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Abstract 
 
Analyzing the causes of recent car accidents, drowsy driving has a much 

higher accidental mortality rate than drunk driving. In this paper, following 

the previous research, we proposed a method to monitor in real time and 

provide an alarm by wearing a headset with a low-cost MEMS posture sensor 

on the driver's head to prevent traffic accidents caused by drowsiness of 

vehicle drivers. The method proposed in this paper is to implement a system 

that alerts the driver in various ways by evaluating the driver's drowsiness 

and gazing state by collecting the driver's head position data using a sensor 

and comparing this data with standard data. To detect the displacement angle 

of the driver's head, a 9 DOF GY-85 with MEMS gyro, accelerometer and 

magnetometer was used. In addition, an extended Kalman filter was used for 

the purpose of removing noise from the collected data. The offset limit was 

set by analyzing the driver's head posture data under normal conditions with 

reference to the safe driving requirements required to exclude changes in 

head movement detected due to other causes besides drowsiness or 

carelessness. Furthermore, in consideration of practical convenience and 

applicability, in addition to the warning system of the sensor mounted on the 

headset, the software was developed to apply the function to interwork with 

the driver's smartphone via Bluetooth. The drowsy driving detection system 

using the low-cost sensor proposed in this paper confirmed its practicality 

through vehicle mounting experiments. 
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system, MEMS posture sensor, gazing state. 

 

1    Introduction 
 

Research and application of automation and artificial intelligence of 

systems for the safety of vehicle drivers and passengers is progressing at a 

rapid pace. However, it is still a difficult task to eliminate completely the 

cause of traffic accidents caused by human factors.As shown in [Table 1], 

according to the Korea Transportation Industry Research Institute and Road 

Traffic Corporation analysis, there were 25,259 accidents due to drowsy 

driving in the past 10 years in Korea from 2007 to 2017. 1,264 people died 

and the mortality rate was 5%. Traffic accidents death rate caused by drowsy 

driving were more than twice that of total traffic accidents, and the risk of 

drowsy driving was 1.8 times higher than the death rate caused by drunken 

driving accidents [1] [2].In addition, the Korea Transportation Research 

Institute cited government traffic statistics in the Traffic Safety Promotion 

Data [3] and said that drowsy driving is a major cause of all traffic accidents, 

and it records a death rate of 2.4 times that of other traffic accidents. 
Table 1: Traffic accidents in recent 10 years (KOREA) 

Division Period total Annual average Mortality Remarks 

Number 

Of 

Traffic 

Accidents 

Total 2225thousand 222.5 thousand  2007-

2016[1] Drowsy Driving 25,259 2,525.9  

Drunk Driving 255,592 25,559  
2008-

2017[2] 

Number 

of deaths 

Total 52,767 5,276.7 2.37% 
 

Drowsy driving 1,264 126.4 5.00% 

Drunk Driving 7,018 701.8 2.74%  

This means that drowsy driving is as dangerous as driving under a 

driver's license cancellation condition, which is 0.17% of the blood alcohol 

level. The revised traffic safety law in Korea mandates that vehicles should 

be equipped with safety systems and it is supported some of the installation 

costs. This is limited to large vehicles or commercial vehicles and is not 

mandatory for general passenger vehicles. Therefore, the old vehicle takes a 

lot of installation cost, and the user does not actively install the safety 

system. In this paper, we developed a safe driving assistance system that 

detects drowsiness patterns according to the driver's posture, regardless of the 

presence or absence of a safety system installed in a vehicle. This headset 

system provides the results of detecting drowsy driving in response to 

changes in driver's posture with voice and vibration warnings. 

Chapter 2 of this paper explained the research and development issues 

related to domestic and foreign drowsiness detection systems to solve the risk  
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factors of traffic accidents caused by drowsy driving.Chapter 3 discussed the 

characteristics of the hardware and related technical characteristics such as 

sensors and control boards to be applied to the system.In chapter 4 the 

criteria for changing the driver's drowsiness state are presented, and the 

algorithm for implementing the detection system is presented. Also, the 

application of the extended Kalman filter to optimize the sensor signal when 

applying the algorithm was introduced. In addition, the overall 

implementation of drowsy driving detection system such as headset hardware 

production and practicality test results of the system were also included. And, 

In Chapter 5, conclusions and future research plans are presented. 

