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ABSTRACT

Article history:

Electrical Impedance Tomography (EIT) isa non-invasive medical imaging technique which estimates
the electrical impedance distribution within tissue. The basic principle of EIT isa mapping of the
immittance distribution (tomography) usingthe measurement of some passive electrical properties of
tissue named bioimpedance.The study aimed to assess the performance of the EIT system in
detectingan anomaly in thorax imaging with varying different frequencies, by analysis of sensitivity
distribution. Sensitivity distribution was visualized using COMSOL Multiphysics simulation in a
human thorax represented as an elliptic cylinder phantom consisting ofan inhomogeneous medium
within and without an anomaly represented by a sphere. Current density distribution was collected for
sensitivity analysis using the neighboring method with current injection at 1 mA for each pair of
electrodes with frequencies 70, 100, and 130 kHz. Results indicate that the modeled two dimensionalEIT detected changes in the inhomogeneous media with and without anomaly inside the modeled
thorax phantom very well.
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1. Introduction
In Thoracic imaging remains one of the most complicated sub-specialties
of thorax diagnostic radiology (1). Modalities available for imaging thorax
diseases include chest X-ray, computed tomography (CT), thoracic
ultrasound,and nuclear medicine (2, 3). Electrical Impedance Tomography
(EIT) is a non-invasive medical imaging technique based on tomographic
imaging in which a current is applied to the body surface through contact
electrodes, and theresulting surface voltages are used in the reconstruction
of images. It is a new safe methodology for use in medical applications
because it does not use harmful radiations (4).
Tomographic imaging is a diagnostic modality that gives the doctor a 2D
cross-section view of a patient’s body (5).
The basic principle of EIT is a mapping of the immittance distribution
(tomography) from the measurement of some passive electrical properties
of tissue named bioimpedance (6). Electrical impedance in body tissues is
a function of variables such as cell geometry, organ geometry, and ion
concentrations, so it is easy to imagine that sensitivity to different changes
in these variables may be detectable. This sensitivity imaging is used in
the reconstruction of an image from EIT (7). The sensitivity distribution
from the current density of the system is affected by the layers of tissue
and the dimension of electrodes.
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The quality of the EIT image is dependent on the dimension of electrodes,
which is adapted to the condition of tissue that will be imaged (8).
Sensitivity distribution of an impedance measurement gives a relation
between the measured impedance Z change caused by a given
conductivity distribution change. If conductivity change is not involved,
the measured impedance can be calculated using equation (9):

Where JLE and JLI are the current density fields associated with the current
injection and voltage measurement leads. This equation gives the
contribution from each volume to the total Z, and the dot product of the
two fields expresses the sensitivity to conductivity changes throughout the
volume conductor (9).
Through sensitivity distribution analysis, we can evaluate the performance
of the EIT system in medical imaging. The proposed study investigatedthe
sensitivity distribution analysis of 16 electrodes of a two dimensional EIT
system in the detection of an anomaly inthorax imaging with varying
different frequencies.Sensitivity distribution of EIT system is visualized
using an elliptic cylinder phantom that represents a human thorax which
consists of inhomogeneous media.
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The anomaly media represented by a sphere (anomaly) and placed inside
inhomogeneous media was also used to investigate the sensitivity
distribution.

2. Methods
Modelling
The geometry models in this study were the geometry of the human
thorax and the geometry of the electrode of the EIT system. All design
geometries were created using COMSOL Multiphysics. Design
parameters for the geometry of the human thorax, which was represented
as an elliptic cylinder phantom, used the average circumference of a
grown man’s thorax, which is around 1.10 m. The electrode with
dimensions of 2 × 2 cm2 with 16 pieces was usedto the modeled two
dimensional-EIT. The sixteen electrodes were placed along the side of the
phantom’s surface. This was due to the limitations of the software which
cannot detect two adjacent geometries.
The fabricated phantom with the layers of thorax tissue was made to
represent the inhomogeneous media in the geometric phantom. The
modeled layers assembled from outside to inside are skin dry with a
thickness 0.01 m, muscle with a thickness 0.025 m, bone with a thickness
0.015 m, pleura with a thickness 0.02 m and lung with a diameter 0.15 m
placed at coordinates (0.09;0;0) and (-0.09;0;0). In Figure 1, the geometric
design represents the inhomogeneous media in the phantom without an
anomaly. Meanwhile, for the geometric design with an anomaly is shown
in Figure 2. The anomaly is represented as a right superior mediastinal
disease mass which takes the form of a sphere in geometric phantom with
a radius 0.0125m placed at coordinates (0,0275;0;0,045). The disease has
been successfully detected using chest x-ray, CT, and MR [2,10,11].

