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Abstract 
 
Driver fatigue is major factor in more number of vehicle accidents on road.  Statistics from Transport Accident Commission shows that 
nearly 20% of fatal road accidents involve fatigue. National Highway Traffic Safety Administration estimate that nearly 2,000 deaths, 
70,000 injuries and $12.5 billion of financial losses occur annually. The development of technologies for detecting and preventing fa-
tigue at the wheel is a major challenge faced by accident avoidance systems. Measurement of fatigue becomes difficult as it becomes 
more pronounced. During last decade, lot of research work has been carried out development of fatigue detection system for avoiding 
accidents on road. It is the summary of all related work carried out, the methods and components required in this research. The draw-

backs of the existing methods, advantages and limitations are discussed in this paper. There are many technologies for Fatigue detection 
which are divided into biological indicators, vehicle behaviour and face analysis. This paper is a part of research work on the project 
“Development of Non-Intrusive Driver Fatigue Detection & Warning System to avoid on road Accidents” sanctioned under Early Career 
Research Award sponsored by Science & Engineering Research Board ,Govt. of India ,New Delhi at Vignan Institute of Technology & 
Science, Vignan Hills, Hyderabad.  
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1. Introduction 

A.  Monitoring Biological Properties 

This approach is to measure the physiological changes of driver 
such as Electro-Encephalo Graph(EEG), Electro-Cardio 
Graph(ECG), body temperature, head movement, pulse & O2 satu-
ration in blood using sensors. During the sleep time brain and 

heart signals are affected strongly, measuring EEG & ECG signals 
can give accurate drowsiness/fatigue detection. To carry out this 
research, electrodes need to be connected to driver’s head, face or 
chest.  In real time implementation, this approach needs to process 
the signal and requires wires for connection, which is another 
major problem. The drawback of this approach is Non-realistic, 
Annoying, distracting drivers and difficult to implement in real 
time (H.J.Eoh, et.al.,2005, C.T.Lin,et.al.,2005 & 
S.K.L.Lal,et.al.,2003). 

B. Sensing of Driver Operation  
This approach is to measure physical changes such as, sagging 
posture by placing sensors on back seats and steering wheels. 
ECG Sensors are placed on steering wheel and back seat for 
drowsiness detection when the driver puts hand on steering wheel. 
The drawback of this approach is, if driver uses only one hand 
than it is not possible to detect ECG signal. The ECG sensors 
placed on back seat are very sensitive to impedance and disturb-

ance from environment (Xun Yu,2009).  

C. Sensing of Vehicle Response  

This approach is to measure the behaviour of vehicle by measur-
ing steering wheel movement, accelerator and brake patterns, ve-
hicle speed, accelerator, displacement which are non-invasive way 

of detecting driver fatigue. The drawback of this approach is, it is 
limited to vehicle type and conditions of driver (Xun Yu,2009). 

D. Monitoring response of driver 

This approach is to request the driver to send response to the sys-
tem from time to time. The drawback of this approach, driver 
becomes tiresome and feels annoying. 
Among the above discussed techniques, monitoring physiological 
characteristics approach gives the best results. But the major 
drawback is this approach is Intrusive which annoys and disturbs 
the driver. 

E. Limitations of intrusive Systems 

 Complex and extremely invasive 

 Cannot be placed easily 

 Poor Performance 

 Disturbance & Annoying for the driver 

 Non-reliable 

 Sensors become noisy when comes in contact with envi-
ronment. 

 

The solution for the above mentioned problem is Non-Intrusive 
system. These systems depend on visual observation and hence do 
not affect the driver. Enhancement of public safety and reduction 
of road accidents are the utmost need of intelligent transportation 
system. Driver fatigue is an important factor for road accidents. 
Fatigue reduces driver perception and decision making capability 
to control the vehicle. In Non-intrusive system, analysis of face is 
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done to detect the driver fatigue and alert the driver. Fatigue ap-
pears in the eyes.  

2. Image Processing Based Techniques  

The solution for the above mentioned problem is Non-Intrusive 
system. These systems depend on visual observation and hence do 

not affect the driver. Enhancement of public safety and reduction 
of road accidents are the utmost need of intelligent transportation 
system. Driver fatigue is an important factor for road accidents. 
Fatigue reduces driver perception and decision making capability 
to control the vehicle. In Non-intrusive system, analysis of face is 
done to detect the driver fatigue and alert the driver. Fatigue ap-
pears in the eyes.  

A. Eye Detection Algorithms 

Development of Eye Tracking (ET) techniques is a challenging 
task during the last decade. ET tracks the movement of eyes to 
know exactly where the person is looking and for how long. ET 
applications cover HCI, BCI, assistive technology, e-learning, 
psychology and so on. In 1879, Emile Java an Ophthalmologist 
described the movement of eye during reading. He observed using 
mirror that eye movements are not continuously along the phrase. 
Later in 1908, Edmund Huey built an eye tracker device using 

small contact lens with a hole for pupil gaze direction reading was 
done using an aluminium pointer connected to lens.  