 

2 Safe Driving System Technology Research  
 

Vehicle driver monitoring technology to prevent drowsy driving is 

closely related to the development of the automotive industry led by the 

United States, Germany, and Japan [4]. 
Table 2: Domestic and overseas camera-based driver condition monitoring system 

Driver's monitoring 

system 

Development 

company 
Principle of operations 

Sleepy Driving 

Warning System 

HYUNDAI 

MOVIS 

Infrared camera mounted inside the vehicle detects the 

driver's condition through driver's eye movements and 

facial muscle changes 

Sweat / breathing detection [5], pupil / heart rate [6] [7], 

eye / nose / mouth detection [8] 

Passenger Eye 
Japan 

(Denso) 

The camera attached to the top of the instrument panel of 

the dashboard recognizes the degree of eyelid change, 

facial nod, and lane departure of the vehicle, recognizing it 

as drowsy driving and provide warning to the driver. 

3D Face Tracker 
Japan 

(Toyota) 

The camera mounted on the front of the instrument panel 

recognizes the driver's condition by recognizing the three-

dimensional model change of the driver's face and the face 

shape [9] 

Attention Assist 
Germany 

(Benz) 

Prediction and warning of driving fatigue due to driving 

time and steering level during driving 

Driver Attention 

Monitoring System 

US (seeing 

machine) 

The camera attached to the steering wheel of the car 

analyzes the eye pattern of the driver's eyes and recognizes 

fatigue and attention distraction. 

Drowsy driving 

detection and alarm 

system 

DINALOG 
Infrared LED and camera Video-based eye movement, 

face location recognition and warning 
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The technology mainly applies is image processing by utilizing the 

camera, and the surveillance camera or sensor, which is installed in the front 

part of the driver section to monitor unnecessary actions that distract their 

attention such as sleepiness during driving, and warn the driver.   

Using the image processing technique, the driver’s sensor recognizes the 

facial area, measures changes in the eyelid or the pupil position,and 

compares it with the database, thereby evaluating the normal operation and 

establish a corrective action.At this time, the factor considered is the 

abnormal behavior pattern and the time associated with this behavior. If the 

abnormal behavior is maintained for a certain period of time, a decrease in 

concentration is determined and a warning is given by a voice, sound and 

vibration.  

[Table 2] shows the driver monitoring systems based on commercialized 

image processing for domestic and overseas automobile production 

companies [4]. 

 

3 Driver Head Monitoring System HARDWARES 

 

3.1 GY-85 Sensor Modules 
 

In this paper, the sensor used to measure driver's head motion is GY-85. 

[Fig. 1] shows the block diagram of the sensors built into the GY-85 module.  

 

 
Fig. 1: Block Diagram by GY-85 Sensor Module 

 

The sensor has an internal accelerometer (ADXL345) that measures the 

acceleration of gravity in three axes (x, y, z), a gyro (ITG3200) that measures 

angular velocity in three axes, and a geomagnetic system that measures 

magnetic fields in three axes (HMC5883L)[Fig. 1]. 
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3.1.1 Accelerometer 
 

The accelerometer (ADXL345) is capable of measuring gravity 

accelerations in the x, y, and z axes in the range of ± 2 to 16 G with 210 

resolutions per g. The z-axis is not used because the gravitational vector is 

invariant, and only the x- and y-axes are used to calculate the angle [10]. 

However, the acceleration sensor has a drawback in that it is weak against a 

small impact and an external noise signal due to its characteristics.  

Equations (1) (2) (3) are used to calculate the attitude angle using the 

acceleration sensor. Ideally, when the sensor is perfectly horizontal, there is 

only gravitational acceleration. 

                                                                          (1) 

                                                                           (2) 

                                                                                     (3) 

At this time, if the angle is rotated about the Y-axis by Θ and the angle 

about the X-axis is rotated by Φ, the rotation angles of the X-axis and the Y-

axis can be obtained from  equations (4) and (5). 

                                                           (4) 

                                                          (5) 

 

3.1.2 Gyroscope 
 

The gyro (ITG3200) measures the angular velocity of the x, y, and z axes 

at a sensitivity of ± 2000 °/s and then digitally converts the data using an 

ADC with a resolution of 216. 

