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Abstract – Driver drowsiness is one of the major causes of 
traffic accidents. It is a serious highway safety problem. If 
drivers could be warned before they became too drowsy to 
drive safely, some of these crashes could be prevented. In 
order to reliably detect the drowsiness, it depends on the 
presentation of timely warnings of drowsiness. To date, the 
effectiveness of drowsiness detection methods has been 
limited by their failure to consider individual differences. This 
paper presents the survey of existed drowsiness detection 
methods that can be used in vehicles. Based on the type of 
data used, drowsiness detection can be conveniently separated 
into the two categories of intrusive and non-intrusive methods. 
Intrusive methods, such electroencephalograms (EEGs) or 
electrocardiograms (EKGs), show good detection accuracy, 
however, are limited to the research laboratory. In contrast, 
methods based on non-intrusive measures detect drowsiness 
by measuring driving behavior and sometimes eye features, 
and so are useful for real world driving situations.  
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I. INTRODUCTION 
 
Drowsiness is simply defined as “a state of near sleep due to 
fatigue”. It is technically distinct from fatigue, which has been 
defined as a “disinclination to continue performing the task at 
hand”. The effects of sleepiness and fatigue are very much the 
same. Fatigue affects mental alertness, decreasing an 
individual’s ability to operate a vehicle safely and increasing 
the risk of human error that could lead to fatalities and 
injuries. Sleepiness slows reaction time, decreases awareness, 
and impairs judgment. Fatigue and sleep deprivation impact 
all transportation operators (for example: airline pilots, truck 
drivers, and railroad engineers).In both conditions, driver can’t 
focus on primary task of driving which may enhance the 
likelihood of crash occurrence. With the ever-growing traffic 
conditions, this problem will further deteriorate. For this 
reason, it is necessary to develop driver alertness system for 
accident prevention.  
Interaction between driver and vehicle such as monitoring and 
supporting each other is one of the important solutions for 
keeping ourselves safe in the vehicles. Although active safety 
systems in vehicles have contributed to the decrease in the 
number of deaths occurring in traffic accidents, the number of 
traffic accidents is still increasing. 

 

 
 
The National Highway Traffic Safety Administration 
(NHTSA) estimates that approximately 100,000 crashes each 
year are caused primarily by driver drowsiness or fatigue in 
the United States [1]. In Japan, attention lapse, including that 
due to driving while drowsy, was the primary reason for traffic 
accidents in 2008. The Ministry of Economy, Trade and 
Industry in Japan reports that number of such accidents has 
increased 1.5 times in the 12-year period from 1997 to 2008 
[2]. 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 
two lakh in the first five years in a scenario where India 
reports around 5lakh road accidents annually [3]. 
 
Techniques 
One solution to this serious problem is the development of an 
intelligent vehicle that can predict driver drowsiness and 
prevent drowsy driving. The percentage of eyelid closure over 
the pupil over time (PERCLOS) is one of the major methods 
for the detection of the driver’s drowsiness. Physiological 
measurements like electroencephalogram (EEG), 
electrocardiogram (ECG) [4], capturing eye closure, facial 
features [5] [6], or driving performance (such as steering 
characteristics, lane departure, etc.) [7], [8] are used for 
drowsiness detection. When drowsiness is detected while 
driving, audible sound [9], [10], vibrations [11], [12], or 
warning messages on a display [10], [13] are generally used to 
warn the driver to concentrate on driving or to take a rest. 
These methods help the drowsy driver to prevent drowsiness-
related crashes in a moment, but it is hard to get rid of 
drowsiness by just being aware of it.  As we found in the 
literature review, most of the methods need lot of equipment 
which is not possible in real life implementations. Also most 
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of the methods which rely on camera input for detection of 
opening and closing eyelids are not to be tested like they can 
be implemented in real time as most of the scholars take image 
as camera is fixed in front of the driver’s road view. As for 
clear view, it is not possible to put the camera on front mirror. 
Secondly most of papers have drawbacks when there is high 
luminance caused by sunlight as well as during dim light 
conditions like bad weathers. We decided to explore this topic 
further according to the climate of our country and decided to 
propose a noble method which can eradicate the above written 
shortcomings of the literature survey. 
 
Driver Drowsiness Detection System 
 
Intrusive Method 
 Analyzing the measurement of physiological activities of the 
human body, such as brain wave (EEG), heart rate or pulse 
rate[14]. Electroencephalograms (EEGs) or 
electrocardiograms (EKGs), show good detection accuracy, 
however, are limited to the research laboratory. The 
measurements of the signals are obtained from sensors 
equipped in the vehicle.  
 
