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Abstract 

In recent years, with the continuous increase of car ownership, the incidence of road 
traffic accidents has remained high, resulting in a large number of casualties and 
economic losses.  In many traffic accidents, accidents caused by fatigue driving account 
for a large proportion, so the fatigue detection and early warning of drivers has become 
a focus of attention of scholars at home and abroad.  Traditional fatigue driving detection 
methods often require the use of many auxiliary devices. These devices are usually used 
to monitor biological information such as heart rate and brain waves, but this also 
increases the cost of fatigue detection, and too many devices will cause communication 
problems.  For example, delay, packet loss, etc. may affect the transmission of 
information by the device.  This project plans to obtain the driver's face image through 
the video acquisition device, perform face recognition to obtain facial features, combine 
the two features of eyes and mouth, and use deep learning related algorithms to carry 
out fatigue analysis to make reasonable and accurate fatigue driving warnings.  The 
personal safety of the driver is of great importance. 
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1. Introduction 

In recent years, with the continuous increase in the number of vehicles, road traffic accidents 
have occurred frequently, resulting in a large number of casualties and economic losses.  Traffic 
accidents caused by fatigue driving account for a large proportion, so the fatigue detection and 
early warning of drivers has become a research hotspot.  When drivers are fatigued, they often 
blink, yawn, and nod their heads frequently. By identifying and monitoring the frequency of 
these actions, fatigue detection can be achieved.  Traditional fatigue driving detection methods 
often require the use of many auxiliary devices, which are usually used to monitor biological 
information such as heart rate and brain waves, but this also increases the cost of fatigue 
detection. 

This project plans to study the driver fatigue driving early warning system based on face 
recognition and deep learning. The purpose of driver fatigue driving detection is to accurately 
identify the driver's fatigue state and timely send early warning information to remind the 
driver when the fatigue state is detected, so as to effectively avoid traffic accidents caused by 
fatigue driving. Firstly, the video acquisition module is used to collect the driver's head image 
information, and the driver's image is preprocessed such as smooth denoising and image 
enhancement; The driver's face and mouth features are monitored in real time to determine 
whether the driver is tired or not. Once fatigue driving is found, the system will remind the 
driver to stop and rest. 
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To allow technology to ensure travel safety, the technical concept of the fatigue driving system 
includes the following aspects: 

It is very difficult to fuse the information of the driver's face, the position of the driver's mouth 
and other key features of the driving environment, including the information of the driver's 
closed eyes, which is very complex. Moreover, the research must also face and solve some 
problems such as the interference of facial information (such as blinking and speaking) in non 
fatigue state. Therefore, this topic is innovative in the research perspective. 

The research of this project is aimed at identifying the driver's facial features and performing 
fatigue detection, applying mature and relatively novel research methods such as face 
recognition technology and deep learning algorithms to driver fatigue detection, expanding face 
recognition and deep learning.  It is also one of the most effective measures to reduce fatigue 
driving at present.  Therefore, this subject has good timeliness and innovation in the research 
content. 

The research of this project involves the facial feature recognition method of the driver's avatar 
and the fatigue state determination method. At present, there are some mature algorithms, such 
as the AdaBoost algorithm based on Haar-like features, and the SVM-based eye opening and 
closing method. Therefore, it is necessary to  First, comprehensively compare and consider 
these algorithms, and select a more appropriate algorithm or judgment standard to improve 
the success rate of driver fatigue state detection.  Therefore, the research method for this 
project is innovative. 

2. Related work 

2.1. Development trends 

Fatigue driving detection method The current research on the fatigue driving detection system, 
the detection methods generally recognized at home and abroad are mainly [1-2]: 

2.1.1. Driver fatigue detection based on physiological signals 

The method uses abnormal changes in the physiological parameters of the driver in a state of 
wakefulness and fatigue for detection.  It is often necessary to use professional medical 
equipment to detect fatigue-related physiological signals (such as EEG signals, ECG signals, etc.), 
which has certain reliability.  However, the detection requires direct contact with the driver's 
body, which often causes unnecessary disturbance and burden to normal driving.  In addition, 
the changes of psychological signals vary from person to person, and it is difficult to form a 
consistent change law.  Therefore, it is difficult to guarantee the generality of these data. 

