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Abstract 
 

The wire-mesh capacitance tomography (WMCT) has been applied to 

visualize 2D of the distribution of electric field intensity in the treatment 

planning system (TPS) of electro-capacitive cancer therapy (ECCT) using 

human head model. WMCT is proposed in this study to estimate accurately the 

distribution of electric field intensity which is the main optimum factors of ECCT 

in order to compensate the inaccuracy of TPS ECCT simulation. The 

experimental and simulation studies were conducted with wire-mesh sensor 

consisted of 8×8 wire matrix of copper in human head model using two type of 

helmet ECCT. The result of electric field value at the intersection wire-mesh 

have been compared between experimental studies and simulation studies. 

The electric field average value resulted from ECCT helmet-1 is higher than 

ECCT helmet-2. The average electric field generated by the ECCT helmet-1 is 

1585.72 V/m in an air medium, 97.43 V/m in grey matter and 80.58 V/m in the 

cancer. While the average electric field generated by the ECCT helmet-2 is 

1413.28 V/m in an air medium, 64.20 V/m in grey matter and 52.65 V/m in the 

cancer. ECCT helmet-1 and helmet-2 result the different of electric field 

distribution pattern. ECCT helmet-1 is more optimal for used to patient has 

cancer position in the right and bottom, while ECCT helmet-2 is more optimal 

for used to patient has cancer position in the top and bottom. Based on this 

study, the compensation error of the electrical field distribution of simulation 

study can be applied in order to enhance the accuracy of TPS ECCT. 

Therefore, it envisages that this study paves way the development of better 

approaches for general electric field therapy.  

 

Keywords: Electro-capacitive cancer therapy (ECCT), wire-mesh capacitive 

tomography (WMCT), treatment planning system (TPS), electric field intensity 

distribution 
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1.0 INTRODUCTION 
 

Malignant brain and central nervous system (CNS) 

tumor among persons age 0–14 years were the most 

common cause of cancer death [1]. The cancer 

treatment method that utilizes intermediate-frequency 

and low intensity electric fields placed on the skin 

surface is new breakthrough in the development of 

cancer treatment technology [2, 3, 4, 5]. The anti-

proliferative effect of low intensity and intermediate 

frequency electrostatic was investigated in vitro and in 

vivo and showed the breast tumor cells were reduced 

significant of more than 67% in size [6]. The exposure 

electric field provided divides cancer cells causes an 

increment of tubulin A, which affects the 

polymerization of microtubules to be inhibited. 

Disruption of microtubule polymerization will prevent 

the cell division from progressing to the anaphase 

stage. The anaphase stage can be prevented by 

interfering with the dynamics of microtubules using an 

electric field. So that dividing cancer cells is disrupted 

by the division process and causes cancer cell death 

[7]. 

Electro-capacitive cancer therapy (ECCT) is the 

proposed methods which uses the alternating electric 

field for brain cancer treatment [7, 8]. ECCT consists of 

capacitive electrode clothes which cover the surface 

of the body. This capacitive technique uses a quasi-

static electric field produced by a voltage generator. 

The design of the 3D ECCT electrode is very important 

to treatment planning system (TPS) of ECCT to inhibit 

the tumor area in the human body. A good ECCT 

design will produce an optimal intensity electric field in 

the tumor area. The intensity electric field whose 

penetrate the body in the form of nonlinear causes an 

optimal intensity electric field to be difficult to achieve. 

Simulations intensity of the proper electric field intensity 

distribution in the 3D biomaterial phantom have been 

carried out [9]. But simulation need to be validated. So 

that measurement is needed to get the intensity of 

electric field distribution to increase the accuracy of 

the ECCT TPS. 

