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Abstract — In this paper with present the experimental
results of imaging a 12mm copper rod immersed in water
with a relative permittivity of ε = 78 , σ = 0.2. A copper
rod is a simpler object to analyze for these first series of
investigations than a hip prostesis. One should note that
it has a relative permeability µ = µ0. The prosteses is
also manufactured using titanium and it posseses a similiar
permeability to that of copper. The setup used is very
similiar to that proposed for the detection of breast cancer
tumors [1],[2].The metalic rod is immeresed in water and is
surrounded by an array of transceivers. 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 symmetrix matrix. The
elements consist of the received relative amplitude and phase
between each sensor element as a function of frequency. A
vector network analyzer and a switching matrix is used
as the transceiver module. The mulitstatic data matrix is
fourier transformed to time domain in order to be used in
the FDTD based algorithm. The imaging algorithm used is
similiar but a modified version to that proposed by Tanaka,
Takenaka, He[3] and Gustafsson,He [4].The results of these
first attempts to image metalic object are very promising
and one can potentially use the proposed setup in various
fields of medical imaging.

I. INTRODUCTION

Tens of thousands x-ray examination are done in Swe-
den each year regarding the possible displacement of
prosthese in hips and knees. This work investigates the
possiblity of reducing this large number by developing
an alternative method based on microwave measurements.
Our premilinary results are quite encouraging and suggest
that this might be possible. The standard procedure for
presenting a suspected dislocation of hip joint prosthesis
is x-ray diagnostics. This is not only relatively expen-
sive, but also technically demanding. Many thousands of
examinations are done in Sweden on a yearly basis. It
would therefore be of interest to evaluate the possibility
of alternative detection systems. A Microwave technique
would provide easy accessibility at a relatively low cost
and would bring down the irradiation to the population
considerably. This project has many similarities with the
breast cancer tomography project presented earlier, [1].
Just like in the case for breast imaging microwaves will be
used to detect the position of the scattering object. How-
ever, the problem here is considerably easier. Here we
want to detect a possible displacement of an implantable
artificial joint. The joint is made of metal and an excellent
scatter. If a displacement is suspected further examination
will be performed using standard X-ray techniques. We
have found no reference in the literature discussing mi-

crowave scattering on this application. We have therefore
made a preliminary study in order to determine if it is at
all feasible to use microwaves to determine the position of
metallic object in the human body. In this study, a simple
model of a hip joint, consisting of a metal cone, has been
numerically modelled as immerged in a dilectric media
with body like dilectric constant and conductivity. The
preliminary results are quite encouraging. In this paper ex-
periments using the same equipment as earlier,[1] will be
used to evaluate the potentials with this method. Images
produced using the reconstruction algorithm described in
the same paper will be used to evaluate the usefulness of
such an imaging approach to this problem.

II. THE EXPERIMENTAL SETUP

In non invasive microwave imaging the access is limited
to the boundaries. In these experiments the medium
under consideration is by an surrounded by an array of
transceivers. The principal antenna configuration can be
seen in Figures 1,2.
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 symmetrix
matrix. The elements consist of the received relative
amplitude and phase between each sensor element as a
function of frequency. A vector network analyzer and
a switching matrix is used as the transceiver module.
The mulitstatic data matrix is fourier transformed to time
domain in order to be used in the FDTD based algorithm.
The imaging algorithm used is similiar but a modified
version to that proposed by Tanaka, Takenaka, He[3] and
Gustafsson,He [4].

III. CALIBRATION OF MEASURED DATA

Since the measurements are done using a VNA, that
measures the transmission and reflection coefficients at
discrete frequencies, the time domain pulse used in the
FDTD has to be synthesised from a range of frequency
data. The main source of error in the measurement
compared to the computation is the fact that in the
measurement the radiation from the antenna are strictly
3D. For the computations on other hand we try to model
the 3D reality with a 2D model. A calibration procedure
suggested by Meaney et al.,[5], is used to take the
measured 3D data and turn in to a 2D representation,
suitable for use in imaging algorithm. The validity and
accuracy of such a caliberation has been shown,[5]. In
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Fig. 1. This figure Shows the array of monopoles surrounding the
medium under test.

Fig. 2. This Figure shows the 12mm metalic rod and the glass cylinder
used in the experiment

Fig. 3. This Figure shows the PNA used in the experiment

Fig. 4. This figure shows the experimental domain, the antennas array
is immersed inside the plastic tank

short the calibration procedure consists of one reference
measurement of the background. The logarithm of the
reference measurement is subtracted from the logarithm
of the measurement with the object being imaged present.
The difference is further added to a FDTD computation
of the logarithm of the corresponding reference signal.
Thus a signal can be created where all 3D effects due to
the radiation patterns of the antennas have been removed.

IV. 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)
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Fig. 5. 12mm copper rod in water ε = 78,σ = 0.2

Fig. 6. 12mm copper rod in water ε = 78,σ = 0.2

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.

V. RESULTS

In this section the reconstructed results are presented,
for a center frequency f0 = 1Ghz and BW = 300Mhz.
The results show the electrical profile reconstruction of
two independent experiments. In the first experiment a
copper rod with a diameter of drod = 12mm was

Fig. 7. 12mm copper rod placed in a glass cylinder filled with water
ε = 78,σ = 0.2

Fig. 8. 12mm copper rod placed in glass cylinder filled with water
ε = 78,σ = 0.2

Fig. 9. The plot of the functional value with respect to iteration number
for the metalic rod
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Fig. 10. The plot of the functional value with respect to iteration
number for the metalic rod placed in a glass cylinder

immersed in the medium under test. One can see the
reconstructed results of ε(x) , σ(x) in Figures [5],[6].
In the second experiment a glass cylinder of diameter
dglass = 52mm was used with the same metalic rod
placed inside the cylinder. The glass cylinder was filled
with the same water used as the background medium. The
purpose of this experiment was to investigate whether the
glass cylinder which has a thickness of t = 2mm could
be penetrated by the wave. The reconstructed results of
ε(x) , σ(x) for the second experiment are presented in
Figures[7],[8] respectively.
In the first experiment with the copper rod, the permit-
tivity decreased relative to the background at the correct
(x,y) position, and conductivity increased by a magnitude
of several orders at the same (x,y) location.
In the second experiment, One can observe that the wave
was able to penetrate through the thin walls of the glass
cylinder with a ε = 4. The wave is seen to scatter from
the metalic rod which has been placed inside the glass
cylinder. The scattered signals are used to reconstruct
both the position of the glass cylinder in the background
medium and the position of the metalic rod placed inside
the glass cylinder. The results show the correct (x,y)
position of the objects in the background medium and
also the expected ε(x),σ(x).
Looking at Figures[9],[10] one can observe that the opti-
mum values of ε(x),σ(x) are obtained after 10 iterations.

VI. CONCLUSION

One can conclude from the results that it is possibly
to image metalic objects in biological tissue. The results
look promising and further studies need to be done both
on techniques of measurement and the reconstruction
algorithm. But simply looking at the results there is
enough evidence that this algorithm can image metalic
objects as well as non metalic objects.
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