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ABSTRACT
Research on how to think, patterns that occur when humans act, human conditions observed through brain
waves, and various studies related to the human nervous system and coordination are still extensive in scope
for development. Electroencephalography (EEG) is an instrument commonly used to develop research related
to the mechanism of brain wave activity. Changes in the brain's electrical potential can be exploited by carrying
out specific analyses using various signal processing methods, which are grouped into various categories of
waves, including delta (0 - 4 Hz), theta (4 - 7 Hz), alpha (8 - 12 Hz) and beta (12 — 30 Hz). This research has
succeeded in building a classification model through several stages, namely preprocessing with filtration and
data extraction, data processing consisting of clustering using the K-Means algorithm, and classification using
the k-Nearest Neighbor (KNN) algorithm to calculate the accuracy value of the model. The classification
process produces two categories of conditions: normal and relaxed. The results of testing the classification
model using the k-Nearest Neighbor (kNN) produce an accuracy value of 88%.
Keywords:
Elektroencephalography, k-Means, k-Nearest Neighbor, Normal and relaxed conditions.

Introduction

The brain is an organ in humans that stores information that is still difficult to understand directly. The
brain contains billions of nerve cells or neurons that regulate all coordination mechanisms of the human
body and is one of the most complex systems ever in the universe (Anggara & Rahayu, 2020). Research
on how to think, patterns that occur when humans perform an action, human conditions observed
through brain waves, and various studies related to the nervous system and human coordination are still
extensive scopes to be developed in neuroscience. Instruments commonly used in observing brain
activity in the form of functional images resulting from the measurement and observation of brain
electrical activity can be done using several instruments, including functional Magnetic Resonance
Imaging (fMRI), Magneto-Enchepalography (MEG), and Electroencephalography (EEG) (Aji &
Tjandrasa, 2018).

EEG is a tool or instrument used in electrophysiological monitoring to capture and record
electrical activity in the brain. EEG is a recording technique that records changes in the brain's electrical
activity by placing electrodes on the scalp (Laksono et al., 2019). EEG is the least expensive
instrumentation and is widely used as a recording tool for brain activity. It is non-invasive, which means
it does not cause damage to human organs (Aji & Tjandrasa, 2018; Laksono et al., 2019). The EEG
instrument used in this study is EEG KT-88 with the specification of the number of channels: electrodes
16 channels EEG + 2 channels ECG (optional ECG); sampling rate: 100 dots/s; accuracy: 12 bits; input
impedance: >10MQ; Patient leakage current: < 10uA; noise level : < 5uVp-P ; CMRR : > 90dB ;
magnification of multiples: 10000 ; Filter Display Speed: 5, 10, 15, 30, 60, 120 mm/s; amplitude : 1.
1.5,2,3,5,7.5,10, 12, 15, 20, 30, 50 mm/50uV ; Rotation speed: 1 time, 2 times, 3 times, 10 times,
20 times, 40 times, 60 times; interference suppression of 50 Hz : > 30 dB. Brain signals produced by

31



Journal of Holistic Medical Technologies, 1 (1), 31 -39
Ali & Fadhillah (2024)

EEG represent quantities that are usually produced in signal frequency analysis, namely amplitude and
time (Anggara & Rahayu, 2020; Dea & Djamal, 2015).

The placement of electrodes on the scalp generally uses an international rule called montage
method 10-20 which is stated by dividing the head into several areas, namely C (Central), F (Forntal),
O (Occipital), P (Parietal), and T (Temporal) (Herdiansyah et al., 2017). The electrical activity obtained
from the recording results is due to the electrical signals fired from neurons to neurons in the brain (Aji
& Tjandrasa, 2018). Changes in the electrical potential of the brain can be utilized by conducting certain
analyses using various signal processing methods, which are grouped into various wave categories,
including delta waves (0 - 4 Hz), theta (4 - 7 Hz), alpha (8 - 12 Hz) and beta (12 - 30 Hz) (Nacy et al.,
2016). The results of this wave analysis can be used to predict a person's condition and help diagnose
several health problems, showcasing the potential of EEG in healthcare applications.

Recording using EEG is not necessarily an easy thing to do because there are challenges that
must be faced, namely the signal from EEG recording is susceptible to noise and incoming artifacts, so
the filtering process is important before data processing is carried out (Dea & Djamal, 2015). The
results of recording using EEG are raw data that is still difficult to observe. Therefore, in addition to
the filtering process used to reduce noise and artifacts, the analysis process in the form of clustering and
classification is a process that should be carried out. This is done to make it easier to observe a person's
activities and condition by using signal activity observation data from EEG recordings.

