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Brain Electrical Capacitance Volume Tomography (ECVT) has been developing as an alternative non-invasive brain imaging method. In this
study, brain ECVT consisting of two channels, namely a capacitance sensor, is investigated. As a comparison, EEG sensor is used to measure
brain activity simultaneously with the brain ECVT. Brain activity measurements were carried out at the pre-frontal lobe of Fpl and Fp2
locations. The resulting signal was processed by filtering method and Power Spectral Density (PSD). The result of signal analysis shows that the
measurement between EEG and ECVT shows the same activity of the two modalities.
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Introduction

Evaluating brain functions could be done by invasive and non-
invasive method. Unfortunately, invasive method has high risks
such as bleeding and infection (Gallagher et al., 2008). To
minimize the adverse effects of invasive method, novel approach
for measuring brain’s activities should be developed. Up to now,
there are many kinds of neuro-imaging technology that could be
used such as fMRI (Glover, 2011), SPECT (Warwick, 2004),
fNIRS (Rizki et al., 2015), and ECVT (Maharani, Edison, lhsan, &
Taruno, 2020). In the developing country like Indonesia, it is
important to find more practical, mobile, and easy-to-use
technology to be used in clinical field. Therefore, ECVT that has
those advantages could be considered as technology that will be
used.

Tomography has been introduced since 1998 by Huang
in his research using an eight-electrode capacitance sensor (Huang,
Plaskowski, Xie, & Beck, 1989). Electrical Capacitance Volume
Tomography (ECVT) was developed by Warsito as an extension of
2-D Electrical Capacitance Tomography (ECT) in 2010 (Wang,
Marashdeh, Fan, & Warsito, 2010). A recent non-invasive method
has been developed by combining EEG and ECVT to measure
activity in the pre-frontal lobe (lhsan et al., 2020).

This paper will describe the design of a capacitance
measurement system in a brain activity scanner. Measurements
were made by combining capacitance and EEG methods.
Capacitance measurements are carried out using a signal source in
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the form of a signal generator and are read on the receiver sensor
with an oscilloscope. The capacitance sensor used is a sensor with
two planar electrodes surrounded by a protective ground. In the
middle, an EEG sensor is placed to record the activity of an
electrical signal. Measurements are made simultaneously and
together between measurement of capacitance and electrical signal
by the EEG.

Materials and Methods

Capacitance Measurement

The capacitance measurement method uses an AC signal by
measuring the change in voltage on the receiver side of the
capacitance sensor. The ECVT brain capacitance measurement
system consists of (1) a signal generator, (2) two electrodes as a
capacitance sensor, (3) a USB-oscilloscope to read the voltage
received on the sensor into a value that can be stored on a
computer, and (4) a coaxial cable that connects from the sensor to
the signal generator and to the USB-oscilloscope input probe.

Brain ECVT Capacitance Sensor

This study uses a capacitance sensor consisting of two electrodes
as a capacitance sensor which are positioned in parallel to each
other. The electrodes are surrounded by a shielding on the back of
the electrodes and around the electrodes. The ECVT brain
capacitance sensor used can be seen in Fig. 1. The capacitance
sensor has the dimensions of the distance between the electrodes of
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20mm, the distance between the electrodes and the ground of
13mm, the width of the ground is 2mm, the size of the electrode is
20x20mm with a copper thickness of 0.05mm.

Signal Generator

Capacitance measurements are carried out using AC waves. The
waves are generated by the DSO 3064A Hantek signal generator.
The resulting sine wave has amplitude of 20 Volt peak-to-peak
with a wave frequency of 100 Hz.

EEG Measurement

EEG measurements use a unipolar configuration where each
channel uses a reference to channel A2 or A2. The EEG signal
obtained is processed using EEGLab by filtering at a frequency
between 0.5Hz and 35Hz. In the EEG signal filtering process, a
signal filter is also carried out with a notch filter to eliminate the
influence of power line noise.

The EEG sensor used is one channel in a brain ECVT
sensor set. The EEG electrode is placed in the middle between the
two capacitance sensor electrodes. The position of the EEG
electrodes can be seen in Fig. 1.

Measurement Procedure

Measurement of brain activity is carried out using the method of
measuring capacitance and electrical signals using EEG. A set of
brain activity sensors consisting of two capacitance sensor
electrodes and an EEG sensor in the middle are shown in Fig. 1.
Measurements were made using two sets of brain activity sensors
placed on Fpl and Fp2 in the international 10-20 EEG system as
shown in Fig. 2.

INION

Fig 2: International 10-20 EEG Placement
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Experiment Setup

Experiments were carried out using an integrated EEG-ECVT
sensor. The brain ECVT sensor is positioned at Fpl and Fp2 as
shown in Fig. 3. A volunteer is wearing a brain ECVT sensor
which is covered by a cap to ensure the position of the sensor does
not change and the sensor remains attached to the location.
Volunteers were asked to sit in a chair and face a monitor to see the
stimulating display as shown in Fig. 4.

