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Abstract 

Driver fatigue is one of the major causes of accidents in the world. Detecting the drowsiness of the driver is one of the surest ways 
of measuring driver fatigue. In this project we aim to develop a prototype drowsiness detection system. This system works by 
monitoring the eyes of the driver and sounding an alarm when he/she is drowsy. As per the RTI around 60% of total road 
accidents are caused due to driver’s fatigue (drowsiness). In this paper, we provide a real time system using real time image 
processing, face/eye detection techniques, eye blink rates. The system so designed is a non-intrusive real-time monitoring system. 
The priority is on improving the safety of the driver without being obtrusive. In this project the eye blink of the driver is detected. 
If the drivers eyes remain closed for more than a certain period of time, the driver is said to be drowsy and an alarm is sounded. 
The programming for this is done in OpenCV using the Haarcascade library for the detection of facial features. 
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1. INTRODUCTION 
Recently many countries have noted the importance of improving driving safety. Developing vision based warning 
systems for drivers is an increasing area of interest. Computer vision has gained a lot of importance in the area of face 
detection, face tracking, eye detection [2] for various applications like security, fatigue detection, biometrics. This 
technique has gained importance due it is non-invasive nature. Proper face detection is one of the most important criteria 
in a vision based fatigue detection system as the accuracy of the entire method relies on the accuracy of face detection. 
Various face detection techniques have been developed by different researchers. As per RTI data, around half million 
accidents occur in a year, in India alone. Further, around 60% of these accidents are caused due to driver fatigue 
(drowsiness). As per the survey reports of Road Traffic Injuries (RTI) the road accident ranked fourth among the leading 
causes of death in the world. Nearly 1.3 million people [1] die every year on the world's roads and 20 to 50 million people 
suffer non-fatal injuries, with many sustaining a disability as a result of their injury. According to forecasting of statistics 
the number of road accident will increase to 5 million in 2020.  
The incidence of accidental deaths has shown an increasing trend during the period 2003 -2012 with an increase of 
51.8% in the year 2012 as compared to 2002, however 0.2% decrease was observed in 2003 over previous year 2002. The 
population growth during the period 2003-2012 was 13.6% whereas the increase in the rate of accidental deaths during 
the same period was 34.2%. [25] 
 
2. RELATED WORK 
Recently many countries have noted the importance of improving driving safety. Developing vision based warning 
systems for drivers is an increasing area of interest. Computer vision has gained a lot of importance in the area of face 
detection, face tracking, eye detection [2] for various applications like security, fatigue detection, biometrics. This 
technique has gained importance due it is non-invasive nature. Proper face detection is one of the most important criteria 
in a vision based fatigue detection system as the accuracy of the entire method relies on the accuracy of face detection. 
Various face detection techniques have been developed by different researchers. 
 
A. Physiological Measure 
This method [3] has been thought to be accurate, valid, and objective to determine fatigue and sleep. Significant efforts 
have been made to measure it in the laboratory. The popular physiological measures include the electroencephalograph 
(EEG).  EEG  is found  to  be  useful  in  determining  the  presence  of  on-going  brain  activity,  and  its  measures  
have  been used  as  the  reference  point  for  calibrating  other measures of sleep and fatigue. The spectral analysis of 
heart rate  variability  shows  that  HRV  has  three  frequency bands:  high  frequency  band (0.15-0.4  Hz),  low  
frequency  band  (0.04-0.15  Hz)  and  very  low  frequency  band (0.0033-0.04Hz) [13] [14]. Researchers have found out 
that LF/HF ratio decreases and HF power increases when a person goes from alert state to drowsy state [15]. Power 
spectrum of EEG brain waves is used as an indicator to detect drowsiness; as drowsiness level increases, EEG power of 
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the alpha and theta bands increases and beta band decreases. EEG-based drowsiness detection methods are not easily 
implementable because they require the driver to wear an EEG cap during driving the vehicle.  Devices being distractive 
are the main disadvantage of this group of methods. 
EEG [4] is the recording of electrical activity along the scalp.  EEG measures voltage fluctuations resulting from ionic 
current flows within the neurons of the brain through multiple electrodes placed on the scalp. The frequency of brainwave 
in EEG is about 1- 30Hz and generally it can  be  divided  into  four  types  in terms  of  frequency  bands, which are delta 
(0-4 Hz), theta (4-8  Hz), alpha (8-13 Hz), and beta (13-20 Hz). The alpha rhythm is present during a relaxed state and  
beta  activity  has been reported to be present during an alert state. Delta waves have been shown to be present during 
transition to drowsiness and during sleep.  Theta  rhythm  is associated  with  a  variety  of  psychological  states 
including  hypnologic  imagery,  and  low  levels  of alertness during drowsiness and sleep and as such has been  
associated  with  decreased  information processing.  So  alpha,  beta  and  delta  rhythm  are independent  and  strongly  
related  to  fatigued  state,  so they three are selected as studying indicators. 
 