He used video camera to capture and study eye movements. In 
1948, Hartridge developed first head mounted eye tracker. In ‘70s 
efforts were on human eye operation and number of publications 
decreased because methods and efforts were put on processing the 
data. In ‘80s, Personal Computer (PC) made researcher investigate 
new eye tracking algorithms with high speed data processing 

which can be used for interaction between human and computer. 
Levine in 1981 and Hutchinson in 1981 used this eye tracking for 
physically challenged people. In ‘90s National Football League 
(NFL) also used eye tracking to determine what parts of the screen 
were mostly viewed by football fans.  
Facial feature extraction is one of the areas, where lot of research 
has been done in the last two decades. Face detection and feature 
extraction has emerged as a challenging task for computer vision 
field. Among all other features of face such as nose, eyebrows, 

mouth, eyes; eye is considered as the most salient feature because 
of its versatility and expression variety.  
The main objective of this research is to develop a DFD system 
based on eye detection which is a non-invasive approach. Eye 
tracking has found applications in smart devices and assisting 
people [42,53]. The existing eye detection techniques can be clas-
sified into two categories: 
i. Traditional image based passive approaches 

ii. Active Infrared based approaches 
In traditional based approaches eyes are detected based on unique 
intensity or shape/size of the eyes as eyes appear to be different 
from rest of the features of the face In Infrared based approaches, 
pupil is tracked based on the properties of pupil under different 
infrared illumination to produce dark/bright pupil.   
Eye detection and tracking based on IR illumination are simple but 
effective approach. They make use of the reflective property of 

pupil under near IR illumination. In this approach, eye detection 
and tracking depends on active IR light source to produce 
bright/dark pupil effects. The researcher used two IR light sources 
to detect eyes based on differential lighting scheme [15]. The 
drawback of difference in lighting method was its inability to de-
tect eyes with glasses. Later this technique was improved by 
brightness stabilization to eliminate glass reflection [27].  
Most of these methods depend on bright/dark pupil effect. The 

success of these methods depend on size and brightness of the 
pupil, but these two methods are effected by several other factors 
such as eye closure, lighting conditions (external illumination 
interference), camera distance and face rotation which causes eye 
occlusion.  

The absence of bright pupil or weak intensity pupil causes serious 
problems in eyes tracking systems. Eye tracking using IR illumi-
nation as light source requires open & un-occluded eyes, small 
orientation in face, user must be close to camera and there should 
be stable lighting conditions.  These conditions restrict their appli-
cations as variation in lighting conditions, head movement, eye 
closure due to blinking are natural. One more problem with this 
approach is that thick eye glasses tend to disturb IR light which 

makes pupil weak. Ebisawa, proposed pupil detection based on 
difference method. The background is eliminated, by setting 
threshold value as low as possible in the difference image. They 
later proposed Adhoc algorithm using threshold and morphologi-
cal operations to eliminate glares on the glasses. The problem with 
the approach; difficult to find threshold automatically, elimination 
of noise blobs according to their sizes is not possible and setting 
threshold value low is not efficient [27].  

In 2000, Haro proposed pupil tracking based on appearance of 
eyes, dark/bright pupil effect and characteristics of motion where 
pupil is separated from the scene. But this method failed to detect 
closed/occluded eyes under different illumination conditions [36].  
In 2001, Q.Ji. et.al. , proposed real time subtraction with special 
filter to eliminate lighting effects. But this method fails to detect 
closed/occluded eyes [42].  
In 2004, Zhiwei Zhu & Quang Ji, proposed eye tracking method 

by combining appearance-based methods and active IR illumina-
tion approach. This method made use of strengths of both ap-
proaches. This method was able to handle occlusion, people with 
glasses but fails to detect pupil if face is completely occluded and 
cannot handle external illumination conditions. The conclusions 
drawn from this research are : (i) produce quality input images (ii) 
combine different complementary techniques, utilizing their 
strengths and overcoming limitations in order to detect pupil effi-
ciently[62].  

The traditional based methods in eye detection are further classi-
fied into three categories 

i. Template Based Methods 
ii. Appearance Based Methods 

iii. Feature Based Methods 
Facial feature extraction is one of the challenging tasks in the field 
of image processing and computer vision. Human Computer Inter-
action (HCI), face recognizer, biometric systems uses various 

facial features of human face. Facial feature extraction and face 
recognition have become very important research topics during 
last few decades. Among these applications driver fatigue detec-
tion system makes use of facial features such as face, eyes and 
mouth to detect driver fatigue.  
Detection of eyes is the most important challenges faced by re-
searchers. The problem in locating the eyes in face images is due 
to variety of facial expressions, head position and its background 

etc.,. The commonly used approaches for eye detection includes 
the Template Matching method (R.Brunelli,et.al.,1993 & 
D.J.Beymer,et.al.,1994), Eigenvectors (D.Sidibe, et.al., Mu-
hammed Shafi,et.al., A. Pentland,  et.al., 1994)  method, Hough 
transform-based method (Jiatao Song,et.al.,2006 & R.C.Gonzalez), 
Support Vector Machine (SVM). Template matching employs part 
of the original image as template. The input images are compared 
with created templates, to find similarity using normal cross corre-

lation method. The drawback of Template Matching approach is, 
it cannot consider variations in eye scale, facial expression, rota-
tion and illumination. Modification in template creation yields 
better results.  
Later Yuille,et.al., 1992, proposed eye detection using deformable 
templates, where  eye model is translated, rotated and deformed to 
represent perfect eye model image. This method has an advantage 
of evaluating additional features in an eye like its shape and size, 

but success rate depends on the initial position of template.  Eigen 
space method for face and eye detection proposed by A.Pentland 
et. al.,1994. If training database is variable in appearance, orienta-
tion, and illumination, then it provides better performance than 
template matching. However, the performance of this method 
depends on training set.  Support Vector Machine (SVM), based 
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on Statistical Learning Theory (SLT) (V.Vapnik, 1995), has been 
widely used in eye detection (M.H.Nguyen, et.al., 2008 & 
H.J.Jia,et.al.,2009). The standard SVM exhibits many theoretical 
and practical advantages like performance, when applied to com-
plicated large scale problems the decision function of SVM is 
complex, which leads to low computational efficiency and slower 
classification speed.  Even though many solutions are suggested, 
the problem of eye detection is still far from its complexity.  