Previous research on the topic of brain signal classification was conducted by Ekayama et al.
(2016) by identifying into two conditions, namely relaxed and non-relaxed; the research was conducted
on the FP1 channel, the results of the study in 200 training data and 100 test data resulted in a percentage
of recognized training data of 87.5% and the percentage of test data recognized by 47%. Research by
classifying brain waves was also carried out by Hilmi et al. (2017), which analyzed alpha and beta
signals to classify relaxation conditions in active smokers; the classification methods used in the study
were k-Nearest Neighbor (KNN) and Principal Component Analysis with an accuracy of 83.33% on
alpha signals and 90% on beta signals. Meanwhile, in this study, classification will be carried out into
two conditions, namely normal and relaxed conditions, using the clustering method with k-Means and
the classification method with kNN.

Methods

Research Methodology

The research method approach used in this study is a quantitative approach with experiments. Data
collection was carried out in the Modern Physics Laboratory Room of Universitas Islam Negeri
Walisongo Semarang, a renowned institution for its advanced neuroscience research facilities, on 20
participating students to record brain signal data using Electroencephalography (EEG) instruments
directly. The experiment was carried out by collecting brain activity data using EEG in conditions
without treatment and treatment conditions with murottal Al-Qur'an so as to provide a stimulus for
relaxation to the participants.

Research Procedure

The data analysis method used in this study consists of several stages, namely data acquisition using
the Contec KT-88 EEG instrument. The data preprocessing stage uses the Independent Component
Analysis (ICA) and Power Spectral Density (PSD) methods to obtain delta, theta, alpha, and beta wave
data. After the data preprocessing is successfully carried out, the next stage is the data clustering stage
using the k-means algorithm; this data clustering stage aims to provide data labels according to the
results of the cluster class obtained using the k-means algorithm. The next stage is the data classification
stage using the k-Nearest Neighbor (KNN) algorithm, and then the calculation of the accuracy value of
the kNN algorithm is continued. The chart of the data analysis method is shown in Figure 1.
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Figure 1. Data analysis flow

a) Data acquisition

Data recording on 20 participating students was carried out in two stages, each producing EEG data
for 60 seconds. The first data recording stage was carried out under normal conditions without
treatment. Meanwhile, in the second stage, treatment is given by listening to the chanting of the
holy verses of the Qur'an with the specifics of surah al-Fatihah verses 1 to 7, which are chanted
repeatedly for 60 seconds. The treatment of chanting the holy verses of the Qur'an was carried out
with the aim of providing a relaxing stimulus for each participating student. The data obtained
amounted to 20 EEG data for normal conditions and 20 EEG data for treatment conditions, with
each data lasting 60 seconds. The EEG data obtained is time-based raw data with the European Data
Format (EDF) extension, an extension of the EEG data recording standard.

b) Independent Component Analysis (ICA)

Independent Component Analysis (ICA) is a calculation method that utilizes statistics to find
hidden factors in random and multivariate variables (Apriyanti, 2020; Riwinoto, 2014). ICAis a
signal processing method that can search for components that form mixed signals (Firstanto et al.,
2013). ICA separates mixed signals originating from multiple sources with non-Gaussian
properties. The purpose of the ICA method is to clean the wave data against noise interference and
incoming artifacts so that the obtained wave data will be better for use in the data processing and
analysis stage.
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c) Power Spectral Density (PSD)

The frequency spectrum is a feature that can be extracted based on raw data taken using EEG
instruments (Aji & Tjandrasa, 2018). The EEG recording data is time-based. To facilitate analysis,
it is necessary to have a method that can change time-based data into frequency-based data. The
Power Spectral Density (PSD) algorithm using the Welch method is one of the methods that can be
used to convert time-based data into frequency-based data. The Welch method is applied to estimate
the power spectrum of a specified time sequence (Ameera et al., 2019). The Welch method divides
the input signal into several short segments, and the periodogram calculation is taken based on the
imaginary value of the Fast Fourier Transform (Antonisfia & Wiryadinata, 2008; Husain & Aji,
2019). Segment modification is done with the existing window function before the periodogram
calculation (Aji & Tjandrasa, 2018; Husain & Aji, 2019). The periodogram obtained will be
averaged so that it produces a good spectrum.

d) k-Means

The k-means algorithm is one of the machine learning algorithms included in the category of
clustering algorithms with an unsupervised learning paradigm. Algorithms with an unsupervised
learning paradigm approach can be used as a data processing method aimed at data that does not
have a label. The k-means algorithm is one of the algorithms that can be used to classify or cluster
data (Dhuhita, 2015). K-Means is an algorithm with a non-hierarchical method (partition) that
divides or partitions existing data (Nur et al., 2017; Sumadikarta & Abeiza, 2016). The k-Means
algorithm can divide cluster class groups into two or more cluster class groups with similar
characteristics (Harahap, 2019; Sumadikarta & Abeiza, 2016). K-Means assigns cluster groups
based on their proximity to centroid points to data. The proximity of the data to the cluster is
measured by the proximity of the cluster object on the centroid using Euclidean distance.

