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microsleep detection. In addition, existing monitoring systems have low accuracy for
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determining microsleep conditions. Therefore, a microsleep detection system with a
heart rate input based on a photoplethysmography (PPG) sensor was designed, an
alarm system on Android smartphone was used and a PPG system capable of
determining the state of the driver was designed. This study uses Arduino software to
process heart rate data with a peak detection algorithm method, Internet of Things
(loT) is used to trigger alarm system on a smartphone. Study results show that the PPG
system can detect and act according to the state of the driver and trigger an alarm
system on the smartphone when microsleep is detected. A comparison of heart rate
readings on PPG system sensors with commercial sensors is taken by calculating the
Pearson’s correlation coefficient using 25 samples which shows r = 0.93709 and r =
0.98734 for smartwatch and pulse oximeter sensor respectively which is close to the

Keywords: linear correlation coefficient, r= 1. 25 samples were taken to determine the range of
Driver; microsleep; normal (79 - 63 BPM), drowsy (62 - 50 BPM) and microsleep (49 BPM and below). In
photoplethysmography; alarm system; conclusion, the use of the PPG system should be combined with existing sensors such
internet of things as facial image sensors to determine the state of microsleep for higher accuracy.

1. Introduction

The physical condition of the driver is an important factor because it determines the driver's level
of safety in driving a vehicle. A person's fatigue can cause drowsiness. This sleepy state can cause a
person to microsleep [1]. driving position with regards to the driving task, should be given the utmost
consideration in improving the car design and driver's condition. According to statistics, about 20%
of road accidents involve drowsy drivers. Survey research shows that more than half of drivers
experience drowsiness while driving at least once each year [2]. Driving efficiency and safety is not
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only affected by physical abilities and driving experience, but also by psychological conditions such
as stress and fatigue [3].

Many studies in the past literature focused on areas associated with assessment on driving
drowsiness. Table 1 shows 11 studies with different uses of main sensor conducted in the past ten
years from 2013 to 2023 on the interaction between the driver and the car. Based on Table 1, the
use of video processing sensor is the popular sensor that frequently used as a main sensor by the
researcher. Only one study was carried out on photoplethysmography (PPG) sensor. According to
Table 1, these four study types related to the driver drowsiness while driving the car but not focus
on the microsleep detection.

Table 1
Investigation on microsleep detection sensor
No Reference Main sensor
EEG ECG Video processing PPG
1 Subhaetal, [4] X
2  Rohitetal., [5] X
3 Vadlamudi and Ahmadinia [6]
4  Guptaetal., [7]
5  IEEE Staff [8] X
6  Faidhi Daud et al., [9] X
7 Phametal., [10] X X
8 Gromeretal., [11] X
9  Anilkumaretal., [12] X
10 Arunasalametal., [13] X X
11 Kurianetal., [14] X

The invented system Subha et al., [4] uses an Electroencephalograph (EEG) to determine whether
the driver is sleepy or normal via brain activity. In this system the PyEEG module is used to separate
the wave into its constituent Alpha, Beta, Delta and Theta components and the time series is used to
fit the model to the input data.

The PPG sensor system is proposed from [7] that determines the state of the driver with an
inaccurate image due to the sensor camera needing bright light to work to record the image of the
driver's face. A detector from the OpenCV Library is used to recognize a person's face, while a
predictor from the dlib Library is used to accurately determine the location of the eyes and mouth.
The aspect ratio of the eyes and the aspect ratio of the mouth are considered to determine the face
that experiences microsleep [9].

For ECG sensor the complete design consists of an amplifier and filter board for the
electrocardiogram (ECG) signal, analog-to-digital conversion (ADC) and further software to process
the resulting signal in a PC integrated in the car or a driving simulation. Arduino Uno is used as ADC.
Analog signals are read with an Arduino, pre-processed, and then sent to an Nvidia Embedded PC via
a serial interface [11].

A photoplethysmography (PPG) system to determine whether the user is drowsy or not. The
system detects the pulse rate through the skin contact of the user's finger on the system sensor [14].

This paper aims to detect the state of microsleep when driving in a vehicle that takes a long time
using the heart rate sensor as an indicator of the driver's condition in a normal, drowsy or microsleep
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state and has an alarm feature that can alert drivers who may be microsleeping by using
photoplethysmography (PPG).

2. Methodology
2.1 Participants

25 participants (mean age of 23 years, male) were assigned from the population of students at
Universiti Kebangsaan Malaysia (UKM) to take part in this study. Each participant was required to
attend one session for data analysis and data storing.

