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Abstract 
 

Wire mesh sensor has been successfully fabricated and used for measurement of 

the electric field in emulated human body tissue. Measurement of electric field in 

human body tissue needs to be done, because the electric field is very useful for 

the treatment especially cancer treatment and also important for health. In this 

study, we propose a novel electric field measurement method by using wire mesh 

sensor (wms), that is all channels on the wire act as receivers, and each cross point 

of the wire are interconnected. While in existing wire mesh sensors, there are two 

perpendicular channels of transmitter and receiver, and each channel is 

unrelated, there is a distance between the two channels. At present, wire mesh 

sensors 3 × 3 and 8 × 8 were used to measure the value of electric field at each 

wire intersection point. The wire mesh sensor consists of copper wire in a cylindrical 

body model with diameter 14 [cm]. The emulated human body tissue were inserted 

in the wire mesh sensor. Furthermore, linear back propagation technique and 

bilinear interpolation used for image reconstruction of the electric field distribution. 

The result showed that the wire mesh sensor 8 × 8 has better resolution than wire 

mesh sensor 3 × 3. The characterisation of wire mesh sensor 8 × 8  for measurement 

of electric field in emulated human body tissue is obtained lower than 

measurement in the air with a ratio of 82%. Meanwhile, the wire mesh sensor 3 × 3 

could be achieved at 61.8%. This study can be a new science in measuring electric 
field so that electric field-based treatment planning system can be more optimal. 

 

Keywords: Electric field, emulated human body tissue, wire mesh sensor, image 

reconstruction, bilinear interpolation 
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1.0  INTRODUCTION 
 

The alternating electric field is important for medicine 

and health because of the alternating electric field can 

treat brain cancer, breast cancer, lung cancer, and 

skin cancer [1, 2, 3, 4]. 

The effect of alternating electric field on low intensity 

(Ε) 2 V/cm and intermediate frequency (f) 100  300 kHz 

can inhibit the growth of malignant tumour. The current 

study was tested on animal tumours, and patients with 

brain cancer cells, breast and lung with in vitro and in-

vivo methods [1], [2]. Skin cancer therapy can be 

performed using a pulsed alternating electric field 

higher than 20 kV/cm with a repetition time (T) of 30 ns 

over a duration of 300 ns. The result that melanoma skin 

cancer shrank 90% within two weeks [3]. At 

nanoseconds of pulse alternating electric field (nsPEF) 

causes the death of glioblastoma brain cancer cells in 

the presence of microtubule damage. The frequency 

of repetition used is 10 Hz at 10 ns pulse [4].  
Electro-capacitive cancer therapy (ECCT) is one of 

the alternative for cancer treatment with low energy 
alternating electric field [5], [6]. The effect of anti-
proliferative ECCT on tumor cells in cell and animal 
models was successfully investigated and the tumor was 
significantly reduced [7]. 

Determining the intensity of electric field distribution 
in 3D biomaterial phantom by using the numerical 
simulation [8]. Electrical signal characterisation of 
electric field measurements on human tissue has been 
performed using millimetre waves by Topfer [9]. The 
result of electrical signal characterization by simulation is 
that the electric field in healthy teeth and broken teeth, 
have different. Amplitude in the normal tooth is higher 
than the amplitude of the damaged tooth [9]. During 
this time, research related to the optimization of low 
energy electric field for cancer therapy is only based on 
simulation. All conditions in the simulation are 
considered ideal, but in reality not so. So it takes 
experiments to get clear evidence of the accurate 
specifics of low-energy alternating electric fields. So 
that, this study will be conducted to measure of the 
electric field in emulated human body tissue.  

Research that already exists today, wire mesh 

sensors or better known as WMS are used to detect the 

spread of bubble sizes in the fluid flow [10, 11, 12, 13]. 

The principle of this sensor is to obtain measurement 

data at each point of intersection wire. By providing an 

excitation voltage on one channel of the transmitter 

wire in turn. Moreover, the wire channel of the receiver 

will read in parallel. So that the bubble size distribution 

in the form of a two-dimensional 2D image. The 

disadvantage of this sensor is that when there is another 

external voltage source applied to the system, the 

signal readings on the receiver wire will be interrupted. 

Therefore, this study will present a new method to 

get measurement data at each point of intersection 

wire if given external voltage source generated from 

capacitive electrode of ECCT. That is all wire channel 

act as receivers. This present study will conduct 

measurements of electric field intensity distribution 

accurately using wire mesh sensors. There will compare 

between the characterization of wire mesh sensor 3 × 3 

and 8 × 8 on air medium and phantom medium of 

emulated human body tissue. Phantom material is 

made with materials that have characterization 

resembles human body tissue. The experimental results 

will be reconstructed into a two-dimensional image of 

the electric field distribution on a cross-section. The 

image reconstruction results of the electric field 

distribution will be refined using bilinear interpolation to 

obtain a higher resolution.  
 