Wire-mesh sensors are already used to visualize the 

permittivity distribution and the conductivity in industrial 

processes from bubbling fluid flow [10, 11, 12, 13]. This 

wire-mesh sensor is very effective for locate void 

fraction in the crossing of wire. So wire-mesh sensors are 

an option for measure the distribution of electric field 

intensity as a compensation error for inaccurate ECCT 

TPS numerical simulations. Recently, effect of the wire-

mesh on the electric field intensity distribution 

generated by the ECCT system for helmet on the 

dielectric medium has been simulated [14]. And our 

previous study about the experiments to validate the 

simulation results have done for only one cancer 

location and a helmet type of ECCT by using wire-mesh 

tomography [15]. The standard method to evaluate of 

this ECCT system as a part of TPS as well as other 

electrotherapy modalities is by using a numerical 

simulation. The accuracy of numerical simulation 

studies is limited to evaluate the interfacial polarization 

between two biological tissue layers that affecting the 

electric distribution and the anisotropic medium. 

Because modelling this interfacial polarization and 

anisotropic phenomenon require high cost 

computation. 

In this study we investigated the cancers of five 

different location, and we compare two type of 

helmet ECCT to analyze the distribution of electric field 

intensity of ECCT based on the 3D numerical simulation 

and experimental studies in human head model. 

 

 

2.0 METHODOLOGY 
 

Wire-Mesh Capacitance Tomography for ECCT on 

Human Head Model 

 

In ECCT TPS, the design of capacitive electrodes is 

important because every patient has a different case 

with the different cancer location. The different case 

must be treated with different electrode designs to get 

the most optimal electric field in the cancer. The ECCT 

system have several electrodes of capacitive and is 

connected to generator AC voltage via coaxial cable 

[8]. The capacitive electrodes is attached to particular 

human body such as human head and breast. This 

capacitive electrode acts as two parallel plates to 

interfere the growth of cancer cells. The generator AC 

voltage produces voltage polarity alternating to 

electrode with Vac = +10V or  ̵ 10V and frequency f = 

100 ̵ 300 kHz. The voltage source comes from a 

rechargeable battery with a maximum current 

charging of I = 0.35 A. 

The capacitive electrodes ECCT in the human 

head model consists of two helmet type of capacitive 

electrodes as shown in Figure 1. It only becomes as a 

transmitter for both electrodes since the wires in WMCT 

is as the receivers.  Helmet-1 have capacitive 

electrodes position at sagittal plane which are at the 

left and right side. Helmet-1 includes ground electrode 

at the middle between capacitive electrodes. The 

different configuration of helmet-2 is capacitive 

electrodes position at coronal plane are at the front 

and back. Helmet-2 also includes ground electrode at 

the middle between capacitive electrodes.  

 
(a)                                       (b) 

Figure 1 The model of 3D human head: (a) helmet-1, (b) 

helmet-2 
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WMCT Sensor for Human Head Model 

 

The WMCT is employed to visualize the electric field 

intensity distribution at each crossing point of wire. The 

WMCT sensor is placed in human head model on the 

axial axis to measure the electric field intensity 

distribution. Wire material is copper because it has a 

high conductivity value so it is good for measuring the 

distribution of electric field intensity. There are other 

materials that can be used such as silver and gold but 

copper is recommended in this study. Figure 2 shows 

the schematic of data acquisition for WMCT sensor in 

the case of a human head model. 

 
Figure 2 Schematic of WMCT sensor on human head model 

 

 

The WMCT sensor consist of 8×8 mesh matrix 

intersect each other arranged in parallel with 90˚ 

angles (see Figure 3(a)). The dimensions are l = 0.14 m 

in length, D = 0.001 m in diameter, and r = 0.01 m in 

distance of mesh. On this study, WMCT sensor behave 

only as receiver wires Rx without being as a transmitter 

wires Tx. From 8×8 mesh count, it has p = 64 point of the 

wire crossing with the number of receiver wire-end n = 

32. Rx 1 till 32 produces a different value at the end of 

detection point on the same wire, because the 

voltage source comes from capacitive electrodes 

ECCT with two type of helmet in different 

configurations. In order to avoid the alteration electric 

field intensity distribution of ECCT, thus the transmitter 

wire Tx is avoided. 

