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Abstract — Microwave Imaging is an interesting tool and
a growing research field in a number of applications.
Compared to X–ray mammography there is potentially a
significant benefit in using microwaves in the diagnosis
of breast cancer tumors due to the high contrast in the
dielectric properties between tumor and surrounding tissue.
This paper is based on the first series of experimental results
of a 2D iterative gradient algorithm based on the FDTD
method (Finite Difference Time Domain method), which can
be applied to microwave breast cancer imaging and possibly
hip prosthesis dislocation.

I. INTRODUCTION

Breast cancer is a serious health problem for women
worldwide. It is the second most common form of cancer
with about 1.05 million new cases diagnosed in the
year 2000. A relatively favorable prognosis, compared
to other cancer forms, results in about 370 000 yearly
deaths, [1], a figure that motivates researchers all over
the world in various fields of tumor detection, diagnostics
and treatment. In the process of diagnosing malignant
breast cancer, imaging has come to play an important role.
Especially X-ray mammography is used extensively even
though it has some problems, mainly due to the contrast
between the tumor and the surrounding tissue which could
often be as low as a few percent. It has become of
interest to develop alternative or complementary imaging
techniques.

Our proposed method of detecting a malignant tumor
is through a 2D electrical profile reconstruction. The
electrical permittivity and conductivity of a surface is
reconstructed through the proposed method. The ma-
lignant tumor has a different electrical permittivity and
conductivity to that of benign tumor. There are various
research groups working in this field, some are focused
on dielectric profile reconstruction [4], [5]. Other groups
are focusing on faster and less computationally expensive
algorithms in detecting tumors using only the mono static
data from the multi-static data matrix [6]. The experimen-
tal results presented in this paper are amongst the first
using a similar but modified algorithm to that proposed
by M.Gustafsson, He [2] and T.Tanaka, Takenaka, S.He
[3].
The multi static data matrix is recorded as a function of
frequency on the boundary of the medium under test. The

multi static data matrix is a square complex symmetric
matrix. The elements consist of the received relative
amplitude and phase between each sensor element as a
function of frequency. A vector network analyzer is used
as the transceiver module. The measured multi-static data
matrix is Fourier transformed to time domain in order to
be used in the FDTD based algorithm

II. THE EXPERIMENTAL SETUP

In non invasive microwave imaging the access is limited
to the boundaries. In these experiments the medium under
consideration is surrounded by an array of transceivers.
The principal antenna configuration can be seen in Figure
1.
The objective of the experimental part of the microwave
tomography experiment is to measure the elements of the
multi static data matrix. The elements are the reflections
and transmission coefficients of and between each antenna
element in the array. Monopole antennas are used in
these first series of experiments. They have shown to
posses the required bandwidth when immersed in the
lossy background medium and are also relatively easy to
model.

III. RECONSTRUCTION ALGORITHM

The algorithm used for the reconstruction of the ex-
perimental results is similiar to that proposed by [3],[4].
It is a 2D algorithm and it can be described in the
following way: Assume a time domain of a transient pulse
has been conducted. For each transmitter location,m,a
set of electric fields on the receiver locations has been
acquired in the receiver position, Xn, Em

m(ε, σ,xn, t). In
the reconstruction procedure an initial dilectric distribu-
tion, ε(x), σ(x), is assumed and arbitarily set. It is further
assumed that the material is non-magnetic with µ = µ0,
which is the case for copper and water. The propogation of
the field is simulated using the same source field as in the
measurement. The objective of the image reconstruction
procedure is to minimize the functional



J(ε, σ) =
∫ T

0

M∑
m=1

N∑
n=1

Φ(t)

|Em(ε, σ, xn, t) − Em
m(ε, σ, xn, t)|2dt (1)

where Em(ε, σ,xn, t) is the calculated field corre-
sponding to the measurement Em

m(ε, σ,xn, t) .φ(t) is a
weighting function, M is the number of transmitters and
N is the number of receivers. To minimise the functional
a gradient based search algorithm is used. To derive the
gradients a small increment in the dilectric profile is
considered,ε + δε,σ + δσ, and the corresponding change
in the functional is derived. That is done by solving
the adjoint problem of Maxwell’s equations, using the
difference between the measured and the simulated fields
on the boundary of the source. Thus Frechet derivative of
the functional can be written as

J (ε, σ) = 〈Gε(x), δε〉 + 〈Gσ(x), δσ〉 (2)

where the inner product is defined as the following surface
integral over the area under reconstruction∫ ∫

S

a(X)b(X).dS (3)

The gradient can be written as

Gε(x) = 2
M∑

m=1

∫ T

0

Ẽm(x, t).∂tEm((x), t)dt (4)

Gσ(x) = 2
M∑

m=1

∫ T

0

Ẽm(x, t)Em((x), t)dt (5)

where Ẽm(x, t) is the solution to the adjoint problem.
A search in the negative direction of the gradient is
performed in order to find the minimum of the functional.
Different types of regularization is added to the solution
and the process is iterated until convergence.

IV. RESULTS

A typical set up is photographed and shown in Figure 1.
The radiating elements are monopoles which are situated
on a finite ground plane. The targets are cylindrical
plastic rods with smooth surfaces. Experiments have been
conducted bot in air and water. The air experiments were
conducted using a center frequency of 7.2Ghz and a
bandwidth of 300Mhz (7.05 to 7.350)Ghz. The water
experiments were conducted using a center frequency of
1Ghz and a bandwidth of 300Mhz (0.850 to 1.150) Ghz.

