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Lung disease can be diagnosed with the image-based medical devices,
including radiography, computed tomography, and magnetic resonance
imaging. The devices are very expensive and have negative effects. An
alternative device is electrical impedance tomography (EIT). The advantages
of EIT arelow cost, fast, real-time, and free radiation, so it is very appropriate
to be used as a monitoring device. The relative reconstruction method has
succeeded in producing functional images of lung anomalies by simulation. In
this study, the relative reconstruction method was used to obtain functional
images of four lungs conditions, namely a healthy person, patient with left
lung tumor with organized left pleural effusion, one with pulmonary
tuberculosis with right pneumothorax and one with pulmonary tuberculosis
with left pleural effusion. The relative reconstruction method can be used to
obtain functional images of an individual’s lung conditions by using
expiratory-respiratory potential data with results that can distinguish between
the lungs of a healthy person and a diseased patient, but the position of the
lung disease may have less details. The potential data from comparison
between the data of a patient and a healthy person can be used as a reference to
obtain more accurate functional image information of lung disease.
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1. INTRODUCTION

Lung disease is a condition that prevents the lungs from functioning normally. Some of the most
common lung diseases are pneumonia, pulmonary tuberculosis, bronchitis, asthma, chronic obstructive
pulmonary disease (COPD), and lung cancer. Recently, the pathogenesis of corona virus disease 2019
(COVID-19) is also associated with disease progression in the lungs [1]. Lung disease can be diagnosed by
image-based medical devices, including radiography, computerized tomography (CT)-scan and magnetic
resonance imagery (MRI). The devices are very expensive and have side effects if not used carefully, because
they use x-ray radiation sources and strong magnetic fields. An alternative electrically based imaging
modality is electrical impedance tomography (EIT) [2]. The EIT devices have been widely applied to detect
various conditions and diseases [3], [4]. Major heterogeneities in regional ventilation in diseases such as
acute respiratory distress syndrome (ARDS), COPD, lung cancer or cystic fibrosis [5], and early detection of
pneumothorax can be traced by EIT [6]-[8].
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The EIT is a device that can obtain an image of an object's electrical parameters by injecting current
and measuring the potential on the object's surface [9], [10]. The electrical potential data are then
reconstructed using a certain method to produce an EIT image. The EIT system has several advantages over
radiography, CT-scan and MRI. The advantages of EIT are that it is economical, fast, in real-time, radiation-
free and non-invasive, so it is very appropriate to be used as a monitoring device [11], [12]. However, one of
the disadvantages of EIT is the low resolution of the image [13]. The EIT device is very suitable for use for
the purpose of obtaining a functional image [5] or screening. The screening devices are needed by hospitals
in areas located far from the main hospital so that they can reduce costs and the risk of delays in handling
more serious diseases.

The reconstruction methods can be grouped into two types, namely relative and absolute [14]. The
relative methods are one step linearization [15] and back projection, while the absolute method is an iterative
method [16]. The relative method has advantages compared to the iterative, namely it is fast and robust.
Meanwhile, the weakness is obtaining reference data, but this can be overcome by taking data at a different
frequency or time, which is known by the term, data of different frequency or time difference [17].
Therefore, in general, the relative method is used to compare one condition with another, so this method is
very appropriate if used to obtain a functional image [16]. EIT is a functional imaging technique that
measures the transfer of impedances between electrodes on the body surface to estimate the spatial
distribution of electrical properties of tissues. EIT offers many advantages over other neuroimaging
technologies, which has led to its potential clinical use [18].

From previous studies, the simulation of relative reconstruction methods has succeeded in producing
functional images of the presence of lung anomalies, namely by reconstructing the potential difference
between the anomalous lung potential data and the reference lungs, both during inspiration and expiration
[19]. In this study, a relative method was proposed to detect the presence of lung disease in the chest cavity.
The experiments were conducted on the phantom and the human chest cavity. The method used was to
reconstruct the EIT image from anomalous phantom data against normal phantoms and patients with lung
disease indications against a healthy person as a reference.

2. METHOD
2.1. Relative image reconstruction methods

The linearization method assumes that the boundary potential change is a linear function of the
conductivity change [20]. The linear function is obtained by approximating the Taylor series on V(y) around
Yo [21], namely (1):

V) =V + V' @) —vo) + 0lly = voll®) 1
where V' (y,) is the Jacobion of V(y) on y,. By ignoring the last term, (1) becomes (2):
oV = Jéy 2

where 6V =V ({y) = V(yy),J] = V'(y,) and §y =y — y,. Jacobion is also known as the sensitivity matrix, so
(2) can be written as in (3):

[6V](g2x1) = [S](q2ap)[60) 1y ®3)

where [6V] is the change of boundary potential, [S] is the sensitivity matrix, and [do] is the change of
conductivity. By manipulating the algebraic formula, (3) can be solved.