 

2.0  METHODOLOGY 
 

Wire Mesh Sensor for ECCT 

 

The ECCT system consists of several capacitive 

electrodes and is connected to an AC voltage 

generator with a frequency 100 – 200 kHz via coaxial 

cable. The capacitive electrodes are attached to a 

particular human body and as two parallel plates with 

the principle of capacitors to disrupt the growth of 

cancer cells [6]. The ECCT system in this cylindrical body 

model consists of two capacitive electrodes which are 

placed at the top and bottom as shown in Figure 1.  

 

 
 

Figure 1 3D cylindrical body model with capacitive electrodes 

 

 

Sensor Design 

 

The conventional wire mesh sensor consists of two wire 

channels is transmitters (Tx) and receivers (Rx) arranged 

in parallel with 90 angles between the two wire 

channels. There is a distance between the two 

channels [13], described in Figure 2. 
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Figure 2 Schematic conventional wire mesh sensor to 

tomography image 

 

 

The wire mesh sensor in this study only had channel 

receivers as shown in Figure 3. This wire mesh sensor had 

not channel transmitter because this sensor used to 

detect the electric field distribution value at each point 

of intersection wire generated voltage source from two 

electrode of ECCT placed at top and bottom tube. In 

this study using wire mesh sensor 8 × 8 because will get 

64 points of voltage and electric field values, 64 points 

of this value are enough to get the distribution of 

electric field values. This study also uses wire mesh sensor 

3 × 3 with 9 points of voltage and electric field values to 

compared with 64 points of distribution electric field 

from wire mesh sensor 8 × 8. Figure 3 shows the 

acquisition data for wire mesh sensor 3 × 3 and 8 × 8. 

 

 
(a) 

 
(b) 

 
Figure 3 The acquisition data for wire mesh sensor: (a) 3 × 3, (b) 

8 × 8 

 

 

It can be seen in Figure 3 that the sensor all ends of the 

wire act as receivers. For wire mesh sensor 3 × 3 had nine 

voltage points of intersection wire that are searched by 

Laplace 3D using the amount of receiver of the 

measured voltage was 12. In this study, Laplace 3D finite 

difference was used to get the value of voltage and 

electric field at each point of intersection wire. 12 

channel receiver in the wire mesh sensor 3 × 3 were 

used to detect the voltage valuesprovided by the 

capacitive electrode of ECCT. The two electrode 

placed on the top and bottom of the tube and given 

voltage of 10 V at the top electrode and 0 V at the 

bottom electrode with a frequency of 100 kHz. 

Laplace 3D finite difference can be modelled in 

Figure 4. To get the value of the voltage at each point 

of intersection wire can be calculated using Laplace 3D 

equation [14]. Points 1 and 2 are voltages measured 

from the receiver channel on the right and left sides of 

the tube or on the x axis. Points 3 and 4 are voltage 

measured from the receiver channel on the front and 

back sides of the tube or on the y axis. While points 5 

and 6 are voltage source from two capacitive 

electrode located at the top and bottom of the vessel 

or on the y axis. So that the voltage value at the point 

of intersection wire can be obtained using Laplace 3D 

finite difference.  

 
Figure 4 Laplace Model 3D finite difference 

 

 

The voltage value at the point of V (centre) can be 

determined by first knowing the value of the point 1 

(right), point 2 (left), point 3 (back), point 4 (front), point 

5 (top) and point 6 (bottom). Furthermore, the six points 

are summed and subdivided 6. In mathematics can be 

written as follows [14]: 

 

                     𝑉 =
𝑉(1)+𝑉(2)+𝑉(3)+𝑉(4)+𝑉(5)+𝑉(6)

6
                  (1) 

with: 

V = the voltage value at the midpoint 

V(1) = the voltage value at point 1 (+x axis) 

V(2) = the voltage value at point 2 (-x axis) 

V(3) = the voltage value at point 3 (+y axis) 

V(4) = the voltage value at point 4 (-y axis) 

V(5) = the voltage value at point 5 (+z axis) 

V(6) = the voltage value at point 6 (-z axis) 

 

In order to get voltage value at intersection point 1 at 

wire mesh sensor 3×3 in Figure 2(a) with principle 

Laplace 3D can used : 

     12 4 3 7

1
6

Rx Rx Rx Rx top bottomV V V V V V
V

    
             (2) 

With the same way can determine the voltage value at 

the other point of intersection wire. 
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By using Laplace 3D equation then obtained nine 

values of the voltage at each point of intersection of 

wire to wire mesh sensor 3 × 3. Then the voltage value 

will be converted to the electric field value by the 

Equation [15]: 

 

𝑬 = 𝑽/𝑟    (3) 

 

Where E is an electric field (V/m), V is voltage (V), and r 

is a distance of the point from a voltage source (m). 