 

 
(a)                                           (b) 

 

Figure 3 The schematic of WMCT sensor (a) top view, (b) side 

view 

 

 

Image Reconstruction of WMCT 

 

Meanwhile, in order to increase the sensitivity of 

detection electric field distribution, the perpendicular 

wire-mesh is connected as shown in Figure 3(b) [14]. 

This wire-mesh sensor configuration differs as 

compared with the conventional wire-mesh sensor 

which has a small gap distance between the 

perpendicular wire [12]. In order to reconstruct the 

electric field intensity distribution from the series of 

voltage measurements, we employed the sensitivity-

based image reconstruction that is linear back 

projection [16] because of a single pair voltage 

measurement represents the voltage value from the p 

= 64 points of the wire crossings. In this regards, the 

conventional WMCT image reconstruction such as 

calibrated data image, binary image processing 

algorithms [17], cannot be used in this study. 

The idea to predict the electric field distribution E is 

by firstly predict the electric flux dΦ at wire crossing. 

According to Gauss's law, the electric flux dΦ (~dQ/ε0) 

through an area dA is the electric field E multiplied by 

the surface area projected in a plane perpendicular 

to the field dA. In terms of discretization in a matrix of 

each point wire crossing p, it can be written as follows: 
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=                              (1) 

 

Where, Ep [V/m], dΦ [C/m2], dAp [m2] are the 

intensity of electric field in p, the electric flux in p, and 

the area of point wire crossing p respectively. ε0 is the 

permittivity vacuum. Due to the nonlinear relationship 

between the measured capacitance data Cij or the 

accumulated charge Qp with the relative permittivity 

εrp at point wire crossing p, the Frechét derivative is 

used to make the linearization [18, 19] in equation [2] 

and then Jacobian matrix S in equation [4] can be 

used as a main part for image reconstruction. Due to 

its computational cost, it is quite commonly used due 

to its faster other than method such as rank-one 

update method. 
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The discretization of relative permittivity at point 

wire crossing δ rp can be described from the 

reconstructed permittivity distribution G. 
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where p  is one in the point wire crossing and zero 

otherwise. While in equation [4], it is regarded a 

Jacobian matrix that mathematically form of as 

follows: 
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where S(ij)p is a Jacobian matrix between wire-end i-th 

and ECCT electrode j-th. i  is a potential distribution 

when the wire-end i-th is defined as a voltage 

receiver. While, j  is a potential distribution when the 

ECCT electrode j-th is defined as a voltage source. In 

equation [2], the Jacobian matrix S with dimension [p x 

n] is normalized into Sn with dimension [p x 1]: 
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Simulation Setup 

 

Simulation of the electric field intensity distribution in a 

human head model was carried out based on the 

finite element method (FEM) using COMSOL 

Multiphysics with AC/DC module [20]. This simulation 

calculates the electric field distribution with a given 

alternating voltage by the capacitive electrodes as 

shown in Figure 1. Domain computation on a 

conductive medium is appropriate model that match 

with experimental study. 

The human head model use relative permittivity of 

grey matter εr-g = 3221.8 and relative permittivity of 

cancer εr-c = 5000. The relative permittivity values of 

grey matter and cancer follows the cited references 

[21]. The dimensions of the head are l = 0.17 m in 

length, w = 0.16 m in width and h = 0.11 m in height for 

grey matter as shown in Figure 4(a). The dimension of 

the cancer is r = 0.002 m in radius as shown in Figure 

4(b). Furthermore, on the anatomy of the head given 

cancer with five different locations are in the middle, 

right, left, top and bottom (see Figure 5). 

 

 
(a) (b) 

 
Figure 4 The side view of human head model with: (a) grey 

matter, (b) cancer  

 

 

 

 
(a)                        (b) 

 
              (c)                            (d)                           (e) 

 
Figure 5 Cancer location in the human head model from the 

top view: (a) middle, (b) right, (c) left, (d) top (e) bottom  

 

 

Experimental Setup 

 

An experimental study on human head model is 

shown in Figure 6. Voltage of capacitive electrodes Vp-

p = 10 Volt, and frequency f = 100 kHz. The biomaterial 

phantom represents as the grey matter was made 

from the mixture of H2O 41.3%, Glycerin 24.8%, Silicon 

rubber 24.8%, Agar 4.5% and NaCl 0.5% as shown in 

Figure 6(a). Meanwhile, the cancer was made from 

the mixture of H2O 41.3%, Glycerin 24.8%, Silicon rubber 

24.8%, Agar 4.5% and NaCl 2.5% as shown in Figure 

6(b). 