All participants were needed to do daily work as individuals and return to their own college to
rest at night. A microsleep detection system will be placed during this time where the participants
were required to place their finger on the PPG sensor during normal, drowsy and sleep condition
after informing the time for each condition. Data receiving and recording can be done by remote
through an Android smartphone application created to receive real time heart rate data with
timestamp. Each participants will give input for only one day or night only.

2.2 Experiment Design and Procedure

The participant should attach the microsleep detection system before going to bed or sleep. The
attached device will receive and collect heart rate data from MAX30102 sensor. loT features from
ESP8266 Wifi module which creates connection between Android smartphone application with
Arduino Nano via loT website which stores data from sensor. Fig. 1 illustrates how MAX30102 sensor
data is collected through participant’s finger.

Fig. 1. Particpant’s finger on MAX30102 sensor
2.2 Experiment Equipment
MAX30102 module measurement was used in this study to collect the heart rate data of the
driver while driving on the road. The heart rate for each condition of driver is different. Thus, PPG

module or MAX30102 sensor module was used as heart rate monitoring to detect microsleep
condition on drivers. Fig. 2 shows the full details of MAX30102 module used for the system.
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Fig. 2. MAX30102 module sensor

MAX30102 is an IC integrated pulse oximeter and heart rate sensor, from Analog Devices. It
combines two LEDs, a photodetector, optimized optics, and low-noise analog signal processing to
detect pulse oximetry (SpO2) and heart rate (HR) signals. On the other side is a very sensitive photo
detector. The idea is that you flash one LED at a time, track the amount of light that shines back on
the detector, and based on the signature, it can measure blood oxygen levels and heart rate.

2.4 PPG Data Collection Preparation

Fig. 3 shows the full implementation of microsleep detection system.

Pendena PPG Telefon Pintar
MAX30102 Android
Deayutan > —i
Ofsemeter ARDUINO NANO Internet OF —
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——— Thimgs Lol prynk
BATERI —» (ToT) ]
/" l
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HOTSPOT ‘ MODULE

Fig. 3. Block diagram of the full system

The system starts with the continuous collection of raw data from the MAX30102 Pulse Oximeter
sensor which is then processed to obtain the heart rate through Arduino IDE programming. The
battery is used to power the input on the Arduino Nano and is connected to the ESP8266 WIFI
Module. Wifi Hotspot is required to provide internet connection to ESP8266 and connect to Arduino
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Nano. The processed heart rate data on the Arduino Nano will be transferred to the Internet of Things
(loT) website. After that, the BLYNK Application on the Android smartphone takes the data on the
website to display the heart rate directly on the smartphone screen and can classify the driver's
condition as either normal, sleepy or microsleep. If the state of microsleep is detected, the alarm
system on the smartphone will work to surprise and warn the detection of microsleep.

Fig. 4 shows the flow of the full system in operating order. PPG sensor is used to get the heart
rate, Arduino Nano with Arduino IDE as system software, ESP8266 Wi-Fi Module as loT connection
internet and Android application and Android smartphone alarm system is the proposed system and
can detect driver's microsleep condition in the vehicle directly and precisely to avoid accidents on
the road related to microsleep.

( PPG sensor connected with ) T
Arduino microcontroller.
Smartphone alanm and vibration
! system triggered.
Arduino IDE coding upload )
successfully. T YES

!

If Microsleep
PPG signal raw data collected Detected,
through Ardumo IDE. Heart rate NO
reading calculated. -

. l /
'4 N . .

Data send through smartphone via Normal, drowsy and microsleep

IoT. " categorized by heart rate range. -
. v
Fig. 4. Flowchart of the full system
2.4 SEMG Data Analysis

For the collection of analytical data, a total of 25 individuals participated in collecting samples.
Each individual needs to be awake, drowsy, and asleep when taking heart rate readings to produce 3
different categories according to heart rate. This data collection is done at the student's residential
college and not while driving for safety purposes. When an individual is awake, drowsy, or asleep,
the microsleep detection system will be placed on the individual's finger and the data obtained will
be recorded. A total of 25 samples for each category will be used to obtain a different heart rate
range (BPM) and be used as a reference in Arduino programming. After that, the same 25 individuals
will use a commercial sensor, a smartwatch and a pulse oximeter worn simultaneously by placing a
finger on the PPG sensor for the purpose of comparison between the two sensors. The result of heart
rate comparison data will be used as a reference and input to produce a correlation coefficient that
shows the linearity between readings on PPG and commonly used commercial sensors. Fig. 5 shows
an overview of the data collection carried out in residential colleges for determining the range of
heart rate.
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Fig. 5. Data collection on subject

To calculate the heart rate, we need at least 2 peaks as references. The parameters involved are
the time for the 2 peaks to occur, the time between the two peaks (Time Interval) and the sampling
rate (S.R), which is the time taken to obtain one sample. The heart rate (H.R) calculation based on
peak detection follows Eq. (1).

