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Abstract – Finite-element based microwave to-
mographic system can successfully recover dielectric
properties of the human breast, aiming to image
malignant breast tissues. When compared with mi-
crowave radar imaging, microwave tomography re-
quires simpler electronics and antenna design due to
its narrowband operation. However, the narrowband
feature limits the resolution of the finite-element
mesh often used to recover the dielectric properties
of the breast, as there is no a priori information for
mesh refinement in the critical location within the
breast. In this paper, we present a two-dimensional
model of a microwave imaging system with monopole
antennas and pressure sensors placed in an interleav-
ing arrangement around the breast in its pendant
position. The proposed system would synergistically
function together with the microwave tomographic
modality in a fashion that is envisioned as follows:
(1) The system uses a monopole antenna to trig-
ger microwave absorption and, consequently, heating
and expansion of the tumor. (2) The array of pres-
sure transducers placed around the breast detect the
thermally-induced pressure signals. (3) These signals
are used to construct a preliminary breast image. (4)
The image is used to generate a non-uniform finite-
element mesh, with increased refinement around the
suspected tumor locations. (5) The refined mesh is
fed to an algorithm utilized by the microwave tomo-
graphic system to solve the inverse problem, which
will now have a priori information and will hence
have improved resolution in its resulting image.

Keywords – Microwave tomography, thermoacous-
tic imaging, breast imaging, FDTD.

I. INTRODUCTION

Human breast imaging has attracted much attention
due to the high fatality rate caused by breast can-
cer. Microwave tomography is one of the imaging
techniques for detection of breast tumors. The ob-
jective of microwave tomography is to reconstruct

the dielectric properties of a body section illuminated
with microwaves from a measurement of the scattered
field and it can be mathematically described in terms
of a non-linear inverse scattering problem [1]. This
technique has been applied to image human breasts,
most noticeably by Meaney et al. [2–5]. The tomo-
graphic algorithm developed with these systems be-
longs to the class of iterative algebraic reconstruc-
tion algorithms [6]. The tomographic algorithm as-
sumes that the cross section consists of an array of
unknowns in terms of the measured data. The un-
knowns are initialized with some estimates and the
forward problem is solved. Although numerous nu-
merical methods can be used for getting the forward
solution, in our work, we focus on the microwave
tomographic systems that employ the finite-element
formulation. The calculated data are compared with
the measurement, yielding some error to assist in up-
dating the unknowns. This iteration continues until
the unknowns converge to values that meet a pre-
viously defined acceptable threshold. Since knowl-
edge of the breast profile is rarely known a priori,
the finite-element mesh for the forward problem is
uniform. This seriously limits the image resolution
and renders the technique not as a screening tool for
discovering new lesions.

Thermoacoustic breast imaging is a technique
that exploits the heating differential between cancer-
ous tumor and healthy tissue. Depending on the fre-
quency of the electromagnetic wave used to trigger
the thermally induced acoustic effect, literature to
date reports on optoacoustic (photoacoustic) meth-
ods, where the heating is caused by laser illumina-
tion [7] and on microwave-induced thermoacoustic
methods. Among microwave-induced thermoacous-
tic imaging systems, Kruger et al. reported a de-
sign involving 8 waveguides and 128 transducers re-
siding below a pendant breast, showing success in
obtaining tomographic images of the breast [8]. Xu
and Wang reported a system using unfocused trans-
ducers with enhancement in the imaging reconstruc-
tion algorithm [9–12]. Recently, Jin and Wang pro-
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Figure 1: (a) Two-dimensional model of a microwave-based imaging system with monopole antennas and
acoustic pressure sensors placed in an interleaving arrangement around the breast in its pendant position.
(b) Microwave-induced processes: the flowchart illustrating the thermoacoustic process, resulting from the
microwave absorption, and the scattering process.

posed a multi-modality approach, using a pair of
ultrasonic transducers to obtain a map of acoustic
speed across a breast phantom [13]. Their image re-
construction algorithm, based on the obtained speed
map, achieves a signal-to-noise ratio higher than the
previous algorithms that assume homogeneity in the
acoustic properties of the breast tissue. These stud-
ies suggest that microwave-induced thermoacoustic
technique may have the capacity to detect early,
millimeter-size tumors. Finally, Xu and Wang offered
a comprehensive review of the current development in
both photoacoustic and microwave-induced thermoa-
coustic imaging systems [14].