Appearance Based Methods:  These methods detect eyes based on 
photometric appearance. These methods need a collection of large 
amount of training data, representing different eye subjects, differ-
ent face orientation and different illumination conditions. This 
data is used to train neural network or SVM. In 1994, Pentland et 
al., proposed eigenvectors to classify face, nose & eyes [16]. In 
1997, authors proposed several improvements on neural network 
eye detection methods, but it was trained only for frontal images 

[24].  
Feature Based Methods: In Feature based method, colourspace is 
used as a clue to segment human face and eyes. The HSV and 
YCbCr colourspace are used to find face and eye by eliminating 
background components. Eliminating the skin area, approximates 
eye position by removing large number of false eye candidates. 
The HSV provides colour information similar to as human thinks 
of colours. ”Hue” represents pure colour of the image and ”satura-

tion” represents how this pure colour (hue) is diluted by white 
light, and ”Value” provides intensity of the colour. The first two 
parameters, H and S will provide discriminating information about 
skin region. The experimental results show that, it is difficult to 
know ‘Hue’ value for face segmentation and it varies from person 
to person. The success rate of the algorithm is 76.8% (P.Sudhakar 
Rao, et.al.).  
Support Vector Machines (SVM) are the classifiers which distin-
guish between object and non-object. The first step in Appearance 

based technique is training of network to reject the non-eye imag-
es. Training is performed using images with features of non-eye 
images using Gabor filter to improve the efficiency of the method. 
In the algorithm, first the face is segmented using L*a*b transform 
colour space, later eyes are detected using HSV and Neural Net-
work approach. The tested results show that, method fails to iden-
tify the eyes properly when face orientation. The efficiency of the 
method can be improved by training the SVM with more set of 

positive and negative images. The success rate of the algorithm is 
72.5% (Vijayalaxmi, et.al.,). 

 
Table 1: Summary of Eye Detection Techniques 

Yea

r 

Meth-

od 

Image 

Database 

Total 

No. 

of 

im-

ages 

Suc-

cess 

Rate 

(%) 

Improve-

prove-

ment 

Limi-

tations 

199

6 

Tem-

plate 

based 

with 

optical 

flow 

- - 88 

73(T

V 

Mov-

ies) 

Head 

Move-

ment 

Takes 

more 

time 

2min/fr

ame 

199

8 

SVM FERET 450 96 Rotated 

images 

Wear-

ing 

Glass-

es 

200

0 

Con-

tour 

ap-

proach 

- - - Stable 

against 

blinking, 

head 

transla-

tion, 

rotation 

Takes 

more 

time 

200

2 

Edge 

Seg-

ment 

Local 120 90 Head 

Move-

ment 

Wearing 

Glasses 

20

04 

SVM Local - 97 Works 

for dif-

ferent 

Illumina-

Rotated 

images, 

wearing 

glasses 

tion 

20

06 

Binary 

Template 

match-

ing, 

SVM 

BioID 23 96.8 Rotated 

images 

Eyes 

Closed, 

Reflec-

tion 

20

06 

Binary 

template 

matching 

& Hough 

Trans-

form 

BioID 23 95.6 Illumina-

tion  

 

20

06 

Haar 

Wavelets 

FRGC 1.0 - 94.5 Head 

move-

ment 

 

20

08 

Zernike 

moments 

& SVM 

ORL 400 94.6 Head 

move-

ment 

Wearing 

glasses 

20

09 

Deform-

able 

template 

matching 

ORL 400 87.2 Less 

mathe-

matical 

calcula-

tion 

Wearing 

glasses, 

time 

consum-

ing 

20

09 

Mor-

phology 

& Colour 

Image 

- - 90 Noise 

removal 

Fails if 

one or 

both 

eyes are 

closed.1

5-20 sec 

on 2GHz 

20

10 

Line 

edge map 

Cal Tech 240 91.67 Illumina-

tion  

Wearing 

glasses 

20

11 

Neural 

Network 

& Hough 

trans-

form 

Yale,BioI

D,Local 

304 98.68 Search 

time is 

reduced 

Hough 

Trans-

form 

needs 

large 

amount 

of stor-

age & 

high cost 

in com-

putation 

20

11 

Neural 

Network, 

Wavelet 

Olivetti 

research 

lab 

75 88 Illumina-

tion, 

uniform 

back-

ground, 

facial 

expres-

sion 

Com-

plex, 

change 

in back-

ground 

20

11 

Knowled

ge based 

Template  

Face 

expression 

200 78 Illumina-

tion  

Closed 

eyes 

20

11 

Skin 

Segmen-

tation 

Math-

Works 

Video 

126 95.2 Rotated 

images 

Works 

only on 

one 

database 

20

12 

Neural 

Network  

GTAV 100 98 Illumina-

tion 

Head 

rotation, 

back-

ground 

20

12 

SVM & 

Gabor 

filter 

GTAV, 

VITS 

150 96 Rotation Illumi-

nation 

3. Conclusion  

Eye detection methods discussed in this paper discusses various 
special characteristics of eyes such as eye corner, iris, eye shape, 
dark pupil, bright pupil, etc. to distinguish human eye from other 
facial features. Few techniques failed due to eye closure, orienta-
tion in face, occlusion in face, and internal and external lighting 
conditions. This illumination effect can be reduced using wavelet 

