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Eye tracking by genetic deformable template matching algorithm in

video sequences
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ABSTRACT

Eye detection and tracking has broad applications in human-computer interaction, behavioural analysis, computer
graphics, security, and biology systems. In this paper, we propose innovative eye detection and tracking method in
video sequences. The proposed method incorporates deformable template matching and genetic algorithm to overcome
problems associated with varying eye sizes and orientations. The method presented does not require any complex
mathematical calculations or prior knowledge about eye geometry. Experimental result shows that the proposed scheme
can easily be implemented. The method was tested on the VidTIMIT database. The detection accuracy was 92.2%.
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1. INTRODUCTION

Eye detection and tracking is a fundamental task in
computer vision, with broad applications in human-
computer interaction, behavioral analysis, and computer
graphics, such as monitoring human vigilance [1], gaze-
contingent smart graphics [2], and assisting people with
disability. Various methods for eye detection and
tracking are reported in the literature and can be
classified into three categories: Appearance based
methods [3], Feature based methods [4], and template
based methods [5, 6, and 7].Appearance based method
detect eyes based on their photometric appearance and
require a large amount of data for training the classifiers
(e. g. neural network or the support vector machine).
Feature-based methods explore the characteristics of the
human eye to identify a set of distinctive features around
the eyes. Features such as the limbs, pupil (dark/bright
pupil images), and cornea reflections are common
features used for eye localization. However, feature-
based methods have difficulties with low contrast
images. In template-based methods a generic eye
model, based on the eye shape, is initially designed.
Subsequently, template matching is used to search the
image for the eyes. Canonical template matching is
computationally expensive, needs high contrast images,
works only with frontal view faces and it only matches a
template of fixed size in a predefined orientation. In any
arbitrary image the matched region does not always have
the same size as of template. Therefore, the template size
must be initially adjusted according to the matched
region by using the deformable templates[8].
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In deformable template matching an eye model is

allowed to translate, rotate and deform to fit the best
representation of the eye shape in the image. Then, the
eye position can be obtained through a recursive process.
Although this method can detect the eyes accurately, it
requires high quality images and the initial estimate of
eye location should be properly specified near the actual
eye position. Furthermore, exhaustive search is
computationally expensive and it is not suitable for real-
time implementation .Al-Mamun et al.[8]proposed a
novel approach for eye detection which exploits the
flexibility —of deformable templates and uses a
genetic algorithm to match the template for eye
detection. The utilization of the genetic algorithm
reduces the time required for template matching than the
conventional template matching algorithm.
Most of the schemes described above for eye detection
use prior heuristics about eye geometry and some of
them really based on very complex mathematical
calculations which are almost not possible for real-time
implementation. While these methods have been
successful in improving eye detection and tracking,
reliably detecting and tracking eyes in conditions of
variable face pose remains largely problematic. In this
paper we propose a novel algorithm for eye detection and
tracking in video sequences. The proposed method
utilizes a threshold value for the correlation coefficient to
switch between regular template matching and
deformable template matching with GA. The proposed
method was found to yield excellent recognition results
while optimizing the execution time

The paper is organized as follows: in Section 2,
template matching and genetic algorithms are explained.
In Section 3, the proposed eye detection and tracking
method is described. Section 4 reports the experimental
results. Finally, we summarize the paper with some
concluding remarks in Section 5.



2. TEMPLATE MATCHING
GENETIC ALGORITHM (GA)

BY

2.1.Template matching

Template matching is a technique used in classifying
objects by comparing portions of images against one
another. It is a popular method for pattern recognition.
Detailed description of this method can be found in [6,
7].

Definition 1: Let | be an image of dimension mxn and
T be another image of dimension pxq such that p<m and
g<n then template matching is defined as a search
method which finds out the portion in | of size pxq
where T has the maximum cross correlation coefficient
with it.

2.1.1. Cross-correlation Coefficient
The normalized cross correlation coefficient is defined
as:
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The value of cross-correlation coefficient y ranges in [-
1, +1]. A value of +1 indicates that there is a complete
match between T and I(x, y) and a value of -1 indicates
complete disagreement. In the Template matching
algorithm the template T slides over image | and the
value of y is calculated for each position(x, y). After
completing this calculation, the point which exhibits
maximum v is referred to as the match point.

2.1.2. Deformable Template matching

The traditional template matching procedure explained
above matches a template of a fixed size in a predefined
orientation. But this is not always true, as in eye tracking
in video sequences the eyes may be rotated or at a
different scale other than in the template. Deformable
template matching algorithm is utilized to address the
difficulties associated with changes in eye scale and
orientations.
The eye template used in this paper is presented in
Figurel. .

Figure 1.Template used in the experiment
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In deformable template matching the eye template is
deformed with various scales and rotation angles. The
deformed templates are correlated with the face image.
The region of the face which gives maximum correlation
refers to eye region.

Exhaustive search in the deformable template matching
algorithm is very time consuming. Therefore, to achieve
real-time performance, the deformable template
matching algorithm is combined with genetic algorithm.

2.2 Genetic Algorithm

Genetic Algorithm (GA) is a search technique used in
optimal or near optimal solutions to optimization and
search problems. GA uses techniques inspired by
evolutionary biology such as inheritance, mutation,
selection, and crossover. The algorithm begins by
creating a random initial population then creates a
sequence of new populations. To create a new
population; Score each member of the current population
by computing its fitness value. Scales the raw fitness
scores to convert them into a more usable range of
values. Selects members, called parents, based on their
fitness. Some of the individuals in the current population
that have lower fitness are chosen as elites. These elite
individuals are passed to the next population. Children
are produced from the parents either by making random
changes to a single parent (mutation) or by combining
the vector entries of a pair of parents (crossover).The
current population is replaced by the generated children
to form the next generation. The algorithm stops when
one of the termination criteria is met. Detail study and
application of genetic algorithm can be found in [8, 9
and10].