Shown in Figure 3(b), the principle of wire mesh 

sensor 8 × 8. The amount of voltage and electric field 

that resulted from wire mesh sensor depends on the 

topology of wire mesh sensor that used namely 3  3, 4 

 4, 8  8, and so on. In other words, the more the 

voltage value and the electric field it produces 

depends on the configuration of the wire mesh. 

 

Image Reconstruction 

 

Furthermore, image reconstruction will be conducted 

to obtain two-dimensional electric field distribution. The 

image reconstruction of the electric field distribution in 

wire mesh sensor using the principle of electrical 

capacitance tomography (ECT) [16]. The principle of 

ECT used two methods namely forward problem and 

inverse problem. In the forward problem of ECT, the 

capacitance data collected from the electrodes 

around the vessel outside the vessel wall. But in this 

study, in the forward problem, the electric field data 

collected from the channel receiver of wire. While the 

inverse problem of ECT is the image reconstruction of 

the capacitance measurement data. And the inverse 

problem in this study is the image reconstruction of the 

electric field measurement data. 

In forward problem, we measure the voltage from 

the channel receiver of wire. And then the voltage is 

normalized. 

      𝑉𝑛 =
𝑉𝑝−𝑉𝑎

𝑉𝑤−𝑉𝑎
       (4) 

  

Where 𝑉𝑛 is normalized voltage, 𝑉𝑝 is voltage in phantom 

medium, 𝑉𝑎 is voltage in air medium, and 𝑉𝑤 is voltage 

in water medium.  

 

This forward problem uses a linearization technique 

called sensitivity model as follows [16]: 

 

                            𝑆0𝑗 ≅ 𝑉0𝑗
𝑬𝑠𝑖(𝑥,𝑦,𝑧).𝑬𝑑𝑖(𝑥,𝑦,𝑧)

𝑉𝑠𝑖𝑉𝑑𝑖
                        (5) 

 

Where 𝑬𝑠𝑖(= −∇𝜑)is the vector of the electric field 

distribution when the source electrode is active with the 

voltage 𝑉𝑠𝑖, and 𝑬𝑑𝑖 is the vector of the electric field 

distribution when the active detector electrode is 𝑉𝑑𝑖 

voltage. 𝑉0𝑗  is the voxel volume. The linearization of the 

sensitivity is [16]: 

 

                                      𝑪 = 𝑮𝑺                     (6) 

 

Where C is represents 𝑉𝑛 and G is represents electric field 

as a function of permittivity. Since the inverse S does not 

exist then the linear backpropagation technique (LBP) 

is used [16]: 

            𝑮 = 𝑺𝑇𝑉𝑛                                       (7) 

 

In order to get the image reconstruction of electric field 

distribution with higher resolution, bilinear interpolation 

was used. Study on image reconstruction based on wire 

mesh sensor using five interpolation algorithm. The 

object created image is a mixture of oil and water. The 

five algorithms performed, the best algorithm is bilinear 

interpolation algorithm and inverse distance square 

weighting algorithm [17]. The equation on bilinear 

interpolation algorithm (see Figure 5) can be 

calculated as follows [15]: 

 

𝑂 = 𝐾 ∗ (1 − 𝑆) ∗ (1 − 𝑇) + 𝐿 ∗ 𝑇 ∗ (1 − 𝑆) + 𝑀 ∗ 𝑆 ∗ 
                 (1 − 𝑇) + 𝑁 ∗ 𝑆 ∗ 𝑇                         

   (8) 

 

With O is point to be found. K, L, M, N are measurement 

point. S, T are distance. 

 
Figure 5 Bilinear interpolation method 

 

 

Phantom Condition 

 

The fabricated phantom as an emulated human body 

tissue was made from 250 mL of H2O, 150 mL of Silicon 

rubber, 150 mL of Glycerin, 27.5 g of Agar, and 3 g of 

NaCl. In order to create a phantom is to first weigh all 

the ingredients according to size. Then mix all the 

ingredients in a container, and heat over the heat until 

mixed evenly. Then cool the ingredients and insert them 

in the mold. 