In this work, we present a preliminary study of a
system that integrates microwave-induced thermoa-
coustic imaging with microwave tomography. The
system is illustrated in Figure 1 (a). It consists
of interleaving monopole antennas and pressure sen-
sors. The system illuminates the pendant breast
with a pulse-modulated microwave signal from one
antenna. When the pulse encounters a tumor, two
processes of interest to our proposed technique hap-
pen: (1) Thermoacoustic process is a consequence of

microwave absorption as it propagates through the
lossy tissues. As the tumor is characterized by a
higher electrical conductivity at microwave frequen-
cies, it absorbs more microwave energy and is heated
to a higher temperature than the surrounding fatty
tissue. The tumor expands thermally and this ex-
pansion generates an acoustic (pressure) signal. The
pressure signal propagates through the breast and can
be detected with the pressure sensors placed around
the breast. (2) The scattering process is caused by
the dielectric contrast (relative permittivity) between
the tumor and healthy breast tissue . The scat-
tered microwave signal can be sensed and collected
by the antennas placed around the breast. The lo-
cation of the microwave transmitter is changed by
sequentially using each of the antennas as the source,
while other antennas act as passive scatter-collectors,
thereby providing several sets of signals. Here, we
propose the usage of the signals resulting from the
above-mentioned processes in the following manner:
the pressure signals can be utilized to construct a
preliminary thermoacoustic image and transform the
image to a non-uniform, finite-element mesh, which
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will then resolve the anticipated tumor locations with
more elements. This mesh and the scattered mi-
crowave signal are then subjected to the non-linear re-
construction algorithm commonly used in microwave
tomographic systems to generate a breast image. The
proposed method is illustrated by a flowchart in Fig-
ure 1 (b). Unlike a related work that used the ultra-
sound modality to obtain the preliminary image [15],
the here proposed method eliminates the need to have
a separate ultrasound source.

An important point on the dielectric data of
breast tissue must be addressed here prior to fur-
ther description of our methodology. A thorough and
extremely valuable study on breast tissue parame-
ters was recently reported by Lazebnik et al. [16,17].
Their measurements of samples from normal tissue
demonstrate that different composition of the adi-
pose, fibroconnective, and glandular tissue in the
sample, inhomogeneous by nature, cause large vari-
ations in the dielectric properties, while the previ-
ously noted high-permittivity and high-conductivity
cancer tissue values at microwave frequencies are con-
sistent with this recent study. This implies that the
contrast between the tumor and the glandular tis-
sue surrounding it is not necessarily as pronounced
as those assumed in simulation and phantom-based
studies to date [18–22]. Nonetheless, these investi-
gations provide valuable insight in the overall under-
lying principle of microwave breast cancer detection.
Similarly, although our work assumes fat-like healthy
breast tissue, well contrasted by the tumor in terms
of their electrical properties, its main goal is to pro-
vide the multi-physics framework for a system that
incorporates microwave tomography with microwave-
induced thermoacoustic imaging. We also note that
the thermoacoustic profile does not provide a detailed
image, but rather informs the finite-element mesh
generator about the suspect locations where the mesh
should resolve the image intended for the microwave
tomographic process more finely then elsewhere. For
the future model modified according to the newly
published data of [16, 17], the higher-conductivity fi-
broconnective and glandular tissue would also yield
finely-meshed suspect locations in the simulation ge-
ometry; however, we note again that these locations
are simply used to locally refine the mesh but do
not instruct the finite-element forward-model to treat
them, parameter-wise, in the model as tumors.

This paper focuses on a preliminary computa-
tional study of the proposed imaging system. In
the next section, we present the modeling of the
microwave-induced thermoacoustic process. Section
III includes the methodology on the electromagnetic
simulation, the artifact removal algorithm, and the

algorithm for constructing the preliminary thermoa-
coustic image. The Specific Absorption Rate (SAR),
the computed pressure signals, the thermoacoustic
image of the breast, and the non-uniform finite-
element mesh are presented in Section IV. In section
V, we summarize our findings and offer directions for
future work.

