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Abstract 
In this paper, an algorithm for drivers’ drowsiness detection based on eye states tracking is presented. We use a  database which 
contains 150 images captured from different people in various conditions for better results. These  images are captured using a 
camera located in a car in front of the driver. These images are used for tracking as input of the proposed method. We propose an 
algorithm for eye detection that is conducted through a process of extracting the face image from the video image followed by 
evaluating the eye region and then eventually detecting the iris of the eye using the circular Hough transform. The advantage of 
this system is that the algorithm works without any constraint of the background as the face is detected using Viola and Jones 
detector. The detection performance of this system was tested using video images which were recorded under laboratory 
conditions. The applicability of the system is discussed in light of fatigue detection for drivers. 

Keywords: fatigue detection, face detection, eye detection. 

 

 

1. Introduction 
 

Fatigue is a major safety concern in many fields, but especially in transportation, because fatigue can result 
in disastrous accidents. Driver fatigue is very dangerous condition created when a person is suffering symptoms of 
fatigue while driving. In the USA a series of studies by the National Transportation Safety Board (NTSB) have 
pointed to the significance of sleepiness as a factor in accidents involving heavy vehicles. The NTSB came to the 
concluded that 52 per cent of 107 single-vehicle accidents involving heavy trucks were fatigue-related. Recently The 
National Highway Traffic Safety Administration (NHTSA) estimate that there are 56,000 sleep related road crashes 
annually in the USA, resulting in 40,000 injuries and 1,550 fatalities. In Canada a collaboration study by Moller of 
the University Health Network and the University of Toronto Sleep Research Unit found that driver fatigue is a 
serious road safety issue that kills 400 Canadians every year. 

So driver fatigue is one of the main ingredients in accidents and criminal casualty in roads. Recently, for 
these reason there are many researches in this subject for increasing the safety in vehicles. Generally driver 
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drowsiness is main factor in 25percent accidents and 60 percent in accidents that they redound to death [2]. So 
designing Intelligent Driver Monitoring System that can recognize driver fatigue is so important. 

In the past two decades many researchers have begun to pay great attention to the driver safety problem. 
We can divide most of used techniques for driver fatigue detection to three generic sections. First one consist the 
systems that investigate physiological information of drivers. This method focuses on measuring physiological 
changes of drivers. It can accurately, validly, and objectively to determine fatigue and sleep of the drivers. A 
significant effort has been made to measure them in laboratory.  

The popular physiological parameters include electroencephalogram (EEG) electrocardiogram (ECG), and 
electromyography (EMG). EEG is found to be useful in determining the presence of ongoing brain activity, and its 
measures have been used as the reference point for calibrating other measures of sleep and fatigue [3].  

The second method consist of systems that they use vehicles behavioral for detect driver drowsiness. Such 
as steering wheel movements, driver’s grip force on the steering wheel, speed, acceleration, lateral position, turning 
angle, changing course, braking and gear changing, etc. [3].  

The last one use image processing for detecting driver’s physical changes during fatigue. We can observe 
these physical changes in facial features. Visual behaviors like: eyelid movement, yawing, gazing, nodding and open 
or closed eyes. The researchers show that the last method is better than the other one. In the last method we focus on 
detecting fatigue driver based on eye state. It is indicated that the change regularity of eye states have high relativity 
with the driver’s mental states [5].  

Zheng pei calculated the ratio of eye closing during a period of time. The ratio can reflect driver’s vigilance 
level [6]. Wenhui Dong proposed a method to detect the distance of eyelid, then judged the driver’s status by this 
kind of information [5].  

Nikolaos P used front view and side view images to precisely locate eyes [7]. Edge detection and graylevel 
projection methods were also applied for the eyes location by Wen-Bing Horng [8]. Zutao Zhang located the face by 
using Haar algorithm and proposed an eye tracking method based on Unscented Kalman Filter [9]. Abdelfattah 
Fawky presented a combination of algorithms, namely wavelets transform, edge detection and YCrCb transform in 
the eye detection [10]. Qiang Ji depended on IR illumination to locate eyes [11]. 

The reminder of this paper is organized as follows: Section 2 shows our proposed algorithm. Section 3 
describes some methods for face detection. Proposed system for eye detection and localization is presented in 
section 4. Section 5 describes a new method of fatigue detection. Experimental results are shown in section 6. 
Conclusions form the last section. 

 

 

2. Proposed System 

Block diagram of proposed system as shown in Figure1. 
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Figure 1: Block diagram of Proposed System 
 
 

The fatigue detection system imports the video data and converts it into frames which are still images. The 
face is detected and extracted from this image using Viola and Jones detector [12]. Since the system is based on the 
eye blink rate we further extract the region of importance which is the eye region in our case. According to the 
normal position of the eye it is reasonable to assume that it would lie between the upper 1/6th and 2/5th part of the 
face .The eye region image is then converted into a gray scale image by converting the image from RGB image to 
Gray scale image. The iris is extracted from the eye region using circular though transform and the fact that the iris 
is darker than the surrounding region. This feature of the eye is exploited in our algorithm to extract the eye regions. 
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3. Face detection 

Face detection using Viola and Jones Detector which uses Haar like Feature. Haar-like features are digital 
image features used in object detection. A simple rectangular Haar-like feature can be defined as the difference of 
the sum of pixels of areas inside the rectangle, which can be at any position and scale within the original image. 
 