Table 1: Characteristics of EEG signal. 
EEG signal Signal Frequency Characteristics 
Delta 
Theta 
Alpha 
Beta 

1-3 Hz 
4-7 Hz 
8-13 Hz 
>14 Hz 

Deep Sleep, Drowsiness 
Low level of alertness 
Quite, relax state. 
Alert 

 
B. Behavioral Measure 
In  order  to  detect  drowsiness,  studies  on  driver’s  performance  use  lane  tracking, distance between driver’s vehicle 
and the vehicle in front of it; place sensors on components of the vehicle such as steering wheel, gas pedal and analyse the 
data taken by these sensors. Pilutti and Ulsoy used vehicle lateral position as the input and steering wheel position as the 
output and they obtained a model which can be useful  to  detect  drowsiness  [8]  [9]. Behavioral measures are also 
accurate and objective. This category of devices, most commonly known as acti-graph, is used to measure sleep based on 
the frequency of body movement. The number of  body  movement  recorded  during  a specified  time  period,  or  epoch,  
has  been  found  to significantly  correlate  with  the  presence  of  sleep  and has a significant correlation with EEG [5]. 
In jerk profiles for the machine-human interfaces  of  vehicle  are  sensed  as  measures  for assessing  vigilance  of  the  
vehicle  driver. Responding to the stimulus was considered as sign of vigilance. The work  in claims  that  short  pauses  
in performances  are  more  indicative  measures  of vigilance. 
 
C. Visual Measure 
An  increasing  research  interest  has  focused on  developing  systems  that  detect  the  visual  facial feature  changes  
associated  with  fatigue  with  a  video camera.  These facial features include eyes, head position, face, or mouth. This  
approach  is  non-intrusive  and  becomes  more  and  more  practical  with the rapid development of camera and 
computer vision technology. People  in  fatigue  exhibit  certain  visual  behaviors  that  are  easily  observable  from  
changes  in facial  features  like  the  eyes,  head,  and  face.  Visual behaviors  that  typically  reflect  a  person’s  level  of 
fatigue  include  eyelid  movement,  head  movement, gaze,  and  facial  expression.  
 
Various studies have shown that eyelid activities are strongly related with level of vigilance, intention, and needs. 
Percentage of eyelid closure (PERCLOS) [6] has been found to be the most reliable and valid measure of a person’s 
alertness level among many drowsiness detection measures. PERCLOS measures the percentage of eyelid closure over the 
pupil over time and effects slow eyelid closures (droops).  Another potentially good fatigue indicator is the average eye 
closure and opening speed (AECS).  Since  eye  opening/closing  is  controlled  by the  muscle  near  the  eyes,  a  person  
in  fatigue  may open/close  eyes slowly due to either tired muscles or slower  cognitive  processing.  Other  potentially  
good fatigue  parameters  include  various  parameters  that characterize  pupil  movement,  which  relates  to  one’s gaze  
and  his/her  awareness  of  the  happenings  in surroundings. 
 
