction, hypoxia
etc. The mathematical research involves the
direct and inverse problems solution of the
microwave tomography and spectroscopy.
The experimental research involves both the
microwave experimental devices construction
and experiments on these devices. The design
and construction of the microwave tomo-
graphic systems and the results of the experi

mental imaging are presented here.

l. Two-dimensional (2D) and three-dimen-
sional (3D) microwave tomagraphic sys-
tems

The two-dimensional microwave
tomographic system is shown in Figure 1. It
operates on frequency 2.45GHz and is com-
posed of 64 antennas (32 emitters and 32
receivers) located on the perimeter of a cylin-
drical working chamber with diameter of
360mm. The system measures the amplitude
and the phase of the electromagnetic field
scattered by the object. The achieved signal to
noise ratio of about 40dB was estimated as
sufficient for the reconstruction of the objects
with a spatial resolution of 1-2cm and a con-
trast resolution of about 5% [1]. We con-
ducted a number of experiments using this
system and received quantitative imaging of
2D physical phantoms with various dielectric
contrasts [2]. Electronic measurement cycle
scanning makes total acquisition time rela-
tively small, about 500msec. It allows us to
conduct preliminary experiments with live
biological objects, including qualitative imag-
ing of the explanted beating canine heart [1].
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As a next step in the experimental
microwave tomographic imaging we con-
structed a prototype of the three-dimensional
microwave tomographic system, shown in
Figure 2. It operates on frequency 2.36GHz
and is composed of 32 emitting antennas

Fig.1l. View of the 2D microwave

tomographic system

(located on the perimeter of the working
chamber in vertical fashion) and two receiving
antennas. The emitting antennas simulta-
neously radiate an object under the study with
polarized (in vertical direction) EM field. The
receiving antennas measure scattered ( by an
object under the study) EM field in both
vertical and horizontal

polarizations. The receiving antennas are

moved by a robotic system inside of the tomo-

graphic chamber. The system measures atten-
uations in the tomographic working chamber
up to 120dB having a signal/noise ratio of
about 30dBjJ3].

Fig.2. View of the prototype of the 3D
microwave tomographic system

Il. Experimental Imaging Results.

Using our two dimensional (2D) micro-
wave tomographic system, we have demon-
strated successful imaging of high dielectric
contrast objects and live biological objects
[1,2]. A full-scale high dielectric contrast
mathematical model of the human torso with
small (1cm) inhomogeneities (myocardial
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infarction model) was also quantitatively Also, the imaginary part of the complex di-
reconstructed [4]. As an example of 2D exper- electric properties was qualitatively recon-
imental imaging, the reconstructed image of structed.

the cylindrical phantom €(~54.0) with two
asymmetrical holes located in the center of the -
tomographic working chamber is presented in . : 5.0
Figure 3. The tomographic chamber and - : ‘ T
phantom holes were filled with deionized =
water €'=78.0). Presented experimental
image we estimate as almost ideal in terms of |
spatial (wavelength is about 1.5cm) and con-  of
trast resolution. Having both stessful 2D -
images of the high dielectric contrast experi- -
mental phantoms and full-scale simulated -:f
objects (such as a human torso) we have |
concluded that in 2D geometry there were no
principal questions of MW tomography left to P
answer.

Three-dimensional (3D) microwave Fig.3. Image reconstruction of the 2D
tomographic imaging is not simple generaliza- phantom. Axis in [cm]
tion of the 2D system and method to the 3D
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case. It is a much more complicated problem. Practical physiologic 3D microwave
Despite the spatial and contrast resolution imaging will require further progress in the
problem, in the 3D case we have to deal with areas of system design, images reconstruction
the vector problem. and tissue dielectric properties probing.

We generalized the Born approxima-
tion for weak scattering to the vector case. 1. S.Y.Semenov, R.H.Svenson,
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field, it is possible to reconstruct 3D image in G.P.Tatsis, V.Y.Baranov “Microwave Tomog-
a weak scattering case. The images of the 3D raphy: Two-Dimensional System for Biologi-
simple mathematical models were success- cal Imaging”, IEEE Trans. on Biomed. Eng.,
fully reconstructed by proposed 43 (9): 869-877, 1996.
method [3]. 2. S.Y.Semmv, A.E.Bulyshev,

The result of the experimental image A.E.Souvorov, R.H.Svenson, Yuri E.Sizov,
reconstruction is presented in Figure 4. The Viadimir Y.BarisVitaly G.Posukh, Igor
3D elliptical phantom with two chambers M.Kozlov, Alexei G.Nazar G.P.Tatsis
inside was located in the center of the tomo- “Microwave Tomography: Theoretical and
graphic system. The microwave system and Experimental Investigation of the Iteration
phantom chambers were filled with deionized Reconstruction AlgorithrBEEEl Trans.
water. As can be seen from Figure 4 the geo- MTT, 46 (2): 133-141, 1998.
metrical shape and internal chambers of the 3. S.Y. Semenov, R. H. Svenson, A. E.
phantom were successfully reconstructed. Boulyshev, A. E. Souvorov, A. G. Nazarov, Y.

0-7803-4471-5/98/$10.00 (c) 1998 IEEE



Semenov, 4

E. Sizov, A. V. Pavlovsky, V. Y. Borisov, B.
G. Voinov, G. Simonova, A. N. Starostin, G.
P. Tatsis, V. Y.Baranov “Three Dimensional
Microwave Tomography. Experimental Proto-
type of the System and Vector Born Recon-
struction Method”, submitted for publication
in IEEE Trans. BME1997.

4. A.E.Souvorov, A.E.Bulyshev,
S.Y.Semenov, R.H.Svenson, A.G.Nazarov,
Y.E.Sizov G.P.Tatsis “Microwave Tomogra-
phy: a Two-Dimensional Newton Iterative
Scheme”, submitted for publication in IEEE
Trans. MTT, 1997.

1706
17.0
T
15.9
LI
Z 4.7
111
13.3
12.9
12.3
1.8

11.2

10,6

Fig.4. Image reconstruction of the 3D
phantom. Axis in [cm]
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