II. MICROWAVE-INDUCED
THERMOACOUSTIC PROCESS

The thermoacoustic process occurs when the tissue
is exposed to electromagnetic radiation. Since there
exists a significant contrast in conductivity between
normal tissue and breast tumors at certain frequen-
cies, the tumors absorbs more electromagnetic en-
ergy. This elevates the tumor temperature and the
tumor expands. The mechanical expansion generates
pressure signals that propagate to the breast surface,
which can be collected by pressure sensors and pro-
cessed to construct a breast image.

The Pennes’ bioheat transfer equation is com-
monly used to model the heat transfer in perfused
tissue, e.g. human breasts,

ρc
∂T

∂t
= ∇ · (k∇T ) + ρQ+ ρS −D(T − Tb) , (1)

where ρ is the tissue density in kgm−3, c is the spe-
cific heat capacity in Jkg−1K−1, T is the local tissue
temperature in K, k is the thermal conductivity in
Wm−1K−1, Q is the metabolic heat generation rate
in Wkg−1, S is the SAR in Wkg−1, Tb is the temper-
ature of the arterial blood in K, and D is the heat
transfer rate that models the heat removal due to
blood circulation in Jm−3K−1s−1 . If the duration
of the microwave pulse is short, on the scale of a few
micro seconds, the thermal diffusion can be neglected
and the Pennes’ equation reduces to

ρc
∂T

∂t
= H(r, t) , (2)

where H represents the heat deposited into the tissue
in Js−1m−3. In the theory of acoustics, the equation
of continuity of mass can be expressed as

1
B

∂p

∂t
− β ∂T

∂t
= −∇ · ~u , (3)

where B is the bulk modulus in Pa, p is the acoustic
pressure in Pa, β is the isobaric temperature coeffi-
cient of volume expansion in K−1, and ~u is velocity
of the differential volume within the mass matter in
ms−1. The simple force equation represents the ac-
celeration and deceleration of fluid elements, and it
is given by

ρo
∂~u

∂t
= −∇p . (4)
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Combining (2), (3) and (4) gives the thermoacoustic
wave equation

∇2p− ρo

B

∂2p

∂t2
= −β

c

∂H

∂t
. (5)

The analytical solution to (5) in 2D, is expressed in
terms of the Green’s function, which is

p(ρ, t) =
∫

S

g2D(ρ,ρ′, t)⊗ f(ρ′, t)dS

=
∫

S

1
2π

u(t− |ρ− ρ′| /ca)√
t2 − (|ρ− ρ′| /ca)2

⊗
(
−β
c

∂H(ρ′, t)
∂t

)
dS , (6)

where ⊗ denotes convolution in time, u(·) is the
unit step function, and ca is the acoustic propaga-
tion speed in ms−1.

The microwave excitation is a pulse-modulated
sinusoidal wave. The heat function can be expressed
as

H(ρ, t) = ρS(ρ)I(t) , (7)

where the temporal illumination I(t) denotes a nor-
malized Gaussian pulse. The SAR, in Wkg−1, is cal-
culated from

S(ρ) =
σe

2ρ
|E|2 , (8)

where σe is the electric conductivity in Sm−1 and E
denotes the electric field in Vm−1.

III. METHODOLOGY

A. Electromagnetic Modeling
We have developed at 2-D TMz finite-difference time-
domain model to simulate the microwave-tissue in-
teraction. The electromagnetic model, shown in Fig-
ure 1 (a)), consists of one 120-mm diameter cylinder
to mimic the breast cross-section and one 6-mm diam-
eter cylinder to mimic the tumor cross-section. We
use deionized (DI) water as the matching medium.
The monopole antennas are modeled as infinite-line
sources. The computation domain is 200 mm×200
mm, with a uniform grid size of 0.3 mm×0.3 mm and
it is truncated with a Perfectly Matched Layer. The
single-pole Debye dispersion model is commonly used
to approximate the dispersive characteristics of tissue
materials. Its expression is

εr − j
σ

ωεo
= ε∞ +

εs − ε∞
1 + jωτ

− j σs

ωεo
, (9)

where ε∞ is the relative permittivity at infinite fre-
quency, εs is the static relative permittivity, σs is the
static conductivity in Sm−1, and τ is the relaxation

time constant in s. We use the Debye parameters of
tumor, breast tissue, and deionized water from [22] to
calculate their dielectric constants, which are listed in
Table 1. Figure 2 shows the dielectric constants over
the microwave range. These constants are assigned
to the electromagnetic model and we allow a 10%
variation in the dielectric constants of the breast tis-
sue over the region to mimic the heterogeneity. For
comparison, we show the dielectric constant values
both at 6 GHz, frequency used in our previous related
work [23] and at 434 MHz, the operating frequency
in this paper and in [8].

