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ABSTRACT

With increasing number of vehicles on roads the risk of getting involved in an
accident is increasing as well. In Malaysia alone, the number of traffic accidents in
2007 almost doubled as compared to the number of traffic accidents that occurred in
1997. This high accident rate has led to road accidents being the 5th leading cause of
death in Malaysia and caused 9.3 billion ringgit of losses to the country in the year
2003. According to NHTSA (National Highway Traffic System Administration)
reports one of the major reasons of road side accidents is fatigue while driving.
Therefore, to prevent road side accidents that occurs due to fatigued drivers, it is
essential to have an assistive system inside vehicle that monitors the vigilance level
of driver and alert the driver in case of fatigue detection. This thesis presents a
fatigue detection system based on yawning and eyes status that continuously analyse
the face and facial features of the driver. Vision based approach is adopted to detect
fatigue because other developed approaches are either intrusive (physical approach)
that makes the driver uncomfortable or less sensitive (vehicle based approach). This
system has improved the accuracy of fatigue detection by contributing in 3 steps of
fatigue detection process. First step is face detection for which combination of Viola
Jones and skin color pixels detection is used. Second is accurate detection of eyes
and mouth in detected face area. The system uses knowledge based division and
Viola Jones technique for second step. The third step is the introduction of dynamic
threshold value, to check weather driver is in yawning or sleeping state. The
accuracy of the system to detect fatigue level of driver is 98 % and average
processing time per frame is 0.0948 seconds. The simulation results show that this
system is able to detect fatigue even if driver is wearing spectacles or having beard.
The algorithm is developed in MATLAB software.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Driving in fatigue has long been acknowledged to be one of the main hazards in safe
driving. Fatigue has a negative impact on driver’s abilities of driving and impairs
driver’s judgment and quick response time.National Highway Traffic Safety
Administration (NHTSA) analysis data indicates that driving while drowsy is a
contributing factor to 22 to 24% of car crashes, and that driving while drowsy results
in a four to six times higher crash risk relative to alert driver (Lee, 2008). According
to the National Sleep Foundation’s 2005 sleep in America poll, 60% of adult drivers
— about 168 million people — say they have driven a vehicle while feeling drowsy in
the past year, and more than one-third, (37% or 103 million people), have actually
fallen asleep at the wheel. In fact, of those who have nodded off, 13% say they have
done so at least once a month. Four percent — approximately eleven million drivers —
admit they have had an accident or near accident because they dozed off or were too
tired to drive (Facts, 2005).

Drowsy driving denotes a situation when the driver is in a state of mental and
physical fatigue, which includes decreasing mental alertness and a sensation of
weariness and reduction in eye scanning behaviours (Klauer et al., 2006). A severely
drowsy driver will exhibit extended incompetence to safely perform a driving
manoeuvre, be unaware of the vehicle’s turning radius, perform driving manoeuvres
under the incorrect assumption that it is safe, experience eye lid closures and have
difficulties keeping his/her head in a lifted position, minimal body/eye movement
and repeated yawning(Lee, 2008). When the driver is impaired by fatigue, his/her

ability levels, driving behaviours, proficiencies and decisions are adversely affected
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and in these situations, the high accident rate is due to the fact that sleepy drivers fail
to take correct actions prior to a collision (Tun et al., 2010) .

An important irony in driver’s fatigue is that the drivers may be too tired to
realize their own level of vigilance. This serious problem is often ignored by the
driver. Driving in fatigue not only affects those who are driving while drowsy, but it
puts all other road users in danger as well. Therefore, it is important to use new
technologies to design systems, which are able to monitor driver’s level of vigilance
through the whole driving process. Fortunately, people in fatigue exhibit many visual

clues that can be detected on human face e.g.

(1) Yawning

(i) Eye blinking frequency
(ili)  Eye gaze moments

(iv)  Head movements

(v) Facial expressions

Taking advantage of these visual characteristics, computer vision is the viable
and felicitous technology to deal with this problem. This research presents a fatigue
detection system that detects fatigue by analyzing the status of driver’s eyes and
yawning. The aim of this project is to develop algorithm and simulation for fatigue
detection. The focus will be placed on designing such algorithm and simulation that
will accurately monitor eyes and yawning status of driver and will alert (written

warning in case of simulation) the driver in case of fatigue detection.

1.2 Motivation

Driving is a common activity in people’s everyday life therefore; improving driving
to reduce car crashes is an important issue. Even though a lot of studies and work has
been done on road and vehicle designs to improve driver’s safety yet the total
number of car crashes is increasing day by day. Reducing the number of car crashes
would save millions of lives around the world every year. Most of crashes occur due
to impairment of the driver’s attention. Four major causes of attention impairments
that affect driver’s response time and alertness are alcohol, aging, distraction and

fatigue. Alcohol and age factor results in slower response to hazards. Easy access of
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internet on cell phones and navigation systems increase driver’s distraction .Out of
the four major causes of driver’s attention impairments, fatigue is often cited in
accidents since drivers tend to adopt risky strategies to drive while drowsy(Lee,
2008). The National Highway Traffic Safety Administration has reported that driving
in fatigue is one of the major reasons behind road accidents, and it exposes the driver
to a much higher crash risk compared to alert drivers(Klauer et al., 2006). According
to MTO Driver’s Handbook, driver’s abilities are affected by fatigue long before
they notice that they are getting tired(MTO, 2013). Therefore the need of designing
and implementing an assistive monitoring system to detect driver’s fatigue and to
alert the driver after fatigue detection is realised that can give better performance

than existing systems.