Non – Intrusive Method  
Computer vision techniques to detect the changes in driver’s 
facial expressions [15]. Computer vision method to detect 
driver drowsiness based on detecting eyelid closing and 
opening using artificial neural networks as classification 
algorithm. There was no model previously built which is 
completely automated. Secondly there was no low cost 
solution existed for driver drowsiness detection. Thirdly there 
was no model working for varying luminance conditions 
(caused by sunlight as well as during dim light conditions like 
bad weathers). So there is an immense need of a low cost, 
completely automated driver drowsiness detection model 
working under varying luminance conditions. 
 
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. 
 

 
 
EYE DETECTION 
Locating the position of eye is difficult task due to many 
factors such as lighting condition, expression, facial 

shadowing, etc. Using eye features, different measures can be 
calculated with percentage of eyelid closure, maximum 
closure duration, blink frequency, average opening level of the 
eyes, opening velocity of the eyes, and closing velocity of the 
eye and an effective driver drowsiness detection model can be 
created which can work under varying unconstraint and 
luminance conditions. 
After the position of face has been obtained, locating the eye 
can be done with better accuracy. We will present the method 
to detecting eyes using L*a*b color space which can easily 
differentiate the face and non-face areas. As what was said 
before this method is not robust to pose variation. However we 
use this disability as an advantage in distraction detection 
system. 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. 
 

II. LITERATURE SURVEY 
 
In 2008, Hong Su et. al. [16] described ‘A Partial Least 
Squares Regression-Based Fusion Model for Predicting the 
Trend in Drowsiness’. They 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 and, thus, predicting the tendency of the drowsiness. 
With a set of electro-oculogram signals measured in an 
experiment conducted in Sweden, 14 typical eyelid movement 
features are first extracted. Then, statistical analyses from 20 
subjects indicate that the eyelid movement parameters can 
characterize a driver’s degree of drowsiness. The intrinsic 
quantitative relationships between eyelid movement features 
and driver drowsiness degree are modeled by PLSR analysis. 
The developed model provides a framework for integrating 
multiple sleepiness features together and defining the 
contribution of each feature to the decision and prediction 
result. The predictive precision and robustness of the model 
thus established are validated, which show that it provides a 
novel way of fusing multi-features together for enhancing our 
capability of detecting and predicting the state of drowsiness. 
 
In June, 2010, Bin Yang et. al. [17] described ‘Camera-
based Drowsiness Reference for Driver State Classification 
under Real Driving Conditions’. They proposed that 
measures of the driver’s eyes are capable to detect drowsiness 
under simulator or experiment conditions. The performance of 
the latest eye tracking based in-vehicle fatigue prediction 
measures are evaluated. These measures are assessed 
statistically and by a classification method based on a large 
dataset of 90 hours of real road drives. The results show that 
eye-tracking drowsiness detection works well for some drivers 
as long as the blinks detection works properly. Even with 
some proposed improvements, however, there are still 
problems with bad light conditions and for persons wearing 
glasses. As a summary, the camera based sleepiness measures 
provide a valuable contribution for a drowsiness reference, but 
are not reliable enough to be the only reference. 
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In September, 2010, Koji Oguri et. al. [18] described 
‘Estimation of Drivers’ Drowsiness Level using a Neural 
Network Based ‘Error Correcting Output Coding’ 
Method’. They presented an improved method for estimating 
a driver’s drowsiness level using eyelid closure and heart rate 
variability. 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. The changes in facial expression of the drivers 
were used as a standard index of drowsiness level. Error-
Correcting Output Coding (ECOC) was employed as a multi-
class classifier to estimate drowsiness level. The ordinary 
ECOC method was extended using a loss function for the 
decoding procedure to obtain class tendencies of each 
drowsiness level. We used a Neural Network-Based Decoding 
method to classify the drowsiness level. As a result, we 
obtained an extraordinarily high accuracy for estimation of 
drowsiness level. Comparisons were also made with the result 
of those from using the Loss-based Decoding ECOC (LD-
ECOC). 
 
In 2011, M.J. Flores et. al. [19] described ‘Driver 
drowsiness detection system under infrared illumination 
for an intelligent vehicle’. They proposed that to reduce the 
amount of such fatalities, a module for an advanced driver 
assistance system, which caters for automatic driver 
drowsiness detection and also driver distraction, is presented. 
Artificial intelligence algorithms are used to process the visual 
information in order to locate, track and analyze both the 
driver’s face and eyes to compute the drowsiness and 
distraction indexes. This real-time system works during 
nocturnal conditions as a result of a near-infrared lighting 
system. Finally, examples of different driver images taken in a 
real vehicle at nighttime are shown to validate the proposed 
algorithms. 
 