filtering, but it works for slight illumination variation.  
Various colour conversion methods can be preferred to handle 

illumination effects but becomes costlier. Few researcher also 
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worked on techniques were two different approaches are com-
bined to yield better results and also to handle special cases such 
as eye closure, face orientation and face occlusion, research show 
that combining any two methods improve the efficiency and de-
tection rate under different conditions. The comparison of Eye 
Detection Techniques is summarized in Table 1. 
The different eye detection techniques are compared using the 
fields, method, type of database, total number of images, success 

rate, improvement and their limitations. Few limitations of the eye 
detection techniques are: illumination, occlusion, face orientation, 
time taken to detect eyes, closed eyes, complex background. The 
accuracy rate of eye detection can be improved by combining two 
different methods but the real time implementation of eye detec-
tion has its own limitations in terms of lighting effects, face occlu-
sion and orientation of face. The success rate of eye detection can 
be improved by combining two different approaches i.e., appear-

ance based and feature based techniques.  

Acknowledgement 

This is a text of acknowledgements. Do not forget people who 
have assisted you on your work. Do not exaggerate with thanks. If 
your work has been paid by a Grant, mention the Grant name and 

number here. 

References  

[1] A Jackson, P., Hilditch, C., Holmes, A., Reed, N., Merat, N. & 

Smith, L. “Fatigue and Road Safety: A Critical Analysis of Recent 

Evidence”, Road Safety Web Department for Transport, Publica-

tion No. 21, (2011). 

[2] Karamjeet Singh, Rupinder Kaur,”Physical and Physiological 

Drowsiness Detection Methods”, International Journal of IT, Engi-

neering and Applied Sciences Research, pp.35-43, Volume 2, 

(2013). 

[3] Eoh,H.J., Chung,M.K, and Kim,S.H., “Electroencephalographic 

study of drowsiness in simulated driven with sleep deprivation,” In-

ternational Journal of Industrial Ergonomics,Volume 35, pp.307-

320, (2005).  

[4] Lal,S.K.L., Craig,A., Boord,P., Kirkup,L., and Nguyen,H., “Devel-

opment of an algorithm for an EEG-based driver fatigue counter-

measure,” Journal of Safety Research, Volume 34, pp. 321-328, 

(2003). 

[5] Elsenbruch,S., Harnish,M., and Orr,W.C., “Heart rate variability 

during waking and sleep  in healthy males and females,” Sleep, 

Volume 22, pp.1067-1071, (1999). 

[6] Toscani,L., Gangemi,P.F., Parigi,A., Silipo,R., Ragghianti, P., Sira-

bella,E., Morelli, M.,Bagnoli,L., Vergassola,R., and Zaccara,G., 

“Human heart rate variability and sleep stages,” The Italian Journal 

of Neurological Sciences, Volume 17, pp. 437-439, (1996).  

[7] Bonnet,M.H., and Arand, D.L.,“Heart rate variability: sleep stage, 

time of night, and arousal influences”, Electroencephalography and 

Clinical Neurophysiology, Volume 102, pp.390-396, (1997).   

[8] Jurysta,F., Van de Borne,P., Migeotte, P.F., Dumont,M., Lan-

quart,J.P., Degaute, J.P.,and Linkowski,P., “A study of the dynamic 

interactions between sleep EEG and heart rate variability in healthy 

young men,” Clinical Neurophysiology, Volume 114, pp. 2146-

2155, (2003).  

[9] Vanoli,E., Adamson,P.B., Lin,B., Pinna,G.D., Lazzara,R., and  

Orr,W.C., “Heart Rate Variability During Specific Sleep Stages - A 

Comparison of Healthy Subjects With Patients After Myocardial 

Infarction,” Circulation, Volume 91, pp. 1918-1922, (1995).   

[10] Tsunoda,M., Endo,T., Hashimoto,S., Honma,S., and Honma, K.,I., 

“Effects of light and sleep stages on heart rate variability in hu-

mans,” Psychiatry and Clinical Neurosciences,Volume 55, pp. 285-

286, (2001).  

[11] Uno,H., “Detection Decline in Arousal Level Using Combined 

Physiological and Behavioral Measures,” Japan Automobile Re-

search Institute, Volume 25 No.8, (2003).  

[12] McCall,J., and Trivedi,M., “Video-Based Lane Estimation and 

Tracking for Driver Assistance: Survey, System, and Evaluation,” 

IEEE Trans. Intelligent Transportation Systems, Volume 7, no. 1, 

(2006).  

