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Abstract—In this paper, a novel approach to detect iris from 

images which contains frontal faces is proposed. The approach 

can be used for real time eye detection from cheap web cameras 

or other kind of cameras. First face region is detected by using 

haar cascades for frontal faces than possible eye region chosen 

from the face region. The eye regions reduced with the 

foreknowledge which is eyes are darker. Reduced image used 

with a tailored template matching algorithm to determine where 

eye really is. 
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I. INTRODUCTION  

Eye detection is being used for many applications. Those 
applications include security, marketing, psychology, human-
computer interaction and so on. Detecting a face in an image 
only beginning of other steps to gather information from the 
face images. The other steps are finding elements of the face 
such as eyes, mouth, chin, etc. The state of the eyes may 
contain many information about an individual. For example, 
the size of the pupil could be interpreted whether or not the 
person is in distress or there may be behavioral patterns to 
detect if a person is thinking or if he/she is tired, etc.  

Behavioral patterns can be used in creating psychological 
profiles, which then can be used for marketing or treating 
psychological diseases etc.  

Since it is possible to estimate where one is looking by the 
positions of the eyes, it is also possible to make gaze detection. 
Gaze detection can be used in many areas such as computer-
human interaction or information gathering etc.  

Eyes also have a unique print, which is used in 
identification [1]. By counting the number of blinks in a 
minute it is possible determine if a person is tired or sleepy, 
which is used in detecting whether the driver is tired or not 
[2]. All of these applications and many more like these rely 
heavily to find the eyes and success of these methods only as 
good as the success of the eye detection methods.  

Current eye detection technologies can be divided into 
three categories according to invasiveness. Electro-
oculography methods place electrodes on the skin near the 
eyes [3] or eye coil systems uses contact-lens [4], etc. These 
kind of methods are categorized as invasive methods. Second 
is semi invasive Some of the other methods do not need any 
object to place directly to the user, however in order to 
highlight the eyes they use special lights [5]. These kind of 
methods is categorized as semi-invasive methods. The last 
category is non-invasive methods. These kind of methods uses 
only images without any aid of secondary devices 
[6,7,8,9,10,11].  

Since invasive methods have more information-gathering 
capabilities, they tend to have a good detection rate. However, 

in reality, it is not feasible to use them in applications because 
of the high cost and low mobility. 

Semi-invasive methods also do not have desirable cost 
effectiveness even though they have some usage areas and 
good detection rate. 

Non-invasive methods have the lowest cost because they 
only need an image to be fed to the system.  Nevertheless, they 
have less successful than other categories. Since, they have 
issues such as light condition, eyeglasses, make-up etc.  

Non-invasive methods can be branched into two major 
sections. The first section contains A.I. (Artificial 
intelligence) based methods. Methods belonging to this 
section typically structured of three main processes: creation 
of the eye patterns, adopting classifier or statistical model and 
finally applying resulted program to image.  Second section 
uses natural attributes of the eye to detect it such as 
histograms, pixel distribution, pixel values, etc. [6,10,11]. 

II. FINDING EYE 

In the proposed method, a simplistic approach to find the 
eye is selected. First a few phases are typically same in the eye 
localization methods. Detecting face with Viola-Jones 
algorithm [12] and then determining broad eye field with 
educated guess or utilizing cascade to determine the eye field, 
finally using an innovative technique to determine exact eye 
location is as shown in Fig.1. 

 
Fig.  1 Three main steps of eye finding algorithms 

A. Finding Face 

Finding a face region is important because it reduces the 
area to the region of interest. This provides a search area which 
has limited characteristics and appearances. There is no other 
object or image which can be confused as an eye also reduces 
the workload of the algorithm.   



The face detection problem is a decades old problem and 
there are many methods to address this problem [13]. In the 
proposed method, the Viola-Jones method is chosen to find 
the faces by using Haar-like cascades [12]. For BioID 
database [14] this method manages to successfully detect 
faces in 1365 images out of 1520 images which means over 
%89 success rate. There are only eleven false positive out of 
1520 images. These false positive results usually small region 
within a detected face so it can be easily discarded by choosing 
a bigger face within detected faces.  

OpenCv library contains necessary cascade files for these 
kind of detection purposes and in this work; frontal face file 
(haarcascade_frontalface_default.xml) has been used to find 
faces in images.  