 

 

3.0  RESULTS AND DISCUSSION 
 

The measurement of the electric field in emulated 

human body tissue using wire mesh sensor successfully 

done. Wire mesh sensors 3 × 3 and 8 × 8 have been 

successfully fabricated and analysed for this study (see 

Figure 6).  
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   (a)                                          (b) 

Figure 6 (a) Wire mesh sensor 3 × 3, (b) Wire mesh sensor 8 × 8 

 

 

The wire material is copper with a diameter of 1 mm. 

The material of the tube is acrylic with a diameter of 14 

cm and a height of 14 cm. Wire mesh placed in the 

centre of the tube. The mesh distance is 3 cm for WMS 

3 × 3 and 1 cm for WMS 8 × 8. 

In this study, the electric field distribution using both 

wire meshes were conducted with and without 

phantom as an emulated human body tissue. The 

fabricated phantom characteristics that resemble 

human body tissue are presented in Figure 7.  

 
Figure 7 Frequency dependence of the relative permittivity 

and specific conductivity of phantom material 

 

 

It can be analyzed from Figure 7 that the relative 

permittivity value in the emulated human body tissue at 

low frequency has high value, while at high frequency 

has low value. The conductivity value of phantom 

material at low frequency has a low value, while at high 

frequency has a high value. The fact is in accordance 

with Damijan [18] that the higher frequency made the 

relative permittivity of human body tissue decreased. 

Conversely, the higher frequency made the 

conductivity of the human body tissue increases. 

The electric field distribution simulation and 

experiments have been done using an external voltage 

source from capacitive electrode ECCT of 10 V placed 

on a top tube, and 0 V placed on a bottom tube (see 

Figure 1). 

 
                     (a)                                        (b) 

Figure 8 Voltage distribution of wire mesh sensor: (a) 3×3, (b) 

8×8 

 

 

The result of simulation is summarized in Figure 8 and 

Figure 9. In Figure 8(a) shows the voltage distribution 

using wire mesh sensor 3 × 3 and Figure 8(b) shows the 

voltage distribution using wire mesh sensor 8 × 8. In 

Figure 9(a) shows direction of electric field due to 

external voltage source at wire mesh sensor 3 × 3 and 

Figure 9(b) shows direction of electric field due to 

external voltage source at wire mesh sensor 8 × 8. 

 
               (a)                                                (b) 

Figure 9 Direction of electric field due to external voltage 

source from two capacitive electrode of ECCT at wire mesh 

sensor: (a) 3 × 3, (b) 8 × 8 

 

 

The results  of experiments are summarized in Figure 

10 and Figure 11. In Figure 10(a) shows the electric field 

distribution using wire mesh sensor 3 × 3 for the air 

medium, while in Figure 10(b) shows the electric field 

distribution using phantom-treated wire mesh sensor 3 × 

3. This electric field distribution pattern is obtained using 

Laplace 3D equations and the voltage conversion 

formula to the electric field, as in Equations 1 and 3. 

Figure 11(a) shows the electric field distribution using 

wire mesh sensor 8 × 8 for the air medium, while in Figure 

11(b) shows the electric field distribution using 

phantom-treated wire mesh sensor 8 × 8. This electric 

field distribution pattern is obtained using Laplace 3D 

equations and the voltage conversion formula to the 

electric field, as in Equations 1 and 3.   
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               (a)                                                (b) 

Figure 10 (a) Electric field distribution (V/m) of WMS 3 × 3 in the 

air, (b) Electric field distribution (V/m) of WMS 3 × 3 in phantom 

 

 

Based on the electric field distribution pattern on 

WMS 3 × 3 (Figure 10) and WMS 8 × 8 (Figure 11) can be 

distinguished between air medium and phantom. For 

air medium there is the blue colour, it means a lower 

electric field value. For the medium phantom, there is a 

red colour which means the value of the electric field is 

high. 

 
               (a)                                                (b) 

Figure 11 (a) Electric field distribution (V/m) of WMS 8 × 8 in the 

air, (b) Electric field distribution (V/m) of WMS 8 × 8 in phantom 

 

 

The results are not yet compatible with Andiani [19], 

and Markus [20] where their research yields the reverse 

that the value of the electric field in the air is higher than 

the value of the electric field in human body tissue. For 

that reason, it is necessary to reconstruction image of 

electric field distribution using inverse principle linear 

back propagation refer to (7). 

The results of reconstruction image electric field 

distribution on WMS 3 × 3 and WMS 8 × 8 in phantom are 

presented in Figure 11. 