In May, 2012, A. Zoroofi et. al. [20] described ‘A New 
System for Driver Drowsiness and Distraction Detection’. 
They proposed a new module for automatic driver drowsiness 
detection based on visual information and Artificial 
Intelligence is presented. The aim of this system is to locate, 
track and analyze both the driver's face and eyes to compute a 
drowsiness index to prevent accidents. Both face and eye 
detection is performed by Haar-like features and AdaBoost 
classifiers. In order to achieve better accuracy in face tracking, 
we propose a new method which is combination of detection 
and object tracking. Proposed face tracking method, also has 
capability to self correction. After eye region is found, Local 
Binary Pattern (LBP) is employed to extract eye 
characteristics. Using these features, an SVM classifier was 
trained to perform eye state analysis. To evaluate the 
effectiveness of proposed method, a drowsy person was 
pictured, while his EEG signals were taken. In this video we 
were able to track face by an accuracy of 100% and detecting 
eye blink by accuracy of 98.4%. Also we can calculate face 
orientation and tilt using eye position which is valuable 
knowledge about driver concentration. Finally, we can make a 

decision about drowsiness and distraction of the driver. 
Experimental results show high accuracy in each section 
which makes this system reliable for driver drowsiness 
detection. 
 
In June, 2012, A. Cheng et. al. [21] described 'Driver 
Drowsiness Recognition Based on Computer Vision 
Technology’. They presented a nonintrusive drowsiness 
recognition method using eye-tracking and image processing. 
A robust eye detection algorithm is introduced to address the 
problems caused by changes in illumination and driver 
posture. Six measures are calculated with percentage of eyelid 
closure, maximum closure duration, blink frequency, average 
opening level of the eyes, opening velocity of the eyes, and 
closing velocity of the eyes. These measures are combined 
using Fisher’s linear discriminated functions using a stepwise 
method to reduce the correlations and extract an independent 
index. Results with six participants in driving simulator 
experiments demonstrate the feasibility of this video-based 
drowsiness recognition method that provided 86% accuracy. 
 
In 2013, G. Kong et. al. [22] described ‘Visual Analysis of 
Eye State and Head Pose for Driver Alertness Monitoring’. 
They presented visual analysis of eye state and head pose (HP) 
for continuous monitoring of alertness of a vehicle driver. 
Most existing approaches to visual detection of non-alert 
driving patterns rely either on eye closure or head nodding 
angles to determine the driver drowsiness or distraction level. 
The proposed scheme uses visual features such as eye index 
(EI), pupil activity (PA), and HP to extract critical information 
on non-alertness of a vehicle driver. EI determines if the eye is 
open, half closed, or closed from the ratio of pupil height and 
eye height. PA measures the rate of deviation of the pupil 
center from the eye center over a time period. HP finds the 
amount of the driver’s head movements by counting the 
number of video segments that involve a large deviation of 
three Euler angles of HP, i.e., nodding, shaking, and tilting, 
from its normal driving position. HP provides useful 
information on the lack of attention, particularly when the 
driver’s eyes are not visible due to occlusion caused by large 
head movements. A support vector machine (SVM) classifies 
a sequence of video segments into alert or non-alert driving 
events. Experimental results show that the proposed scheme 
offers high classification accuracy with acceptably low errors 
and false alarms for people of various ethnicity and gender in 
real road driving conditions. 
 
In June, 2014, Eyosiyas et. al. [23] described ‘Driver 
Drowsiness Detection through \HMM based Dynamic 
Modeling’. They proposed a new method of analyzing the 
facial expression of the driver through Hidden Markov Model 
(HMM) based dynamic modeling to detect drowsiness. They 
have implemented the algorithm using a simulated driving 
setup. Experimental results verified the effectiveness of the 
proposed method. 
 
In November 2014, Sun et. al. [24] described ‘An 
Innovative Nonintrusive Driver Assistance System for 
Vital Signal Monitoring’. They described an in-vehicle 
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nonintrusive biopotential measurement system for driver 
health monitoring and fatigue detection. Previous research has 
found that the physiological signals including eye features, 
electrocardiography (ECG), electroencephalography (EEG) 
and their secondary parameters such as heart rate and HR 
variability are good indicators of health state as well as driver 
fatigue. A conventional biopotential measurement system 
requires the electrodes to be in contact with human body. This 
not only interferes with the driver operation, but also is not 
feasible for long-term monitoring purpose. The driver 
assistance system in this paper can remotely detect the 
biopotential signals with no physical contact with human skin. 
With delicate sensor and electronic design, ECG, EEG, and 
eye blinking can be measured. Experiments were conducted 
on a high fidelity driving simulator to validate the system 
performance. The system was found to be able to detect the 
ECG/EEG signals through cloth or hair with no contact with 
skin. Eye blinking activities can also be detected at a distance 
of 10 cm. Digital signal processing algorithms were developed 
to decimate the signal noise and extract the physiological 
features. The extracted features from the vital signals were 
further analyzed to assess the potential criterion for alertness 
and drowsiness determination. 

