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Combining Multiple Boundary Shapes in Deformable

EIT a Potential Use in Breast Imaging

Jing Hu and Manuchehr Soleimani

Abstract—A few emerging medical imaging methods are being
developed for breast imaging. Electrical impedance tomography
(EIT) is an excellent candidate for safe, low cost and non-invasive
breast cancer monitoring. Despite early promises, the EIT faces a
few challenges for the breast imaging application. It is mainly due to
its limited resolution and especially for the tumours in depth.
However, unlike the other medical applications of EIT, such as brain
and thorax, breast tissues are deformable. This paper exploits the
deformation of breast shape to enhance the EIT resolution and its
depth detection. Exterior boundary of the breast can be used to
create deformable EIT with multiple shapes to enhance the imaging
resolution, turning a challenge to an opportunity. With deformation
of the boundary shape, more independent measurements can be
obtained, and hence more information can be gained. This can
increase the resolution of the reconstructed image and possible
detection for smaller tumours in depth. This paper demonstrates
this by experimental verification in test phantom representing
tumour size inclusion deep inside breast by a few deformed shape
phantoms. To evaluate the experimental results, 3D printed
phantoms are built in several different shapes. Quantitative image
analysis shows that some of the deformed shapes are superior to
traditional circular cross section. Additionally, we proposed a
combination of data from all shapes so that all this information can
be used in one step reconstruction to achieve higher imaging
accuracy.

Index Terms—-Breast cancer diagnosis, electrical impedance tomography,
deformed boundaries in EIT

l. INTRODUCTION

REAST cancer is taking many lives in many parts of the

world as the leading cause of cancer death in  women

[11]. Modalities of diagnosis and treatments have been

improving the situation over the last decade. Further
improvement of diagnostics is still needed. Studies show
that early diagnosis of breast cancer is considered vital
because of a five-year survival rate of 96% for those whose
cancer was detected in the early stages).
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Breast imaging by standard film screen mammography
takes most of the credit for helping reduce the death rate
of the disease. Mammography includes use of X-ray,
which has radiation involved [8], and produces false
positive, denser breast for younger patient. In addition,
alternative breast imaging technologies have undergone
developments considerably for analysis, detection,
evaluation, and diagnosis. Emerging technologies in
breast cancer imaging such as X-ray CT, Ultrasound
elastography, Magnetic Resonance Imaging

(MRI), and PET are considered [3], [41,[71, [9], [14],
[15]. Ultrasound tomography, Microwave tomography
and optical imaging are amongst next generation of the
new method considered for breast imaging. Patient
safety during the imaging, cost of imaging system, and
its ease of use is still an inspirational task to reach as
wide as possible communities for breast cancer
screening. Electrical impedance tomography (EIT) is an
imaging technique under investigation for a few clinical
applications such as thorax, brain, breast screening [6],
[71, [10], [13]. The principle is to reconstruction image
of the region of interest by mapping the electrical
conductivity distribution of the area. Electrical
impedance measurements are used via injection of small
electrical current through electrodes attached to the
exterior of the object to achieve a safe and low-cost
imaging in EIT. Among all the medical imaging
technologies, EIT has the advantage of its low cost,
mobility and its non-invasive nature. However, it suffers
from low spatial resolutions. This paper aims to
investigate the feasibility of improvement of EIT
application in breast cancer detecting by deformable
boundary EIT [1]. This paper extends the idea of [1] by
demonstrating it with lab-based experiments. One of the
most significant issues about EIT systems is that the
resolutions of the reconstructed images are low
compared to other conventional medical imaging
technologies such as CT, X-ray or MRI. Early detection
of the tumours in their primary stage will increase the
patient’s chance of living significantly. The EIT system
has been developed for breast cancer imaging and some
systems are developed and tested. Both in vitro and in
vivo data have suggested a role EIT application for
breast cancer detection. Since early stage tumour means
small size anomalies, the low resolution of EIT is a
barrier for its safe and regular use. In this paper we aim
to demonstrate a multiple shape EIT to enhance its
resolution. It is possible to deform breast because of its
soft tissue structure. Various deformation models of
breast shape are proposed with hope that each

1



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) <

deformation could create new and independent EIT
measured data enabling more robust and high-resolution
imaging. Simulation analysis in [1] shows this is indeed the
case, that objects of much smaller size and in depth could be
detected by such a combined shape approach. More
independent data provides more information from the same
region of interest. The hypothesis is: can we show that using
combined multiple data from different shapes a higher
accuracy and resolution be achieved using experimental
testing situation? In this hypothesis, the information gathered
with different deformed shapes are combined and they all
contribute to information about the anomalies deep inside
breast. Phantom studies have been designed and carried out
to demonstrate the concept of combined multiple shape EIT
idea for potential use in breast cancer imaging. Sets of
experiments are carefully designed to validate the results.
The focus in here is for tumour in depth as EIT already works
well to detect anomalies near to the exterior boundary.