2.1.2. Detection based on vehicle driving state 

This method mainly detects the fatigue state of the driver according to the driving route of the 
vehicle on the road.  When the driver is fatigued, the driving characteristics of the vehicle, such 
as the driving speed, lateral displacement and driving trajectory, will be different from normal 
driving conditions, which can be detected by cameras or other sensors to measure the real-time 
status of the driver.  The advantage of using this method is that vehicle driving information is 
easy to collect, and the measuring instrument does not need to be in direct contact with the 
driver's body.  However, this method is easily affected by external factors such as specific road 
conditions, personal driving habits and driving experience, which makes the actual detection 
accuracy low. 

2.1.3. Driver fatigue detection based on face recognition and information fusion 

The detection method based on face recognition belongs to the method of non-contact detection 
of driver fatigue characteristics.  Since the driver's facial features (such as long-term eye closure, 
yawning, etc.) can reflect the driver's current fatigue state, the driver's fatigue level can be 
comprehensively determined through the face recognition feature point information.  The 
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research of this method has gradually become a research hotspot in the field of fatigue testing.  
However, this method also has shortcomings. For example, individual differences between 
different drivers and changes in light during image collection will have some impact on the 
detection results. In addition, it is also necessary to pay attention to the real-time performance 
of video image processing and fatigue determination to ensure that the  A fatigue driving 
warning is issued for a while.  Therefore, this method needs further improvement and research 
in practical applications. 

2.2. Current situation analysis 

2.2.1. Research state in China 

The research on driver fatigue detection in my country is relatively late, and there have been 
relevant research reports since the 1960s.  In recent years, more and more domestic 
researchers have started the research on intelligent detection of fatigue driving. 

In 2004, Shi Shuming et al. identified the driver's mouth features through computer vision 
technology to judge the driver's fatigue characteristics [6].  In 2009, Qi Haoxiang studied a 
driver fatigue detection algorithm based on face recognition.  The algorithm uses PERCLOS and 
the duration of eye closure as indicators to indicate the degree of fatigue. It uses the iterative 
threshold segmentation algorithm to roughly locate the face image, and then combines the 
vertical projection and regional connectivity algorithm for precise positioning [7].  In 2015, 
Deng Zhenghong et al. started from the actual situation of the driver, carried out image 
detection on the driver's face, extracted the parameters of the driver's eyes and mouth features, 
and established a fatigue classifier by the method of fuzzy neural network, and finally identified 
the problem.  The degree of driver fatigue [8]. 

In 2019, Huang Yongping studied a driver fatigue detection system based on computer vision 
[9].  In 2019, Wang Chenglong studied a software-hardware collaborative detection method for 
fatigue driving based on face recognition [10].  In 2020, Jin Minghao studied a driver fatigue 
detection system based on face recognition, including a digital image acquisition module, an 
image processing module and an early warning module [11].  Li Gang et al. studied a Python-
based online detection system for driver yawning [12]. 

2.2.2. Research status abroad 

In order to reduce the traffic accidents caused by driver fatigue, foreign scholars have carried 
out research on the detection of fatigue driving since the beginning of the 20th century.  By the 
1990s, the detection of fatigue state has developed to a certain extent, and a series of research 
results have been obtained. 

In 1994, the Federal Highway Administration's technical forum first published an article on 
fatigue driving experiments "Ocular Measures of Driver Alertness", which was the first time 
that the time occupied by PERCLOS eyes closed was used to judge whether the driver was in a 
state of fatigue.  Useful ways.  The study shows that: under normal circumstances, people's eye 
closure time is between 0.1-0.3 seconds, but if they feel tired while driving, their eye closure 
time can reach about 0.5-3 seconds, and accidents are prone to occur during this time period.  
3].  Azim, T, et al. proposed a video-based non-invasive fatigue detection system for drivers.  
The eye closure duration is obtained through the measurement of eye information, and fatigue 
is analyzed through mouth state information [4].  The Driver Fatigue Monitor launched by 
American Attention Technologies is a fatigue driving detection and early warning system based 
on the driver's physiological response characteristics.  The Copilot device studied by the 
Carnegie Mellon Institute can accurately locate the position of the human eye and perform 
fatigue judgment through the PERCLOS algorithm. 
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3. Techniques and methods 

References are cited in the text just by square brackets [1]. (If square brackets are not available, 
slashes may be used instead, e.g. /2/.)  