However, the [S] matrix is not square, therefore [da] cannot be obtained directly, but it is necessary
to make a square matrix by multiplying it by the transpose matrix.

(5] (Tpxqz) [6V]g2x1y = [S] (Tpxqz) [S1(q2x) [60 ] o1y )
[60]pxy = [S1ISD s [STpgzy [0V 1 (201 (5)

Generally [S]'[S] is a singular matrix therefore the matrix has no inverse. The problem can be solved by
using the Tikhonov formula for regularization [22].

[50_](px1) = ([S]T[S] + ﬂ“l)(_plxp) [S]{pxqz) [6V](q2x1) (6)
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where 4 is the parameter of regularisation and | is the identity matrix. The relative imaging methods requires
comparison of the potential data as a reference. The reference can be obtained from the reference object's
potential data or the object's conductivity changes due to time t or the object changes due to the frequency w.

The potential data as the reference object is very difficult to obtain, but potential data when the
object's conductivity changes with time or because of frequency is very possible to obtain. Referencing the
potential data when the object's conductivity changes due to time is called time difference imaging, while
referencing the potential data when the object's conductivity changes due to frequency is called frequency
difference imaging. The time difference imaging will produce functional images that can be used for
physiological monitoring purposes. Time difference imaging has demonstrated its potential as a functional
image in several fields of medical applications. The image is only a relative image, and is not an absolute
image of the values of ot, ® and wet, ®. This method is more real for the application than absolute imaging.

If time difference data are not obtained, for example, in the progression of breast cancer [23]-[25],
then frequency differential imaging can be performed. Admittance spectra of various biological tissues show
changes with frequency [26], [27] so that frequency difference imaging is promising to produce an image of
the change in admittance distribution. In the different-frequency imaging, the image is constructed from a
relative algorithm from the ratio of two potential data with different frequencies [28]-[30]. The
reconstruction algorithm of the sensitivity matrix method with the potential difference at two frequencies can
also be used [31]-[33]. These two methods principally use the potential difference at two frequencies and a
linear reconstruction algorithm.

The relative reconstruction method, apart from using different times and frequencies, can also be
done with different objects. In other words, this method can be done by comparing the data of healthy people
and sick people. This method has excellent prospective potential as a screening method for certain diseases,
such as breast cancer or lung disease.

2.2. Design hardware

The development of EIT hardware with neighboring data collection methods is shown in Figure 1.
The device consists of several modules, namely an electric current source generator, a data collection
module, a potential measuring module, and a microcontroller module. The microcontroller module controls
the electrodes that will inject electric current, while the electrodes measure the potential and the measurement
data are processed by a computer.
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Figure 1. Electrical impedance tomography system development
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2.3. Phantom and subject

The phantom is made with a tank filled with distillated water and urethane material that is shaped
like a lung in the thorax. There are three types of phantoms, namely normal lung, one small hole and one
medium hole in the left lung position as shown in Figure 2. Figure 2(a) is a representative of a healthy lung,
Figure 2(b) is a representative of small cancer in the lung, and Figure 2(c) is a representative of big cancer in
the lung.

(@) (b)

Figure 2. The phantom is made with a tank filled with distillated water and urethane material (a) normal lung,
(b) one small hole, and (c) one medium hole in the left lung position

The subjects consisted of one healthy person which is shown in Figure 3 (a) and three patients with
lung disease. The patients with lung disease were one with left lung tumor with organized (condensed) left
pleural effusion (patient-01) which is shown in Figure 3(b), and one with pulmonary tuberculosis with right
pneumothorax (patient-02) which is shown in Figure 3(c) and one with pulmonary tuberculosis with left
pleural effusion (patient-03) which is shown in Figure 3(d). The four subjects are shown in Figure 3.
Information of the patient conditions were obtained by a radiology doctor based on a chest X-ray of each
patient, which is shown in Figure 4. Figure 4(a) is the photothorax of patient-01, Figure 4(b) is the
photothorax of patient-02 and Figure 4(c) is the photothorax of patient-03.

(b) (© (d)
Figure 3. The experiment subjects (a) healthy person, (b) patient-01, (c) patient-02, and (d) patient-03

(b)
Figure 4. The thorax images of lung patient (a) patient-01, (b) patient-02, and (c) patient-03