In August 2014, García et. al. [25] described ‘Driver 
Monitoring Based on Low-Cost 3-D Sensors’. They 
proposed a solution for driver monitoring and event detection 
based on 3-D information from a range camera is presented. 
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. Later, 
head pose estimation with three degrees of freedom (Euler 
angles) is estimated based on the iterative closest points 
algorithm. Finally, relevant regions of the face are identified 
and used for further analysis, e.g., event detection and 
behavior analysis. The resulting application is a 3-D driver 
monitoring system based on low-cost sensors. It represents an 
interesting tool for human factor research studies, allowing 
automatic study of specific factors and the detection of special 
event related to the driver, e.g., driver drowsiness, inattention, 
or head pose. 
 
 

 
 

Table1: Various Techniques 
Techniques Advantages Disadvantages 
Partial least squares 
regression (PLSR) 

The predictive precision and 
robustness of the model thus 
established are validated. 

1) The problem of robustness. 
2) EEG equipments are used. 

Eye-tracking, Karolinska 
Sleepiness Scale (KSS) 

Eye-tracking drowsiness 
detection works well for some 
drivers as long as the blinks 
detection works properly. 

1) Reflections on glasses lead to bad 
signal quality. 
2) Varying light conditions during 
daytime driving pose problems for 
the eye signal tracking.  

Error-Correcting Output 
Coding (ECOC), 
Electrocardiogram (ECG) 
and eye-blink video 
sequences 

Extraordinarily high accuracy 
for estimation of drowsiness 
level. 

1) Hardware cost is too high for 
commercial use. 
2) Developing a detection method 
for other distraction conditions. 

Advanced driver assistance 
system (ADAS), Camera 
based detection 

Real-time system works during 
nocturnal conditions as a result 
of a near-infrared lighting 
system. 

1) More than one camera is used. 
2) Analysis of facial expressions 
based on 3D information. 

Local Binary Pattern 
(LBP), 
Electroencephalography 
(EEG) and AdaBoost 

Track face by an accuracy of 
100% and detecting eye blink 
by accuracy of 98.4%. 

1) Difficult to implement in real-
time environment.  
2) Not robust to illumination 
changes. 

Robust eye detection 
algorithm 

Driving simulator experiments 
demonstrate the feasibility of 
this video-based drowsiness 
recognition method that 
provided 86% accuracy. 

1) High luminance. 
2) Simulation based. 

Support vector machines 
(SVMs), Head pose (HP) 

High classification accuracy 
with acceptably low errors and 
false alarms for people of 
various ethnicity and gender in 
real road driving conditions. 

1) The SVM classifier shows a low 
Type-I error. 
2) Simulation based. 

Hidden Markov Model Verified the effectiveness of the 1) Do not used to implement in real-
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(HMM), Support vector 
machines (SVMs) 

proposed method. time environment. 
2) Very sensitive to strong 
illumination. 

Electrocardiography 
(ECG), 
Electroencephalography 
(EEG) 

Eye blinking activities can also 
be detected at a distance of 10 
cm. 

1) Hardware cost is too high for 
commercial use. 
2) Not feasible for long-term 
monitoring purpose. 

Iterative closest points 
(ICP), 2-D and 3-D 
techniques 

The resulting application is a 3-
D driver monitoring system 
based on low-cost sensors. 

1) Very sensitive to strong 
illumination.  
2) Designed for indoor applications. 

 
 
 

III. 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. The first 
approach used by them is analyzing the measurement of 
physiological activities of the human body, such as brain wave 
(EEG), heart rate or pulse rate. Even though the measurements 
and their correlation with the alertness of the driver is quite 
accurate, they are not practical as it would require the driver to 
always wear the sensing devices and the hardware cost is too 
high for commercial use. The second approach makes use of 
vehicle based measuring techniques to detect the drowsiness 
of the driver. In this approach, the driver’s drowsiness is 
measured by analyzing the different controller signals of the 
vehicle, such as steering wheel movement, pressure from the 
gas and brake pedal, speed of the vehicle, change in shift lever 
and deviation from lane position. The measurements of these 
signals are obtained from sensors equipped in the vehicle. 
Among the vehicle based metrics that have been used to 
determine drowsiness, steering wheel movement has been 
shown to give better detection capability. The steering angle is 
constantly measured by a sensor and the change in angle 
movement is checked if it is within or exceeds a specified 
threshold. Even though vehicle based approaches are 
noninvasive, they are not reliable in detecting drowsiness as 
their performance is highly affected by the nature of the road, 
the way the driver drives, the traffic or a driving impediment 
other than being drowsy. The third approach is behavioral 
measuring that makes use of computer vision techniques to 
detect the changes in driver’s facial expressions. We surveyed 
these types of techniques and found that using camera is the 
best technique which can be easily applied and appropriate in 
all conditions mentioned above. We decide to explore this 
technique 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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