 

 
(a)                                        (b) 

 

Figure 6 (a) Human head model with biomaterial phantom, 

and (b) human head model with biomaterial phantom and 

cancer 

 

 

3.0 RESULTS AND DISCUSSION 
 

The result of simulation electric field distribution 

generated by the ECCT helmet-1 and helmet-2 in air 

medium can be seen in Figure 7. Different electrode 

design between helmet -1 and helmet-2 give a 

different pattern of the electric field intensity 

distribution. 
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(a)                        (b) 

 

Figure 7 The simulation result of electric field intensity 

distribution with ECCT: (a) helmet-1, (b) helmet-2 

 

 

Figure 7 shows electric field distribution in the 

human head model without wire-mesh sensor, with a 

red colour indicating the highest electric field and blue 

colour indicate lower electric field. ECCT helmet-1 

results electric field distribution is highest as long as y 

axis. While helmet-2 results electric field distribution is 

highest as long as x axis. 

 

 
(a)                                         (b) 

 

Figure 8 The simulation result of electric field intensity 

distribution by using WMCT in air medium with ECCT: (a) 

helmet-1, (b) helmet-2 

 

 

Figure 7 and 8 shows electric field distribution 

generated by system ECCT on the human head model 

in the case of air medium. The average of electric field 

distribution generated by ECCT helmet-1 on air medium 

is 1585.72 V/m, while ECCT helmet-2 is 1413.28 V/m. 

Figure 8 shows a different electric field distribution 

pattern between ECCT helmet-1 and helmet-2 in the 

form of tomography with wire-mesh. This occurs 

because different electrode design between helmet-1 

and helmet-2 (can be seen in Figure 1). This different 

electrode design will make different of direction 

electric field. Alamsyah et al. [6] reported that 

increasing the number of field directions from the 

positions of the capacitive electrode pairs, resulted in 

potentially anti-proliferative effect of electro-

capacitive cancer therapy in vivo (>67%).  

The experimental result of reconstruction electric 

field intensity distribution on the grey matter and 

cancer with ECCT helmet-1 in Figure 9 is summarised in 

Table 1. The electric field average value are 97.43 V/m 

in grey matter and 80.58 V/m in cancer. The electric 

field in cancer lower than in grey matter, because the 

relative permittivity of cancer is greater than grey 

matter. The electric field distribution obtained at 64 

point of the wire crossings represents a permittivity 

distribution. Due to the relationship between the 

electric field E  and permittivity   based on Gauss’s 

Theory [22]. 

                                

0

.



 =E                                     (6) 

 

 
(a)                                      (b) 

 
        (c)                                             (d) 

 
                                          (e) 

 
Figure 9 Reconstruction result of electric field distribution on 

human head with ECCT helmet-1 with five variation cancer 

position: (a) middle, (b) right, (c) left, (d) top, (e) bottom 

 

 

Figure 9(a) shows electric field distribution 

generated by ECCT helmet-1 with cancer position in 

the middle. The electric field average value in this 

tomography are 73.82 V/m in grey matter and 64.27 

V/m in the cancer. Figure 9(b) shows electric field 

distribution generated by ECCT helmet-1 with cancer 

position in the right. The electric field average value in 

this tomography are 106.30 V/m in grey matter and 

82.60 V/m in the cancer. 
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Table 1 The electric field average value distribution 

 

No. 
Cancer 

position 

ECCT helmet-1 (V/m) ECCT helmet-2 (V/m) 