[13] P.Sudhakar Rao, Vijayalaxmi, S.Sreehari, “New procedure for 

Segmenting Eyes from human Face”, International Journal of 

Emerging Technologies and Applications in Engineering, Technol-

ogy and Sciences, ISSN:0974-3588 July-Dec, Volume 4,Issue 

2,(2011).   

[14] Jones, M. J., and Rehg, J. M., “Statistical color models with appli-

cation to skin detection”, In Procedings of the CVPR , Volume. 1, 

pp.274–280,(1999). 

[15] Signal,L., Sclaroff,S., and Athatsos,V., “Estimation and prediction 

of evolving colour distributions for skin segmentation under vary-

ing illumination”, In Proc. IEEE Conf. on Computer Vision and 

Pattern Recognition, Volume 2, pp.152–159,(2000). 

[16] Lingmin Meng and Nguyen,T.Q., "Frontal face localization using 

linear discriminant", in Signals, Systems, and Computers, 1999. 

Conference Record of the Thirty-Third Asilomar Conference on, pp. 

745-749 Volume 1,(1999). 

[17]  

[18] Tsai,D., and Lin,C., "Fast normalized cross correlation for defect 

detection", Pattern Recog. Lett., Volume 24, pp. 2625-2631, 11, 

(2003). 

[19] Shou-Der Wei and Shang-Hong Lai, "Fast Template Matching 

Based on Normalized Cross Correlation With Adaptive Multilevel 

Winner Update", Image Processing, IEEE Transactions on, Volume 

17, pp. 2227-2235, (2008).  

[20] Atallah,M.J., "Faster image template matching in the sum of the 

absolute value of differences measure," Image Processing, IEEE 

Transactions on, Volume 10, pp. 659-663, (2001). 

[21] Yuille, A., Hallinan,A., Cohen,D., “Feature extraction from faces 

using deformable templates”, International Journal of Computer Vi-

sion 8 (2),pp. 99-111, (1992). 

[22] Black,M.J., Yacoob,Y., “Recognizing Facial Expressions in Image 

Sequences Using Local Parameterized Models of Image Motion”, 

International Journal of Computer Vision. Volume 25(1), October, 

pp. 23 – 48,( 1997). 

[23] Qiong Wang, Jingyu Yang, “Eye detection in facial images with 

unconstrained background”, Journal of pattern recognition research 

1, published 25 Sep 2006, pp.55-62, (2006). 

[24] Qiong Wang, Jingyu Yang, “Eye location & eye state detection in 

facial images with unconstrained background”, Journal of infor-

mation and computing science, Volume 1, No.5, pp.284-289, 

(2006). 

[25] Hawlader Abdullah Al-Mamun, Nadim Jahangir, Md. Shahedul 

Islam and  Md. Ashraful Islam, “Eye Detection in Facial Image by 

Genetic Algorithm Driven Deformable Template Matching”, Vol-

ume 9, August, (2009). 

[26] Mihir Jain, Suman Mitra,K., Naresh Jotwani,D., “Eye detection us-

ing line edge MAP template”,(2008). 

[27] Jeffrey Huang, David Lie, Xuhui Shao, Harry Wechsler, “Pose Dis-

crimination and Eye Detection using SVM”, Proceeding of NATO-

ASI on Face Recognition: From Theory to Applications, (1998). 

[28] Hyoung-Joon Kim and Whoi-Yul Kim, “Eye detection in facial im-

ages using Zernike moments with SVM”, ETRI journal, Volume 30, 

Nov,2, pp. 335-337,April (2008). 

[29] Shylaja S.S, Balasubramanya Murthy,K.N., Natarajan, S., Nischith, 

Muthuraj R, Ajay S, “Feed forward neural network based eye local-

ization and recognition using Hough transform”, International jour-

nal of advanced computer science and applications, Volume 2, No.3,  

pp.104-109, March(2011). 

[30] Rakhi C Motwani, Mukesh C Motwani, Dr.Frederick C. Harris,Jr., 

“Eye Detection using Wavelets and ANN”,(2002). 

[31] Kawato,S. Ohya,J., “Real-time detection of nodding and head-

shaking by directly detecting and tracking”,(2003). 

[32] Feng,G.C., Yuen,P.C., “Variance projection function and its appli-

cation to eye detection for human face recognition”, International 

Journal of Computer Vision 19,pp.899-906, (1998). 

[33] Jiao, F., and He,G., “Real-Time Eye Detection and Tracking under 

Various Light Conditions”, Data Science Journal, 6(0),pp.636–640, 

(2007). 

[34] Junior,O.S.,Silva,A.C., and Abdelouah,Z., “Personal Identification 

Based on Iris Texture Analysis Using Semivariogram and Correlo-

gram Functions”, International Journal for Computacional Vision 

and Biomechanics, (2009). 2(1). 

[35] Peters, R. D., Kloeppel, E., & Alicandri, E. “ Effects of partial and 

total sleep deprivation  on driving performance”, US Department of 

Transportation, Federal Highway Administration (Eds), Publication 

No. FHWA-RD-94-046 (1999).   

[36] Artaud et.al, Mabbott et.al, Lavergne et.al, Vitabile et.al, Eskandar-

ian.A & R.Sayed in , “Monitoring the response of 

ers”,( 1994),(1999),(1996),2007-08),(2005). 