B.  Estimating eye region and reducing the image 

In order to find a general eye region, taking an educated 

guess can be used. Asadifard and Shanbezadeh divides the 

image into four parts using middle diagonal and vertical 

points. It is supposed that left eye is in up left side and right 

eye is up right side [10]. However, this approach some 

shortcomings like a bigger region of interest than what was 

needed, but it also provides an area with an eye. Another 

option may be utilizing a haar-like cascades or other kind 

detection methods to find where eye area is. However, this 

kind of approaches tends to provide poor results in finding a 

region of interest for the eyes.  Because the eye is a moving 

object within the eye region, hence it is very hard for cascades 

to detect the eye region with high accuracy. There is also the 

matter of computation cost which comes with a secondary 

eye region of interest detector, but it may give a smaller eye 

region.  

In suggested method an educated guess used and out of 

1365 images of BioID database, it manages to get positive 

result for 1175 images. Let (x,y) starting coordinates of the 

face region and w, h wide and height of the face region. Then 

region of the interest for right eye can be found within ( (y + 

3 * h / 8 - 5): (y + h / 2 - 5), (x + w / 5):(x + w / 2 likewise for 

the left eye region of interest can be found within (y + 3 * h / 

8) - 5: (y + h / 2) - 5, (x + w / 2):(x + w * 4 / 5). 

The ratio between eye radius and the horizontal value of 

eye region is about 0,1. For example, if the eye region is   r X 

c where r is the number of rows and c is the number of 

columns than to find the eye radius d equation (1) is used. In 

order to find how many pixel eyes would have. We use 

possible radius d of eye and since the eyes are circular by 

using area of circle equation (2) we calculate possible eye 

pixel count p. By utilizing the histogram, we collect darker 

pixel until we reach pixel count p and find threshold value 

which separates eyes.  Then we create a new grey image 

which we will call as reduced image, and paint its pixels to 

black if it's darker than the threshold value and paint it to 

white otherwise. 

 

125.0*rd         (1) 
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C. Template Matching 

The circular characteristic of the eyes makes it easy to use 
in a matching algorithm. Even though eyes are not fully circle, 
but an ellipse with a ratio of 1.13 usually this difference is 
negligible because cameras do not have the necessary 
resolution to catch that difference. 

The template matching is a proses where each pixel in one 
input image is compared to another image to find if there is a 
matching part in it. This is done in a windowed manner and 
for each window a similarity value is calculated. Best 
similarity value determines which of the windows is matched 
to the input image. There are many methods to calculate 
similarity value like square difference (3), normalized square 
difference (4), correlation (5), normalized correlation (6) etc. 
In this work we have been used square difference method to 
calculate similarity value (3). In formula (3) R is the similarity 
value, I input image, S source image which we try to find a 
match in it and x, y starting positions of the window and x’, y’ 
pixel positions of input image. In square difference method 
sum of the square of the differences of each pixel determines 
similarity value. Smaller similarity value means more 
similarity and if it is a perfect match, then the similarity value 
would be zero. 
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In this work, we had to do multiscale template matching 
because we could only guess the size of the eye at a certain 
range. In order to use the template matching method on 
multiscale, template matching is performed on input images 
with different sizes, and a similarity value is obtained by 
dividing the obtained similarity value by the number of pixels 
in the image, and by comparing these values, the image having 
the lowest similarity value is considered to be matched. 

In order to guess the size of the eye we used a row count 
of the eye region of interest and we determined that the radius 
of eye within ½ and ¼ of the eye region of interest’s row count 
and within this range we used a multiscale template matching. 

As for input image which will be used in template 
matching we created a simple image as seen in Fig.2 for each 
possible radius value within range and used all of them in a 
multiscale template matching method. Usually there were four 
or five images created for each eye. 



 

Fig. 2 Input image for template matching  

III. EXPERIMENTAL RESULTS 

A. Evaluation 

We used the BioID database to evaluate the success rate of 
the proposed method. BioID database consist of 1520 frontal 
face images with files which contains eye position annotations 
of the left and right eye. There is a single frontal face at each 
image and these images belongs to twenty-three different 
individuals. BioID database is a challenging database because 
images are grey level and have low resolution (384 × 286). 
Most of the images belong to the persons who use glasses and 
there is an intense reflection in their glasses. There are images 
taken in areas that are not sufficiently illuminated or over 
illuminated. There are images where the individual's eye fully 
closed or partially closed which makes it impossible to 
determine where eyes are since there is no eye in view. 
However, to determine the success of an algorithm a 
challenging database is necessary.  
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Error rate e calculated by using formula (7) where e is error 
rate, L, R are actual position of left and right pupil whereas L’, 
R’ are calculated positions by this method and difference of 
them is the Euclidean distance between them.  