Table 1: Debye parameters from [22] and the dielec-
tric constants at 434 MHz and 6 GHz [24].

Parameter Tumor Tissue DI Water
ε∞ 3.99 6.57 4.55
εs 54 16.29 77.11
σs 0.7 0.23 0.0002

τ (ps) 7 7 7.37
εr at 434 MHz 53.9818 16.2865 77.0807
σ at 434 MHz 0.7230 0.2345 0.0354
εr at 6 GHz 50.74 9.8 71.91
σ at 6 GHz 4.82 0.4 6.25

B. Thermoacoustic Modeling
We use the solution expressed in terms of Green’s
function (6) to numerically compute the pressure sig-
nals at particular locations. Table 2 lists the phys-
ical properties of the materials recorded in [22, 24].
These parameters are included in (6) to calculate
the pressure signals. The normalized Gaussian pulse
has a standard deviation of 0.5 µs. Its bandwidth-
to-center-frequency ratio is approximately 1/434.
Therefore, the distortion in the recorded field mag-
nitude and phase, which will be used in the tomo-
graphic system, is considered negligible.

Table 2: Material thermal and mechanical proper-
ties [22,24].

Parameter Tumor Average DI Water
c 3049 2279 4186
ρ 1182 1069 1000
β 9.2× 10−4 3.5× 10−4 2.07× 10−4

ca 1550 1550 1500

C. Artifact Removal Algorithm
Monopole antennas cause non-uniform heating of the
tissue. The tissue close to the antennas is responsi-
ble for absorbing the initial, unattenuated microwave
energy, and it consequently experiences more heating
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(a) (b)

Figure 2: (a) Relative permittivity and (b) conductivity over the microwave frequency range. [22]

than the rest of the tissue and tumors. The heating-
induced artifact is much stronger than the pressure
signal due to the heating of tumor and the artifact
overshadows the tumor response. We need to elimi-
nate this breast-heating artifact and recover the weak
tumor response.

This non-uniform heating happens at all antenna
sites and the breast-heating artifacts received on the
opposite side of the breast are all similar, but not
identical due to the tissue heterogeneity. To remove
this artifact, we borrow the skin subtraction method
from microwave radar imaging, which removes the
reflection of the microwave pulse at the breast-skin
interface [25]. This method is based on the assump-
tion that the back-scattered microwave signals from
the breast-skin interface contain similar but not iden-
tical unwanted artifacts at various antenna sites. The
artifact in one signal can be eliminated by a filtered
combination of other signals, where the filter weights
minimize the mean-squared error between the signal
at one antenna and the sum of the filtered signals at
all other antenna sites over the portion of the signals
dominated by the artifact.

In our scenario, the artifact in the received pres-
sure signal is from the maximally heated tissue, near
the transmitting antenna. Assume there are N pres-
sure sensors. Let pn(i) denote the discrete pressure
signal received at the nth pressure sensor at time i.
Let p1(i) be the target signal to be filtered. ~pn de-
notes the (2J + 1) × 1 vector centered at time i, i.e.
~pn(i) = [pn(i−J) · · · pn(i+J)]. ~wn denotes the time-
independent filter weight applied to ~pn(i), i.e. ~wn =
[wn(−J) · · ·wn(J)]T . Let ~p(i)) = [~p2(i); · · · ~pN (i)],
the concatenated pressure signal from Sensor 2 to
Sensor N and ~w = [~w2; · · · ~wN ], the concatenated fil-

ter weights. The optimal weights are calculated from

min
~w

io+M−1∑
i=io

∣∣p1(i)− ~wT ~p(i)
∣∣2 , (10)

where the time interval io to io +M − 1 denotes the
portion of the signal that contains the breast-heating
artifact. The solution to this problem is [26]

~w = R−1~P , (11)

where R is the correlation matrix

R =
1
m

io+M−1∑
i=io

~p(i)~p(i)T , (12)

and ~P is the cross-correlation vector

~P =
1
m

io+M−1∑
i=io

p1(i)~p(i) . (13)

The filtered signal from the first pressure sensor is
p̂1(i) = p1(i)− ~wT ~p(i) and this procedure is repeated
for the second pressure sensor being the target signal.