Figure 1. The geometric design of thorax phantom without an
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Simulation
The simulation stage was performed using the theoretical approach of
electrical current. All physical parameters used in the study were
simulated using COMSOL Multiphysics with appropriate subdomain
setting, boundary setting, the solver parameter, and free mesh parameter.
The physical parameters and the subdomain setting stage will be used on
the designed geometry and the setting of the material type, respectively.
The relative permittivity ɛr and electrical conductivity σ for varying
different tissues used in this study are summarized in Table 1.

Table 1.
phantom.

Physical parameters for different tissues in a thorax

The measured data was performed using the neighboring method with the
injected current through adjacent electrodes, and the measured voltage
was recorded successively from all other adjacent electrode pairs without
the pairs containing one or both the current electrodes as shown in Figure
3. The neighboring method shows a high sensitivity distribution near the
electrode of the current source (12).

Figure 3. Electrode boundary setting of EIT system for the first
stimulation port.

anomaly.
Meanwhile, the accuracy of the simulation data was achieved by setting
the standard size on the free mesh parameter. The independent
measurements using neighboring method for 16 electrodes produced 104
data. The measurement number could be described as a dimension’s
column vector of boundary voltage and was obtained after a cyclic
stimulation and measurement.
In the solver stage, the parameter is set to regulate the simulation
parameters related to the physics and study stage. The purpose of this
condition was to obtain the current density distribution, so in this study,
we used the electrical current (ec) as the physics parameter and stationary
as the study parameter. The current density values were obtained by
gridding method with 32 voxels for X-axis.
Figure 2. The geometric design of thorax phantom with an anomaly.
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Data Iteration
Data iteration stage is performed to obtain the current density values for
each looping of the transmitter, which connected to the current source16
times. The iteration results were used to get the sensitivity distribution of
the EIT system.
Data Processing
The processing of iterated results of the current density data is performed
to obtain the sensitivity distribution of the EIT system. The sensitivity S
for current injection I can be calculated using (9):
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This results is similar to the study conducted by Shuvo et al. They used
five cylindrical layers with different conductivity values, the results
showed that the high sensitivity distribution only occurred in the muscle
layer with high electrical conductivity while the color distribution in other
layers is blue which states a low sensitivity (8). The fact also corresponds
to Ohm’s law that electrical conductivity is inversely proportional to
current density.
In the second simulation, we proposed the modeled thorax phantom with
the anomaly. The proposed study was to evaluate the effect of an
anomalyonthe sensitivity distribution of EIT. Figure 5 shows the
sensitivity distribution of the first stimulation port along X-axis for the
inhomogeneous elliptic cylinder phantom with the anomaly.

where J1 and J2 are the current density associated with the current
injection or transmitter and receiver.
In this study, the abdomen domain was divided into 32768 elements. The
sensitivity distribution can be illustrated using the mean value of 104
sensitivity data in each finite element after iteration, and can be calculated
usingthe equation as follows(13):