The success rate for e<0.25 algorithm is considered good 
for finding eye, however, for application such as gaze 
detection e should be less than 0.05. 

 

Fig. 3 Example of the successful results for e<0.05 

In Fig. 3 some of the successful results for e<0.05 are 
given. As seen this method manages to draw a white circle to 

the eyes the center of the circle is where an eye pupil is. Also 
Fig. 4 shows some of the unsuccessful results for e<0.25. In 
dark or too bright cases, this method may confuse eyebrows 
with the eye since eyebrows also have a dark color. 

As seen in Fig. 5 there are some instances where this 
methods manage to find the eye but marked as unsuccessful. 
We believe that some of the eye position didn’t annotated 
accurately. 

 

Fig. 4 Unsuccessful results for e<0.25 

 

 
Fig.5 In some cases eye positions of the BioID database isn’t accurate. These 

images marked as unsuccessful for e<0.05  

 

B. Comparison with The State of The Art 

We compared this method with state of the art methods 

which use the BioID database to determine success rate. Out 

of 1520 images, Viola-Jones face detection methods 

managed to find a face in 1354 images. The results are given 

in Table 1. 

 

 



TABLE I.  SUCCESS RATE OF THE METHOD AND COMPARISON WITH THE 

STATE OF THE ART 

Method e<0.05 e<0.1 e<0.15 e<0.2 e<0.25 

Ours  59.9% 75.3% 78.9% 82.7% 86.0% 

Fabian and 
Erdarth [6] 

82.5% 93.4% 95.2% 96.4% 98.0% 

Turkan et al.[7] - 73.7% 94.2% 97.0% 98.5% 

Kroon et al.[9] 65.0% 87.0% - - 98.8% 

Asadifard and 

Shanbezadeh[10] 

47.0% 86.0% 89.0% 93.0% 96.0% 

Valenti and 

Gevers [8] 

77.2% 82.1% - - 96.4% 

Asteriadis et 

al.[11] 

- 81.7% - - 97.4% 

 

For different e error rates; the success rate for left eye, 

right eye and worst eye have been calculated as seen in Fig. 

6. For e<0.05 success rate for worst eye is ten percent lower 

than the success rate of the left and right eye. As expected, 

success rates are better for left and right eyes. Also, it seems 

this method is slightly better at finding left eye. 

 
Fig. 6 Detection rate of the proposed method in different error rates 

 

This method seems to be average against the state of art. 

However, it should be noted even though all of the methods 

use BioID database some of them use the database partially 

such as removing images with people who use eye glasses or 

removing images with closed eyes. In this work we only 

removed images that the face cannot be detected with Viola-

Jones algorithm. Also, there is problem with eye positions in 

some of the images.  

One of the benefit of proposed method is that it can be 

computed parallel, which means time consumption of the 

program could be much more less than many other approach. 

Another benefit of this approach unlike A.I. based methods 

this method does not need a file to be saved to memory hence 

it is more memory efficient. This approach could be used 

bigger images without much efforts whereas AI based 

methods need to change image to an acceptable size in order 

to work on it. This means a growing quantization error as 

image size is grows. 

At overall this method yields promising results 

considering it is an easy approach which does not involve any 

kind of learning or model scheme. Also, this method does not 

need any complex algorithm to determine eye location, it is 

easy to understand and easy to implement.  

IV. FUTURE WORK AND CONCLUSION 

Even though algorithm has acceptable results, we believe 
these results can be better by implementing a better approach 

to determine region of interest for the eye. Voile-Jones based 
region of interest detection for eye methods seems to have a 
low success rate at finding eyes than desired. Using educated 
guess means a larger region of interest or marking a region of 
interest where there is no eye when person lowers his/her 
head, etc. This is the problem we should solve next in order 
boost success rate of the method. 

This paper presents a simple matching method to localize 
eye positions in frontal face images. We use three 
characteristic of the eyes; eyes are darker than around of it, 
there is a ratio between and eye and eye region, and finally 
eyes are round. We used a simple approach to reduce the eye 
region to black and white with the help of a histogram, then 
used a simple circular image as input for a multi scale 
matching to find eye location.  
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