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Abstract

Tomography is a way to describe something non-destructively. Some types of
Tomography are Electrical Resistance Tomography (ERT), Electrical Impedance
Tomography (EIT), and Electrical Capacitance Tomography (ECT). This study aims
to combine the ECT and ERT systems. The combination uses the ERT technique
(Borehole method) and develops until it can be used like ECT. This research conducts
three significant stages (design making, designed realization, and examination). The
examination is carried out by simulation and experimental measurement. The simu-
lation result is compared to the result of the experimental measurement. The result
shows that both have the same patterns, but it has the amplitude of voltage difference
pattern. It is because the resistivity result affects the measured voltage difference
result. The higher the resistivity result of the medium, the smaller the measured volt-
age difference.
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1 INTRODUCTION

Tomography comes from the word “Tomo” which means piece [1]. Tomography has several types, including Electrical Resistance
Tomography (ERT), Electrical Impedance Tomography (EIT), and Electrical Capacitance Tomography (ECT). Some of the
types above are types of Tomography from Electrical Tomography (ET) [2]. Electrical Impedance Tomography (EIT) is an
imaging technique that utilizes the impedance that occurs in a material. A change in this impedance is used to perform imaging [3].
Electrical Capacitance Tomography (ECT) is a method to image the inside of a material or in a tube without damaging it by
utilizing the dielectric properties in the material or tube [4]. Electrical Resistance Tomography (ERT) calculates the resistivity
distribution below the surface using voltage and current measurements. Measurements are made using electrodes placed to form
a pattern [5].
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FIGURE 1 The cross-hole method.

FIGURE 2 The architectural design.

A study on ERT used on a small scale was conducted by Butler [6]. The system used in the study also utilized an electric
field, where changes in the electric field would affect changes in the measured voltage difference. In his research, the current
and voltage electrodes will be arranged parallel. This method is called the Borehole method [6–10]. The Cross-hole method is a
tomography method that is carried out using a source electrode (current source point) and potential electrode (measuring point),
which are placed under the surface in two horizontally separated boreholes [11]. Figure 1 illustrate the cross-hole method.
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FIGURE 3 The oscillator circuit.

The Cross-hole method is an imaging technique that uses several electrodes in a borehole that can describe the resistivity
distribution in the soil. This method can be used with various current-potential electrode arrangements, such as (pole-pole,
pole-dipole, dipole–pole, and dipole- dipole) arrangements [12].

2 MATERIAL AND METHOD

The architectural design in this study is a combination of the Borehole and ECT methods, in which the electrodes will surround
the surface of the study tube just as in (ECT). Figure 2 shows the ECT architecture.

This study uses electrodes as the input and output media. The electrodes used in this study have a surface area of 2.5 𝑚𝑚2, a
length of 5 cm, and are made from copper. The mediums used in this study are sand and water. The use of two types of medium
determines the system can run when using mediums with different resistivity values.

This study used voltage as input. The voltage used in this study is 10V. The voltage given is a pulse voltage. The use of pulse
voltage is due to minimizing the polarization effect. The polarizing effect occurs because the dipole moments try to align or be
in a straight line. This alignment creates a new source [13]. The input section uses a Timer circuit driven by the NE555 timer IC.
Figure 3 shows the oscillator circuit used in this study.

The measuring instrument used in this study uses an automatic control system. Figure 4 shows the use off Arduino MEGA
for the voltage measuring circuit. This system utilizes the Microprocessor as a control center. This system is used so that data
retrieval can run quickly. The measurement design in the Figure 5 is performed by measuring the voltage difference between
the two electrodes. This voltage difference measurement uses the Rover and Base (RnB) measurement system.

The second step is by moving the rover so that all of the electrodes can function as the rover. The third step is by transferring
the base to another electrode. This RnB measurement is continuously carried out until all electrodes function as base and rover.