e) The k-Nearest Neighbor (kNN)

The k-Nearest Neighbor (kNN) is one of the machine learning algorithms with a supervised learning
paradigm that performs data processing on data that already has labels. The KNN is a method used
to classify data that already has a label. The kNN classifies data based on attributes and samples
from training data by using neighborhood classification as the prediction value of the new instance.
New instances are classified based on the nearest neighbor (Baharuddin et al., 2019). Meanwhile,
to calculate the distance between neighbors, the KNN algorithm calculates the proximity based on
the Euclidean distance equation (Baharuddin et al., 2019). The Euclidean distance equation is
shown in equation (1) (Yudhana et al., 2020).

n
. . 2 1)
d(x,y) = Z(xéraining - y;esting)
i=1

where d(x,y)is distance, Xiraining is data training, Y'icesting is data testing, i is data variables, and n
is data dimensions

Results and Discussions

The initial stage in this study is to clean the data (data filtration) using Independent Component Analysis
(ICA). Figure 2(a) is the raw data from recording EEG data in participant 1 under normal conditions.
Figure 2(a) shows that the raw data obtained during the acquisition process still has noise and
artifacts. ICA filters are used on each data to reduce unnecessary interference, such as noise and
artifacts. An example of the results of the application of ICA to participant 1's EEG data under normal
circumstances can be seen in Figure 2(b), which shows the reduction of noise and artifacts in the data.
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Figure 2. EEG data on participant 1 (a) Before data filtration with ICA (b) After data filtration with ICA

The EEG data obtained from the recording results is time-based raw data. After going through
the filtration process, this study's following analysis stage is to change the time-based raw data into
frequency-based data. The PSD welch method is one of the methods that can be used to convert time-
based data into frequency-based data. This data change aims to facilitate data analysis and determine
the characteristics of the human condition based on wave frequency band data, which is divided into
several wave frequency ranges, including delta waves (less than 4 Hz), theta (4 — 7 Hz), alpha (8 — 12
Hz) and beta (12 — 30 Hz). The concentration of this wave frequency range can indicate a person's state,
whether in a state of sleep, relaxation, concentration, or anxiety. Figures 3(a) and 3(f) show PSD graphs
on participant 1's EEG data in a normal and relaxed state. Meanwhile, the division according to the
frequency band range is specifically shown in Figures 3(b) and 3(g), which show delta waves in a
normal and relaxed state, Figures 3(c) and 3(h), which show theta waves in a normal and relaxed state,
Figures 3(d) and 3(i) which show alpha waves in a normal and relaxed state, and Figures 3(e) and 3(j)
showing the beta wave in a normal and relaxed state.
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The change from time-based data to frequency-based data using the PSD Welch method was
performed on each participant's EEG data, and the data is produced as shown in Figure 4. In Figure 4,
the x-axis represents the number of as many as 40 data, and the y-axis represents the number of
percentages in each wave, divided into 4 waves, namely delta, theta, alpha, and beta.

The k-means algorithm in this study was used to cluster the data into two classes indicated by
binary numbers 0 and 1. The results of data clustering by the K-Means method on frequency band data
are shown in Figure 5. The label value of 0 in Figure 5(a) indicates a person's condition in a normal
state with the number of data shown on the x-axis as much as 25 data. In comparison, the label value 1
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in Figure 5(b) indicates a more relaxed condition of 15 data. Meanwhile, the y-axis in the graph
represents the sum of the percentage magnitudes in each wave.
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Figure 5. EEG data (a) labeled 0 (normal) (b) labeled 1 (relaxed)

The data division in this study was divided into 80% training data and 20% testing data; 32 data
were used as training data, and 8 were used as test data. The classification model generated using the-
Nearest Neighbor (KNN) Algorithm produces a precision value of 1.00 or 100% under normal
conditions, a precision value of 0.80 or 80% for relaxation conditions, a recall value of 0.75 or 75%
for normal conditions, arecall value for relaxation conditions of 1.00 or 100%, and an F1-score value
Normal conditions are 0.86 or 86%, F1-Score values in relaxation conditions are 0.89 or 89% and the
total accuracy obtained is quite good with a value of 0.88 or 88%.

Table 1. Model accuracy value data

Precision Recall F1-Score
Normal (0) 1 0.75 0.86
Relaxe (1) 0.8 1 0.89
Accuracy 0.88

Conclusion

This research has successfully built a classification model through several stages: data preprocessing,
which consists of data filtration using ICA, and data extraction with PSD. Data processing consists of
clustering using the k-means algorithm and classification using the k-Nearest Neighbor (kNN)
algorithm. The classification process produces two categories of conditions, namely normal and
relaxed. The results of the classification model test using the KNN produced an accuracy value of 88%.
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