D. Image Reconstruction and Mesh Generation
We use the simple delay-sum algorithm to process the
collected pressure signals [18]. The intensity of each
pixel Z at location ρ is the energy of the sum of N
delayed signals, which is expressed as

Z(ρ) =
M∑
i=0

[
N∑

n=1

anpn(i+ b |ρ− ρn|
ca∆t

c)

]2

, (14)

where M is the number of discrete time steps, an is
the weight introduced to compensate for the radial
spreading of each cylindrical wave as it propagates
outward from the location ρ, pn is the nth pressure
signal, ∆t is the acoustic time step size, and b·c de-
notes the floor operator.
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Given the breast image from the thermoacoustic
data, we obtain the contour plot and assign uniform
points along each contour to generate the point map.
We feed the point map to the DistMesh [27] to ac-
quire the non-uniform, adapted mesh, which can in
the next stage of the process be used in the algorithm
to solve the inverse problem and generate a more ac-
curate dielectric properties.

IV. RESULTS

Figure 3 (a) shows the SAR over the computation do-
main under the radiation from the infinite-line source
located in the far-right position (3 o’clock). The plot
is on the log scale with the peak SAR normalized to
0.4 Wkg−1 [28], which is the limit of the ANSI-IEEE
Criterion for the average SAR in the whole body. We
observe the expected non-uniform heating over the
breast area, with pronounced heating in the immedi-
ate vicinity of the transmitting antenna. The tumor,
due to its high conductivity, also absorbs more mi-
crowave energy than its ambient tissue. In two and
three dimensions, a cylindrically (spherically) sym-
metrical source produces one wave that propagates
outwardly to the pressure sensor, and at the same
time, a second wave that propagates inwardly to the
origin. The latter undergoes a reflection at the ori-
gin and reappears as an inverted, outwardly propa-
gating wave that eventually reaches the field point.
Therefore, the time profile of a photoacoustic wave
assumes an N-shape. (In one dimension, the second
wave propagates in the opposite direction and will
not reach the pressure sensor.) Diebold and Sun pre-
sented the solution to the thermoacoustic wave equa-
tion (5) of a uniformly-excited homogeneous cylinder
under a δ-pulse heating function [29], which is con-
firmed later by Hoelen and de Mul [30]. This the-
oretical thermoacoustic signal is shown in Figure 3
(b). Figure 3 (c)-(h) graphs the computed pressure
waves at the locations indicated in Figure 3 (a). Our
heating-function is a Gaussian pulse with a standard
deviation of 0.5 µs, whose spatial span is about 1.5
mm given the constant acoustic speed of 1500 ms−1.
This pulse resembles a δ-pulse heating function in
comparison to the diameter of the cylinder. There-
fore, Figure 3 (c)-(h) all have N-shape traces. The
deviation from the theoretical result at different sen-
sor locations is due to the non-uniform heating of the
cylinder and heating of the ambient matching back-
ground. If the cylinder and the background were uni-
formly heated, Figure 3 (c)-(h) would assume the the-
oretic shape regardless of the sensors’ locations. The
thermoacoustic response of the tumor is also marked
in this figure. This tumor response, though, resem-
bles the shape of a differentiated Gaussian pulse since

the diameter of the tumor, i.e. 6 mm, is comparable
to the spatial span of the heating function.

Due to the high heating of the tissue close to
the microwave source, this region generates acoustic
waves of high amplitude. The first half of the pres-
sure wave at 2:30 o’clock location in Figure 3 (c) is
generated predominantly by the region that is close
to the microwave source. As we move the pressure
sensor further away from the microwave source, the
response generated by the tumor becomes more pro-
nounced with respect to the response of the surround-
ing tissue, being most noticeable at 10:30 o’clock lo-
cation in Figure 3 (g), and at 09:30 o’clock location
in Figure 3 (h). This suggests that a system based on
microwave-induced thermoacoustic imaging may ben-
efit from collecting signals from the pressure sensor
placed on the opposite side of the microwave source.
In addition, our goal is to apply an algorithm that will
remove the artifact of the high-peak pressure signal
generated in the immediate vicinity of the transmit-
ting antenna.