The data obtained from the measurements will then be analyzed. The analysis method used is the finite difference method. The
finite-difference method is a method that utilizes a matrix obtained from a finite-difference grid to show a continuous settlement
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FIGURE 4 The voltage measuring circuit uses the Arduino MEGA.

domain [14, 15]. The finite-difference method uses the partial differential equation (PDE) to solve it. The finite-difference approach
equations obtained using the PDE are as follows:

𝜕2𝑉
𝜕𝑥2

=
𝑉𝑖+1,𝑗 − 2𝑉𝑖,𝑗 + 𝑉𝑖−1,𝑗

Δ𝑥2
(1)

𝜕2𝑉
𝜕𝑦2

=
𝑉𝑖,𝑗+1 − 2𝑉𝑖,𝑗 + 𝑉𝑖,𝑗−1

Δ𝑦2
(2)

Then the finite-difference approach equation will be obtained as shown in Eq. 3.

∇2𝑉 =
𝑉𝑖+1,𝑗 − 2𝑉𝑖,𝑗 + 𝑉𝑖−1,𝑗

Δ𝑥2
+

𝑉𝑖,𝑗+1 − 2𝑉𝑖,𝑗 + 𝑉𝑖,𝑗−1

Δ𝑦2
(3)
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FIGURE 5 The measurement design.

FIGURE 6 The ERT system design top view. FIGURE 7 The ERT system design side view.

Fitting is performed to make it easier to analyze the data obtained. This study performs fitting using the Fourier series. Fourier
series is the breakdown of periodic functions into oscillating functions. Fourier series is widely used in solving differential
equations [16]. The Fourier series used in this study is as follows:

𝑦 =
𝑛=8
∑

𝑖=0
𝑎𝑖 𝑐𝑜𝑠(𝑖𝑥𝜔) + 𝑏𝑖 𝑠𝑖𝑛(𝑖𝑥𝜔) (4)

Based on Eq. 4, the fitting result is obtained in the 8th Fourier. The fitting result obtained using equation four will then be filtered.
The filter is carried out to make it easier to analyze the differences when given different treatments. The filter used in this study
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FIGURE 8 The matrix 19x19.

FIGURE 9 The mapping the research media after
being given a grid.

is the LPF (Low Pass Filter). This transformation is carried out to determine the amplitude of each different treatment. This is
performed to determine that different patterns of measured voltage differences will have different amplitudes. The transformation
used in this study is FFT (Fast Fourier Transform). FFT is an algorithm that can work quickly to complete DFT (Discrete Fourier
Transform).

2.1 Result Analysis
2.2 Architectural Design
The architectural design in this study was realized using the basic material of copper cables and Polyvinyl Chloride (PVC) pipe.
The copper wire with a cross-sectional area of 2.5 𝑚𝑚2 is cut into 12 rods with a length of about 5 cm (see Figure 6 . The copper
cable functions as an electrode which is then plugged into the PVC pipe. The second material is PVC pipe. PVC pipe parts used
are pipe caps, pipe over the shock (pipe joints), and pipe pieces. The three parts are joined and glued together.

Figure 7 points to one electrode, points to two pipe pieces, points to three pipe joints, and points to four-pipe caps. The PVC
pipe that is connected is then perforated using a small drill. The drilling results were used to place the prepared copper cables.
The copper wire is inserted into a small hole with a copper wire length of about 1 cm in the pipe. The small hole where the
copper cable is inserted is then sealed in glue, thereby reducing any leaks.

2.3 Simulation with Finite-Difference Method
In this study, a computational simulation was carried out using artificial data. The results of the simulation will be used to
compare the research results. This method makes use of Eq. 3 to get the finite difference method approach. Eq. 5 is the finite
different method.

𝑉𝑖,𝑗 = 𝑉𝑖+1,𝑗 + 𝑉𝑖−1,𝑗 + 𝑉𝑖,𝑗+1 + 𝑉𝑖,𝑗−1 − 4𝑉𝑖,𝑗 (5)

The equation (Eq. refeg:eq5) was applied to a 19x19 matrix. This matrix was used for research media mapping . Figure 8 shows
the matrix used for mapping the research media. Figure 9 shows visualization of mapping the research media after eing given
a grid.

Utilizing the matrix and the image above, the 12-point positions were obtained, which corresponds to the electrode position (1 .
The results obtained in the finite difference method are the voltage distribution. The voltage distribution obtained is visualized
as shown in Figure 10 .
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TABLE 1 The twelve-point electrode positions.

