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ABSTRACT  

The human eye tracking algorithm is very important, especially in the facial analysis application.  Eyes represent 
rich of information that able to indicate the reaction, perception, or physiological status of individual. Most of the 
developed eyes tracking algorithm are not considered the condition of the eyes that would provide the appropriate 
information to be used in the processes of the facial analysis algorithm. This paper proposes a new technique in how the 
eyes are tracked and provide the appropriate information for further process. This technique uses Mean Shift tracking 
algorithm and interdependence scheme to track the eye and stop the tracking when eyes are out of best position and 
condition to deliver the appropriate information.   This proposed algorithm is tested and evaluated using Strathclyde Facial 
Fatigue (SFF) video footage database, a collection of video footage from the internet and our own facial recording.  Based 
on the experiment carried out, the proposed technique shows the promising result.    
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INTRODUCTION  

Facial analysis is one of the branches in computer 
vision research which apply camera to monitor the 
activities of face. These activities are useful, such as in the 
facial expression algorithm, human face interaction 
application, and fatigue detection system. Eyes are a main 
component that rich with information that able to represent 
the human awareness level, interaction, and psychological 
aspect [1,2].  Therefore, to track the eyes simultaneously 
with extract the appropriate information is crucial in this 
algorithm. 

The existing eye tracking algorithm can be 
grouped into three methods. Firstly, a shape based method  
which eyes are detected based on the interior and exterior 
shape characteristics [3,4]. Then, features shape based 
method which the set of distinctive features around the 
eyes such as the edges, the border, the corner and the dark 
region of the pupil are normally used [5,6]. Lastly, 
appearance shape based method in which the statistical 
analysis, probability theory, and the machine learning 
algorithm is used to train the eyes features in order to track 
the eye in sequences of video frames [7,8]. 

However, most the tracking algorithms have not 
considered the information of eye that crucially required 
for further process of eye activity analysis. There are 
situations which the eyes are not providing the appropriate 
information during tracking such as the situation eye in 
rigid motion, included, and in which iris area out of view. 
This proposed technique provides element to skip the 
tracking process when eye in these three situations. This 
propose algorithm allow the next stage process of the eye 
activity algorithm, obtaining the appropriate eye 
information. In this proposed technique, mean shift 

tracking algorithm combines with an interdependence 
scheme to track the eyes. In this technique both side eyes 
information is used in the tracking algorithm The 
remainder of this paper is organised as follows. Section II 
provides an overview of the complete IASMS based eye 
state analysis system. Section III explains the IASMS 
algorithm in detail. Section IV discusses the experimental 
results that have been obtained.  The conclusion of the 
paper is provided in Section V. 
 
INTERDEPENDENCE EYE TRACKING   

The proposed interdependence eye tracking 
algorithm consists of three main processes as shown in 
Figure-1. This algorithm start with initial process which 
the eyes locations are searched in the input image. Then, 
the mean shift tracking algorithm is used to track the eyes, 
and the interdependence technique is applied to examine 
the distance of the eyes. If the distance is out of range, the 
tracking iteration is stopped. 
 

 
 

Figure-1. The process flow of interdependence tracking 
algorithm. 

 
INITIAL PROCESS 

The aim of the initial process is to find the 
location of the eyes and centre of the iris. In this research, 
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the location of the eyes are localized uses the technique 
that implemented in [9], in which the cascade classifier 
with Haar-like features [10] is used. The cascade classifier 
trained the pair of eyes features, and eyes are detected  
which pairs of eyes are localised together. Prior to find the 
centre of the iris, the openness of the eye is examined uses 
Adaptive Thresholding Histogram Enhancement (ATHE) 
technique to ensure iris can be detected accurately. Then, 
the prominent iris localization method Integro differential 
operator which was introduced by Daugman [11] is 
applied to detect the centre of the iris. 

 
MEAN SHIFT TRACKING ALGORITHM 

The Mean Shift algorithm, introduced by 
Comaniciu et al [12], is a popular method to track objects 
due to its simplicity and efficiency. The Mean Shift 
algorithm tracks the object based on the probability of 
colour of the object. In this research, the Mean Shift 
tracking algorithm is applied to track the movement 
wherein the iris is tracked based on the probability of the 
colour histogram of the iris muuqq ...1}ˆ{ˆ  , where m is the 

number of histogram bins and is computed as follows: 
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  where xi  is a normalised pixel location from 1 to 
n with the target iris centred at 0.  is a Kronecker delta 
function, while the function )( ixb  determines the bin for 

pixel ix . Mean shift tracking uses the Epanechnikov 

kernel [13] function k that represents the weight function 
of each pixel. C is a normalisation constant which is 
defined as follows: 
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In order to track the iris the probability of colour 
histogram of the target iris candidate model is computed as 
follows: 
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where y is the centre position of the current frame 
and h is  the radius of weighting kernel. The normalisation 
constant for this target model Ch is computed as follows: 
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The primary task of the Mean Shift tracking 
algorithm is to find the target location in the current frame. 
The most probable location of the centre of the iris is 
obtained by minimizing the distance between two 
distributions that can be defined as: 
 

)(ˆ1)( ypyd          (5) 
 

where the )(ˆ yp  is an estimation of the 

Bhattacharyya coefficient which can be computed as: 
 





m

u
uu qypyp

1

ˆ)(ˆ)(ˆ        (6) 

 

In order to find the acceptable centre point of the 
targeted iris in the next frame, the value )( yd  must be 

minimized while )(ˆ yp  must be maximized. Comaniciu et 

al [12] derived the following method that can be used to 
compute a new location targeted iris as follows: 
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where the weight wi is computed as:  
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INTERDEPENDENCE TRACKING SCHEME 

The common mean shift tracking is based on 
single tracking, which is independent of other objects. 
However, in this algorithm, there are pair of eyes and, 
therefore interrelated. By utilizing information from the 
pair of eyes, we will incorporate an interdependence 
technique that aims to be able to track the non-rigid 
movement of the eyes. There are two primary pieces of 
information employed in this algorithm, the centre 
locations of the irises and the distance between them.  
Initially the eye centres are obtained from the initial 
processing algorithms. Then the Mean shift algorithm 
updates these centre positions for every tracking iteration.   
The Cr and Cl in Equation Error! Reference source not 
found. denote the centre points of the right and left eye 
respectively.  
 