The values directly measured using the gyro are divided by the Scale 

Factor of 14.375 and converted to actual instantaneous angular velocity. 

Then, the converted value is integrated with the sampling time to obtain Roll, 

Pitch, Yaw.The equations are as follows (6), (7), (8) and (9). Where X, Y, 

and Z are the angular velocities converted for each axis, and Ro, Pt, and Yw 

are Roll, Pitch, and Yaw.  

The gyro has a disadvantage in that the measure of the angle results take 

a short time and are accurate, but the errors accumulated and the draft 

phenomenon occurred as time passed [11]. 

                                                                                            (6) 

                                                                             (7) 

                                                                                                (8) 

                                                                                           (9) 
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3.1.3 Magnetometer 
 

(HMC5883L) is a measurement module that is used to measure the 

magnetization of a magnetic body, and the intensity and direction of a 

magnetic field and the direction of a magnetic field in a case of a space. In 

this paper, it is used to measure the azimuth angle [12]. It has a measuring 

range of ± 8 Gauss, and its resolution, gain, is min 230 - max 1370 LSb / 

Gauss. In this paper, we set the sensitivity to 1090 at ± 1.3 Ga and measure 

the azimuth using a conversion value obtained by dividing the measured 

value by 0.92.  The azimuth calculation formula is as shown in (10) below. 

Where  are the converted values of the magnetic measurement results 

of the x and y axes respectively. 

                                                                   (10) 

In this case, since the magnetic field measurement results indicate a 

magnetic north, the magnetic declination of the measurement area is added, 

and the azimuth angle is calculated by applying the formula considering the 

change of the magnetic field according to the declination. 

 magnetic declination in the experimental area = -8.17 deg 

(0.00214 radians) 

 Add 2π if the measured value is less than 0, 

or subtract 2π if the measured value is greater than 2π. 

In this study, we designed the sensor to detect changes in the vertical 

head (pitch) angle after fusing signals from two sensors of gyro and 

accelerometer and to measure the angle change of horizontal direction. 

 

3.2 System Control Board and Blutooth Module 
 

Arduino Nano was used as the main board for system control. The 

Arduino nano board has 14 Digital I/O Pins, 6 PWMs and also has 8 Analog 

Input pins. Power supply is provided through 5V Pin, and 16650 battery pack 

is applied to this system. [Fig. 2] shows the appearance and characteristics of 

the Arduino Nano board. 

 
Fig. 2: Arduino Nano board Specification 
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The HC-06 Bluetooth module was used for Bluetooth wireless 

communication. HC-06 is a Bluetooth slave module based on the CSR 

BC417 chip. HC-06 uses 3.6~6V input voltage and serial asynchronous 

UART communication method, and data transmission speed is 160kbps in 

asynchronous condition. The HC-06 has a built-in 2.4GHz antenna, and the 

radio communication radius is 10m. The power source was a 3.3V lithium 

polymer battery. [Fig. 3] shows the appearance and characteristics of the HC-

06 Bluetooth module. 

 

 
Fig. 3: HC-06 Blue-Tooth Module Specification 

 

4 Driver Drowsiness Driving Detection System 

 

4.1 System Algorithm Design 
 

It is ideal for the driver to continuously watch the progress for safe 

driving, except for the necessary manipulation activities such as shifting of 

the vehicle, signal lamp operation, monitoring of the surroundings and rear 

situation through the mirror. However, as traveling times increases, 

sleepiness due to fatigue interfere with the external environment such as 

passengers, and the deterioration of concentration may result in failure to 

keep track of the direction of travel.  
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Fig. 4: Drowsy driving detection algorithm (a. Posture determination criteria by 

driver's head deflection angle, b. Logical Flow chart) 

 

The accumulation of these actions and an increase in the time elapsed 

will have a fatal impact on safe driving. Based on this assumption, the head 

of the driver (headset position) is set at origin O, the traveling direction of the 

car (front of the driver) is set to the X axis, the left side of the car is set to the 

Y axis, while the vertical direction is set to the Z axis.  

The measured range of the sensor generated by vertical and horizontal 

head movements of the driver is shown in the form of a cone in [Fig. 4a]. 