 

                                    (a)                                                                      (b) 

 

              (c)                                                                       (d) 

 

Figure 2: (a) A set of basic of Haar Like Feature.(center), (b) A set of extended Haar Like Feature ( edge features), 
(c) A set of extended Haar Like Feature (Line features), (d) A set of extended Haar Like Feature (center-surrounded 
features). 

Each Haar-like feature consists of two or three jointed “black” and “white” rectangles.The feature used in a 
particular classifier is specified by its shape (shown in Figure 2.(a),(b),(c),(d)), position within the region of interest 
and the scale (this scale is not the same as the scale used at the detection stage, though these two scales are 
multiplied). For example, in case of Figure 2(d) line feature the response is calculated as the difference between the 
sum of image pixels under the rectangle covering the whole feature including the two white stripes and the black 
stripe in the middle and the sum of the image pixels under the black stripe multiplied by three in order to 
compensate for the differences in the size of areas. The sums of pixel values over a rectangular regions are 
calculated rapidly using integral images [12]. 

Haar features are based on Haar wavelets, which are functions that consist of a brief positive impulse 
followed of a brief negative impulse. In image processing, a Haar feature is the difference between the sum of all 
pixels in two or more regions. The value of a Haar-like feature is the difference between the sum of the pixel gray 
level values within the black and white rectangular regions. Compared with raw pixel values, Haarlike features can 
reduce or increase the in-class or out-of-class variability, and thus making classification easier. AdaBoost (Adaptive 
Boost) is an iterative learning algorithm to construct a “strong” classifier using only a training set and a “weak” 
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learning algorithm. A “weak” classifier with the minimum classification error is selected by the learning algorithm 
at each iteration. 

 

4. Eye detection 

After detecting the face the eye region can further be enhanced by removing unwanted facial features. The 
eye region is extracted from the face using the assumption that it lies between the upper 1/6th and 2/5th of the entire 
face region. 

This eye region is further divided into individual eyes i.e. the left and the right eye. This is done by dividing 
the extracted eye region image vertically from the center. The iris is extracted by utilizing the fact that the iris region 
is the darker feature of the eye compared to the surrounding region. The extracted eye region was converted into a 
binary image so that the iris could be clearly visualized compared to the surrounding region. The iris was further 
extracted using circular Hough transform. 

4.1 Hough Transform 

 The Hough transform is a technique of finding any shape in a digital image. It is usually used to find lines 
and curves or shapes that can be described by a set of parameters. 

The simplest form of the transform is the line transform, where lines are the desirable elements sought by 
the transform. Representing a line in polar form, equation 1 specifies its normal passing through (x, y) drawn from 
the origin to (ρ, θ) in polar space. 

 

xcosθ+ ysinθ = ρ………….(1) 

 

For each point in the (x, y) plane and on the line, the values of ρ and θ are constant. Therefore for a given 
point in the (x, y) plane we can calculate the lines passing through the point in terms of ρ and θ. Passing a range of 
lines at varying angles [0, 2π] and varying θ accordingly it is then possible to calculate the value for ρ. 

By applying a special version of the Hough transform, the circular Hough transform, to images, circular 
objects within an image can be detected. The circle can be represented in parameterised form by; 

 

(x - a)2 + (y - b)2 = r2 ………………..(2) 

 

Where (a, b) are the co-ordinates of the centre of the circle and r is the radius. This additional parameter, r, 
the radius, causes the parameter space, characterized by the ρ and θ parameters in the line detection, to increase from 
a 2D to 3D array to allow for this third parameter. Points which lie on the centre of the desired circles will 
accumulate votes from intersecting loci of the searches, shown in figure 3.(b). The center of the desired circle is 
common to all the points on its radius in the search and will be a peak in the accumulation array, this is shown in 
figure 3.(b) as the white point. 
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Figure 3. Figure (a) shows a binary image of two circles, of radius 10 and 30. Figure (b) shows the Circular Hough 
Transform accumulation array of (a) at radius 30. 

 

 

5. Fatigue Detection 

The fatigue Detection system is based on assessing eye blink rate. The system detects an eye blink if it is 
not able to track the iris of the eye for 5 consecutive images. It will consider eye is closed and alarm is ON, 
otherwise Eye is open. 

 

 

6. Experimental results 

The software was tested with video images recorded from two volunteer participants. In most cases the 
software was able to detect the eye and hence the blink and the blink rate. The major cause of concern could be false 
detection of the eyes. While extracting the eye, at times the algorithm confused the eyebrow and the eye as both 
appeared black when the images were converted into a binary image. Another factor which affected the accuracy 
was the eye lids. If the eyes were partially open then the algorithm had problems detecting the iris. Although 
sufficient measures were taken to get rid of this false detection, the system at present is not 100% error free. The 
accuracy of the developed system will be improved further when it will be validated with other video data in the 
future. 
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Figure 4:  Input Image 

 

Figure 4.1: Face detected using Viola and Jones Detector 
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Figure 4.2: Eye region crop from face region 

 

 

Figure 4.3: Iris Detected and marked using Circular Hough Transform 
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7. Conclusions 

In the present research we have presented a new method for eye detection and localization and a new method for 
fatigue detection. At first Input image/frame is captured from camera and face is extracted from input image using 
Viola and Jones detector and after face is extracted, eye region is extracted from the face using the assumption that it 
lies between the upper 1/6th and 2/5th of the entire face region. Then using circular Hough transform to detect iris in 
the eye region. The method detects driver fatigue and if the driver is sleepy then it turns the alarm system on. 
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