3. Results
Sensitivity Characteristic of EIT
The sensitivity distribution generated by the EIT system on the modeled
thorax phantom was conducted with various geometric conditions. In the
first simulation, we proposed the thorax phantom model without anomaly,
and in EIT16 electrodes modeled in inhomogeneous media. The injected
current was at 1 mA with the frequency of 70 kHz. The results generated
32 image slices with a distance between slice is 0.005625 m and the
thickness of the slice is 0.088× 10-3 m.
In addition, Figure 3 shows the sensitivity distribution of the first
stimulation port in X-axis for the elliptic cylinder phantom of
inhomogeneous without anomaly.
Figure 4a shows the sensitivity distribution alongX-axis from the
simulation for 32 slices, and Figure 4b shows the center of the slice,
which is closed to transmitter electrodes. In these figures, the red color
indicated high sensitivity, whereas the blue color indicated the low
sensitivity. The sensitivity equals current density, and the current density
also equals electric current flow. The red regions represented the position
of the injected current in the pair of electrodes and the area nearest to the
injected the electrodes.
Figure 4c shows the mean sensitivity graph from data processing as a
function of the measurement points in the X-axis. The peak of the
sensitivity distribution graph revealed that high sensitivity wasachieved in
the position of the injected current source. These results are in accordance
withthe previous study conducted by Grimneset al., they reported that at
high sensitivity, an object could be detected as very well in the region(6).
InFigure4c it is also revealed that the electrical properties of tissue can
also influence the sensitivity distribution. This is indicated by the color
degradation in the muscle layer, which has high electrical conductivity
and the blue color in the other layers which have low electrical
conductivity.

Figure 4. Sensitivity distribution along X-axis of the first stimulation
port for the elliptic cylinder measurement in a homogeneous
mediawithout anomaly from the simulation for (a) 32 slices, (b) 16th
slice, and (c) the mean sensitivity along X-axis from the data
processing.
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Anomaly Detection using Variety Frequencies
In order to detect anomaly inside the modeled thorax phantom, we
proposed the use of frequencies higher than 70 kHz. In this study, the
frequencies of 100 and 130 kHz were used to detect the existence of
anomalies inside the modeled thorax phantom. The input current was
maintained at 1 mA for all frequencies.

Figure 6. Sensitivity comparison along X-axis at frequency 70 kHz
for inhomogeneous media with and without anomaly

Figure 7. Sensitivity comparison along X-axis at frequency 100 kHz
for inhomogeneous media with and without anomaly

Figure 5. Sensitivity distribution along X-axis of the first stimulation
port for the elliptic cylinder measurement in a homogeneous
mediawith anomaly from the simulation for (a) 32 slices, (b) 16th slice
and (c) the mean sensitivity along X-axis from the data processing
The results showed that the sensitivity distributionresulting in the
modeledthorax phantom with the anomaly compared to the sensitivity
distribution without anomalyis not significant. This is due to the fact that
the injected current source has shallow penetration capability inside the
phantom because of its low frequency(6).

Figure 8 - Sensitivity comparison along X-axis at frequency 130 kHz
for inhomogeneous media with and without anomaly
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The sensitivity distribution of the EIT system with different frequencies
are shown in Figure 6, Figure 7, and Figure 8. These figures show a
sensitivity comparison distribution pattern of inhomogeneous media
without anomaly (blue line) and with anomaly (red line). The results
revealed that the use of the higher frequencies could detect the anomaly
inside the modeled thorax phantom. There is a clear difference between
without and with the anomaly. The fact indicates that the use of the higher
frequencies could cause the injected current to penetrate deeper into
thephantomthorax (6). The results showed that the sensitivity distribution
had a potential application for quick analysis in detecting anomaly inside
the modeled thorax phantom.

4. Discussion
The performance of the system to detect an anomaly was assessed by
analysis of the change of sensitivity in the homogeneous and
inhomogeneous media. By using sensitivity analysis, we can create a real
EIT system with a sensitivity system that can be adjusted to what is
needed. The performance of the system to detect an anomaly can be set by
changing the output frequency of the system.
In conclusion, the present study aimed to evaluate the capability of theEIT
system to detectan anomaly inside the modeled thorax phantom through
the analysis of sensitivity distribution. It was shown that the EIT system
with 16 electrodes and the modeled thorax phantom with and without
anomaly had been successfully performed, as evidenced by the systems
detectingchanges in sensitivity distribution with changes in frequency in
the inhomogeneous media. In addition, the use of the higher frequencies
revealed that the EIT system was able to detect an anomaly inside the
modeled thorax phantom. For the future development of the EIT system, it
would be possible to perform sensitivity analysis using a simulation
process before creating the real hardware system
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