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Abstract: Traffic accident data shows an upward trend. One of 

the contributing factors is the driver's condition, which may be 

impaired due to fatigue or sleepiness resulting from decreased 

oxygen saturation in the blood (SpO2). If the oxygen saturation in 

the blood (SpO2) decreases, the oxygen supply to the brain also 

decreases, which can cause the driver to feel tired or sleepy, as 

well as experience shortness of breath. By using a pulse oximeter 

sensor mounted on the wrist, oxygen saturation in the blood 

(SpO2) can be detected. The results of the sensor readings are then 

sent via Bluetooth technology to the microcontroller and displayed 

on the monitor. If the driver is tired or sleepy, a warning will be 

displayed, advising them to take a rest immediately. Based on the 

results of trials that have been carried out, the average error in 

measuring blood oxygen saturation (SpO2) is 0.52%. 

Keywords: Traffic Accident, Driver, Blood Oxygen Saturation 

(Spo2), Pulse Oximeter, Blue Tooth.  

I. INTRODUCTION

A traffic accident is an incident on the road that is 

unexpected and unintentional, involving a vehicle with or 

without other road users, resulting in human casualties and/or 

property loss. Traffic accidents can result in victims with 

minor injuries, serious injuries or death. Statistical data 

shows that during the period 2015-2019, the number of traffic 

accidents increased by an average of 4.87% per year [1]. 

Several factors contribute to traffic accidents. The most 

significant factor is the human element, accounting for 

approximately 61%. This is related to the driver's ability and 

character. Additionally, the physical condition of the driver, 

such as being tired or sleepy, can also contribute to traffic 

accidents. The next factor is the vehicle factor (9%) and the 

infrastructure/environmental factor (30%) [2]. Pulse 

oximetry is a non-invasive method for measuring the 

percentage level of haemoglobin (Hb) saturation with oxygen 

in the blood. This method uses the different wavelengths of 

red light (660 nm) and infrared light (940 nm), which are 

captured by the detection sensor after passing through the 
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veins and capillaries at the tip of the index finger [3]. Pulse 

oximetry is used to manage long-term patients on oxygen 

therapy and to identify patients with congenital heart disease. 

Pulse oximetry has high accuracy for detecting congenital 

heart disease in newborns [4]. Photoplethysmography is an 

optical technique for detecting cardiovascular (heart) pulse 

waves from the fingertips. By utilizing the reflection of the 

optical sensor, the area around the skin is heated, as 

evidenced by the increased pulse of the 

photoplethysmography component [5]. A smart home system 

utilises Bluetooth technology as a medium of communication 

between Android devices and microcontrollers that control 

objects. Relays are used instead of switches that will turn the 

lights on and off [6]. The use of Bluetooth modules in 

wireless sensor network (WSN) applications controlled by 

the ATmega328p microcontroller can replace human labour 

to monitor buildings. The observed parameters (smoke, 

temperature, vibration) are displayed on an LCD [7]. Car 

control using Bluetooth technology, connected to an Android 

device, can be achieved within a distance of approximately 

10 meters. As long as the Android device on the system is 

connected to Bluetooth, the car can be controlled wirelessly 

[8]. Embedded systems are currently applied in almost every 

type of electronic equipment, including robotics, medical 

equipment, building security, industrial automation, 

commercial, and military applications. In the field of 

robotics, blue tooth technology can be used as a 

communication medium in sending and receiving data from 

remote devices [9]. The use of machine vision and Adaboost 

algorithms to detect driver fatigue levels by detecting faces 

efficiently by classifying the front face and the turned face. 

Then, trained eye-open and eye-closed classifiers are used to 

quickly and accurately detect eyes in the candidate region. 

An index consisting of the PERCLOS and the duration of the 

closed state is extracted from the video frame in real time. 

This device is connected to a smartphone or tablet device so 

that it can be accessed in real time [10].  

A new approach for the detection of hypovigilance drivers 

(fatigue and distraction) based on symptoms present in the 

facial and eye regions. This method is carried out by 

matching the face template and the horizontal projection of 

the facial image and the eye area. The extracted symptoms 

were the percentage of eye closure, changes in lid spacing 

and degree of eye closure. A fuzzy expert system is used to 

combine symptoms to estimate the driver's condition [11]. 

By using a charge-coupled device camera with active 

infrared lighting capabilities, the driver's condition can be 

determined. The detected cues are eyelid movements, steady 

movements, head movements and facial expressions. This 

driver fatigue monitoring system can be accessed online [12]. 

By using a video camera aimed 

directly at the driver's pupils,  

and yawning to detect fatigue.  
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The illuminator is used in environments with low light 

levels. The AdaBoost method is used to detect the face and 

eyes in the driver's image. Driver status is monitored with the 

PERCLOS algorithm [13]. 

II. MATERIALS AND METHODS 

A. Material 

Blood oxygen saturation sensor, microcontroller, bluetooth 

module, arduino software and nRF connect software. 