),(),( lllrrr yxCyxC        (9) 

 
From the obtained centre points of the irises, the 

distance De between them is continually updated during 
every tracking iteration, and is calculated as follows: 
 

   22),( lrlre yyxxqpD      (10) 

 
The common drawback of the Mean Shift 

tracking algorithm is erroneous colour tracking. When 
dealing with colour, there is the possibility of multiple 
objects having similar colours.  In this case, in order to 
avoid any erroneous results the following new approach is 
introduced.  First a specific eye region is defined on the 
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image known as the Focus of Eye Region (FER) with the 
size and location of the region updated in every iteration. 
Then the Mean Shift algorithm is used to track the iris in 
the FER region of the image. The size of the FER depends 
on the centres of the irises Cr and Cl   and the distance 
between them De in the following way:  
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Occasionally the target object can be occluded; in 
this case the eye is usually occluded by the hand. To 
enable the system to evaluate when occlusion or wrong 
tracking occurs, the Sum of Absolute Difference (SAD) 
value of FER in between two frames is obtained as 
indicated next: 
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The input image is converted to gray scale to 
obtain the normalised values. The SAD value is 
normalized and computed as follows: 
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where W and H denote the width and  height of 
FER respectively. The value of InSAD is examined in order 
to ensure that the eyes are always tracked accurately 
 
EXPERIMENTAL RESULTS 

The proposed tracking algorithm is intended to 
track the non-rigid eye movements and skip the tracking 
operation when the eye is out of region interest or 
occluded. Figure-2 shows a typical sequence of frames 
from a normal eye opening until the eye is occluded.  As 
indicated in Figure-3 the differences of SAD in FER of the 
eye opened and the eye closed does not indicate significant 
changes  from frame 1 to  frame 60 (Figure-2). However, 
when the eye is totally occluded in frame 68 the 
normalized SAD value for the FER frame 68 increases 
rapidly.  This significant change is used as an indicator in 
order to stop the tracking. 
 

 
 

Figure-2. Sequences of frames from eye normally open to 
eye occluded by hand. 

 

 
 

Figure-3.  Normalised SAD values for a sequence of 
frames. 

 
As discussed above, the eye tracking algorithm 

can stop the iteration when the FER is occluded or when 
the FER is out of the tracked region. Similarly, the FER is 
also sensitive to rigid eye movement which may also cause 
the algorithm to stop the tracking iteration since, in such 
cases, facial information may suddenly move outside the 
camera view field. Figure-4(a) shows the tracked eyes 
images which indicate the algorithm’s ability to track the 
eyes in multi-pose of face as long as the FER region is not 
occluded or out of the search region. In Figure-4(b) the 
FER is out of the search region when the face is turned too 
much to the right or left (first and last views). This eye 
tracking algorithm emphasizes that both the eyes must be 
seen clearly in order to read the iris information, otherwise 
the algorithm stops and the initialisation scheme needs to 
be re-initiated to find out the new location of the eyes. 
 

 
 

Figure-4. (a) Eyes tracking for multi-poses; (b) Eye 
tracking stops when FER is out of the search region. 

 
In tracking the eyes, very important to keep the 

eyes information is whether the eye close or open 
explicitly.  The proposed algorithm has been compared 
with others algorithms to evaluate how the algorithm able 
to keep all appropriate information that required.  In this 
experiment, there are three situations of eyes occluded are 
considered, namely, eye occluded by hand, head turns 
right of left, and head looks up and down. There are 
randomly selected video footage from SFF, our own 
recorded and from internet are used for this experiment.  
The total number of frames that have been used are 12,050 
frames for all situations. Table-1 show the comparison 
results between the proposed algorithms with another two 
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algorithms. From the table, the proposed algorithm have 
achieved the best detection result for detection the 
appropriate eye information during the three eye situations 
compared with another two algorithms. 
 

Table-1. Experimental results based on three 
situations of eyes out of location. 

  
 

CONCLUSIONS 
A new algorithm to track eyes was presented. 

This algorithm is a combination of Mean Shift tracking 
algorithm and interdependence tracking scheme.  In this 
algorithm eyes are tracked using irises location.  The 
distance between irises are applied in interdependence 
tracking scheme in order to examine the eyes region 
position. There are a specific region which called Focus 
Eye Region (FER) are formed to enhance the performance 
of Mean Shift tracking algorithm in tracking the region of 
iris. The eye is detected occluded and out of tracking 
interest when Sum of Absolute Difference (SAD) of FER 
 is changes rapidly. Based on the experimental conducted 
using several video footage from Strathclyde Facial 
Fatigue (SFF) video footage database [14], a collection of 
video footage from internet and our own facial  recording, 
the proposed algorithm shows the promising results.  
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