The range of the cone including the point B passing through the Z-axis 

and the origin O is a displacement that occurs when performing operations 

necessary for normal vehicle operation.  The range of the cone including the 

point C past the Z axis and the origin O is the displacement caused by the 

abnormal movement out of the viewing range of the traveling direction. The 

angle formed by the straight-line AD and the straight-line AE is the same as 

the range of the displacement in the horizontal direction which occurs while 

performing the operation necessary for normal vehicle operation. Since the 

determination range of the normal operation state may vary depending on the 

behavior characteristics of each driver, it is necessary to set the threshold 

value through observation and data collection for a predetermined time. [Fig. 

4b] shows the logical algorithm for detecting drowsy driving or inattentive 

driving by inputting the driver's head movement.  
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When the system is initialized and the head position of the driver 

equipped with the sensor is set, a continuous signal inputs every sampling 

time through the driver's head movement from the sensor based on this. 

Accordingly, the system converts input data into a change angle, and 

determines whether the input data does not deviate from the set limit angle or 

not exceed the set limit time.  

In the case of a 100 km/h speed on the expressway, the distance between 

the vehicle and the preceding vehicle is maintained at 100 m, which means 

that it has a braking or avoiding margin of about 3.6 seconds in preparation 

to stop the vehicle ahead[3]. Therefore, in this paper, we set the time limit of 

drowsiness and carelessness to 3 seconds. As a result of judgment, if the 

deviation is out of the limit angle/time in the vertical direction, a drowsy 

driving warning is generated. If the limit angle/time in the horizontal 

direction is exceeded, an inadvertent driving warning is issued. This warning 

lasts until the condition is cleared. If the condition is cleared, all warning 

actions are terminated and the input signal comparison review mode is 

returned. Drowsy driving or inadvertent driving alerts are provided via a 

voice, video messages through a Bluetooth-enabled smartphone, vibrations 

and warning sounds through the headset's sensing system. In order to 

determine the drowsy state by recognizing the driver's head angle change, a 

filtering step is required to filter the noise due to the error of the sensor itself 

or the surrounding influence. 

 

4.2 Drowsy Detection System Filter Design 
 

We designed a system that required real-time pitch and yaw tilt 

measurements using the GY-85 with inbuilt gyro (ITG3200), accelerometer 

(ADXL345) and magnetometer (HMC5883L). By fusing the measured value 

of the accelerometer and the measured value of the gyro and appropriately 

removing the noise, the optimum angle change value can be obtained. In this 

study, we applied the Extended Kalman Filter (EKF) which shows the most 

reliable results in the dynamic external environment and a signal processing 

through the experiment of the previous research, and the design algorithm as 

shown in [Fig. 5][13]. 

The Kalman Filter has two structures. When the initial state is set by 

designing the system, the first step is the prediction step, where the expected 

state of the input is calculated according to the estimated state at the previous 

time. The next step is the Update step, which calculates the state based on the 

previous predicted state and the current measured value. Repeat this 

sequence to reduce noise and drift and continue to calibrate the actual value. 

 The state variable x is the vertical (Pitch, Roll), and the horizontal (Yaw) 

angle of the driver's head, and is the initial value when the power is applied 

after wearing the headset (in this case, the yaw value is acquired So it is fixed 

to 0 here).  
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The A matrix used in the prediction is obtained through the system 

modeling of the determined state variable and the Jacobian matrix for the 

measurement model and applied through the discrete system conversion 

considering the sampling of the measured signal.  

 
Fig. 5: Extended Kalman Filter Design 

 

A matrix, the Q value applied to the error covariance prediction, and the 

R value applied to the gain calculation are expressed in Equations (11), (12), 

and (13), respectively. 

           (11) 

                                                                                  (12) 

                                                                                (13) 
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4.3 Application Design and Programming 
 

The application program was created by applying MIT App Inventor in 

consideration of the convenience of general users. MIT App Inventor is an 

Android app development tool developed jointly by Google and MIT and 

provided as an MIT web service. Unlike a text-based complex programming 

language, it is composed of a drag and drop block coding language, making it 

a good tool for everyone to use. In this project, the attitude angle of the 

driver's head is monitored in real time using a sensor mounted on the head of 

the vehicle driver. If the inclination angle measured by the sensor exceeds the 

allowed range and time, the algorithm determines that it is 'Drowsy Driving' 

or 'Inattentive Driving' and provides a warning to the driver by vibration. At 

the same time, the system transmits the data to the driver's smartphone 

wirelessly via Bluetooth. After receiving the data, the application program of 

the smartphone displays the text “wake up!”, sounds a vibration, and 

provides a voice message to wake up. This warning is repeated until the 

driver's head position returns to normal (until he wakes up). [Fig. 6] shows 

the design and development stages of the user application program. 