[37] Martin Gallagher, “Development of a driver alert system for road 

safety”, in (2006-07). 



318 International Journal of Engineering & Technology 

 
[38] Srijayathi,K., Vedachary,M., “Implementation of the Driver Drows-

iness Detection System”, International Journal of Science, Engi-

neering and Technology Research (IJSETR),Volume 2, Issue 9, 

September (2013).  

[39]  

[40] Akin M., Kurt M., Sezgin N., Bayram M, “Estimating vigilance 

level by using EEG and EMG signals”, Neural Comput. Applica-

tions, 17,pp.227–236,(2008). 

[41] Fu C.L., Li W.K., Chun H.C., Tung P.S., Chin T.L., “Generalized 

EEG-based drowsiness prediction system by using a self-organizing 

neural fuzzy system”, IEEE Transaction Circuits. Systems,59, 

pp.2044–2055,(2012). 

[42] Chin T.L., Che J.C., Bor S.L., Shao H.H., Chih F.C., Wang I.J., “A 

real-time wireless brain-computer interface system for drowsiness 

detection”, IEEE Transactions Biomedical Circuits Sys-

tems, 4,pp.214–222,(2010). 

[43] Liu J., Zhang C., Zheng C., “EEG-based estimation of mental fa-

tigue by using KPCA-HMM and complexity parame-

ters”, Biomedical Signal Processing Controls, 5, pp.124–

130,(2010).  

[44] Yang, M.H., Kriegman, D., and Ahuja, N,  “Detecting faces in im-

ages: A survey”, IEEE Transactions on Pattern Analysis & Machine 

Intelligence”, Vol.24, No.1, pp.34–58,(2002). 

[45] Lin,C.T., Wu,R.C., Liang,S.F., Chao, W.H., Chen,Y.J., and 

Jung,T.P., “EEG-based drowsiness estimation for safety driving us-

ing independent component analysis,” IEEE Transaction on Cir-

cuits and Systems, vol. 52, pp. 2726-2738, (2005).  

[46] Calcagnini,G., Biancalana, G., Giubilei,F., Strano, S. and Cerutti,S., 

“Spectral analusis of heart rate variability signal during sleep stag-

es,” Proceedings of the 16th Annual International Conference of the 

IEEE Engineering in Medicine and Biology Society, vol. 2, 

pp.1252-1253, (1994).  

[47] Wylie,C., Shultz,T., Miller,J., Mitler,M., Mackie,R., “Commercial 

Motor Vehicle Driver Fatigue and Alertness Study: Technical 

Summary,” FHWA-MC-97-001, (1996).  

[48] Otmani,S., Pebayle,T., Roge,J., Muzet,A., “Effect of driving dura-

tion and partial sleep deprivation on subsequent alertness and per-

formance of car drivers,” Physiological Behaviour, (2005). 

[49] Bertozzi,M., et al., “Knowledge-Based Intelligent Information and 

Engineering Systems,” B. Appolloi et al., eds., Springer, (2007). 

[50] Sahyadehas,A., Sundaraj,K. and Murugappan,M., “Detecting Driv-

er Drowsiness based on Sensors: A Review,” (2012). 

[51] Ingre,M., ÅKerstedt,T., Peters,B., Anund,A., Kecklund,G., “Sub-

jective sleepiness, simulated driving performance and blink dura-

tion: Examining individual differences,” J. Sleep Res., (2006). 

[52] Daimer,A.G., “The Electronic Drawbar”, June (2001). [Online]. 

[53] Mohammed Saaidia, Sylvie Lelandais, “Face detection by neural 

network trained with Zernike moments”, Vincent Vigneron Pro-

ceedings of the 6th WSEAS International Conference on Signal 

Processing, Robotics and Automation, Corfu Island, Greece, Febru-

ary 16-19, (2007). 

[54] Zhao,W., Chellappa, R., Rosenfeld, A. and Phillips,P., “Face 

recognition: A literature survey”, ACM Computing Surveys, 

pp.399–458, (2003). 

[55] Bruner,J.S. and Tagiuri,R., “The percepton of people”, Handbook 

of Social Psycology, 2(17), (1954). 

[56] Yang,M.H., Kriegman, D. J., and Ahuja,N., “Detecting faces in im-

ages: A survey”, IEEE Transactions on Pattern Analysis and Ma-

chine Intelligence, 24(1),pp.34–58, January (2002). 

[57] Vezhnevets,V., Sazonov,V., Andreeva, A., “A survey on  pixel-

based skin colour detection techniques”, GRAPHICON03, pp. 85–

92,(2003). 

[58] Brown, D., Craw,I., Lewthwaite,J., “A SOM based approach to skin 

detection with application in real time systems”, BMVC01, (2001). 

[59] Greenspan,H., Goldberger,J., Eshet, I., “Mixture model for facecol-

or modeling and segmentation”, Pattern Recognition Lett. 22 

(14),pp.1525–1536,(2001). 

[60] Hsu,R.L., Abdel-Mottaleb,M., Jain,A.K., “Face detection in colour 

images”, IEEE Transaction Pattern Analysis Machine Intelligence, 

24 (5),pp.696–706,(2002). 

[61] Phung,S.L., Bouzerdoum,A., Chai,D., “Skin segmentation using 

colour pixel classification: analysis and comparison”, IEEE Trans-

action Pattern Analysis Machine Intelligence 27 (1) (2005). 