 
(a) 

 
(b) 

Figure 12 Reconstruction image of electric field distribution 

(V/m) in: (a) Wire Mesh Sensor 3 × 3 and (b) Wire Mesh Sensor 

8 × 8 

 

 

Based on the image reconstruction of the electric 

field distribution in Figure 12, there is a decrease of the 

electric field value at the existing point of its phantom 

compared to the point that there is no phantom (air 

medium). The relative permittivity value of phantom at 

100 kHz is 653.16 (Measured using Electrical Impedance 

Spectroscopy). Meanwhile, the relative permittivity 

value of air is 1. 

This result is in accordance with Gauss theory that 

the electric field value is inversely proportional to the 

permittivity value. The greater permittivity can make the 

value of the electric field to be smaller. This result also 

corresponds to Andiani [19] that the electric field in the 

air medium is higher than the electric field in the human 

body tissue. Andiani reported that the highest electric 

field value was 151.06 V/m in air medium and 0.46 V/m 

in anatomy medium. The law of Gauss in difference is 

[21]. 

      𝛁. 𝑬⃗⃗ =  
𝜌

𝜀0
                 (8) 

The electric field value is inversely proportional to the 

permittivity value. 

The results of image electric field distribution 

reconstruction can be compared with the simulation 

results of electric field distribution. For the simulation 

results of the electric field distribution can be seen in the 

Figure 13. 

 

(a) 
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(b) 

Figure 13 Simulation of electric field distribution (V/m) in: (a) wire 

mesh sensor 3×3 and (b) wire mesh sensor 8×8 

 

 

The average value of the electric field distribution of 

the simulation results in wire mesh sensor 3 × 3 is 0,066857 

V/m, whereas the average value of the electric field 

distribution of the reconstruction in wire mesh sensor 3×3 

is 0,012978 V/m. There is difference of average value of 

electric field distribution equal to 80.59%. 

The average value of the electric field distribution of 

the simulation results in wire mesh sensor 8 × 8 is 0,015521 

V/m, whereas the average value of the electric field 

distribution of the reconstruction in wire mesh sensor 8 × 

8  is 0,00488 V/m. There is difference of average value 

of electric field distribution equal to 68.56%. 

The image reconstruction results in the wire mesh 

sensor 3 × 3 (Figure 12(a)) can be refined into WMS 5 × 

5 using bilinear interpolation and generate a 

comparison of the electric field value between the 

existing wire intersection point of its phantom and no 

phantom (air medium) of 61.8 %. Meanwhile, the image 

reconstruction results in the wire mesh sensor 8 × 8 

(Figure 12(b)) can be refined into WMS 15×15 using 

bilinear interpolation and generate the comparison of 

the electric field value between the existing wire 

intersection point of its phantom and no phantom (air 

medium) of 82.42%. Based on Figure 12, can be seen 

that wire mesh sensor 8 × 8 have a resolution of electric 

field distribution is higher than wire mesh sensor 3 × 3. So 

wire mesh sensor 8 × 8 better than wire mesh sensor 3 × 

3. 

The Bilinear interpolation refer to (8) was used to get 

the image reconstruction of electric field distribution 

with higher resolution. 

 
Figure 14 WMS 8 × 8 electric field distribution (V/m) pattern 

after interpolation 

 

Based on the pattern of electric field distribution with 

higher resolution (Figure 14), the average value of the 

electric field in the phantom that resembles human 

body tissue is 8.0×10-4 V/m while the mean value of the 

electric field in the air medium that has no phantom is 

4.6×10-3 V / m. There was a decrease of electric field 

value between medium air and phantom medium 

equal to 82.42%. 

Phantom position in tube with wire mesh sensor 3 × 3 

can be seen in Figure 15. This inclusion shaped phantom 

is placed in the middle of wire mesh sensor. 

 

 
Figure 15 Phantom position in WMS 3 × 3  

 

 

4.0  CONCLUSION 
 

It can be concluded that wire mesh sensors can be 

used to detect electric fields on human body tissues 

when given an outer voltage source from two 

capacitive electrode of ECCT. Moreover, wire mesh 

sensors also produce electric field distribution 

tomography with higher resolution. 

There is a decrease in the value of the electric field 

between the phantom that resembles the human body 

tissue (εr = 653.16) with the air medium (εr = 1) of 82.42% 

for WMS 8 × 8 and 61.8 % for WMS 3 × 3. It is in 

accordance with Gauss's Law that the greater 

permittivity of material makes the smaller value of the 

electric field. Moreover, wire mesh sensor 8 × 8 is a 

better resolution than wire mesh sensor 3 × 3 
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