Fig 3: Integrated EEG-ECVT Sensor Placement on Subject’s
Head

Fig 4: Integrated Multichannel EEG-ECVT Measurement
Setup

The experiment was carried out for 3 minutes. In the first
experiment, volunteers were asked to close their eyes for 30
seconds then open their eyes for 30 seconds. The closing and
opening eyes alternate until 3 minutes. In the second experiment,
volunteers were asked to close their eyes and relax for 30 seconds.
Then the volunteers were asked to solve arithmetic questions for 2
minutes. Finally, the volunteers were asked to close their eyes and
relax again for 30 seconds. The experimental timeline is depicted
as in Fig. 5.

Experiment 1
close/open eye

Close Open Close Open Close Open
30s  30s 30s  30s 30s  30s

Experiment 2
Solving arithmetic

Close Solve arithmetic Relax
30s 2 minutes 30s

Fig 5: Experiment Timeline
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Data Acquisition Process

The brain ECVT measurement consists of two channels. Each
channel consists of a two-electrode capacitance sensor and one
EEG sensor electrode which is illustrated in the block diagram in
Fig. 6.

|
SIGEN
= CH
: : DSO
CH2
3064A
HANTEK
-
]
(-4
o
=
uUse N
g
HUB =
= 5]
=
]
o
EEG DAQ
CADWELL

Fig 6: Block Diagram of Measuring Method for Brain ECVT

First, the capacitance transmitter sensor is connected to the signal
generator output (SIGEN) with a coaxial cable. This is done on all
ECVT brain transmitter sensors. The capacitance receiver sensors
are connected to the USB-oscilloscope input (DSO 3064A
HANTEK) with a coaxial cable. This is also done to the
capacitance receiver sensor on the other channel. The EEG
electrode sensor is connected to the EEG DAQ CADWELL using
an EEG cable. The data acquisition process uses acquisition
software that has been prepared.

EEG data acquisition process uses software specially
designed for EEG DAQ CADWELL. The data recorded were raw
data from electrical readings on the EEG probe and visual video of
the conditions of volunteers at the time of the experiment. Visual
records serve as secondary data to validate volunteer activities
during the experiment.

The EEG signal is processed using a band pass filter by
allowing 0.5Hz to 35Hz frequency signals. In addition, the process

ECVT Measurement Result at Fp1
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of eliminating the influence of noise originating from the electric
grid (power line) is also carried out by using a notch filter. The
EEG signal is processed using the power spectral density (PSD)
method. This method is to filter the signal and calculate the signal
power at each contained frequency.

The capacitance signal was acquired using a digital
storage oscilloscope (DSO) 3064A HANTEK. DSO 3604A has
two functions, as a signal generator and as a sensor output signal
reader by converting the voltage into a digital quantity. The
acquisition process uses the interface software provided by
HANTEK by generating voltage raw data from the DSO input. The
resulting raw data is a signal from analog wave sampling from the
output of the capacitance sensor. The data collection process using
EEG and ECVT was carried out at the same time to get the same
results for each experiment.

The process of capturing capacitance signal data is
carried out everyone experimental condition. The recorded data is
then saved into one file in the form of raw data.

Raw data for capacitance signals are processed using the
PSD method to be compared with the same process data from the
EEG signal. The resulting data can show the difference in the
intensity of the signal received.

Results and Discussion

ECVT brain acquisition data is tested to determine and evaluate
system performance. Tests are carried out to determine the ability
of the USB-oscilloscope whether it can acquire a signal with a
frequency that will be generated in accordance with the known
brain signal. Experiment of signal data acquisition with brain wave
frequencies was carried out by trying to acquire waves with
frequencies of 5Hz, 7Hz, 9Hz, 10Hz, 20Hz, 30Hz, 40Hz and 50Hz.

Experiments with volunteers were carried out in three
conditions: volunteers opened their eyes, volunteers closed their
eyes and volunteers solved simple arithmetic problems.

The raw ECVT brain data is filtered with a bandpass
filter from 0.5Hz to 25Hz and a 50Hz notch filter. The results of
the signal filter against the ECVT brain raw data displayed using
the PSD method can be seen in Fig.7.

ECVT Measurement Result at Fp2
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ECVT Measurement Result at Fp1
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Fig 7: Power Spectral Density (PSD) of the ECVT Signals

Fig. 8. Shows the results of EEG data processing using the same
PSD method. The EEG signal is during closing eyes on the Fpl
and Fp2 channels. Fig. 8. (a) shows the PSD of the volunteer signal
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when closing their eyes at Fpl location. Fig. 8. (b) shows the PSD
signal during closing eyes at Fp2 location.
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Fig 8: Power Spectral Density (PSD) of the EEG Signals

This study shows that the measurement of brain activity with a
brain ECVT consisting of a capacitance sensor and an EEG sensor
can detect brain activity at the Fpl and Fp2 locations in each given
stimulus. From the PSD, each signal indicating the activity of
closing the eyes and opening the eyes can be clearly distinguished.
In future studies, it is necessary to improve the measurement of
brain activity with brain ECVT with a greater number of channels.
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List of Abbreviations

ECVT: Electrical Capacitance Volume Tomography
fMRI: Functional Magnetic Resonance Imaging
SPECT: Single-Photon Emission Computed Tomography
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fNIRS: functional Near-Infrared Spectroscopy
EEG: Electroencephalography
PSD: Power Spectral Density
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