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ABSTRACT: Driver Drowsiness is one of the leading causes of road accidents. It affects the mental vigilance of the
driver and reduces his personal capacity to drive a vehicle in full safety. These factors increase the risk of human errors
which could involve deaths and wounds, which highlights the need to develop a system that can alert drivers of their
drowsy state prior to accidents. It is important for drowsiness detection systems to identify different levels of drowsiness
and respond appropriately at each level. In order to reduce the number of drowsiness-induced accidents, various
researchers have been conducted with the aim of finding practical and non-invasive drowsiness detection systems by
using electroencephalogram (EEG),however, the cost is still high and the use of this is uncomfortable in long time
monitoring because most of them require wiring and conventional wet electrodes. The purpose of this paper is to develop
a portable wireless device that can automatically detect the drowsiness in real time. The signal was sent via the wireless
communication and the alarm will ring when the drowsiness occurs.
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1. INTRODUCTION
Drowsiness is the intermediate state between alert and wake fullness and sleep, to be distinguished from
fatigue. It is a fluctuating state of reduced awareness that is believed to be a major factor in about 20% of road
crashes. Accidents related to drowsiness, during the survey, often occur on the motorways, but also on the
main roads, even inside the localities. They occur in the daytime as well as at night. A vehicle, whose driver
falls asleep, may go without being braked, skid or lose track. For these reasons our work is to be considered.
Some research; estimate that somnolence plays an important role with regard to accidents on the road each
year. Example of driver drowsiness drivers, who are in a normal state and they are put in dangers, unexpected
situations and urgencies.

Example of driver drowsiness
According to the US National Highway traffic safety administration, approximately 100,000 crashes occur in
US each year due to drivers’ drowsiness [1]. Indian government also passed a law named ‘Motor Bill’ to
improve safety on roads caused by driver drowsiness. The bill is aimed at bringing down fatalities in road
accidents by 2-lakh in the first five years in a scenario where India reports around 5-lakh road accidents
annually [2].

2. LITERATURE REVIEW
In this section, recent developments on embedded vision systems are briefed, followed by the review of
literatures on real-time face detection and eye detection. Real time drowsiness detection has been
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implemented using different detection techniques analyzing various types of input data. The first approach is
analyzing the measurement of physiological activities of the human body, such as brain wave (EEG), heart
rate or pulse rate [3]. X. Li [4] presented a drowsiness detection system using ORD model using evidence
theory.ORD is a subjective assessment of drowsiness that is reflected in people’s physical appearance,
behaviors and mannerisms.

In recent works, detecting driver drowsiness and distraction are performed using HMM based dynamic
modeling [5]. Fortunately human face produces distinctive characteristics in different states. In drowsiness
situation many visual cues can be detected in human face, such as eye blinking, yawning and head movement.
Hidden Markov modal analyzing the facial expressions of driver to detect the drowsiness, Artem A. Lenskiy
[6] proposed a system that measures eye blinking rate and eye closure duration. The system consists of skin-
color segmentation, facial features segmentation and iris positioning and blink detection. The proposed skin-
segmentation procedure is based on a neural network approximation of a RGB skin-color histogram. Ayumi
Tsuchida [7] proposed a system using neural network based ‘error correcting output coding’ in which
laboratory experiments were conducted by using a proprietary driving simulator, which induced drowsiness
among the test drivers. The  purposes of these experiments were to obtain an electrocardiogram(ECG) and
eye-blink video sequences. The drivers were also monitored through a video camera. Hong Su [8] proposed a
new technique of modeling driver drowsiness with multiple eyelid movement features based on an
information fusion technique—partial least squares regression(PLSR), with which to cope with the problem
of strong collinear relations among eyelid movement features. F. Friedrichs [9 has proposed a camera based
drowsiness detection in which the performance of the latest eye tracking based in-vehicle fatigue prediction
measures are evaluated. The work in [10] provided a solution for driver monitoring and event detection based
on 3-d information from a range camera. The system combines 2-D and 3-D techniques to provide head pose
estimation and regions-of interest identification. Based on the captured cloud of 3-d points from the sensor
and analyzing the 2-d projection, the points corresponding to the head are determined and extracted for further
analysis.

3. METHODS TO DETECT DROWSINESS
3.1 Drowsiness detection based on visual information and artificial intelligence
In [11] a new structure for driver drowsiness detection system is purposed shown in fig.1.

Fig.1 Block diagram of proposed system for drowsiness and distraction detection
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1. Face Tracking
Face tracking system must be robust to head movement, rotation, pose variation and illumination changes. To
achieve this goal we propose  a method to use  face detection and object tracking systems simultaneously.
This combination gives us the opportunity to utilize advantages of two programs together.