In our proposed method correlation of eye template
with various overlapping regions of the face image is
found out by changing eye template rotation angles and
scaling factors using GA to avoid exhaustive blind
search. The region with maximum correlation with the
template corresponds to the detected eye region

2.2.1 Fitness function

The selected fitness function is the Cross correlation
Coefficient  calculated from  (1).Therefore, the
optimization problem to be solved with GA is to find the
best rotation angle and scaling factor to maximize the
fitness function. A fitness value closer to lis a clear
indication of a better template match. The region with
the maximum correlation with the template refers to the
detected eye region.

2.2.2. Chromosome Structure
Each chromosome is a vector of genes representing a
trial solution.. Each gene can be a binary number, a real
number or other symbols. In this Paper the used genes
are coded as real numbers consisting of the scaling
factor(s) and the rotation angle (¢) as shown in
Figure2.The rotation angle is Confined in the range [-32,



+31]and the Scaling factor is confined in the range [0.5,
2.5].

3 P

Figure.2. Chromosome structure

2.2.3 GA with population inheritance

In video processing, each frame is treated separately.
The GA population is randomly initialized for every
frame and this significantly increases processing time.
To avoid this problem, the genetic information that has
evolved in previous frames is reused in future frames. In
fact, the initial population for a new frame is generated
with the final population achieved in the previous frame.
This population inheritance property can significantly
reduce the processing time and increase the accuracy

3. THE PROPOSED METHOD

Templateimage

Frame=1

l

Calculate correlation between
template and face image

0
If correlation>=8
yes N
End of video?
¥es

GA Template matching

Frame=Frame+1

Figure3.proposed method

Even with GA population inheritance we also need to
reduce the processing time. The proposed method starts
with the calculation of the cross-correlation coefficient
between the eye template shown in Figure 1, and the face
image. The maximum correlation value is calculated. If it
is greater than or equal or a predefined threshold value
(0) then the point which exhibits maximum vy is referred
to as the eye position. If the maximum correlation value
is less than O then the template needs to be deformed
using the genetic based deformable template matching to
find the eye position. This method can yield good
detection accuracy while significantly reducing the
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processing time. The flowchart of the proposed method
is presented in Figure 3.

4. EXPERIMENTAL RESULTS

The proposed eye tracking algorithm was implemented
using MALAB 7.0 Software. The VidTIMIT database
[11] was used to test the performance of the proposed
method. VidTIMIT is comprised of videos and
corresponding audio recordings of 43 people, reciting
short sentences. Each person performed a head rotation
sequence in each session. The sequence consists of the
person moving their head to the left, right, back to the
center, up, then down and finally return to center. The
recording was done in an office environment using a
broadcast quality digital video camera.

GA parameters were set as follows: population size is
10, probability of crossover is 0.7, probability of
mutation is 0.05, and the type of crossover is uniform
crossover. The population size is small, because this
method will be applied for real-time processing in the
future. The GA processing is terminated after 100
generations. To ensure result consistency five runs were
performed for each video .

The estimated eye locations are compared with the
exact eye center locations based on a relative error
measure proposed by Jesorsky et al. [12], Let Cr and Cl
be the exact eye center locations (by manual annotation),
and Cr’ and Cl’ be the estimated eye positions. The
relative error of this estimation is measured according to
the formula:

_ maxiflCr—Cr’|I,IIC1-C1'|l)

ICr—Cl||

In a human face, the width of a single eye equals to the
distance between inner eye corners. Therefore, half an
eye width approximately equals to a relative error of
0.25[13]. Thus, in this paper, we considered a relative
error of d < 0.25 to be a correct estimation of eye
positions. Our method has a 92.2% overall success rate
for d < 0.25 on the VidTIMIT database. Some examples
of estimated eye locations are shown in Figure 4.

)

Figures 5, 6 present the calculated accuracy and the
corresponding processing time for GA with and
without population inheritance .1t was found that GA
with population inheritance has better accuracy and
less time than GA without population inheritance. but
we also still need to reduce time. Then our proposed
method was tested for different values of 8 .Figures 7, 8
present the calculated accuracy and the corresponding
processing time for different values of 6.1t was found
that best value for 6 to be .95with an average accuracy
0f92.2% and average processing time 15.2 sec per frame.
These results showed better accuracy and less
time than GA even with population inheritance .
This indicate that the proposed method is effective.



Figure 4. Successful eye tracking
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Figure.5. Accuracy comparison between GA and GA with population inheritance

134




45
40
35 +
§ gg : B GA without population
E 20 - inheritance
s 15
10 - H GA with population
5 4 inheritance
0 .
video name
Figure.6. time comparison between GA and GA with population inheritance
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Figure.8. time comparison for different 6
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5. CONCLUSION

In this paper new eye detection and tracking scheme is
proposed. The proposed algorithm relies on genetic
algorithm based deformable template matching. it
incorporates deformable template matching and genetic
algorithm to overcome problems associated with varying
eye sizes and orientations The method does not require
any complex mathematical calculation or prior
knowledge about the eye geometry or potential eye
location tags like face rotation angel, head contour or
nose position. using a threshold value for the correlation
coefficient to switch between regular template matching
and deformable template matching with GA. which is a
simple method and can be implemented easily by
hardware. Proposed eye tracking in video system can
find out eye location with success rate 92.2% and
average processing time 15.2 sec per frame. In our future
work, we will try to reduce average processing time and
we also must compare to the other work with same
dataset.
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