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Abstract—This paper presents a Finite Element Modelling for Il. MICROWAVE IMAGING SYSTEM

Microwave Imaging tomography based on edge basis functions . .
In particular a new technique is used to compute the antenna _ 19uré 1 shows the exam table used in MI tomography

parameters. This novel procedure will provide a genera] metod for breast cancer detection at Dartmouth-Hitchcock Mddica
to enforce the excitation as a specific modal distribution, ad Center. The system consists of an illumination tank with
to extract the voltage from the employed antenna. We show the gntenna array, and the exam table. Both are integrated héth t
model for the Microwave Imaging system including the anten@s  g|actronics and completely embedded in the examinatida.tab
and we report a comparison between measured and simulated . L .. . .
data. The patient lies in prone position with her breast extending
through the hole in the table. The antennas of the array are
disposed on a circle around the breast under analysis. d-igur
|. INTRODUCTION 4(b) shows the illumination tank with the array in which r@gi
Il represents the volume occupied by the breast, imaging

Microwave Imaging (MI) has developed into a promisin&omam (ID). That cylindrical region has a diameter equdl3o

technique in breast cancer detection based on the differ&ft @nd 20 cm of height. In addiction, in order to promote the

response of normal and malignant breast tissue to e|ect§5;nal—coupling and to reduce the unwanted reflections from

magnetic waves at microwave frequencies. Unlike radarchadB€ Walls, the illumination tank is filled by a liquid-bathhieh
techniques, which have been proposed in literature forepiedS & 80:20 percent glycerine-water solution. Figure 2 sthies
wise homogeneous domains, the tomographic approachrqg"t'\’e permittivity and conductivity of this liquid asriations
suitable to recover the dielectric properties of an inhom@! frequency from 300 MHz up to 3 GHz.

geneous medium as the breast. The reconstruction of the —

material properties is essentially obtained by solvingweise :
problem. Generally, the result quality of an inverse proble

is mostly influenced by the accuracy of the model used for
forward modeling. As a consequence, having a reliable and
accurate forward model is crucial especially in modelling M
system, which has a large number of antennas and complex

geometry.
- . Fig. 1. Examination table for Ml breast cancer detection aftBouth-
In the present work we focus specifically on modellingiichcock Medical Center.

the tomographic system developed at Dartmouth College [1].

In particular we use an enhanced forward model, where weThe antenna consists of a SDcoaxial cable with the outer

solve the 3D curl-curl Helmholtz equation using an edg@etal conductor stripped from the termination. The length

Finite Element Method (FEM) via zero order Whitney formsf this region is equal to 3.4 cm, [3], and it represents the

[2]. The use of FEM techniques allows us to finely modehdiative part of the antenna. Figure 3 shows one monopole

the monopole antennas [3] used for injecting excitatior a@ntenna of the array.

sensing. Additionally, a variational formulation is emyédal to

extract the information related to the antenna, and to egfor Ill. FORMULATION

a specific modal distribution, [4]. In this work we model the aforementioned MI system by
In this manuscript we firstly describe the MI system anBEM. In order to produce a discretized domain the infinite

then we show that the model can accurately predict thegion exterior to the tank must be truncated. As a conse-

measured (amplitude and phase) data collected by using &lience, a boundary condition must be used. Also, since we

system developed at Dartmouth College. are concentrating on experiments in microwave range, B thi
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Fig. 2. Relative permittivity (blue line) and conductivitfred line) for sents the external domain of (region 1) and imaging
glycerine-water 80:20 from 300MHz up to 3GHz ID; region Il is the ID domain (region 111)

Fig. 4. MI System

properties of the breast under investigation. It is wortkingp
that with this work we do not address the inverse problem
but we rather describe the forward one. Therefore, having an
accurate solution of Maxwell's equation inside the ID is a
mandatory starting point for the inversion procedure.
As mentioned before, we use edge-based FEM with vector
) o basis functions defined on tetrahedral elements [2]. Figure
glzglc?n Monopole antenna: the length of the transmittingezémequal to 4(a) illustrates the built mesh obtained by using Netgenhmes
generator [8]. Recalling equation (5) it is possible asseci
a homogeneous Boundary-Value problem (BVP) by enforcing
work a single frequency equal to 700MHz is used, the fictgiothe tangential component of the electric field equal to zero
absorbers, which have a certain thickness, have been éesigph PEC surfacep, x E = 0. Consequently, the associated
to work in a wide frequency band. To this aim the most suitab&hisotropic variational formulation is expressed as:
absorber is a Perfectly Matched Layer (PML) [5]. According
to different interpretations of PML [6] [7] we have chosen 1 .
the anisotropic one [7]. Therefore, in truncating the damai F(E) = 2 ///V[(Vxﬂ )
boundaries is mandatory to terminate the exterior surfaces
by a Perfect Electric Conductor (PEC). Thus, we can write Where E* is the complex conjugate of the electric field
the Maxwell's equations, source-free case, in an anisitrogZ- As usual the region | in Figure 4(a) represents the PML

L (OxB)-RE BV (6)
HT -

medium as: with the exterior surfaces set as PEC. The attenuation rule
for tetrahedral elements inside the PML region was chosen
VxE=—jwu-H (1) according to [9].

