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ABSTRACT

In the last decade, identification by biometric features such as iris
and fingerprint has been considered very much. Last introduced
methods, in fact, could achieve high accuracy, but one of the most
common problems in these methods is the lack of scalability. So
these methods are suitable for use in small databases of iris. One
solution for this problem is using the hierarchy classification. In
this paper, fractal dimension of iris and effective range of color in
RGB layers are used as first and second layers of classification in
iris images respectively in order to increase the performance of
different methods in human identification. The result of simulation
on Phoenix database’s data shows that this method is suitably
efficient in the classification step.
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1. INTRODUCTION

Biometric term is derived from two ancient Greek words: Bios that
means life and Metron that means measure. This term refers to the
methods of human identification based on one or more
physiological or behavioral characters of a person. Biometric is the
science of human identification through innate characteristics such
as fingerprint, palm, face, signature, handwriting, iris and retina
scan, voice and etc. In biometric systems, identification and
authentication processes use innate characteristics instead of
artificial ones such as passwords and etc, which causes increasing
of security in these processes. Biometric characteristics can be
divided in to three groups:

e Physical characteristics
e Behavioral characteristics
e Chemical characteristics

1.1. Physical Characteristics
This feature analyses and recognizes of one physical
characteristic such as fingerprint or hand geometry. Organ
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measurement is one of the oldest methods of human identification
which has been diversified with the development of technology.
Identification methods via iris face or retina veins are the other
ways in this case.

1.2. Behavioral Characteristics
Behavioral techniques measure the way of doing a special work
by human as like as signing or saying a phrase. The methods of
this group are identification via signature, typing rhythm, voice
and etc.

1.3. Chemical Characteristics

These techniques measure a chemical feature of user. Some of
these methods are identification via DNA, blood sugar, body odor
and etc.

A quick-look comparison of all of the biometric technologies is
provided in Table 1. In this comparison the biometric technologies
have been compared on the following four criteria: mechanism
simplicity, accuracy, integrity and cost [1]. It is obvious that the
iris and fingerprint features are more appropriate than other
biometric features. In addition, the iris has many other properties
which make it distinguished. For example, it is the only internal
body member which is visible from out and protected from
environment nicely. Capturing iris image is contact less which is
the most important parameter of user unsatisfactory. Also, it forms
from first year of life and remain unchangeable up to the end of
life. In addition, iris structure is full of Physiometric information,
which means there exist more than 200 analyzable properties
inside iris and they cannot be duplicated like as fingerprint.

Table 1: The comparison of human identification methods
includes biometric and non-biometric features.

Biometric Mechanism

Features Simplicity Accuracy | Integrity | Cost
Fingerprint 7 7 4 3
Signature 3 4 5 4
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2. IRIS BASED IDENTIFICATION SYSTEMS

In 1993, John Daugman presented the first iris identification
system by Gabor wavelet transform. Daugman idea was based on
transforming iris image to a 256 Byte code that is named Iris Code.
Then, by comparison of iris codes distance, as like as Hamming
distance, he measured similarity between two irises [2, 3]. In 1996,
Wildes suggested the automatic iris identification system that was
a system with high computational complexity [4, 5]. Wageeh was
another researcher in this context. System that he presented uses
wavelet transformation in different levels. It, also, uses the one
dimensional resulted signal for comparison with basic instance [6].
Zhu, Tan and Sanchez also presented other techniques [7, 8, and
9]. It can be said that most of old techniques were based on multi-
scale analyzes.

In recent years, new techniques based of fractal are presented
according to fractal properties of iris and other features [10, 11].
These techniques are very stable in small databases, so most of
them are restricted to databases with about 1000 images. Systems
in developed enterprises in all over the world also have above
constraint. International centers, as like as airports that some
countries have started to use automatic iris identification systems
in them, also have many constraints. In the most of automatic iris
identification systems, normally, after extracting one of iris
properties, the comparison and identification processes are started
directly, which cause some restrictions in identification. So, it is
participating that combining more parameters can improve results
and increase instance images domain.

3. FRACTAL THEORY

The Fractal Theory was given by Benoit Mandelbrot in 1975
[12, 13]. In his opinion, fractal objects have 3 important properties.
e  self similarity

e jterative formation
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e fractional dimension
There are many instances of fractals in nature. For example,
Contour set, Sierpinski triangle, Koch snow, Julia set, Fern fractal,
etc. Figure 1 shows some fractals.
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Fgurel. Some instances of fractal images
3.1.Fractal Dimension

The most important property of fractals is their decimal
dimension. We should remember that a line has 1 dimension, a
surface has 2 dimensions and a cube has 3 dimensions. Dimension
is an independent term from size. There are many methods for
calculating fractal dimension. Some of the most famous are:

1- Hausdorff dimension

2- Packing dimension

3- Rényi dimensions

4- Box-Counting dimension
5- Correlation dimension

For example, in fractal dimension calculating by Box-Counting
dimension method, we divide the space into some boxes with size
of & , and count boxes that the fractal has effect on them. Then we
can calculate the fractal dimension via relation (1). The result
essentially is a decimal number.

