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Abstract—The brain is one of the most important organs in
the human body since it is the center of human equilibrium and
the place of human balance. Human brain activity examination
is highly suggested as the examination enhances a person's
physical and mental state, such as by monitoring brain and
mental health, early identification of sickness, and testing
cognitive and emotional problems. With the high probability of
increasing the number of people who experience decreased
brain function, it can be concluded that a system solution that
can be proposed for this problem is by designing an EEG
(electroencephalogram). EEG (electroencephalogram) is an
instrument that measures electrical activity in the human brain.
EEG can be used to look for abnormal brain wave patterns that
indicate errors and other abnormalities. EEG analysis is one
method that aids in the process of assessing brain activity.
Besides that, the use of Neurosky as an EEG is also very helpful
where the tool has a Neurosky eSense, which can read a person's
level of focus to meditation. The results of our research using
NeuroSky Mindwave, which is connected to the Arduino UNO
microcontroller, can produce brain activity data in the form of
"attention'' and ''meditation' with a range of 0—-100% and EEG
signals of the beta wave type (B) with an average value of 50-200
V. With the help of heart rate and neurosky sensors, it can be
seen and analyzed by the authorities in medical studies
regarding the user's brain activity.
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I. INTRODUCTION

The brain is one of the most vital organs in the human
body, and it is the epicenter of many processes, particularly
balance and human equilibrium. The brain impacts various
other organs in the human body, including metabolic
processes, blood pressure, coordination of the five senses,
and many others. According to the World Health
Organization Neurological diseases are the main contributing
factor to disability-adjusted life years (DALYSs), which result
in around 9 million deaths each year. Stroke (42.2%),

migraine (16.3%), dementia (10.4%), meningitis (7.9%), and
epilepsy (5%) were the biggest contributors to neurological
DALYs in 2016. Parkinson's disease is the fastest-growing
neurological condition due to a growing elderly population
[1]. In Indonesia itself, based on the data given by the
Indonesian Central Statistics Agency, the number of senior
citizens (aged 60 and above) in Indonesia is expected to be
22,630,882 people, based on the results of the 2016 Inter-
Census Population Survey. The number of this population is
predicted to rise to 31,320,066 by 2023 [2]. Indonesia's
population is 237.5 million, with a population growth rate of
1.14% (BPS, 2010). Based on that data, it is estimated that
there are 2.4 million people with ASD in Indonesia, with an
increase of 500 new people per year [3]. With the high
number of people suffering from brain health issues,
performing brain examinations, particularly on certain targets
such as the elderly and autistic patients, can help avoid this
by conducting regular checks on a person's psychological and
physical status. EEG analysis is one method of assisting in
the process of measuring brain activity. EEG can be used to
look for unusual brain wave patterns that indicate errors and
other abnormalities. As an electroencephalogram tool, the
neurosky mindwave tool can assist users in monitoring
mental health, undertaking research and scientific studies,
improving cognitive function, and developing apps and
technology.

II. METHOD

The project is divided into several parts, which are the
multihop topology control process and resource scheduling,
data acquisition and reconstruction, and creating an
application to display and monitor the data. The schematic
will be as follows: by connecting two pulse sensors to each
ESP32, which will then carry out the scheduling process, and
connecting Neurosky to Arduino, all data from Neurosky and
pulse sensors will be sent to Python for the acquisition and
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reconstruction process, after which it will be sent to Firebase,
where the data will then be displayed by an application
created via MIT App Inventor. The system schematic
illustrated in FIGURE 1.
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System Schematic

A. Sensor Pulse & Scheduling

A pulse sensor is a sensor that can calculate heart rate.
This sensor uses infrared and photodiode. The next step is for
us to try the Pulse Sensor which is connected to the ESP 32.

a)

1. First connect the Pulse Sensor to ESP 32 where the
jumper cable is at:
1) Ground to GND
2) 3.5 Volts to VCC
3) Pin 4 to VP

2. Second, connect the first ESP 32 with the Pulse
Sensor installed to the second ESP 32:
1) Rx 16 to Tx17
2) Tx 17toRx 16
3) Ground to GND
We need to know that here we are connecting ESP
32 with Rx Tx in a cross manner.

3. After the Pulse Sensor has been successfully
connected to the ESP 32 a display like the one below
will appear:

b)
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a) Data scheduling is data scheduling that is carried out

so that the queuing process can be carried out correctly and
efficiently. for example, if the bound process is bound with

bound, if scheduling is not carried out then the I/O process
may wait too long for the bound process. We do this
scheduling using the priority scheduling method where we
take data from the two Pulse Sensors 5 times. After the data
is obtained, we average the data.