Grey 

matter 

Cancer  Grey 

matter 

Cancer  

1. Middle 73.82 64.27 42.42 34.40 

2. Right 106.3 82.60 50.09 41.92 

3. Left 91.07 76.36 62.08 52.36 

4. Top 93.84 75.51 81.33 64.05 

5. Bottom 122.10 104.15 85.09 70.50 

 

 

The result of reconstruction electric field distribution 

on the grey matter and cancer with ECCT helmet-2 in 

Figure 10 is summarized in Table 1. The electric field 

average value are 64.20 V/m in grey matter and 52.65 

V/m in cancer. The electric field in cancer lower than 

in grey matter. The same case with ECCT helmet-1.  

 

 
(a)                                           (b) 

 
                    (c)                                         (d) 

  
(e) 

 
Figure 10 Reconstruction result of the electric field distribution 

on human head with ECCT helmet-2 with five variation 

cancer position: (a) middle, (b) right, (c) left, (d) top, (e) 

bottom 

 

 

This result also in accordance with Andiani et al. 

research [14]. Andiani et al. reported that electric field 

in air medium is 173.48 V/m greater than electric field 

in brain white matter is 0.46 V/m and in a cancer is 0.17 

V/m. 

The compensation error in this study is used severity 

(Sev) score as one of the error significance analysis [23]. 

This relates to the error source from the measured 

electric field. The result of compensation error for two 

type of ECCT is given in Table 2. 

 
Table 2 Compensation Error 

 
No. Cancer 

position 

ECCT  

helmet-1 (%) 

Sev ECCT  

helmet-2 (%) 

Sev 

1. Middle  27.64 5 1.30 1 

2. Right  48.09 5 15.07 5 

3. Left  40.89 5 31.73 5 

4. Top   40.40 5 47.80 5 

5. Bottom  55.31 10 49.98 5 

 

 

The electric field distribution at each intersection 

wire can be detected through simulations and 

experiments when given an external voltage source 

through the ECCT capacitive electrode pair. In the 

simulation, the electric field value at each intersection 

wire can be obtained directly. Whereas in the 

experiment, to get the electric field value at each 

intersection wire requires reconstruction. In 

experiments, each wire channel acts as a receiver to 

detect the electric field generated by ECCT. Then the 

reconstruction is conducted to get the electric field 

distribution at each intersection wire. The relationship 

between simulation results and actual results is shown 

in Table 2 compensation errors. The expectation is that 

the simulation results and experimental results have a 

small error. 

ECCT helmet-1 and helmet-2 result the different of 

electric field distribution pattern. ECCT helmet-1 is 

more optimal for used to patient has cancer position in 

the right and bottom, because the highest electric 

field is achieved in this cancer position. While ECCT 

helmet-2 is more optimal for used to patient has 

cancer position in the top and bottom. Because the 

highest electric field is achieved in this tumor position 

(see Table 1). The electric field average value from 

ECCT helmet-1 is higher than ECCT helmet-2. The 

advantage of this study is to become the basis of 

general electric field therapy in measure electric field 

distribution. 

 

 

4.0 CONCLUSION 
 

The wire-mesh capacitance tomography (WMCT) has 

been applied to predict the quantification of the 

electric field distribution in human head model for 

treatment planning system of ECCT. The result of 

electric field value at the intersection wire-mesh have 

been compared between experimental studies and  

simulation studies. The electric field average value 

resulted from ECCT helmet-1 is higher than ECCT 

helmet-2. The average electric field generated by the 

ECCT helmet-1 is 1585.72 V/m in an air medium, 97.43 

V/m in grey matter and 80.58 V/m in the cancer. While 

the average electric field generated by the ECCT 
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helmet-2 is 1413.28 V/m in an air medium, 64.20 V/m in 

grey matter and 52.65 V/m in the cancer. ECCT 

helmet-1 and helmet-2 result the different of electric 

field distribution pattern. ECCT helmet-1 is more 

optimal for used to patient has cancer position in the 

right and bottom, while ECCT helmet-2 is more optimal 

for used to patient has cancer position in the top and 

bottom. 
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