B. Method 

In general, the research diagram is shown in Figure 1, which 

provides a visual explanation of how the research concept, 

information flow and infrastructure are involved or needed. 
The sensor is mounted on the driver's wrist. Communication 

between sensor devices with microcontroller module using 

blue tooth media. The sensor sends reading results, which are 

received by the microcontroller module and then displayed 

on the display monitor. 

SpO2

Control unit

and

data acquisition

Display
Bluetooth

Buzzer

 

Fig. 1. Block diagram 
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Fig. 2. System flow chart 

 

Figure 2 shows a flow chart of the research process. The 

sensor is a photodiode that will read the intensity of light 

absorbed by the blood. The results of sensor readings that are 

still too small are strengthened by using an operational 

amplifier (OPAMP). A low-pass filter (LPF) is used to 

remove noise. Once amplified and filtered, the following 

process is computed using the FFT (Fast Fourier Transform) 

algorithm, and the results are displayed on the monitor. The 

measurement results displayed on the monitor are the heart 

rate and percentage of oxygen saturation in the blood (SpO2). 

 

Fig. 3. System realization 

The research aims to develop a measurement system for 

oxygen saturation and heart rate to monitor the condition of 

motorised vehicle drivers. Measurement of oxygen saturation 

and heart rate using a non-invasive method, by measuring 

changes in blood volume or the presence of blood flow using 

a light sensor mounted on the wrist. Changes in light intensity 

are proportional to changes in blood oxygen saturation and 

heart rate. Information on blood oxygen saturation (SpO2) 

measurement results and their status is displayed on a 

monitor. 

III. RESULT AND DISCUSSION 

This system is used as a measuring tool for oxygen saturation 

in the blood (SpO2) to detect the level of fatigue of motorized 

vehicle drivers in anticipation of traffic accidents. The 

oxygen saturation sensor is attached to the driver's wrist (like 

a watch) so it doesn't interfere with his activities. Before the 

computational process using the FFT (Fast Fourier 

Transform) algorithm, the signal from the sensor readings is 

conditioned by the signal conditioner, which amplifies it with 

an operational amplifier (OPAMP) and filters it with a 

low-pass filter (LPF). 

Table-I: Oxygen saturation measurement results 

Respondent 
Oximeter 

(%) 

SpO2 

(%) 

Error (%) 

Respondent 1 96 96 0 

Respondent 2 97 96 1.03 

Respondent 3 97 97 0 

Respondent 4 96 97 1.04 

Respondent 5 95 95 0 

Respondent 6 96 96 0 

Respondent 7 94 93 1.06 

Respondent 8 97 96 1.03 

Respondent 9 95 95 0 

Respondent 10 95 94 1.05 

 

Table 1. shows the results of measuring blood oxygen 

saturation (SpO2) for ten volunteer drivers. The measurement 

process is also carried out using a pulse oximeter as a 

comparison.  
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Overall, the measurement results show an error in the range 

of 0% – 1.06% with an average of 0.52%. The measurement 

results for respondents 7 and 10 show oxygen saturations of 

93% and 94%, respectively, both in the tired category. 

Normal oxygen saturation values are in the range of 95% - 

100%. Drivers who experience hypoxia (blood oxygen 

saturation < 95%) will have decreased driving concentration. 

Hypoxia occurs because the oxygen content in the blood is 

reduced. People who suffer hypoxia experience a decrease in 

the oxygen content in the brain. One of the characteristics is 

drowsiness or feeling tired. The measurement results are 

graphically shown in Figure 4. 

 

Fig. 4. Graph of oxygen saturation measurement result 

Table-II: Heart rate measurement results 

Respondent 
Oximeter 

(bpm) 

Heart rate 

(bpm) 

Error 

(%) 

Respondent 1 82 82 0 

Respondent 2 87 86 1,15 

Respondent 3 86 86 0 

Respondent 4 83 82 1,20 

Respondent 5 78 78 0 

Respondent 6 86 86 0 

Respondent 7 72 71 1,39 

Respondent 8 77 78 1,30 

Respondent 9 86 86 0 

Respondent 10 65 64 1,54 

 

Table 2 shows the results of measuring heart rate for ten 

volunteer drivers. The measurement process is also carried 

out using a pulse oximeter as a comparison. Overall, the 

measurement results show an error range of 0% to 1.54% 

with an average of 0.65%. The measurement results are 

graphically shown in Figure 5. 

 

Fig. 5. Graph of heart rate measurement result 

The results of the measurement of the oxygen saturation 

parameter in the blood and heart rate are represented in units 

of measurement values displayed on the monitor display. The 

measurement value fluctuates because the measurement 

method is non-invasive (i.e., it does not require surgery). 

IV. CONCLUSION 

The system made in this study can work according to the 

plan, which can measure oxygen saturation in the blood 

(SpO2) and provide a warning if the measured results are < 

95%. The measurement results are compared with a pulse 

oximeter and show that the percentage of errors that occur is 

relatively small. The average error for oxygen saturation 

measurement is 0.52%, and for heart rate measurement, it is 

0.65%. 
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