First connect each Pulse Sensor to the ESP 32

After the Pulse Sensor has been successfully connected
to each ESP 32 then the data is scheduled using coding.
After we enter the coding as in the image above, the data
display will appear like this:

Output  Serial Monitor x

New Line ¥ 115200 baud
BzyBEGxE 16 UE (245) psram: PSRAM ID read error: Oxffffffff

Bluetooth Device is Ready to Pair

BPM: 28

BPM: 53

BPM: 121

BPM: 124

Received: 56

Received: 64

Received: 57

Received: 98

Received: 2

B. data acquisition and data reconstruction

Based on what the previous Step did. The next step is to
acquire data carried out by a program based on output
data from the Arduino IDE. The data was acquired using
a program in the Python language that implements a

QOutput  Serial Monitor x

New Line * 115200 baud

' 6.801 A6 sE66+660x40078000, len: 13964
load:0x40080400,len:3600

entry 0x400805£0

E (245) psram: PSRAM ID read error: Oxffffffff
Bluetooth Device is in master mode. Connecting to the host...
Connected Succesrully!

Deteksi

BPM: 38

Deteksi

BPM: 39

Deteksi

library called PySerial. The library reads Arduino with a
Baudrate of 57600 Baud which was set in the previous
step. Then the program divides the waves into several
types of signals needed for further research.

The types of signal waves needed in this research can be
explained in the following table:

Table 1
Signal Type

No | Signal name
1 Meditation

Information
a numerical value that
describes a person's
current level of

¥ @ =

¥ @ =
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meditation or relaxation
state, based on analysis
of their brain wave
patterns.
2 Attention a numerical value that
reflects a person's
current level of
concentration or focus,
resulting from analysis
of their brain activity.
3 Beta The average value of the
beta signal is defined as
a number that reflects
the intensity of brain
activity related to the
user's concentration,
analytical thinking and
focus.
The signal data processed by the program will
first be saved as a file with the extension .csv so
that it can be read again. After that the data will
be sent to a database that uses the Firebase
platform. This platform provides real-time data
storage that will accommodate output data from
Python programs based on the signal retrieval
process from Neurosky.
¢) Recontruction

During the data acquisition process carried out
by the program, the data is reconstructed into
data that can be read and visualized by other
devices. The process starts from wavelet
transformation of the original data. Wavelet is a
transformation that works by dividing a signal
into different frequency and time components.
The transformation was carried out using the
PyWT library. This library converts the original
data into wavelet coefficients, namely cA
(Approximation coefficient) and cD (Detail
coefficient) which can be explained in the

following table:
Table 2 Types of Coefficients

No Types of Information
Coefficients

1 Approximation
Coefficient

A rough
representation or
refined approach to
original data that
shows data that
represents the overall
Or macro
characteristics of an
original data

2 Detailed
Coefficients

The result of
measuring the
difference between
the original data and
rough approximations
that show detailed
information on
wavelet coefficients
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Then the data that has been divided into approximation
coefficients and detail coefficients is inverted using IDWT.
The results of the inverse are filtered using a Gaussian filter
to reduce noise or other effects that could damage the
reconstructed data. Then the Gaussian filter data is converted
into a suitable format for further processing

Next, the data that has been processed using Gaussian is
reprocessed using the Orthogonal Matching Pursuit (OMP)
algorithm which is created with appropriate parameter
settings. This setting consists of a collection of wavelet
coefficients that do not have a value of zero. The resulting
data from the OMP algorithm processing is the optimal data
combination from the wavelet basis that will be used or
analyzed in accordance with this research.

C. Android Based Application

An application is created in four steps: building a cloud
server, designing a user interface (UI), designing a block
editor using MIT App Inventor, and testing the program.
1. Cloud Server
The cloud server used is Firebase; a real-time Firebase cloud
server is created that functions to store data from the
application and receive data from sensors for the application.
Firebase realtime will be connected to MIT App Inventor by
adding "firebasedbl" to the palette provided by MIT App
Inventor by entering "firebasetoken" and "firebaseurl".

2. Application

The UI creation process is carried out with five main
pages: the login page, sign-up page, dashboard, heart rate
sensor data, and EEG sensor data. The UI creation process
uses all the components available in the palette. The section
for displaying EEG graphic data requires a separate
extension, which can be found on the MIT App Inventor
community. The extension used is ChartMakerPlus1," where
the graph is displayed from Google Charts. The process of
creating a block editor is the process of connecting blocks
into a puzzle, which will become commands for applications
such as displaying graphics, sending data to Firebase, and
others.

siGn e

FIGURE 2
Login and Signup Page
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FIGURE 3
Dashboard Page
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FIGURE 4
Data Page

III. RESULT AND DISCUSSION

The test will be carried out in calm and relaxed conditions
using the device within 2-3 minutes of the heart rate sensors
and EEG sensors by obtaining 32 data from it. One of the test
result can be seen in FIGURE 5 that successfully displayed
the EEG graphic data, number of attention and meditation,
and the heartrate data.

e-Proceeding of Engineering : Vol.11, No.4 Agustus 2024 | Page 2775

EE Aplikasi Monitoring Data

[ Aplikasi monitoring Data
od

DATAEEG

Data Grafik

FIGURE 5
Test Result

A. Sensor Pulse & Scheduling
Firstly, when connecting the heart rate detection sensor,

we can see that by connecting the Pulse Sensor to the ESP 32,

by attaching the sensor to the user's finger, the user can

display results in the form of BPM data.