The  movement  of  a  person’s  pupil (gaze)  may  have  the  potential  to  indicate  one’s intention  and  mental  
condition.  For example, for a driver, the nominal gaze is frontal.  Looking at other directions for an extended period of 
time may indicate fatigue or inattention. Furthermore, when people  are drowsy,  their  visual  awareness  cannot  cover  a  
wide enough  area,  concentrating  on  one  direction.  Hence, gaze  (deliberate  fixation)  and  saccade  eye  movement 
may  contain  information  about  one’s  level  of alertness.  Besides eye activities, head movement like nodding or 
inclination is a good indicator of a person’s fatigue or the onset of a fatigue. It could also indicate one’s attention.  Head  
movement  parameters  such  as head  orientation,  movement  speed,  frequency,  etc. could  potentially  indicate  one’s  
level  of  vigilance. Finally, facial expression may also provide information about one’s vigilance.  
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3. RELATED ALGORITHM/ WORKING 
Object Detection using Haar feature-based cascade classifiers is effective object detection [7]. It is a machine learning 
based approach where a cascade function is trained from a lot of positive and negative images. It is then used to detect 
objects in other images. 
Initially for face detection, the algorithm needs a lot of positive images (images of faces) and negative images (images 
without faces) to train the classifier. Then we need to extract features from it. Using haar feature patterns as shown below. 
They are just like our convolutional kernel. Each feature is a single value obtained by subtracting sum of pixels under 
white rectangle from sum of pixels under black rectangle. 
Viola-Jones Haar Features: 

b) Edge Features. 
 
 
 
 

c) Line Features. 
 
 

d) FourRectangles Features. 
 
 

Figure 1 Viola-Jones haar features 
Extended Viola-Jones Haar Features: 

 
Figure 2 Viola-Jones extended haar features 

 
4. PROPOSED APPROACH 
The driver fatigue detection procedure consists of different phases to detect head movement and eye blinking. These steps 
are categorized as follow and working introduction of each step is given below. 

a. Face Detection. 
b. Face Tracking. 
c. Eye Detection. 
d. Eye Tracking. 
e. Eye Blink Detection. (close/open). 

 
The overall system diagram is shown in Figure 1. The details of each step will be further explained in the following 
subsections. 

 
Figure 3 Driver drowsiness detection flow diagram 

 
System Tools: This  system  is  designed  for  detecting drowsiness  detection  for  in  the  real  time.  The 
implementation of this approach runs at 25-30 frames per second.  The application is implemented in C++ using 
OpenCV library in Windows environment with a single camera view i.e. iBall Face2Face C8. 
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STEP 1 - Face Detection: The face of driver is detected using Viola Jones Haar extended features [7]. The system uses 
trained haar features. We are using haarcascade_frontface_alt.xml for the driver face detection. The XML contains 
trained sets of positive faces and negative faces (not faces). This is very easy and accurate method to detect real time 
driver face. 

 
Figure 4 Face detection step 

STEP 2 - Eye Detection: The eye of driver is (Region of Interest) ROI detecting fatigue. If eye is blinking normal rates, it 
means that driver is alert to drive. Whenever the driver feels drowsiness the eye blink rate is decreased (not blinked in 2to 
3 seconds). This can cause fatal accidents. The eye detection is also using Viola Jones haar features for eye detection and 
tracking. We have used haarcascade_lefteye_2splits.xml is used for the left eye and haarcascade_righteye_2splits.xml for 
the right eye. The two cascade are independent to one another. 
 

 
Figure 5 Eye detection step 

Eye Blinking: The detection and tracking of real time blink of an eye is very much important in detection of driver 
drowsiness. Using the above there cascade i.e. Face cascade and Left eye cascade and right eye cascade. 
 

 
Figure 6 Eye blink detection step 

The above figure 3 is real time eye tracking using web camera iBall Face2Face C8.0. Whenever the blink (close eye) 
frames are greater than 40% to 50% of current frames. 
 

 
Figure 7 Alert message 

The above figure is the state when driver is sleeping, the proposed system will alert the driver with message “Alert – Pull 
Over!!” to save from road accidents and miss happenings. 
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5. PROPOSED APPROACH 
The performances of this system have been measured under different conditions for 30 days with male and female 
subjects of age group from 15 years to 50 years. Some subjects were using eyeglasses and some were not.  
 