[62] Yang,M.H., Ahuja,N., “Gaussian Mixture model for human skin 

colour and its application in image and video databases”, Proceed-

ings of SPIE: Conference on Storage and Retrieval for Image and 

Video Databases, vol. 3656,  pp. 458–466,(1999). 

[63] Brand,J., Mason,J., “A comparative assessment of three approaches 

to pixel level human skin-detection”, ICPR011,pp.1056–1059, 

(2000). 

[64] Martinkauppi, B., and Soriano, M. 2001, “Basis functions of the 

color signals of skin under different illuminants”, 3rd International 

Conference on Multispectral Colour Science, pp.21–24, (2001). 

[65] Shin, M. C., Chang, K. I., and Tsap, L. V., “Does colourspace 

transformation make any difference on skin detection”, IEEE 

Workshop on Applications of Computer Vision, (2002). 

[66] Phung,S.L., Bouzerdoum,A., Chai,D., “Skin segmentation using 

colour pixel classification: analysis and comparison”, IEEE Trans-

action Pattern Analysis Machine Intelligence, 27 (1) (2005). 

[67] Guoliang Yang, Huan Li, Li Zhang, Yue Cao, “Research on a Skin 

Colour Detection Algorithm Based on Self Adaptive Skin Colour 

Model, International Conference on Communications and Intelli-

gence Information Security, 978-0-7695-4260-7/10,(2010). 

[68] Abbas Cheddad, Joan Condell, Kevin Curran and Paul Mc Kevitt, 

“A New color space for skin detection”, ICIP ,978-1-4244-5654-

3/09,(2009). 

[69] Zhang Zhengzhen, Shi Yuexiang, “Skin Color Detecting Unite 

YCgCb Color Space with YCgCr Color Space”, 9781-4244-3986-7, 

(2009). 

[70] Jouglas Alves Tomaschitz, Jacques Facon, “Skin Detection applied 

to Multi-racial Images” , 978-1-4244-4530-1,(2009). 

[71] Kirby,M., and Sirovich,L., “Application of the karhunen-loeve pro-

cedure for the characterization of human faces”, IEEE Transactions 

on Pattern Analysis and Machine Intelligence, 12(1),pp.103–108, 

(1990). 

[72] Pigeon, S., and Vandendrope, L., “The M2VTS multimodal face 

database”, In Proceedings First International Conference on Audio- 

and Video Based Biometric Person Authentication, (1997). 

[73] Jain, A., Duin,R., and Mao,J., “Statistical pattern recognition: A 

review”, IEEE Transactions on Pattern Analysis and Machine Intel-

ligence, 22(1),pp.4–37, January (2000). 

[74] Ji,Q., Yang, S., “Real time visual cues extraction for monitoring 

driver vigilance”, Proceedings of International Workshop on Com-

puter Vision Systems, Vancouver, Canada, (2001). 

[75] Ji,Q., Zhu,Z., “Eye and gaze tracking for interactive graphic dis-

play”, 2
nd

 International Symposium on Smart Graphics, Hawthorne, 

NY, USA, (2002). 

[76] Bisawa,Y.E., Satoh,S., “Effectiveness of pupil area detection tech-

nique using two light sources and image difference method”, Pro-

ceedings of the 15th Annual International Conference of the IEEE 

Engineering in Medicine and Biology Society, San Diego, CA, pp. 

1268-1269,(1993). 

[77] Ebisawa,Y., “Improved video-based eye-gaze detection method”, 

IEEE Transcations on Instrumentation and Measurement 47 (2) 

pp.948-955, (1998). 

[78] Haro,A., Flickner,M., Essa,I., “Detecting and tracking eyes by us-

ing their physiological properties, dynamics, and appearance”, Pro-

ceedings IEEE CVPR 2000, Hilton Head Island, South Carolina, 

(2000). 

[79] Zhiwei Zhu, Qiang Ji, “Robust Real-Time Eye Detection and 

Tracking Under Variable Lighting Conditions and Various Face 

Orientations”, Preprint submitted to Elsevier Science, 5 July,(2004).  

[80] Nixon,M., “Eye spacing measurement for facial recognition”, Pro-

ceedings of the Society of Photo-Optical Instrument Engineers, 

(1985). 

[81] Deng,J., Lai,F., “Region-Based Template Deformation and Mask-

ing for Eye-feature Extraction and Description”, Pattern Recogni-

tion, 30(3),pp.403–419, (1997). 

[82] A. Pentland, B. Moghaddam, T. Starner, View-based and modular 

eigenspaces for face recognition, in: Proceedings of IEEE Confer-

ence on Computer Vision and Pattern Recognition (CVPR'94), Se-

attle, WA, (1994). 

[83] Reinders,M., Koch,R., Gerbrands,J., “Locating facial features in 

image sequences using neural networks”, Proceedings of the Sec-

ond International Conference on Automatic Face and Gesture 

Recognition, Killington, USA, (1997). 

[84] Zhiwei Zhu, Quing Ji, “Robust real time eye detection and tracking 

under variable lighting conditions and various face orientations”, 

Preprint submitted to Elseiver Science , July 5, (2004). 

[85] Feng,G.C., Yuen,P.C., “Multi-cues eye detection on gray intensity 

image”, Pattern recognition, 34,pp.1033-1046,(2001). 