Second, in the scheduling process or scheduling data
delivery, we can see that by managing the data delivery
process, measurement results can be more accurate. This
scheduling process uses the priority scheduling method.
Where each Pulse Sensor sends data five times, first after the
data has been collected, the data is averaged. So you can get
good results.

B. The test results in this research include test results with
raw data, reconstructed data into wavelet values, graphic
results based on calculation results between raw data and
reconstruction data and Mean Absolute Error (MAE)
calculation results for raw data calculations with
reconstruction data along with the results of Signal-to-
Noise Ratio (SNR) value from the reconstructed value.

1. Raw data testing results

TABLE 3
Raw Data Table

No Beta signal raw data

1 177.5
2 98

3 168
4 143.5
5 244
6 115
7 88.5
8 138.5
9 70
10 60
11 107
12 157
13 122
14 82.5
15 150.5
16 218

The table shows that the raw data from the beta signal
accumulation test results have varying amplitude values. This
data has a minimum value of 60 and a maximum value of 244.
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However, this value can be higher or lower depending on the
condition of the Neurosky Mindwave device user.

2. Results of testing reconstruction data

The data that was displayed in the previous results was then
reconstructed into wavelet data using PyWT which was
explained in CD4. Then the results are then filtered using the
Gaussian algorithm and then processed with the OMP
algorithm. The results of the reconstruction data can be

shown in the following table.
TABLE 4
Data from reconstruction results

No Reconstructed data
1 177.5
2 121.89
3 164.26
4 147.12
5 238.21
6 148.33
7 90.65
8 125.62
9 73.78
10 66.79
11 104.3
12 139.27
13 123.81
14 96.18
15 146.7
16 193.91

The data contained in the table shows that the results of the
beta signal amplitude reconstruction have a slight difference
and these results have detailed values from the raw data with
an accuracy of 0.01.

3. Results of Mean Absolute Error and Signal-to-Noise
Ratio values

The error value from the results of the reconstruction data to

the results from the raw data is calculated again using the

Mean Absolute Error (MAE) calculation which has the

following formula:
n

1
MAE = —ZIxi — x|
n

i=1
With the Xi value being the value of the raw data
and the X value being the value of the reconstructed
data. Based on this formula, the MAE results are
9.98625 with the following error ratio.

TABLE 5
Data Error Ratio

No Error ratio in data
1 0

2 23.89
3 3.74
4 3.62
5 5.79
6 33.33
7 2.15
8 12.88
9 3.78
10 6.79
11 2.7
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12 17.73
13 1.81
14 13.68
15 3.8

16 24.09

Then, the results of the mean absolute error are used to
calculate the Signal-to-Noise Ratio (SNR) value from the
reconstruction data. The formula for the SNR value is as
follows.

SNR = P, signal

P noise
The Psignal value shows the value of each reconstruction
data, while Pnoise is the value of the Mean Absolute Error
(MAE). Based on this formula, an SNR result can be obtained
from the reconstruction data which can be shown in the
following table.

TABEL III.1
Nilai SNR Data Rekonstruksi

Reconstructed data SNR
value
-7,502040768
-9,134343571
-7,838706157
-8,317307179
-6,224424451
-8,281734374
-10,42034626
-9,003436451
-11,31463783
-11,74690991
-9,811181257
-8,555448586
-9,066467106
-10,16317661
-8,329723203
16 -7,118022278
Based on this table, an average SNR value for the

reconstruction data was obtained of 8 decibels.
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C. Application

Android application can display pulse sensor data and
EEG sensor data with both graphic and numeric data in real
time illustrated in FIGURE 5. Application performance
testing is carried out via Firebase Lab Test. Testing was
carried out on 10 devices with different API levels.
Performance of android application with the average score of
time to initial display 1s 223ms, slow UI thread 4%, slow
draw commands 18% and slow bitmap uploads 1%. The
highest total RAM value with a range from 137K KiB to
242K KiB (140MB to 247MB) and the highest total CPU
value with a range from 10%—-25%.

IV. CONCLUSION

The results of the test showed that EEG sensor pulse
sensor data were successfully displayed, and brain activity
data was produced in the form of "attention" and "meditation”
with a range of 0—-100% and beta (B) wave type EEG signals
with an average value obtained of 00-200 V. The priority
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scheduling method obtained an average delay of 33.268 ms,
throughput of 3.172 kbps, and packet loss of 0.18%.
As a result of the margin of error, the average noise value
with reconstructed data is 13%. So the margin of error is
relatively low and stable for gathering and reconstructing
data. Performance of Android applications with the average
score of time to initial display of 1s 223 ms, slow UI thread
4%, slow draw commands 18%, and slow bitmap uploads 1%
The highest total RAM value with a range from 137K KiB to
242K KiB (140MB to 247MB) and the highest total CPU
value with a range from 10%—25%. Based on the overall test
results, it can be inferred that the system equipment as a
whole is considered suitable for use.
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