# Point Information
1 𝑉10,2 Rover 1, Ground
2 𝑉6,3 Rover 2
3 𝑉3,6 Rover 3
4 𝑉2,10 Rover 4
5 𝑉3,14 Rover 5
6 𝑉6,17 Rover 6
7 𝑉10,18 Rover 7, Input
8 𝑉14,17 Rover 8
9 𝑉17,14 Rover 9

10 𝑉18,10 Rover 10
11 𝑉17,6 Rover 11
12 𝑉14,3 Rover 12

FIGURE 10 The voltage distribution simulation uses the finite-difference method.

According to Figure 6 , the value of the voltage distribution close to point V10,18 is greater than the value farther away. This is
because point V10,18 is the boundary condition point which contains a voltage of 5V. From the results of the voltage distribution
simulation, a table of the value of the voltage at the point that corresponds to the position of the electrodes is obtained (Table 2 )

The data obtained from the voltage distribution simulation is fitted to make it easier to analyze the results obtained. Figure 11
show the fitting of the voltage distribution simulation. Fitting is done using the Fourier series. The results obtained after fitting
are then filtered. The filter that is done is the Low Pass Filter (LPF). LPF is carried out because the data obtained is in the form
of waves with two patterns. LPF is carried out to pass waves with a frequency lower than the cut-off frequency [17]. So that data
analysis can be carried out more easily.
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TABLE 2 The voltage values according to the position of the matrix.

# Point Voltage
1 𝑉10,2 0,131
2 𝑉6,3 0,178
3 𝑉3,6 0,204
4 𝑉2,10 0,562
5 𝑉3,14 1,012
6 𝑉6,17 5,000
7 𝑉10,18 1,012
8 𝑉14,17 0,562
9 𝑉17,14 0,204

10 𝑉18,10 0,178
11 𝑉17,6 0,131
12 𝑉14,3 0,131

FIGURE 11 The fitting of the voltage distribution simulation uses the finite-difference method.

The results obtained in Figure 11 are then transformed. The transformation is performed using the Fast Fourier Transform
(FFT). Figure 12 shows the FFT result after the data has been filtered. FFT is an algorithm that can work quickly to complete
DFT (Discrete Fourier Transform) [18]. FFT is performed to present data in the frequency domain. This is done to find out any
differences that occur at different frequencies. This FFT is done to determine the amplitude in the wave pattern at each different
frequency.

Based on Figure 13 , the amplitude is different at each frequency. The highest amplitude occurs when the frequency is 1. The
amplitude would decrease until it approaches zero as the frequency increases. This proves that the LPF is functioning properly.

2.4 Homogeneous ERT System Measurement Using Water and Sand Medium
According to Figures 13 and Figure 14 , the fitting results of the two mediums have almost the same pattern. The difference
that occurs in Figure 13 and Figure 14 is the height of the amplitude. The amplitude in the water medium is higher in value
than in the sand medium. This proves that the higher the resistivity value of the medium, the lower the amplitude.

2.5 Comparison of Simulations with Experiments in a Homogeneous Manner
Based on Figure 15 , it can be seen that there are differences during the simulation and experimentally. The difference is the
magnitude of the amplitude that occurs in all three. The difference also occurs during the experiment, in which the amplitude
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FIGURE 12 The FFT result after the data has been filtered.

FIGURE 13 The data fitting result uses water medium..

of the measurement results when using the water medium is greater than when using the sand medium. This is because the
resistivity value of water is smaller than sand.

3 CONCLUSION

The conclusion obtained in this study is that the measured voltage difference pattern at each rover is different. The closer the
rover is to the input, the greater the voltage difference value. The amplitude of the measured voltage difference pattern obtained
when measuring using a water medium is greater than that of the sand medium. This is because the resistivity value of water is
smaller than sand.

Further studies that can be carried out to develop this study include reconstructing the data obtained. So that it can be easily
analyzed. The second development is to make measurement techniques more real-time. The result is that the measurement can
be made in real-time with a visual appearance that is easier to understand



Hayat ET AL. 145

FIGURE 14 the data fitting result uses the sand medium..

FIGURE 15 The comparison of the results FFT of simulation, water medium, and sand medium.
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