3. RESULTS AND DISCUSSION

This research started with the design of the EIT device, which is shown in Figure 1. The experiment
was conducted by scanning the EIT system on the phantom and thorax. The scanning process was conducted
on the three phantoms so that the electrical potential data were obtained which are shown in Figure 5. The
reconstruction process was done by the relative method with normal lung phantom potential data as a
reference; the results of which are shown in Figure 6. The next experiment was to scan the thorax of one
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healthy person and three patients with lung disease. The scanning process was conducted on the four chest
cavities under normal breathing, in expiration and inspiration conditions. There were 12 electrical potential
data obtained, namely 4 potential data for the four subjects during normal breathing, 4 potential data during
inspiration and 4 potential data during expiration. The twelve potential data are shown in Figures 7-10. The
reconstruction process was done using the relative method from the twelve potential data. From the
reconstruction process, 4 images were generated from the comparison between inspiration and expiration
from each person which is shown in Figure 10. Furthermore, there were 9 images from 3 patients in 3
different conditions, namely normal breathing, inspiration and expiration compared to the reference data
from the healthy person. The images are shown in Figures 11-13.
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Figure 5. The potential data of normal urethane phantom, small hole and medium hole in the left lung
position
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Figure 6. The potential data of healthy person’s thorax with normal expiration and inspiration breaths
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Figure 7. The potential data of a patient-01 with normal expiration and inspiration breaths

number of measurements.
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Figure 8. The potential data of a patient-02 with normal expiration and inspiration breaths
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Figure 9. The potential data of patient-03 with normal expiration and inspiration breaths

The study used the relative reconstruction method, namely (6). This equation requires a sensitivity
matrix. The matrix is obtained from solving forward problems by the FEM method using 248 elements, with
141 nodes, y0=1 and 8y=0.05 [8]. The S matrix is then used in (6) and A=10°. By using the sensitivity matrix
S and the potential data from Figure 5, it will obtain the reconstruction image on Figure 10.

It shows that the blue color on the left indicates the position of the hole in the urethane on the left for
both the small and medium hole urethane objects. Figure 10(a) shows that the size of the blue color is smaller
than Figure 10(b), indicating that the hole size of the object (a) is smaller than that of the object (b), which is
in accordance with the phantom object. Likewise, with the potential data in Figures 6-9, if they are
reconstructed with the same conditions, it will produce the images in Figures 11-14.
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Figure 10. The reconstruction image of (a) the small and (b) medium hole phantom using the relative method
with normal phantom as the reference data
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The image in Figure 11(a) shows that there is no color difference between the left and right
positions of the image. This shows that there is no difference in the lungs of the subject, which is in
accordance with the fact that this participant is a healthy person. Meanwhile, in Figures 11(b)-(d), it appears
that there is a difference in color between the left and right positions. A blue color indicates that it is a non-
uniformity of organs compared to that in a phantom. Figure 11(b) shows the blue color is in the left position
of the image, which indicates that the patient 01 has a left lung tumor with an organized (condensed) left
pleural effusion. Figure 11(c) shows the blue color is in the right position of the image, which indicates that
the patient 02 has pulmonary tuberculosis with right pneumothorax and Figure 11 (d) shows the blue color on
the left of the image, which indicates that patient 03 has pulmonary tuberculosis with left pleural effusion.

The Figure 12 shows that there is a difference in the color between the left and right positions. A
bluer color indicates that there is a non-uniformity in the organ. Figures 12(a)-(c) the blue color is
consistently in the left position, which indicates that patient-01 has a left lung tumor with an organized
(condensed) left pleural effusion.

@ (b) © o

Figure 11. The image reconstruction of potential data during inspiration and expiration as reference for each
individual: (a) healthy, (b) patient-01, (c) patient-02, and (d) patient-03
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Figure 12. The reconstruction image of patient-01 potential data and healthy as a reference in conditions of
(a) normal, (b) expiration, and (c) inspiration breaths

Figure 13 shows that there is a difference in the color between the left and right positions. A bluer
color indicates that there is a non-uniformity in the organ. Figures 13(a)-(c) show the blue color is
consistently in the right position, which indicates that patient-02 has a condition of pulmonary tuberculosis
with right pneumothorax.

R L

>

!O J
©

Figure 13. The reconstruction image of patient-02 potential data and healthy as a reference in conditions of
(a) normal, (b) expiration, and (c) inspiration breaths
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The Figure 14 shows that there is a difference in color between the left and right positions. A blue
color indicates that there is a non-uniformity in the organ. Figures 14(a)-(c) show the blue color is
consistently in the left position, which is an indication that patient-02 has pulmonary tuberculosis with left
pleural effusion.
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Figure 14. The reconstruction image of patient-03 potential data and healthy as a reference in conditions of
(a) normal, (b) expiration, and (c) inspiration breaths

4. CONCLUSION

The relative reconstruction method was used to obtain functional images of the four lungs
conditions, which were a healthy person, one with left lung tumor with organized left pleural effusion, one
with pulmonary tuberculosis with right pneumothorax and one with pulmonary tuberculosis with left pleural
effusion. The relative reconstruction method can be used to obtain functional images of individual lung
conditions by using expiratory-respiratory potential data with results that can distinguish between the lungs
of a healthy person and a patient with a disease, but the position of the lung disease is seen in less details.
Meanwhile, it is important to obtain more accurate functional image information of the lung disease, which
can be done by using potential data to compare images between the data of a patient and a healthy person as a
reference.
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