[86] Brand,J., Mason,J., “A comparative assessment of three approaches 

to pixel level human skin-detection”, ICPR011,pp.1056–1059, 

(2000). 

[87] Martinkauppi, B., and Soriano, M. 2001, “Basis functions of the 

color signals of skin under different illuminants”, 3rd International 

Conference on Multispectral Colour Science, pp.21–24, (2001). 

[88] Shin, M. C., Chang, K. I., and Tsap, L. V., “Does colourspace 

transformation make any difference on skin detection”, IEEE 

Workshop on Applications of Computer Vision, (2002). 



International Journal of Engineering & Technology 319 

 
[89] Phung,S.L., Bouzerdoum,A., Chai,D., “Skin segmentation using 

colour pixel classification: analysis and comparison”, IEEE Trans-

action Pattern Analysis Machine Intelligence, 27 (1) (2005). 

[90] Guoliang Yang, Huan Li, Li Zhang, Yue Cao, “Research on a Skin 

Colour Detection Algorithm Based on Self Adaptive Skin Colour 

Model, International Conference on Communications and Intelli-

gence Information Security, 978-0-7695-4260-7/10,(2010). 

[91] Abbas Cheddad, Joan Condell, Kevin Curran and Paul Mc Kevitt, 

“A New color space for skin detection”, ICIP ,978-1-4244-5654-

3/09,(2009). 

[92] Zhang Zhengzhen, Shi Yuexiang, “Skin Color Detecting Unite 

YCgCb Color Space with YCgCr Color Space”, 9781-4244-3986-7, 

(2009). 

[93] Jouglas Alves Tomaschitz, Jacques Facon, “Skin Detection applied 

to Multi-racial Images” , 978-1-4244-4530-1,(2009). 

[94] Kirby,M., and Sirovich,L., “Application of the karhunen-loeve pro-

cedure for the characterization of human faces”, IEEE Transactions 

on Pattern Analysis and Machine Intelligence, 12(1),pp.103–108, 

(1990). 

[95] Pigeon, S., and Vandendrope, L., “The M2VTS multimodal face 

database”, In Proceedings First International Conference on Audio- 

and Video Based Biometric Person Authentication, (1997). 

[96] Jain, A., Duin,R., and Mao,J., “Statistical pattern recognition: A 

review”, IEEE Transactions on Pattern Analysis and Machine Intel-

ligence, 22(1),pp.4–37, January (2000). 

[97] Ji,Q., Yang, S., “Real time visual cues extraction for monitoring 

driver vigilance”, Proceedings of International Workshop on Com-

puter Vision Systems, Vancouver, Canada, (2001). 

[98] Ji,Q., Zhu,Z., “Eye and gaze tracking for interactive graphic dis-

play”, 2
nd

 International Symposium on Smart Graphics, Hawthorne, 

NY, USA, (2002). 

[99] Bisawa,Y.E., Satoh,S., “Effectiveness of pupil area detection tech-

nique using two light sources and image difference method”, Pro-

ceedings of the 15th Annual International Conference of the IEEE 

Engineering in Medicine and Biology Society, San Diego, CA, pp. 

1268-1269,(1993). 

[100] Ebisawa,Y., “Improved video-based eye-gaze detection meth-

od”, IEEE Transcations on Instrumentation and Measurement 47 

(2) pp.948-955, (1998). 

[101] Haro,A., Flickner,M., Essa,I., “Detecting and tracking eyes by 

using their physiological properties, dynamics, and appearance”, 

Proceedings IEEE CVPR 2000, Hilton Head Island, South Carolina, 

(2000). 

[102]  

[103] Zhiwei Zhu, Qiang Ji, “Robust Real-Time Eye Detection and 

Tracking Under Variable Lighting Conditions and Various Face 

Orientations”, Preprint submitted to Elsevier Science, 5 July,(2004).  

[104] Nixon,M., “Eye spacing measurement for facial recognition”, 

Proceedings of the Society of Photo-Optical Instrument Engineers, 

(1985). 

 

About Authors 

First Author Dr.Vijayalaxmi completed her Doctorate from Gitam 

Institute of Technology, Gitam University, Vishakapatnam, Andhra 

Pradesh, India. She received her B.E (E&CE) degree from GNDEC, 

Visveswaraiah Technological University, Belgaum, and Karnataka, 

India in 2003. M.Tech (DE&CS) from JNT University, Hyderabad, 

Telangana, India in 2008. Her area of research is Digital Image Pro-

cessing. She has published 25 Journal papers, 8 International Confer-

ence papers and 13 National Conference papers. She received Best 

Paper award in August 2013 in IEEE International conference orga-

nized by Saveetha University, Chennai, India. Also received Best Paper 

Award in Springer Conference ICICSE,2016 at Hyderabad. She is the 

Life Member of ISTE and Member of IEEE. She is Past Vice Chair of 

IEEE WIE AG Hyderabad Section,2015 and Present Chair of IEEE 

WIE AG Hyderabad Section,2016-17. Received a research  project 

“Development of Non-Intrusive Driver Fatigue Detection & Warning 

System to avoid on road Accidents” sanctioned under Early Career 

Research Award sponsored by Science & Engineering Research Board 
,Govt. of India ,New Delhi.  

 

 
 

 

 
 


