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A B S T R A C T 

Electric field distribution analysis generated by ECCT in a human head model with or without brain 

cancer using wire mesh electrode has been conductedsuccessfully. The analysis of electric field 

distribution was done using simulation in a human head model with ECCT Apparel Helmet system 

type A which is three dimensional model. The electric field distribution was measured with and 

without a wire mesh electrode which was either passive or active using COMSOL Multiphysics 5.2 

software and was then processed using MATLAB R2010a. The aim of the research was to assess 

the performance of wire mesh electrode in detecting electric field distribution. ECCT which is 

utilized in brain cancer therapy with input 10 V is able to produce an electric field with an average 

of 178.8 V/m. The input voltage influences electric field distribution whereas the signal frequency 

does not affect the electric field distribution. Wire mesh electrode which is either active or passive 

can measure the electric field distribution generated by ECCT that neither the active nor the passive 

wire mesh electrode changed the pattern of the electric field distribution and the change in the 

measured electric field value is not significant. 

 

© EuroMediterranean Biomedical Journal  2017 

 

1. Introduction 

Brain cancer is a malignant brain tumor that is referred to as the silent 

killer due to rare early signs in sufferers. Death rates caused by cancer are 

still relatively high according statistical data from The Surveillance, 

Epidemiology, and End Results (SEER) from which it can be seen that the 

percentage of brain cancer patients who survive for five years after being 

diagnosed is 33.8%. One of the causes of the high death rate is the fact 

that healing methods are not yet at their most effective[1].  

At present, the most common methods used to cure brain cancer are 

surgery, chemotherapy, and radiotherapy. Their costs are a relatively high 

and moreover they have an adverse effect on the normal tissue. Because 

of this, those cancer healing methods have not been used to the fullest 

extent to cure cancer.  

 

Electro Capacitive Cancer Treatment (ECCT) developed by Dr. Taruno P. 

Warsito is currently being developed as a therapy to destroy cancer cells 

using an electric field[2]. ECCT represents an electrical capacitance 

cancer therapy method. The method is based on the research of Yoram 

Palti who concluded that the growth of cancer cells could be inhibited or 

even turned off by the alternating electric field. The electric field can 

penetrate the cell membrane and affect the cell that is splitting[3]. 

The ECCT system for brain cancer therapy consists of a power supply that 

has an input voltage of around 2.4 to 3 V, a cable connector, and an 

apparel helmet. Markus Hardiyanto reported that ECCT with electrode 

configuration as shown in Figure 1 has an optimal configuration for 

therapy. This type is capable of generating an electric field with a wider 

area that can be used for cancer positioned in the majority of brain 

tissue[4]. 
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The process of tomography is used to visualize the cross-section images 

of the mixtures of substances flowing in the process column. Wire mesh 

sensor is an alternative technique to tomography systems. A wire mesh 

sensor is fabricated with two layers perpendicular to each other separated 

by a small gap which is stretched over the process column,forming the 

transmitter layer and the receiver layer. In the current study, a wire mesh 

sensor measured the instantaneous interfacial phase fraction as well as the 

bubble’s size and fluid velocity passing through the wire mesh sensor[5]. 

Here we propose wire mesh sensor to analyze the electric field 

distribution generated by ECCT. Measurement of the electric field 

distribution will also be conducted by an active and passive wire mesh 

sensor. 

 

2. Methods 

Modeling 

 

The modeling stage consists of the determination of the design parameters 

and manufacture of the design geometry. In this study, the geometries 

created were the geometry of the human head, the geometry of the ECCT 

system for brain cancer therapy and the geometry of the wire mesh sensor. 

All of the design geometries were created by COMSOL Multiphysics 

5.2.Design parameters for the geometry of the human head used the 

average circumference of a grown man's head, which is around 0.55 m. 

For ECCT system, apparel helmet ECCT type A was used which consists 

of three electrodes. ECCT system was placed according to the head’s 

geometry as shown in Figure 1. This is due to the limitations of the 

software which cannot detect two adjacent geometries. 

 

 

 

Figure 1 - Geometry design of human head with ECCT 

 

The manufacture of a human head with anatomy and cancer geometry is 

shown in Figure 2. The anatomy given is a part of brain white matter at a 

distance of 0.02 m from the head’s outer layer. A solid sphere 

representing the cancer is given with a diameter of 0.02 m and placed at 

coordinates (0; 0; 0.06). 

 

 

 

Figure 2 - Geometry design of human head, brain, and cancer 

 

The wire mesh sensor was designed with 2 × 8 electrodes. The sensor had 

a set of two wire electrodes 0.13 m long and 0.0007 m in diameter and 

was separated by a small perpendicular gap. Two conditions of the wire 

mesh electrode were used to measure the electric field distribution, 

namely active and passive conditions. For the passive condition, the wire 

mesh electrode is not supplied with the input voltage and acts as a receiver 

as shown in Figure 3. Meanwhile, for an active condition, the wire mesh 

electrode is provided with the input voltage and serves as the receiver and 

transmitter, this means that it has a different design geometry adding 0.05 

m to each of the ends of the wire mesh as shown in Figure 4. 