 
Fig. 6: Drowsy detection system User Application software design 

 

4.4 Drowsy Detection System Development and Verification 
Experiment 
 

As shown in [Fig. 7], the headset including the sensor was manufactured 

by outputting the self-designed hardware to the 3D printer.  

 
Fig. 7: Drowsy detection system hardware 
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We use this to directly reproduce drowsy operation and careless driving 

situation in the tired state and verify the performance and practicality of the 

designed algorithm and collect the results of the data. Based on the data 

collected through the preliminary experiments, we set the limits of the angle 

of change for normal driving operation, reflecting the propensity of the 

experimenter. The drowsy driving state was set when a time period of 3 

seconds elapsed in the vertical direction ± 10 ° relative to the Z axis or in a 

state in which the horizontal angle ± 45 ° was out of the angular range with 

respect to the X axis. The experimental results showed that the performance 

of the warning system connected with the headset and smart phone is 

practical, except for the inconvenience caused by the appearance and the 

material of the hardware.  

 

 
Fig. 8: Sensor test results (a. Accelerometer, b. Gyroscope, c. KALMAN Filtered) 

 

[Fig. 8] shows the results of about 2 minutes sampling analysis of the 

vertical head movement among the data collected through the headset (a, b, 

c). The vertical axis represents the angle, and the horizontal axis represents 

the time (Sec). As predicted from the technical analysis of the sensor, the 

accelerometer continuously generated the over-limit impulse signal due to 

the external noise and showed sensitivity to the small vibration. 
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Fig. 9: Example of warning processing condition of sensor output signals 

The gyro initially calculated a relatively accurate angle change, but a 

drift of about 15 ° occurred for 2 minutes due to accumulation of error that 

resulted from characteristic of calculating angle change by integrating 

instantaneous angular velocity. In order to solve this problem, it is confirmed 

that the signal stability for acquiring the warning condition is secured by 

applying the extended Kalman filter by fusing the two signals. 

It also shows an example of the warning signal processing by the 

processing conditions from the filtered sensor output signal in [Fig. 9]. The 

example of the head angle change signal is an output signal for 20 seconds, 

and four times the state exceeding the limit angle of 10° occurred at this time.  

There are three cases where the limit time and the limit angle are exceeded. If 

the two conditions are satisfied through the program logical comparison, it 

initializes the warning signal and sends commands to the headset and the 

smartphone. The system worked to the logical criteria we designed. 

 

5 Conclusion 
 

In this paper, we proposed a method of detecting a state of drowsiness or 

a decrease in concentration of attention by recognizing a change in angle 

according to the head movement of a vehicle driver. This was implemented 

by attaching a headset-type sensor to the driver's head, regardless of the safe 

driving assistance system, which is gradually being installed on new vehicles 

sold today. In addition, an alarm system has been implemented to notify the 

driver of a dangerous state according to the sensor's detection result through 

voice or vibration.The headset hardware was manufactured using a 3D 

printer, and the sensors used GY-85 with ADXL345, ITG3200 and 

HMC5883L. An extended Kalman filter was applied to the noise filtering, 

and in order to exclude unnecessary environmental variables, the algorithm 

was programmed in consideration of the essential data for safe driving 

requirements. 
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In addition, for the convenience of the user, a function of wirelessly 

connecting to a peripheral device via Bluetooth is also included. In order to 

distinguish it from other systems that have already been commercialized, we 

implemented a more effective drowsiness prevention system in cooperation 

with a smartphone application using a Bluetooth wireless communication as 

well as a vibration alert of a simple headset. The results of the driver 's wear 

test that reproduces drowsy and careless driving conditions showed that the 

drowsiness detection system proposed in this paper has sufficient 

manufacturing and practicality through the  application of appropriate 

algorithms and filtering using low – cost, off-the-shelf parts [14].  

Future studies will be carried out to further improve, reduce the size, and 

the weight of the hardware, for the convenience of the driver wearing and 

using it for a long time.  
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