5.1. Subjects 
The subjects are chosen to test the performance of driver drowsiness detection system. The subjects were asked to sit in 
the driver's seat and fasten their seat belt to make the scenario more realistic. The experiment was conducted for 30 males 
and 20 female volunteers of different ages and facial characteristics. The statistics about the participants is discussed in 
section 4.2. A high variety of appearances existed among these 50 volunteers. People participated with and without 
glasses, men with and without beard, men with and without moustache, women with and without scarf, different 
hairstyles and different clothing.  
The experiments were conducted: a) Morning (6 AM to 11 AM). b) Afternoon (11 AM to 5 PM). c) Evening (5 PM to 7 
PM) d) Night (7 PM to mid night) and e) Late night (Mid night to 6AM). 

 
Figure 1 Subjects Distribution 

5.1.1. Driver Drowsiness Detection Statistics without Eye Glasses 
The experiment is conducted for 30 days. The average percentage of positive alert, negative alert for male and female 
driver without eye glasses is given in table 1. 

 
Table 1: Driver Drowsiness Detection Statistics without Eye Glasses 

Days. 
Driver Drowsiness Detection (Without Eye Glasses) 

Event Time Subject Gender Positive Alert Negative Alert No Alert 

30 Days 
(Average) 

Morning (6 AM to 11 AM). Male          89.5 5.0 5.5 
Female 90.0 5.5 4.5 

Afternoon (11 AM to 5 PM) 
 

Male 94.0 3.0 3.0 
Female 95.0 2.0 3.0 

Evening (5 PM to 7 PM) 
 

Male 92.5 4.5 3.0 
Female 92.0 4.0 4.0 

Night (7 PM to Midnight) 
 

Male 87.0 6.5 6.5 
Female 88.5 6.5 5.0 

Late Night ( 12 AM to 6 AM) 
 

Male 86.0 8.5 5.5 
Female 85.5 8.5 6.0 

 
Graph 1: Male & Female driver drowsiness detection without eye glasses 
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5.1.2. Driver Drowsiness Detection Statistics with Eye Glasses 
In this section of experiment was conducted on the subjects are prescribed for eye glasses. The below table 2 contains the 
average percentage of positive alert, negative alert for male and female driver with eye glasses. 
 

Table 2: Driver drowsiness detection statistics with eye glasses 

Days. 
Driver Drowsiness Detection (With Eye Glasses) 

Event Time Subject Gender Positive Alert Negative Alert No Alert 

30 Days 
(Average 

Morning (6 AM to 11 AM). Male          89.0 5.5 5.5 
Female 88.0 6.0 6.0 

Afternoon (11 AM to 5 PM) 
 

Male 93.0 5.0 2.0 
Female 93.5 2.5 4.0 

Evening (5 PM to 7 PM) 
 

Male 92.0 4.5 3.5 
Female 92.0 4.0 4.0 

Night (7 PM to Midnight) 
 

Male 85.5 7.0 7.5 
Female 87.5 7.5 5.0 

Late Night ( 12 AM to 6 AM) 
 

Male 85.0 8.5 6.5 
Female 84.0 9.5 6.5 

 
Graph 2: Male & Female driver drowsiness detection (with eye glasses) 

 
 
6. CONCLUSION 
The proposed  method  easily  detects  the  blinks  and  the drowsiness  as  success  rate  is  high  because independent 
haar classifier are used for left eye and right eye. The Driver without the eye glasses eyes blinks were detected more 
accurate than the driver with eye glasses. The positive alert without eye glasses was best recorded in after noon condition 
(95%) for female driver. The false alarm or error was more for the with eye glasses in late night (12AM to 6AM). It was 
recorded 16% same for male and female drivers. The average performance of drowsiness detection system for male was 
recorded 89.35% and for the female drivers it was recorded to be 89.60%.. 
 
For Male: The inferences obtained from the experimental statistics, the positive alert for male drivers without eye glasses 
was best recorded in afternoon (11 AM to 5 PM). The worst performance of the system was recorded in late night (12 AM 
to 6 AM) for the drivers who were prescribed eye glasses. The average performance for the positive alert for all the 30 
male subjects with and without eye glasses was 89.35%. 
 
For Female: The subjects the inferences obtained from the experimental statistics, the positive alert for female drivers 
without eye glasses was best recorded in afternoon (11 AM to 5 PM). The worst performance of the system was recorded 
in late night (12 AM to 6 AM) for the drivers who were prescribed eye glasses. The average performance for the positive 
alert for all the 30 female subjects with and without eye glasses was 89.60%. 
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