Dim,, ()= 1im1°g—N(‘9)

=0 log(1/¢) .

4. HYBRID CLASSIFICATION OF IRIS IMAGES

At all, hybrid classification of iris images is done via two
effective parameters: fractal dimension and effective color of iris
extraction. Both of these parameters have suitable complexity that
increases the quality of classification of iris images algorithm. First
step in this process is calculating of fractal dimension. The next
step is extracting the iris color.

4.1. Extracting Iris

The first step in iris classification is extracting iris from image
and transform the iris image into a unique and standard image. To
achieve this goal, we extract the iris from image via image
histogram and then by a geometrical rotation transformation, we
map its circular shape into a rectangular one. This transform has
been shown in relation (2). The result is iris extraction with all of
its partial information. Of course, this process does not have any
negative side effect on color based analysis that will take place in
next step. Figure 2, shows some analyzed images with extracted
irises. As you see, the result of this step is some same rectangles
that are very suitable for fractal dimension analysis.
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Xrot = x,; x Cos(deg) + y, x Sin(deg)

Yrot = y, x Cos(deg) — x, x Sin(deg)
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Figure2. Some iris image with extracted spectrum

4.2. Calculating the Fractal Dimension

For calculating fractal dimension, we use Box-Counting method
that relation (1) shows its process [14, 15]. Calculating fractal
dimension of Phoenix database instances showed that the fractal
dimension range was [1.30~1.90]. By classification of this range
into four groups, following domain for each group are obtained.
Table 2 shows the result of using the above algorithm on Phoenix
database data.

Group A =[1.30~1.45]
Group B =[1.45~1.60]
Group C =[1.60~1.75]
Group D =[1.75~1.90]

4.3. Extracting Effective Color from Iris Images

Iris structure has unique properties and a complex pattern. Iris
color is one of them. Iris color and pattern creation is based on
Melanin Pigments and Crypts counts. Human iris color has a wide
range, so that we can use these different colors for documentation
[16]. This range is changing from dark brown to light blue [17]. In
classification of different iris colors, we can use some terms such
as brown, honey eye, green, gray, blue or a combination of them.
But because of lack of an explicit border between these colors, we
classified them into three classes: light, dark and average and then,
calculated the average of color value in each layer of RGB levels.
In other word, we calculated the average of red, green and blue
color value in each image. Also, because of ambiguity in light,
average and dark terms, we calculated the value of each red, green
and blue layer via experience and used these values for
classification. These parameters are as following for different
images.
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1. Light Iris: value of R should be greater than 105, value of G
should be greater of 90 and value of B should be greater than
40.

2. Dark Iris: value of R should be smaller than 110, value of G
should be smaller of 70 and value of B should be smaller than
50.

3. Average Iris: the iris that does not belong to two previous
classes.

Table 3 shows the results of classification all of database images
via the above algorithm. These results are fully matching with
reality according to iris color.

5. IMPLEMENTATION AND RESULTS

Combining the two ideas that presented at previous section, give
the ability of classifying of many iris image instances into groups
with suitable frequency (almost uniform) to the algorithm. One of
the most important attributes of this algorithm is the uniformity of
frequency in each group. The time complexity of algorithm is very
suitable, too. The above technique was implemented in MATLAB
environment in a P4 computer that was equipped with Windows
XP operating system. The sample database has 4096 instances. The
final results of each classified group with this algorithm are
showed at Table 4 in 2 classification layers.

6. CONCLUSION

Iris Identification is one of the most reliable methods for human
identification. Iris’s features have many details so they can be used
for human classification and identification. Combining iris’s
features can increase the iris classification stability. On the other
hand, iris is a fractal phenomenon, and has fractals features such as
fractional dimension; so combining this structure with extracted
color of iris can classify a wide range of iris samples. In this paper
we used this method. The results of combining these two
properties increased the performance of the iris classification
system. So, it can improve identification process’s time
complexity. Focus on extraction of iris’s features can result very
fast identification systems in the future. Because of using of
pattern recognition processes in existing systems, most of them
don’t have suitable time complexity. By using hybrid classification
of iris’s features and then searching in each class, time complexity
decrease in a nice manner.
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Table2. Fractal dimension based image classification

Class A B C D Sum
Frequency 72 84 156 72 384
Table3. Iris image classification base on color
Class Light Average Dark Sum
Frequency 132 144 108 384

Table4. The results of presented algorithm running on Phoenix iris images database

Class Based
On Class A Class B Class C Class D
Dimension
Frequency 768 896 1664 768
Class based Light | Average | Dark | Light | Average | Dark | Light | Average | Dark | Light | Average | Dark
on color
Frequency 128 128 512 320 256 320 640 704 320 320 384 64
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