Figures 1 & 2 show the results of reconstruction of a
15mm plastic tube in air. The permittivity profile gives
the correct position but the conductivity profile is noisy
as plastic rod has a very low conductivity.

Figures 3 & 4 show the results of the reconstruction of a
hollow glass cylinder with a metal bolt placed inside. The
metal bolt was tilted at angle and was in direct contact
with the inside of the glass. The permittivity profile in
Figure 3 indicates that the metal bolt is embedded within
the glass cylinder. The metal bolt can be seen in the
conductivity profile but glass is a poor conductor and

Fig. 1. Shows the array of monopoles surrounding the medium under
test ( 2 cylindrical plastic rods)

its boundary is therefore not present in the conductivity
profile.
Figures 5 & 6 show our best results in air, which is a
reconstruction of oil filled plastic cylinder. The correct
profile of permittivity has been reconstructed including
the correct scale. Oil posses low conductivity and this
can affect the conductivity profile reconstruction. This is
observed in Figure 2.6, there is one correct target position
and one unwanted artefact.

Figures 7 & 8 show the results of the reconstruction
of a 15mm plastic cylinder placed on the boundary of
the experimental domain in fresh water. The permittivity
profile only gives the correct (x, y) location but fails to
give the correct permittivity value. Figure 2.8 shows the
result of the reconstruction of the conductivity profile
and the image contains a lot of noise and no useful
information can be deduced from it. This may be caused
by the poor conductivity of plastic compare to that of
water.
Figures 9 & 10 show the results of an experiment in a
water and a 5mm plastic container containing liquid with
a lower permittivity and higher conductivity to that of
the background. The plastic cylinder was a straw filled
with a combination of distilled water, sugar and salt. The
straw was closed at both ends. Both reconstructions give
the correct position of the object. The center frequency
of the incident field was 1Ghz. This means that we
have the ability to detect objects as small as λ/6. But
the conductivity of the liquid in the container is higher
than that of the background, this is not the case on the
conductivity profile. This may be caused by the walls of
the straw.

Figures 11 & 12 show the results of reconstruction of
a 6mm metal bolt placed in distilled water. The correct
position of the metal bolt can be observed from the
conductivity profile as expected but can not be observed
in the permittivity profile.

V. CONCLUSION

The success at this stage in these experiments was
mainly in finding the correct (x , y) position of the targets



Fig. 2. Relative Permittivity profile reconstruction of a 15mm plastic
target placed in the experimental domain. The correct position can be
obsereved.

Fig. 3. Conductivity profile reconstruction of a 15mm plastic target
placed in the experimental domain.

Fig. 4. Permittivity profile of a hollow glass cylinder with a diameter
of 30mm and a 10mm metal bolt placed inside the cylinder

Fig. 5. Conductivity profile,of a hollow glass cylinder with a diameter
of 30mm and a 10mm metal bolt placed inside the cylinder.

Fig. 6. Conductivity profile,of a hollow glass cylinder with a diameter
of 30mm and a 10mm metal bolt placed inside the cylinder.

Fig. 7. Permittivity profile of a 20mm hollow plastic cylinder with
corn oil εr = 2.7, σ = 0.03 in air.



Fig. 8. Conductivity profile of a 20mm hollow plastic cylinder filled
with corn oil εr = 2.7, σ = 0.03 in air.

Fig. 9. Permittivity profile of a 13mm plastic cylinder in water εr = 3 4
placed in water (εr = 78, σ = 0.1) The correct position of the target
can be observed.

Fig. 10. Conductivity profile of a 13mm plastic cylinder εr = 3 5
placed in water (εr = 78, σ = 0.1) The correct position can not be
observed due to present noise.

Fig. 11. Permittivity profile of a 5mm plastic cylinder filled with
liquid εr = 70, σ = 0.5 immersed in a water with relative permittivity
εr = 78, σ = 0.2. The target is at the correct position.

Fig. 12. Conducitivity profile Permittivity profile of a 5mm plastic
cylinder filled with liquid εr = 70, σ = 0.5 immersed in a water with
relative permittivity εr = 78, σ = 0.2. The target is at the correct
position.

Fig. 13. Permittivity profile of a 6mm metal bolt placed inside distilled
water εr = 78, σ = 0.01. The permittivity profile does not give
information about the position of the object



Fig. 14. conductivity profile of a 6mm metal bolt placed inside distilled
water εr = 78, σ = 0.01. The correct position can be observed from
the profile

using either the permittivity profile or conductivity profile.
Objects with diameters as small as λ/6 were detected.
It was observed that objects with diameters larger than
λ/2 of the center frequency were difficult to reconstruct.
This matter is currently under investigation to see why
the algorithm finds larger objects difficult to reconstruct.
Overall the experiments were fairly successful and cur-
rently work is in progress to conduct more accurate exper-
iments in matching fluids and water based solutions with
direct application to microwave breast cancer tomography
and medical imaging . The same technology can also be
applied to look in to hip prosthesis dislocation. This topic
is also of interest to the research in progress. Figures 11
& 12 are results of the first initial attempts in imaging
metallic objects in water.

VI. FUTURE WORK

No antenna models were incorprated in the
reconstruction algorithm and only a point source
model has been used. The implication of this modelling
issue is currently under investigation.

Mechanical and physical limitations were experienced
when conducting under water experiments. Designs are
currently under way to solve this problem in order to
obtain much more accurate measurements.

Special containers need to be fabricated to hold the
medium under test which are insensitive to the incident
field. This can improve the signal to noise ratio of
the received signal due to low reflections of the field
attempting to penetrate their surfaces.
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