 

 

Figure 3 - Human head model with passive wire mesh electrode 

 

 

Figure 4 - Human head model with an active wire mesh electrode 
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Simulation 

The simulation stage was performed using the electrostatic theoretical 

approach. At this point, the physical parameter settings are executed using 

COMSOL Multiphysics 5.2. The settings, namely subdomain setting, 

boundary setting, free mesh parameter, and solver parameter are defined. 

The subdomain setting stage involves the setting of the material type and 

physical parameters that will be used on the design geometry. The 

physical parameters used are relative permittivity εr and electrical 

conductivity σ as summarized in Table 1. 

 

    

Table 1 - Physical parameters for subdomain setting in this study 

 

Boundary setting is performed to limit the extension of the capacitive 

electrodes; ECCT electrodes and wire mesh electrode. Meanwhile, the 

free mesh parameter is done by setting the parameter that will be affected 

by the accuracy of simulation data. In this study, we used the finer size on 

the free mesh parameter.In the solver stage, this parameter is set to 

regulate the simulation parameters related tothe physics and study stage. 

The purpose of this simulation is to obtain the electric field distribution 

so,in our study we used electrostatics (es) as the physics parameter and 

time dependent method as the study parameter. 

 

Data Processing 

The gridding method was used for data processing. Electric field data for 

each mesh point were obtained in the electric field value of X, Y, and Z 

axes. So data processing was performed to get the resultant electric field 

value using MATLAB. The resultant electric field (E) can be calculated 

using: 

 

 (1) 

 

The value of the electric field (V/m) for each mesh point is also 

displayed as an image using MATLAB. 

 

 

3. Results and discussion 

Electric Field Characteristic of ECCT 

The simulation was performed to determine the electric field distribution 

generated by the ECCT system on the human head conducted with various 

geometric conditions and variations in voltage and frequency. In the first 

simulation, we proposed the human head model without anatomy, and in 

ECCT apparel helmet type A 3 dimensional modelled withthe medium as 

air. The input voltage was 10 V with the frequency of 100 kHz. Figure 5 

shows the electric field distribution with red color indicating the highest 

electric field while the blue color indicates the lowest electric field.  

 

Figure 5 - Electric field distribution of ECCT at air medium 

    

It can be seen that the highest value of the electric field was 178.8 V/m 

located around the head near the ECCT system. Meanwhile, the value of 

the average electric field was around 151.92 V/m.Furthermore, to 

understand the relationship of voltage and frequency of the electric field 

distribution generated by the ECCT apparel helmet type A, the simulation 

was conducted by applying a peak-to-peak voltage of 10 and 20 V with 

various frequencies of 100 and 200 kHz.  

Analysis of the electric field profile was performed along the line of X-

axis ranging from-0.028 until 0.028 at point (-0.004, 0.02) on the Y and Z 

axes. The increasing voltage value caused the increase in electric field 

value. For an input voltage of 10 V, the highest electric field value was 

151.06 V/m whereas, for an input voltage 20 V, the highest electric field 

value was 302.13 V/m. The electric field value does not changewith 

frequency variations as shown in Figure 6. The blue and red lines at 100 

and 200 kHz for 10 V showed the same value. The same thing also 

happened to the lines of green and purple for 20 V at 100 and 200 kHz. 

Ahmad Yulianto reported that the maximum electric field generated by 

frequencies of 100 Hz, 100 kHz, and 100 MHz has an insignificant value 

difference[4]. This fact indicates that the frequency does not influence the 

electric field value particularly. 

 

 

 

 

Figure 6 - Electric field profile of ECCT at air medium 

 

Figure 7 shows the analysis of the electric field profile generated by the 

ECCT system on the human head with anatomy and cancer model in three 

condition geometries. Ahmad Yulianto reported that the relative 

permittivity of a dielectric medium at low frequency is higher than the 

relative permittivity at high frequency, so that the decrease in electric field 

value at low frequency is greater than at high frequency.  
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Moreover, the effect of frequency to relative permittivity can make the 

electric field value decrease at dielectric medium. The reduction of 

electric field value at low frequency is greater than at high frequency[4]. 

 

 

(a) 

 

 

(b) 

 

 

(c) 

Figure 7 - Electric field profile with: (a)anatomy, (b) cancer, (c) 

anatomy and cancer 

 

It can be observed from Figure 7a that the maximum electric field value 

for the frequency 100 kHz was 0.46 V/m while for the frequency of 200 

kHz was 0.75 V/m. The electric field value obtained is minimal because 

the measurement line is in the brain white matter so it can be stated that 

the electric field profile displays the electric field distribution in anatomy. 