Il. METHOD

In this section we describe the modelling aspect of the multiple
shape EIT in terms of forward modelling, inversion of individual
shapes and combined shape. All these done in context of limited
region of interests for image reconstruction. Forward problem of
EIT is solving electric potential with assumed conductivity
distribution . For most of EIT problems, moderate frequencies
would be applied to the conductive region, and in this paper,
experiments are on frequencies between 10 kHz to 200 kHz,
which could be considered as low frequency EIT. The EIT has
three main components of computational software, sensor and
data collection system. The computational models involved field
electrical modelling for forward model and inversion algorithm
to recover conductivities from voltage measurements. EIT
systems consist of electrodes on the boundary for driving and
measuring purposes. For the appropriate formulation of the
system, the complete electrode model (CEM) is used to constrain
the boundary conditions. Electrically conductive field model can
be used as EIT main equation

V-(cVu) =0 xeQ (1)
describes the potential field u within the boundary, with internal
electrical conductivity of ¢ and the voltage measurement at
the electrode Uy is described by the complete electrode model

Uk=u+Zo xeeck=12..k @

can be used, where u is the potential field, Zx is the contact
impedance, fi is the outward unit normal vector and ex is the
electrodes. To be able to image a domain, it is essential to turn
the continuous problem into a discrete problem. The finite
element method (FEM) is a numerical discretizing method
commonly used in EIT, and it discretizes the domain of interest
into small elements to solve the forward model [2], [5]. In our
case, one of the major challenges is that with deformable
boundary, the boundary shapes change for each set of
measurements. Therefore, with multiple shapes, multiple forward
models are required. At this stage, the selection of shapes is
entirely arbitrary. To combine the information, a combined
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Jacobian matrix is formed, and the equation of the system is
as follows

J2:-:s][(A0)]

AVg 3)
Where AV1, AV2, AVs, AV4, and AVs are the voltage difference
data for shape 1, 2, 3, 4, and 5, and J1, J2, J3, Js, and Js, are
the Jacobian values for each shape. A standard Tikhonov
regularization scheme is adapted in order to calculate the
changes in electrical conductivity [12].

AVZ =[]

Ao = (J7 + y2D)-YTAv (4)

To demonstrate the robustness of the proposed method we
developed a region of interest imaging. An inclusion will
stay in fix position within all five different shapes. Fig. 1
shows a schematic of region of interest. By keeping a region
of interest, we avoided the task of co-registration of position
of inclusion(s) in different shapes. The lab experiments
involve solid and saline water, which are non-elastic, in real
breast tumour and breast tissues are both elastic. In future
clinical studies, the position of tumour could move with
deformed boundary and for that we need to co-register such
a position for all different shapes.

: ®

0.5

45 [] 0.5

Fig. 1. Region of interest imaging

I1l. EXPERIMENTAL RESULTS

To illustrate the simulation studies in [1], five different
shapes of phantoms are made using 3D printer that the
reconstruction works for each deformed shape. Electrodes
are attached corresponding to the computer model. Location
of inclusions for all sets of experiments is marked with the
same scale to register the inclusions in the same physical
location for different shapes. Fig. 2 is a picture of the
phantoms and FEM mesh model we used for tests with
marked locations. The length along vertical axis stays the
same for all phantom, the same as diameter of circular shape,
which has diameter of 10 cm.

different shapes
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A SwissTom Pioneer (http://www.swisstom.com/) EIT system is
used. The Swiss Tom company is now acquired by Sentec AG.
We used 16 electrodes (the system can have up to 32 electrodes)
is used in 45 kHz excitation frequency and 1mA excitation
current. EIT PioneerSet from SwissTom AG is used for the
experiments. Interface module connects PC with the Sensor Belt
Connector. The system operates at 100-240VAC

50/60KHz and provides injection currents 1-7mA 50kHz-250kHz
AC. Itisalso equipped with programmable injection patterns, and
differential/ absolute voltage measurements are taken. The
system has high-speed data acquisition of programmable 1-80
data frames per second (SwissTom 2018). Fig. 3 is a block
diagram SwissTom system and sensor connection. In
experimental studies three inclusions of radiuses of 0.5 cm
(inclusion 1), 0.75 cm (inclusion 2) and 1 cm (inclusion 3) are
used in single inclusion and multiple inclusions. In this paper the
inclusion represent breast tumour and region of interests are deep
inside of breast.

