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Abstract 

 
This paper presents a vision-based system for monitoring driver fatigue. The system is divided 
into three stages: face detection, eye detection, and fatigue detection. Face detection based on 
the skin color segmentation is used to localize face image from a whole image. To overcome the 

normalized RGB chromaticity diagram is adopted. After face is localized, eye is detected by 

PERCLOS (percentage of eye closure over time) is calculated and used to detect a fatigue 
condition.  
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Introduction 
Driver fatigue is one of the main causes of traffic 
accidents. Statistics show that 20% of the fatal traffic 
accidents is caused by the driver fatigue [1]. In 
trucking industry, 57% of fatal truck accidents are due 
to driver fatigue [2]. A system that could monitor 
driver fatigue and give a warning to the driver is 
needed to avoid or reduce such problem [3],[4]. Many 
methods have been developed to detect driver fatigue 
such as using EEG (Electroencephalographic) signal 

fatigue or loosing alertnes [6]. The drawback of those 
methods is the inconvenience of installing sensors on 

 
 
To overcome such inconvenient, the methods based-on 
machine vision are proposed by [2],[7], 
[8],[9],[10],[11],[12]. The main advantages of those 

body, and could be implemented in real time. It only 
uses a video camera system installed on the 
dashboard for capturing image of the driver, usually the 
face. However, the approach facing the common 
problem in the image processing field, i.e. the problem 
of illumnination changes. 
 
Most of existing methods utilize eye feature to detect 
the fatigue state. Usually they detect the 
opening/closing of the eye, and calculating the time of 

features are proposed by [13],[14],[15].

 
In this research, we propose a vison-based system for  

with the illumination problem, a color segmentation 
method based on normalized RGB chromaticity 
diagram is employed to detect a face. Further,  the 

e projection of 
gradient image are used as the clue to detect the 
opening of eye. 
 
The paper is organized as follows. Overview of the 
existing driver fatigue monitoring system is described 
in the next section. Then our proposed method is 
presented, followed by the experimental results. 
Finally, conclusion is given in the last section. 
 

Overview of Existing Methods 
A typical driver fatigue detection system is illustrated 
in figure 1[11]. It detects eye to determine the driver 
fatigue. Since position and illumination condition 
around the driver is changing during driving, to 
improve the speed and accuracy of the eye detection, 
eye should be localized and detected in the first video 
frame. To detect eye, firstly face detection is 
performed, then the searching area of eye could be 
limited in the area near/inside face region. 
 
The common method for detecting face is by applying 
skin color segmentation to extract skin or face skin 
from a whole image. To cope with the illumination 
changes, several techniques are adopted, such as using 
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HSI color model [9], [16], mixed skin color model 
based on YUV and YIQ space [11].  
 

 

 

 

 
 
 
 

 
 
 
 
 

Figure 1. Flow diagram of driver fatigue detection 
system [11]. 

 
After face is detected, eye is searched in the region 
inside face. There are several techniques for detecting 
eye, such as template matching [9], Support Vector 
Machine (SVM) classifier [2], Hough Transform [12]. 
Other techniques using IR-illuminator are employed in 
[8],[10], which is based on the observation that by 
illuminating the eye with IR-LED, a dark and a bright 
pupil image could be obtained. Thus pupil or eye could 
be localized easily.  
 
The general approach to detect driver fatigue is by 
measuring eyelid movement. Two parameters are used 
[2] : PERCLOS (Percentage of eye closure over time) 
and AECS (Average eye-closure speed). The degree of 

eye is closed, then pupil will be closed by eyelid and 

 
 
PERCLOS is calculated using the following formula    
[11]: 

%100
_

_
x

SumFrameNum

CloseFrameNum
PERCLOS                (1) 

where Num_CloseFrame is the number of frames when 
the eye is close, Num_SumFrame is the total number of 
frames observed. Based on P80 criteria, then a state is 
defined as fatigue if PERCLOS is greater than 20%. 
 

Proposed Driver Fatigue Monitoring 
In this research, we use the general framework for 
detecting driver fatigue, which is composed of three 
stages : face detection, eye detection, and fatigue 

detection. In the face detection stage, we employ our 
previous research on the skin color segmentation for 
face detection [17]. The approach is based on 
normalized RGB chromaticity diagram to extract skin 
color from image. 
 
In the eye detection stage, we extend our previous 

and combining it with the projection of gradient image 
technique to find the position of eye. 
  

Face Detection 
To detect a face, first the skin color is extracted using 
the coarse and fine skin region, followed by an ellipse 
detection [17]. The coarse skin region is defined using 
fixed boundaries, where skin and skin-like colors 
(colors close to skin color) are extracted. To separate 
skin color from skin-like colors, the fine skin region 
with variable boundaries is employed. 
 