Moreover, choosing the edge basis functidiiswe apply
the Galerkin’s test procedure to (6) in order to produce a

VxH=jwe & (2) discretized version of the functional:
1
V(e EB)=0 © ol = [[[ (7 x w7 < av+
14 [
V-(u-H)=0 (4) —kg/// W, le] - Widv+ (7
= V prm—
wheree andg are the dlfgonal permittivity and permeability Fiwpo /// W, (oW, dv
e v

tensors withe = €o (e, — j =) Also, we can readily formulate
the finite element solution for the source-free case usieg th where [M];; is a generic element of the FEM matrix,
wave equation in tensorial fashion, namely: ¢ and g the relative permittivity and conductivity tensors
respectively.

Vx[p - (VxE)]-kje-E=0 (5)

IV. ANTENNA PARAMETERS

With reference to Figure 4(a) and 4(b) in region Il one will In this section we describe the relation between the forcing
perform the inverse problem trying to reconstruct the niatterterm and the characteristic antenna parameters, (i.erniait



Yet, we compute (10) orl’,,, Obtaining the internal
impedance,Z = Z;nr, jointly with the current expressed

as:

I= jé H-dl (11)

6FpoTt
Fig. 5. Coaxial port surface: d b are the i d outedwiors’ . -
raI?jii respeﬁfbﬂﬁ, port sulace: @ and b afe The inner and oufseldors As a consequence, the voltage associated ithttantenna
is written as:
impedance). According to [4] if a guiding structure (e.g.: Vi=Zinr- 1 (12)
coaxial cable) is used as feeding point the impedance is
V. RESULTS

associated with the mode of the port itself. In our case the ) ) ] . .
monopole antenna is fed by a coaxial line and we firstly In this section we validate the procedures outlined in IV by
enforce a field boundary condition representing the excitat Making & comparison with measured data. For the time being,
on that port surface. Secondly, we will obtain the desirefe consider only the tank with the coupling liquid without

voltage once we have computed the solution of the FERNY object inside. Further, those procedures are completel

system. independent to the experiment set-up and one can use them
in a complex environment without any modifications. Setting
A. Enforcing field boundary conditions the frequency equal tof = 700 MHz, and considering

We provide the excitations of each of the monopoles @l 16 antennas, as is shown in Figure 4(b), we report the
Figure 4(b) by enforcing a Dirichlet boundary condition fofimulated and measured voltage for each transmitter. With
the electric field on the coaxial port surfakg,,,. The field régards to Figure 6 the notation proposed in [11] is used. In
boundary condition will be enforced in terms of modal fieldFigure 6(a) and 6(b) it is possible notice a good agreement
According to Figure 5 we can write the enforced boundaﬁﬁtwee” the simulated and measured voltage amplitudelfor al

condition for the electric field as: transmitte_zr a_ntennas. Howeve_r, as one can observe in Figure
6(a), oscillations in the amplitude for the measured vatag
AixE=E,=Vyel ®) related to the eighth relative receiver, which is the opygosi

receiver for one transmitter antenna, could appear dueeto th

where 7 the is normal to the coaxial port surfac&, amplifier's noise floor proximity and due to a low SNR. For the
the voltage between the and a, and ef is the transverse- sake of simplicity, we show only the phase for one transmitte
electromagnetic (TEM) modal eigenfunction of the feedinfigure 6(c).

coaxial cable [10]: VI, CONCLUSIONS

1 @) In this work we have presented a FEM modelling for Mi

\2mp - In(b/a) tomography. In particular, a new technique able to comphée t
bei local radial di & voltage associated with a receiver was shown. The aforemen-
eingp a local radial coordinate overyor. tioned technique allows us to deal with the complex geometry

B. Extracting internal impedance of the imaging system without using any approximations in
modelling the antennas. Those procedures were tested in a

In this section we describe the procedure used to COMPUiR,je environment in which only the tank and glycerine bath
the internal impedance for a receiver antenna. In doing thal e yresent. Naturally, it could be possible to extendrel t
we need to use two different antennas: one as transmitter ?ﬁ'gcedures herein presented to a more general case without

the other one as receiver. U;lng thgt_conﬂguratmn allqws pardise the result quality of the technique. For instanc
to characterize the antenng in receiving mode. The d!sta ects inside the imaging domain would be considered.
between the two antennas is greater ta&t /), where), is

the wavelength with respect to glycerine bath permittiand

D is the largest dimension of the monopole. We first compute
the primary field, which is a function of the defined voltage
Vp, using only the transmitter antenna and then we insert the
receiver one. In addition, the concept of impedance is used
once we have obtained the solution of the FEM system. As
matter of fact, starting from that solution, it is possibte t
calculate the magnetic field, and it is possible to enforee th
impedance relationship as:

el =p

H(r) = V(i x o) 2O (10
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Fig. 6. Comparison between measured and simulated voltagplitude and phase)