Wall pug

SensorBelConnactor

! Host PC wISTEM

[

Fig. 3: The block diagram of data collection module and sensor

Figure 4 shows cases (a), (b), (c) and (d) for experimental data
collection. Either one or two inclusions are chosen for data
collection, data were collected for all 5 shape phantoms of Fig.2
with the inclusion(s) at exact same locations. Quantitative image
quality parameters including shape deformation (SD), resolution
(RES) and amplitude ration (AR) are selected from widely used
GREIT parameters [16].

Wil Ma

Fig.4 Four experimetal set up, case a small inclusion in left,a large
inclusion in centre/left, one large and one small inclusions centre/right,
and two large inclusions right

Fig. 5-8 show the reconstruction of inclusion(s) each shape as
well as the combined shape approach. In these Figures the top left
shows a circular shape with inclusion(s). The same inclusions are
used in all five shapes in the same location. Shapes (1), (2), (3),
(4), (5) are individual reconstruction from shapes in Fig. 2, and
case (6) is combination of all shapes, the reconstructed images are
shown in bottom row of Fig. 5-8. Image quality values for RES,
AR and SD are shown in plots in top right in Fig. 5-8. In all these
cases it is clear from reconstructed images that the combined
shape approach produces correct shape of inclusions and their
location and the separation between inclusions in case of two
inclusions. In reconstructed images, the inclusion (s) are less

3

conductive than the background saline water, blue colour in
images are the inclusions. In all these cases for image quality
measures are showing high image quality in all parameters
using combined shape data (case 6). A traditional circular
shape is doing the worth in all cases. RES values, AR and
SD values in all these experimental tests shows the case (6)
which is combined data from all 5 shapes outperformed all
individual shapes. For Fig. 5-8 the image is reconstructed in
a region of interest as per Fig. 1. This enables to position the
inclusion in the same physical position.
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Fig. 5. Reconstruction of single inclusion at top left for case (a),
bottom rows reconstruction of shapes 1-5 from Fig. 2, same
inclusion in all 5 shapes in the same position, and (6) is when the
shapes are combined. Top right shows the image quality measures
from five shapes (1-5) and combined shape (6)
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Fig. 6. Reconstruction of single inclusion in center for case (b),

bottom rows reconstruction of shapes 1-5 from Fig. 2, and (6) is
when the shapes are combined. Top right shows the image quality
measures from five shapes (1-5) and combined shape (6)
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Fig. 7. Reconstruction of two inclusions one large for case (c), one
small, bottom rows reconstruction of shapes 1-5 from Fig. 2, and
(6) is when the shapes are combined. Top right shows the image
quality measures from five shapes (1-5) and combined shape (6)

100

———————————————————

Shape 1 Shape 2 Shape3 o Qoo IS o

- ‘ - - ' 01 2 3 4 5 6
B bl b Steo runbe
0.1 e — *
Shape 4 Shape 5 ‘Shape Comb g 0.05 ‘nnx* *
A - ’
1 2 3 4 5 6
[N R Stape e

Fig. 8. Reconstruction of two equal size inclusions for case (d),
bottom rows reconstruction of shapes 1-5 from Fig. 2, and (6) is
when the shapes are all combined. Top right shows the image
quality measures from five shapes (1-5) and combined shape (6)



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 4

Breast cancer screening and early stage detection of tumour is a
critical diagnostic challenge that can help save many lives.
Medical imaging is a powerful route for breast cancer detection.
Although mammograms are the gold standard for such screening,
they use radiation and includes false positive and negative
outcome. There is an obvious need for alternative and
complementary imaging systems. This study shows a promising
approach to enhance EIT for breast imaging. A key limitation of
this study is a combination of a liquid background and solid
inclusion(s). In real clinical settings, a deformed breast tissue
(background) and tumour (inclusion) can move and change its
shape and electrical properties. The future study should consider
these important elastic-electrical properties when considering
deformable EIT. The study focuses on tumours in depth as EIT
should work well for tumour close to the exterior boundary.

IV. CONCLUSIONS

A deformable EIT is considered for breast imaging in this study.
Carefully designed experiments have been carried out to validate
the idea of a combined multiple shapes for in depth tumour
reconstruction. Phantoms and samples are 3-D printed regarding
the simulation model precisely to allow for accurate
quantification. By combination of the information gathered for
multiple deformations, focusing on region of interests, the
reconstructed images have shown much better resolution and
accuracy. Both visual and quantitative analysis shows an
important improvement of combined EIT data compared to the
traditional circular sensor array. All image qualities chosen in this
study are showing consistence enhancement and therefore
robustness of the proposed combined shape approach. The study
also shows a traditional circular shape, which one would choose
as a default compliant with the shape of breast cross section
indeed has the worth performance. This is particularly true when
detection of a tumour in depth is needed. Future studies are
needed to account for electromechanical properties of breast
tissues under exterior deformation.
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