A. Face Detection
For the face detection process, proposed system uses Viola and Iones (VJ) method [12] which based on
machine learning approach for visual object detection. This method takes advantage of three different features
which are integral image, Ada Boost technique and the cascade classifier. With these features it can achieve
near real-time speed and correct detection rate as high as 90%.

B. Object tracking
For object tracking we use LBP operator. The LBP process was done by thresholding center pixel with its
neighborhoods.

C. Feedback system
Object tracking is the main part of face tracking subsystem, as realized it could diverge or loose target. Thus
to overcome this problem, a feedback system is proposed to detect and measure any divergence from true
position at the output of object tracking system and correct this error. Therefore if true representation of face
was available, image could be stored as a reference and compared to output of object tracking system to
measure accuracy of rectangle position that contains face image. For making a reference image, we use LBP
operator. Once LBP image of reference and output have been calculated, two dimensional correlations could
be used to measure the differences between these two images.  The bigger the number, the smaller the
divergence, Therefore when divergence is bigger than the threshold, feedback system pass control to detection
system to find true face position and re-initialize object tracking system. Smaller threshold leads to better face
localization in each frame but also causes more switches between detection and tracking system and more
computational time. So, determining optimum threshold is necessary with constraint on computational power.

D. Decision Box
Decision box always pass control to detection system until the face is found. After passing this level, if
detection system couldn't find the face, decision box passes control to the next section and then initializes
tracking system with the last face position. If the assumption of soft head movement is valid, in each frame
that face detection system, outputs the position whereas is far from the last position, we assume face detection
system make a mistake and that output is false alarm. So decision box passes control to the next section and
uses last position of face.

2. Eye Detection
Locating the position of eye is difficult task due to many factors such as lighting condition, expression, facial
shadowing, etc. After the position of face has been obtained, locating the eye can be done with better
accuracy. If eye could not be detected we can assume that the driver don’t look at forward. So this situation
can be categorized in distraction state and must alarms the driver.

3. Eye State Analysis
To detecting drowsiness it is necessary to know eye state that is open or close. Eye state classification is
difficult due to some parameters. According to the efficiency and low computational time of Support Vector
Machine (SVM), proposed system use this method to analysis eye state. After eye has been detected; LBP
operator has been used to extract eye characteristics.

This system uses advance technologies based on computer vision and artificial intelligence. For face
tracking we employed feedback system using LBP, to prevent divergence and losing the target. Because of
feedback system, detection and tracking modules can cooperate with each other. Eye state analysis performed
by SVM with features which extracted using LBP operator.
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3.2. Drowsiness detection using image processing
In [13] image processing method is used for drowsiness detection. The system should detect the state of the
driver as early as possible and the false detection rate should be reduced. The system uses Gabor ordinal
measures in order to detect the face. The driver inattentiveness is detected by continuously monitoring the
driver face. When the system fails to detect the face then it decides that the driver is inattentive. For detecting
whether the driver is drowsy an effective algorithm called block matching is used. This algorithm is similar to
our human cortex system.  If the driver is drowsy or inattentive then the alarm goes on with an alert message.
The system uses a video camera to continuously capture the face of the driver. The video is converted to
frames and certain preprocessing is done. This improves the effectiveness in detecting the driver state. The
frames are then matched in order to detect the state of the driver.

Fig.2.Overview of system using image processing
1 Eye Ball Tracking
Eye tracking is the process of continuously monitoring the movement of eye and determine the gaze.

A. Block Matching Algorithm
The block matching algorithm includes a method of locating matching macroblocks. Method includes
dividing the frames into macro blocks. Each macro blocks are compared with the previous macroblocks. A
search parameter is used that locates the corresponding region of macro block. A larger parameter value is
effective in detecting the drowsiness of the driver. Initially the center of the image is taken as the search
location. An effective search size and search parameter value is provided. Searching includes eight locations
from the center. Including the center location there are nine search locations. Now the location with minimum
cost function is determined. This location is now marked as the center and again the locations are determined.
The method involves a steady decrease in the step size value. The new step size is determined by dividing the
previous step size value by two. The process is repeated till the step size value reaches one. The resulting
location that contributes to the value, as one for step size is said to be, the one with minimum cost function.
Block matching matches the pixels in the macro block in the current frame with the previous frame.
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B. Gabor Ordinal Measures
It is important to alert the driver continuously monitored. The video is converted into video frames and while
he is not attentive. The continuous monitoring thereby reduces the effect. The driver is the frames are initially
normalized. The pixel is resized and the distance between the fiducially points are noted. Fiducially points
here are determined as some important location on the image. The ordinal measures derived from Gabor
images are named as Gabor Ordinal Measures. This GOM combines the effectiveness of both. The ordinal
measures are derived from magnitude, phase, real and imaginary components of  gabor images. The method
can handle intra class variations and inter-class similarities. The term ordinal measure determines the measure
of  relative degree of difference between the object in the image. The GOM method uses di-lobe and tri-lobe
ordinal filters to effectively encode gabor magnitude and phase images. Gabor filters act very similar to
mammalian visual cortical cells so they extract features from different orientation and different scales. Gabor
features are calculated at different scales and different orientation. The filters for different orientation and
scale are obtained. Now the image and the filters are convolved and different representation of same image are
obtained. Each image give a feature vector.