The boundaries of the coarse skin region is defined by 
four lines as shown in figure 2. The line-G, line-R, line-
B, and line-up are given as: 

- line-G : g = r               (2) 
- line-R : g = r - 0.4              (3) 
- line-B : g = -r + 0.6              (4) 
- line-up : g = 0.4               (5) 

where  

              (6) 

BGR
g               (7) 

In addition to those four lines, a circle (line-c in figure 
2) is used to exclude the white pixels, which is given as 

     line-c :          (8) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. The coarse skin region [17]. 

The boundaries of the fine skin region are selected 
automatically by analyzing two developed histograms 
called g_pos and g_neg. g_pos histogram is created by 
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counting pixels with the value obtained by subtracting 
r value from g value. g_neg histogram is created by 
counting pixels with the value obtained by adding g 
value and r value.  
 
The left and right valleys of two highest peaks of g_pos 
histogram called as PTL1, PTR1, PTL2, PTR2, and 
those from g_neg histogram called as NTL1, NTR1, 
NTL2, NTR2 are used as the parameter for defining the 
fine skin region using the following rules: 

- Region-1: 
IF (PTL1 Pos PTR1) AND (NTL1 Neg NTR1),     (9) 

- Region-2: 
IF (PTL1 Pos PTR1) AND (NTL2 Neg NTR2),    (10) 

- Region-3: 
IF (PTL2 Pos PTR2) AND (NTL1 Neg NTR1),    (11) 

- Region-4: 
IF (PTL2 Pos PTR2) AND (NTL2 Neg NTR2),    (12) 

- Region-5: 
Region-5 = (Region-1)  (Region-2)           (13) 

- Region-6: 
Region-6 = (Region-3)  (Region-4)           (14) 

- Region-7: 
Region-7 = (Region-1)  (Region-3)           (15) 

- Region-8: 
Region-8 = (Region-2)  (Region-4)           (16) 

- Region-9: 
IF g  0.34              (17) 

- Region-10: 
IF (R + G + B              (18) 
where 
Pos = g  r and Neg = g + r             (19) 
 

Eye Detection 
After face is detected, eye is searched in the area inside 
face. If we perform the horizontal projection of the 
gradient image inside face, then the peaks represent the 
vertical location of eyebrow, eye, and mouth. However 
the two highest peaks are the ones of eyebrow and eye. 
Thus we could utilize both two peaks to define the 
upper and lower position of eye. 
 
To detect the opening of eye, a method similar to the 
coarse skin region is adopted. Hence the boundaries are 
limited to the white color, since the aim is to extract 
white sclera of eye. When eye is open then white color 
(sclera) is extracted, otherwise no white color is 
detected.  Thus the number of white pixels could be 
used to decide whether the eye is close or open. The 
method works fine if there are no white objects near to 
the eye.  
 

Experimental Results  
We tested our method using MATLAB running on PC. 
A Webcam is used to collect the video data of a person 
during normal state (opening the eye) and fatigue state 

(closing the eye). Frame rate of the video is 30 frame 
per second. Apparently we conduct the off-line 
experiment, that is firstly video is recorded, then we 
extract each frame of the video as the input to the 
algorithm.  
 
Figure 3 shows the result of face detection stage, where 
figure 3(a) is the original image, while the detected 
face is shown with ellipse drawn in figure 3(b). 
Gradient image of the detected face is shown in figure 
4. From the figure, we might see that the dark colors 
dominate the eyebrow, eye, and mouth areas. Thus 
horizontal projection of the image will have peaks on 
those areas as shown in figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Result of face detection. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Gradient image. 

 

(a) 

(b) 
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Figure 5. Horizontal projection of the gradient image. 

 
Figure 6 shows the result of white color extraction 
using our proposed method as described in previous 
section. White color in the figure indicates the white 

 
 
 
 
 
 

Figure 6.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. from frame-340 to 
frame-349 (wp=the number of white pixels). 

 

extraction of the video images, where from frame-340 
to frame-349 (when eye is open) are shown in figure 7, 
while from frame-490 to frame-499 (when eye is close) 
are shown in figure 8. The number of white pixels 

denoted by wp is indicated in each figure. From the 
figures, we could see that the number of white pixels in 
figure 7 are larger compared to the ones in figure 8. 
Therefore we could detect the opening or closing of the 
eye by introducing a threshold to the number of white 
pixels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. -490 to 
frame-499 (wp=the number of white pixels). 

 

Conclusion 
In the paper, a vision system to detect driver fatigue is 
presented. The method employs a face detection 
technique to localize eye. The opening/closing of eye is 

candidate area obtained by projection of the gradient 
image. Then, the fatigue state is determined by 
calculating the number of frames of the eye closing. 
 
For future work, we will conduct the real experiments 

will be considered. 
 