 

 

 

 

 

 

For the electric field profile with cancer (Figure 7b) it has been seen that 

the electric field distribution along the measurement line was not 

significantly affected by the frequency variation. The electric field value 

of cancer was at 0.17 and 0.2 V/m at frequencies 100 and 200 kHz, 

respectively. The obtained small value is due to the cancer size which is 

small compared to the human head with air as medium. 

In the electric field profile with anatomy and cancer (Figure 7c) it was 

revealed that the frequency affects the electric field distribution. The 

maximum electric field value for frequency 100 kHz was at 0.49 V/m 

whereas for the frequency 200 kHz was at 0.87 V/m. The value is small 

due to the measurement line being inside the brain white matter area that 

cuts the cancer center point. It is known that the maximum electric field 

value is the electric field value of the anatomy. 

 

Electric Field Distribution of ECCT using Passive Wire Mesh Electrode   

In this study, a wire mesh sensor is proposed as an alternative technique to 

tomography systems to measure fluid parameters[5]. The simulation was 

conducted to determine the electric field distribution using a passive wire 

mesh technique. Figure 8 shows the influence of the passive wire mesh 

electrode against the electric field distribution generated by ECCT system 

apparel helmet type A at dielectric medium. 

 

 

Figure 8 - Electric field distribution of ECCT with wire mesh 

 

From Figure 8,it can be seen that the electric field distribution obtained 

for the placement of wire mesh electrode does not significantly affect the 

electric field distribution generated by the ECCT system. From the 

analysis, the highest value of the electric field was achieved at 178.52 

V/m located around the head near the ECCT system whereas the average 

electric field value was 151.51 V/m. The values obtained are 

approximately equal to the measured value without wire mesh electrode. 

The influence of the dimension of wire mesh electrode on the distribution 

of electric field was conducted with the variation of the size of wire mesh 

namely 4 × 4, 6 × 6, and 8 × 8.  The comparison of image quality of the 

electric field distribution that generated by the wire mesh electrodes with 

size 4 × 4, 6 × 6, and 8 × 8 are displayed in Figure 9. The electric field 

values were measured at the mesh point based on their mesh size and 

processed using Matlab to obtain the image of electric field distribution.  
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    (a)    (b) 

 

(c) 

Figure 9 - Measurement electric field distribution by wire mesh:  

(a) 4×4, (b) 6×6, (c) 8×8 

 

It can be seen from Figure 9, that the resolution of the electric field 

distribution depends on the size of wire mesh electrode used for 

simulation. From the comparative analysis of electric field distribution 

image resolution that has been conducted the greater the amount of wire 

mesh the closer the electric field distribution image will be to the real 

image from the simulation as displayed in Figure 5.   

 

Electric Field Distribution of ECCT using Active Wire Mesh Electrode 

In the previous study, M.H.F.Rahiman et almade a wire mesh sensor with 

two operating principles which are based on the measurement of 

conductivity or permittivity value in the investigation area[5]. This 

operating principle is used to determine the electric field distribution 

generated by the ECCT system.  

The gridding methods were used to simulate data from the geometry of 

active wire mesh electrodes (8  8).The data is the actual electric field 

value at each point from the looping system. The purpose of this 

simulation is to know the influence of the active wire mesh electrode 

against the electric field distribution generated by the ECCT system. 

Figure 10 shows the results of data processing by gridding methods. The 

results demonstrated that the placement of the active wire mesh electrode 

does not significantly affect the electric field distribution. From the 

comparative analysis obtained, the electric field value is approximately 

equal to the electric field value between the electrode on the transmitter 

and receiver. The electric field value is also approximately equal to the 

electric field value generated by ECCT system. 

 

 

(a) 

 

(b) 

 

(c) 

Figure 10 - Electric field values at each mesh point: (a) ECCT 

geometry, (b) ECCT geometry with an active wire mesh between 

transmitter and receiver, and (c) ECCT geometry with an active wire 

mesh on receiver 

 

4. Conclusions 

Wire mesh electrodes have been successfully used as a novel method for 

analyzing electric field distribution generated by Electro Capacitive 

Cancer Treatment (ECCT). ECCT is used in brain cancer therapy with the 

input of 10 V capable of generating an electric field distribution with an 

average electric field value of around 178.8 V/m. The electric field 

distribution is only affected by the voltage input and is not affected by the 

input signal frequency. The electrical field distribution generated by 

ECCT system can be measured using the active wire mesh electrode 

through 8 receiver tips that are measured by looping whereas the passive 

wire mesh electrode can be measured through 24 receiver tips without 

looping. Wire mesh electrode which is either active or passive can 

measure the electric field distribution generated by ECCT that neither the 

active nor the passive wire mesh electrode changed the pattern of the 

electric field distribution and the change in the measured electric field 

value is not significant. 
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