1.3 Problem statement

Researchers have been developing many methods for driver’s fatigue detection using
computer vision techniques. In these researches fatigue was detected by analyzing
head movements, eyelid blinking and yawning. Limitation of these algorithms is that,
they are dependent on one factor only (yawning or eye blink or head movement).
Although some researchers used combination of two factors to improve the accuracy,
however with the increasing rate of cars and car’s accidents in every day’s life, it is
important to adjust, develop and validate the existing work for fatigue detection. This
research provides an algorithm and simulation that combine two factors (yawning
and eyes status detection) for fatigue detection. Combination of Viola Jones and Skin
color pixel detection is used for face detection to increase the accuracy of face
detection. Furthermore, combination of knowledge based division and Viola Jones

method are used to increase the accuracy of facial features.



1.4 Objectives of the study

The objectives of this project are

(i) Developing algorithm and simulation for face and facial feature detection.

(i) Developing algorithm and simulation for yawning and closed eyes status
detection.

(iii)  Developing algorithm and simulation for fatigue detection using information

and results obtained in objective (ii).

1.5 Scope of the study

The scopes that need to be proposed in this project are:

(i) The image can be processed accurately in day light only.

(i) Since fatigue level will be detected from facial expressions, hence user must
face towards the camera.

(iii)  The project will detect the fatigue level of user on software bases only.

(iv)  Even if one factor (eye) is covered by spectacles, the system will be able to
detect fatigue from the other uncover factor (mouth).

(v) Facial features (eyes and mouth) must not be covered simultaneously.

(vi)  The project might give different results if the driver is suffering from illness.

1.6 Significance of the study

Fatigue or drowsiness often affects a person’s ability of driving and increase the risk
of road side accidents. The national Safety Traffics Board (NTSB) concluded that 52
% of 107 single-vehicle accidents were fatigue related; in nearly 18% of the cases,
the driver admitted to falling asleep(Esre, 2009). With increasing number of vehicles
on roads the risk of getting involved in an accident is increasing as well. In Malaysia
alone, the number of traffic accidents in 2007 almost doubled as compared to the
number of traffic accidents that occurred in 1997. This high accident rate has led to
road accidents being the 5th leading cause of death in Malaysia and caused 9.3
billion ringgit of losses to the country in the year 2003(Statistics., 2008),(Mani et al.,

2003). Figure 1.1 shows the rate of occurrence of accidents between 2001 and 2010
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and Figure 1.2 shows the increasing number of road side accidents from 1974 to
2004.
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Figure 1.1: Accident Records in Malaysia from 2001 to 2010.
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Figure 1.2: Statistics road accidents in Malaysia (2005)

The number of hours spent driving has a strong correlation to the number of
hours driven and the percent of crashes related to driver fatigue related

accidents.(Esre, 2009).Details of this relationship is described in Figure 1.3.
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Figure 1.3: Relationship between number of hours driven and the percent of crashes
related to driver fatigue

In fact, NTHSA has concluded that drowsy driving is just as dangerous as
drunk driver. Therefore, it is an important issue to develop and improve the
automatic fatigue detection systems that can help in saving lives and can contribute
to the well being of the society.

There has been an increasing interest in computer vision approaches to
prevent road side accidents as it is a prominent and non invasive approach to detect
vigilance level of driver.

This project has the goal of using computer vision to detect fatigue level of
driver in accurate and fast way. Many researchers have used one factor for fatigue
detection but this project analyses and combines two different methods for face
detection to increase the accuracy level of the system, and use two facial factors
(eyes and mouth) for fatigue detection. The thesis contributes to understand how to

build a robust fatigue detector based on vision without disturbance the driver’s skills.

1.7 Contribution

This research has contribution in three section of driving behavior fatigue detection
system which improves the accuracy of the system to 98% and reduces the average

processing time per frame to 0.09488 seconds.
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0] In first section face detection is improved by using combination of skin
colour pixel detection and Viola Jones technique.

(i) In second section facial features (eyes and mouth) detection is improved
using combination of knowledge based division and Viola Jones technigue.

(iii)  In third section a dynamic threshold value is introduced which improves
yawing detection and closed eyes status detection.

1.8 Project schedule

The project schedule is given in Appendix A.

1.9 Outline of the thesis

This thesis presents the design and evaluation of the driver monitoring system to
detect vigilance level of driver. It reviews existing fatigue detection approaches,
propose a robust method for fatigue detection and finally presents a set of results and

associated evaluations. The structure of the thesis is as following

CHAPTER 2 LITERATURE REVIEW:

Discus the existing approaches and methods of driver monitoring systems with
detail.

CHAPTER 3 RESEARCH METHODOLOGY:

Describe the detail about proposed method of fatigue detection in MATLAB and its

implementation.
CHAPTER 4 SIMULATION RESULTS AND ANALYSIS:

Presents the evolution results of simulation of proposed system and analyse its

performance.
CHATPTER 5 CONCLUSION AND FUTURE WORK:

Summarizes and concludes the thesis and give an outline for future work.
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