3.1. Technology roadmap   

The image smoothing filtering and image enhancement methods are used to preprocess the 
collected driver image. Firstly, the collected driver's head image video information is extracted 
according to the frame, and then the driver's image is smoothed and denoised. If the image is 
dark, image enhancement processing such as illumination compensation is carried out, so that 
the preprocessed image information can be used for face recognition.  

Using appropriate face tracking and detection algorithm, the position distribution and 
detection method of face feature points are analyzed. In face recognition of the driver's head 
image, we must be able to recognize the important feature information such as eyes and mouth, 
and quickly and accurately locate the driver's eyes and mouth area according to the position of 
feature points, so as to judge its fatigue state. 

Using the relevant deep learning algorithm, the driver's fatigue level is determined by the state 
of the eyes and mouth.  According to the feature point information of the located human eyes 
and mouth, the corresponding judgment standards are formulated, and the thresholds are set 
to judge whether the human eyes are in the state of opening, blinking, and closing eyes, and 
determine the states of closing, speaking, and yawning. 

Alert the driver according to the fatigue status. According to the judgment results of the driver's 
eyes and mouth state, the facial feature parameters such as the longest continuous eye closing 
time, blinking frequency, yawning times and yawning duration are extracted, and the fatigue 
value is obtained after comprehensive weighting, so as to obtain the corresponding fatigue level 
and carry out the corresponding voice early warning prompt. 

3.2. Machine learning  

Machine learning and the Internet of Things explore and stimulate each other's value and 
potential.  All the sensors that make up the IoT are like the human body.  They provide the most 
raw information from every moment of the world.  Machine learning is like our brain, making 
sense of that information and then deciding what to do. 

3.3. System maintenance  

Energy saving during operation.  The intelligent lighting control system can intelligently dim 
most lamps (including incandescent lamps, fluorescent lamps, sodium lamps with special 
ballasts, mercury lamps, neon lamps, etc.) to provide sufficient lighting where and when needed.  
Turn off unnecessary lamps in time and make full use of natural light, so that the energy-saving 
effect of its operation is sufficient.  The realization of intelligent lighting control can generally 
save 20% to 40% of electric energy, which not only reduces the user's electricity bill, but also 
reduces the power supply pressure. 

Extend light source life.  As we all know, the main cause of light source damage is the 
overvoltage of the power grid. As long as the working voltage is appropriately reduced, the life 
of the light source can be extended.  The intelligent lighting control system adopts the method 
of soft start, which can control the impulse voltage and surge voltage of the power grid, so that 
the filament is protected from thermal shock, thereby prolonging the life of the light source by 
2 to 4 times.  significance. 

Fault tolerance and anti-interference ability.  Each product and the host can run independently 
without interference; if the system fails, it needs to have certain fault tolerance and backup 
functions; anti-interference ability. 
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Safe and secure.  The connection between the control system and the host of this product is 
communicated through a special protocol, the protocol is not public, and the connection 
between the host and the control system requires a password.  At the same time, the user's 
private information is kept strictly. 

4. Conclusion 

When the product penetrates deeply into the living space of human beings, the use experience 
becomes the key to the success or failure of the product.  During the entire after-sales 
experience process, user feedback and product iteration services are what product designers 
should pay attention to most, and this is what smart technology companies generally lack.  This 
project hopes to design a set of driver avatar information collection device and perform 
necessary preprocessing on the collected images.  Finally, a set of fatigue driving determination 
scheme and early warning mechanism based on face recognition and deep learning is realized. 
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