HR=60x—2% (1)
Time interval
Then, correlation coefficient will be calculated to determine the effectiveness of PPG sensor
reading on heart rate. Pearson correlation coefficient (r) formula Eq. (2) will be used in data analysis
where xi is the total data set value of PPG samples, yi is the total total data set value of commercial
sensor samples, X is mean of xi and ¥ is mean of yi with total of 25 samples taken.

— Z(Xi_f)(yi_y) (2)
VE(xi-%)2(yi-y)?

3. Results and Discussion
3.1 Arduino IDE Output

Fig. 6 shows the data output from serial plotter of Arduino IDE based on raw signal data obtained

from MAX30102 pulse oximeter sensor. This set of data will be transferred to Microsoft Excel Data
Streamer which will produce a more accurate output of sensor reading and clearer data analysis.
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Fig. 6. Arduino IDE serial plotter output waveform
3.2 Android Application

For the heart rate display on the Android smartphone application, Fig. 7 shows the output results
according to certain categories. Each category has a different display showing the current state of
the driver at that time. This display can be accessed by the driver for monitoring. Notification system
will pop up on Android system when certain threshold of heart rate detected where microsleep
occurs. Data receiving and transferring uses loT as a medium for communication. Fig. 8 shows BLYNK
loT website which stores and transfer heart rate data from PPG sensor to Android smartphone. This
website also displays real time heart rate data with specific time stamps.

Fig. 7. Display on Android application
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Fig. 8. BLYNK loT website display
3.3 Data Analysis on PPG Sensor

Based on 25 samples obtained for each state of the subject, the heart rate range (BPM) of normal
condition is (792x>62), drowsy range at (62>x>49) and microsleep range at (x<49). The heart rate
range obtained is relevant because the normal or resting heart rate range for an adult individual is
between 60 to 100 BPM and the sleeping heart rate range is between 40 to 50 BPM [15-17].

In this study, correlation coefficient is intended to evaluate the strength and direction of the
linear relationship between pairs of variables. The correlation coefficient is a statistical measure of
how linearly related two variables are. The correlation coefficient is a common tool for describing
simple relationships without making statements about cause and effect. The Pearson correlation
coefficient formula (2) was used for the calculation with 25 samples taken. Fig. 9 shows the
correlation plot between PPG sensor and smartwatch sensor. Unavoidable
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Fig. 9. Correlation graph plot between PPG and
smartwatch sensor

Based on Fig. 10, the correlation coefficient for the relationship between heart rate readings on
PPG and pulse oximeter (r = 0.98734) is more linear than smartwatch (r = 0.93709). This is because
the pulse oximeter sensor is the same as the PPG system which uses pulses on the finger to obtain
heart rate data.
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Fig. 10. Correlation graph plot between PPG and
pulse oximeter sensor

4. Conclusions

Based on this research, it can be concluded that the design of a microsleep monitoring system
using the PPG system has been successfully developed. The monitoring system with the method of
calculating the driver's heart rate while driving was successfully used as an indicator to detect the
state of microsleep by connecting the PPG system to the car's steering system without using it on the
driver's body. The PPG sensor can give accurate readings to classify the driver's state of being awake,
dozing or microsleep through the heart rate range found.

With loT and Android applications, this research system successfully produced an alarm system
for microsleep detection while driving. The ESP8266 can connect the Arduino with the BLYNK Android
app to receive current heart rate data and display the latest driver status. The display on the BLYNK
application successfully shows the driver's current state of normal, drowsy and microsleep. Existing
notification and alarm systems on Android smartphones can generate sounds and vibrations to alert
the driver when microsleep is detected through a certain heart rate range.

For more effective microsleep monitoring and alarm, more sensors such as image or video sensor
can detect the face expression of the driver and more effective alarm system such as car horn system
can make the drowsy or microsleep state of the driver to wake up from sleep.
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