References 
[1] A. Williamson, T. Chamberlain. (2005). Review 

of on-road driver fatigue monitoring devices. 
Technical Report, NSW Injury Risk Management 
Research Centre, University of New South 
Wales. 

[2] Q. Ji, Z. Zhu, P. Lan. (2004). Real-time 
noninstrusive monitoring and prediction of driver 
fatigue. IEEE transactions on vehicular 
technology, Vol. 53, No. 4, pp. 1052-1068. 

Frame-340, wp=535 

Frame-341, wp=518 

Frame-342, wp=518 

Frame-343, wp=607 

Frame-344, wp=371 

Frame-345, wp=371 

Frame-346, wp=432 

Frame-347, wp=436 

Frame-348, wp=543 

Frame-349, wp=544 

Frame-490, wp=126 

Frame-491, wp=129 

Frame-492, wp=96 

Frame-493, wp=96 

Frame-494, wp=96 

Frame-495, wp=120 

Frame-496, wp=120 

Frame-497, wp=129 

Frame-498, wp=134 

Frame-499, wp=134 



ISBN : 978  979  96964  6  5 
Yogyakarta, 14  November  2009 

 

D-5

[3] T.Yoshida, H. Kuroda,  T. Nishigaito. (2004). 
Adaptive driver-assistance system. Hitachi 
Review, Vol. 53, No. 4. pp. 212- 216. 

[4] L. Fletcher, G. Loy, N. Barnes, A. Zelinsky. 
(2005). Correlating driver gaze with the road 
scene for driver assistance systems. Robotics and 
Autonomous Systems, Vol. 52, pp. 71-84 

[5] S.K.L. Lal, A. Craig, P. Boord, L. Kirkup, H. 
Nguyen. (2003). Development of an algorithm for 
an EEG-based driver fatigue countermeasure. 
Journal of Safety Research, 34, pp. 321-328. 

[6] T.C. Chieh, M.M Mustafa, A. Hussain, E. Zahedi, 
Burhanuddin. (2003). Driver Fatigue detection 
using steering grip force. Proceedings of 
SCORed, Malaysia. 

[7] H. Veeraraghavan, N. Papanikolopoulos. ( 2001). 
Detecting Driver Fatigue Through the Use of 
Advanced Face Monitoring Techniques. Final 
report of the Center for Transportation Studies, 
University of Minnesota, USA. 

[8] L.M. Bergasa, J. Nuevo, M.A. Sotelo, M. 
Vazquez. (2004). Real-Time System for 
Monitoring Driver Vigilance. Proceedings of 
2004 IEEE Intelligent Vehicles Symposium, 
Parma, Italy. 

[9] W.B. Horng, C.Y. Chen, Y. Chang. (2004). 
Driver fatigue detection based on eye tracking 
and dynamic template matching. Proceedings of 
IEEE Intl. Conference on Networking, Sensing 
and Control, Taipei, Taiwan. 

[10]  L. Bretzner, M. Krantz. (2005). Towards low-
cost systems for measuring visual cues of driver 
fatigue and inattension in automotive 
applications. Proceedings of IEEE International 
Conference on Vehicular Electronics and Safety, 
Xian, Shaanxi, China. 

[11]  T. Hu, G. Liu, J. Lin. (2006). 
States Detection Based on Video. Proceedings of 
the 2006 International Symposium on Safety 
Science and Technology, China. 

[12]   T. M. Leo, C. Guaragnella, A. 
Distante. (2007). A visual approach for driver 
inattention detection. Pattern Recognition 40, pp. 
2341  2355. 

[13]  C. Jiangwei, J. Lisheng, T. Bingliang, S. 
Shuming, W. Rongben. (2004). A monitoring 
method of driver mouth behaviour based on 
machine vision. Proceedings of IEEE Intelligent 
Vehicles Symposium, Parma, Italy. 

[14]  T. Wang, P. Shi. (2005). Yawning detection for 
determining driver drowsiness. Proceedings of 
IEEE Intl. Workshop VLSI Design and Video 
Technology, China. 

[15]  M. Saradadevi, P. Bajaj. (2008). Driver Fatigue 
Detection Using Mouth and Yawning Analysis. 
International Journal of Computer Science and 
Network Security, Vol. 8, No. 6, pp 183-188. 

[16]  D.T. Lin, C.M. Yang. (2004). Real-time Eye 
Detection Using Face Circle Fitting and Dark-

pixel Filtering. Proceedings of International 
Conference on Multimedia and Expo (ICME). 

[17]  A. Soetedjo, K. Yamada. (2008). Skin color 
segmentation using coarse-to-fine region on 
normalized RGB chromaticity diagram for face 
detection. IEICE Trans. on Information and 
Systems, Vol. E91-D, No. 10, pp. 2493-2502. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