In microwave radar imaging, the early breast-skin
artifact is separated from the later tumor response in
the backscattered microwave signal in time. The time
interval parameters io and M are carefully chosen to
only include the breast-skin artifact. In microwave-
induced thermoacoustic imaging, since the pressure
wave travels at a significantly lower speed than elec-
tromagnetic wave, the breast-heating artifact over-
laps with the tumor acoustic response. Therefore,
this artifact removal method is applied over the en-
tire range of the pressure signal and the number of
consecutive pressure samples weighted before being
subtracted from the target signal is bigger than the
value used in [25]. In Figure 4, we demonstrate the
capability of the artifact removal algorithm when the
antenna and the pressure sensor are placed on the
opposite sides of the breast. The signals before and
after the filtering process are presented. The artifact
is clearly removed in all cases, allowing for the tumor
response to emerge. We also observe that the filtered
signals that contains strong tumor response as in Fig-
ure 4 (c) and (d), are less noisier than the signals that
contain week tumor response as in Figure 4 (a) and
(b).

The delay-sum scheme for image reconstruction
has the averaging effect when the noise is added inco-
herently and the tumor response is added coherently.
Therefore, we are still able to recover the tumor in
the thermoacoustic image. Finally, Figure 5 shows
the thermoacoustic map and the finite-element mesh
that contains locally refined elements in the regions
that are suspected to contain the tumor. This mesh
can now be used in conjunction with the scattered

623ZHU, POPOVIC: ENHANCING MICROWAVE BREAST TOMOGRAPHY WITH MICROWAVE-INDUCED THERMOACOUSTIC IMAGING



Pressure SensorAntenna
Pressure Sensor

02:30

01:30

12:3011:30

10:30

09:30

(a) (b)

Tumor response

(c)

Tumor response

(d)

Tumor

response

(e)

Tumor 

response

(f)

Tumor 

response

(g)

Tumor 

response

(h)

Figure 3: (a) SAR at 434 MHz on a dB scale normalized to 0.4 Wkg−1, with the locations of the antenna
(square symbol, at the 3 o’clock location) and pressure sensors indicated by the black dots. (b) Theoretical
thermoacoustic signal generated by a uniformly-excited homogeneous cylinder. The trace shows the signal
for a δ-pulse heating function. The following graphs show the calculated pressure signals at the sensor lo-
cations at the following approximate clock-handle positions: (c) 02:30, (d) 01:30, (e) 12:30, (f) 11:30, (g)
10:30, (h) 9:30.

microwave signals for an improved microwave tomo-
graphic image of the breast.

V. CONCLUSIONS AND FUTURE WORK

In this paper, we presented a preliminary study of a
breast imaging system that uses microwave-induced
thermoacoustic imaging to enhance microwave to-
mography. Monopole antennas and pressure sen-
sors are interleaved and surround a pendant breast.
Monopole antennas are sequentially excited to induce
the thermoacoustic process in the breast. The pres-

sure sensors collect signals, which form a thermoa-
coustic image of the breast. The aim of our paper
was to show how an image formed in this fashion
can guide the construction of the finite-element mesh
which is locally refined to resolve, with more ele-
ments, the suspect locations that are likely to contain
a tumor. At the same time, the scattered microwave
energy is recored at other antennas in terms of mag-
nitude and phase. Therefore, in a complete sys-
tem, the obtained non-uniform finite-element mesh
and the field quantities can be used to recover the
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(a) (b)

(c) (d)

Figure 4: Pressure signals at the side of the breast opposite to the antennas, before and after the removal of
breast-heating artifact. Antennas are located at (a) 3:00, (b) 1:00, (c) 11:00, and (d) 9:00 o’clock positions.

(a) (b)

Figure 5: (a) Thermoacoustic map constructed from the pressure signals. (b) Finite-element mesh with
local refinement in the region suspected to contain a tumor, to be used for enhancement in the microwave
tomographic process.

dielectric properties of the breast. Such a system
would overcome the low resolution of microwave to-
mographic system by providing a finite-element mesh
that contains a priori information about the potential
tumor location. In our preliminary study, we sim-
ulated the thermoacoustic process, constructed the
thermoacoustic image, and have shown the locally

refined finite-element mesh. In the on-going and im-
mediate future work, the more anatomically realistic
geometry and tissue parameters as in [16, 17] will be
incorporated in the breast model. Further, we are
presently implementing an iterative tomographic al-
gorithm to recover the dielectric properties over the
non-uniform mesh.
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