Fig.3. Data flow diagram
The system detects drowsiness and inattentiveness of the driver continuously. If detected then the driver is
given an alert. The system can be implemented in real time environment. It uses a video camera and the video
stream is given as the input to the system. The video is processed instantly by dividing it into frames and the
driver state is determined effectively.

3.3 Drowsiness detection based on facial expression
Facial expressions based drowsiness detection makes use of computer vision to detect and recognize the facial
motion and appearance changes during drowsiness. The system diagram is shown in figure 4. It accepts a
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stream of input images from a camera in front of the driver. The stream of images then passes through the four
main image processing stages: face detection and tracking, feature extraction, feature selection and
classification.

Fig.4. System diagram of drowsiness detection using facial expressions

It accepts streams of input images from a camera in front of the driver. It uses Open CV’s library to accept
each frame and store it in an image structure that can easily be used for further processing [14]. The stream of
image frames then goes through four main image processing stages:

1. Face detection and tracking
Each frame is first converted to grayscale. Then the system performs histogram equalization to increase the
contrast of the image for better face detection. Then it uses the Viola-Jones robust real time face detection
algorithm [15] implemented in open CV to detect the face of the driver. However, the face detector is not
reliable to effectively localize the face when the driver’s head rotates to certain angles, suddenly moves or
turns to certain directions which frequently happen when the driver is drowsy. Hence we implemented Cam
shift tracking algorithm [16] to track the face of the driver under different circumstances where the face
detector fails to detect. The final face region from Cam shift is then passed to the next processing stage to
extract features.

Fig.5. Face detection and tracking

2. Feature extraction
The grayscale of the input image is passed to Mat lab engine along with the locations of the detected face. We
have used two approaches of using the input image for feature extraction.

 Crop the detected face of the user

 Crop the region where the eyes are most likely located

The input image is reshaped to a fixed size and its Gabor features are extracted through Gabor wavelet
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more robust to illumination changes and random head movement.
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3. Feature Selection
The facial features from the Gabor decomposition are too many to be used for classification in their entirety
and hold a significant amount of redundant information. Hence we used the Adaboost weak learning
algorithm [19] to select the most important features for classification.

Adaptive boosting is an algorithm for constructing a “Strong” classifier as linear combination of “weak”
classifiers ℎ (x)

F(x) = αℎ (x) (1)

The weak classifier used here is a simple threshold function ℎ (x) consisting of only one feature (x) [20]ℎ (x) = {1 (x) <

-1               otherwise } (2)

where is a threshold and is a parity to indicate the direction of the inequality.

We compute the threshold value by averaging method:

 Averaging: It can be computed as the average of the mean value of the positive samples and the mean
value of the negative samples on the feature response.

= ( | = 1 + ( | = −1 ))   (3)

4. Classification:

We are essentially dealing with a two-class problem (drowsy or non-drowsy). We chose SVM as it is
generically used for binary classification problems and has attributes that make it a perfect fit to our problem.
SVM does not depend on the dimensionality of the input space, is less prone to over fitting and always gives
an optimum global solution during training. In addition to the SVM, we have also used Adaboost cascaded
classifier for comparison.

1. Adaboost cascaded classifier

We linearly combine the weak classifiers working on each selected feature to get a strong classifier and obtain
the classification output H(x) as follows:

H(x) = sign (∑ αℎ (x))       (4)

2. Support Vector Machines (SVM)

We feed the selected features to the support vector machine for nonlinear classification by using the kernel
method which proved to have a gain in performance over the linear combination of the Adaboost weak
classifiers.

4. CONCLUSION
Previous studies have proposed a number of methods to detect drowsiness. After doing literature survey,
different techniques has been found for detecting driver drowsiness and they use different types of data as
input for their algorithm. After the survey of different types of methods, it is found that using camera is the
best method which can be easily applied and appropriate in all conditions. We decide to explore this method
of computer vision and proposed a noble method to detect driver drowsiness based on detecting eyelid closing
and opening using artificial neural networks as classification algorithm.
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