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Abstract—Iris localization is a very important approach in

biometric identification systems. Identificationopess usually is
implemented in three levels: iris localization,tfee extraction, and
pattern matching finally. Accuracy of iris localtn as the first step
affects all other levels and this shows the impur¢a of iris
localization in an iris based biometric system. this paper, we
consider Daugman iris localization method as adsteth method,
propose a new method in this field and then anadywkcompare the
results of them on a standard set of iris imaghs. froposed method
is based on the detection of circular edge of aisl improved by
fuzzy circles and surface energy difference costexiplementation
of this method is so easy and compared to the atie¢hods, have a
rather high accuracy and speed. Test results dhatitte accuracy of
our proposed method is about Daugman method angutation
speed of it is 10 times faster.

In 1936, ophthalmologist Frank Burch proposed tecept
of using iris patterns as a method to recognizendividual
[2]. In 1985, Leonard Flom and Aran Safir, ophthalogists,
proposed the concept that no two irises are abke, were
awarded a patent for the iris identification coricep1987.
Then Flom approached John Daugman to develop an
algorithm to automate identification of human iti$.1993, the
America Defense Nuclear Agency (ADNA) began worltest
and deliver a prototype unit of identification bdsen iris,
which was successfully completed by 1995 due to the
combined efforts of Flom, Safir, and Daugman.

In 1994, Daugman was awarded a patent for his attxin
iris recognition algorithms. In 1995, the first cawercial
product of it became available. In 2005, the brgedent

Keywords—Convolution, Edge detector filter, Fuzzy Cirde’covering the basic concept of iris recognition esgj

Identification

|. INTRODUCTION

SINCE development of automatic identification sysseim
recent years, using of biometric patterns as tdufgatures
have been grown in this field. In fact, these systethat using
biometric patterns, work based on “who really yoe”’aThe
color ring around pupil known as iris is one ofgbgatterns.
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Fig. 1 Iris Image

Iris is the most unique feature of everyone; aB&A, as
twins have different iris patterns, too [1]. Eveght and left
irises of each one are different.

Marzieh. Savoj, is a M.Sc. student in Artificiakéfligent at Department
of Computer, University of Isfahan, Isfahan, Irane-ngail:
msavoj@comp.ui.ac.ir).

S. Amirhassan. Monadjemi, is with the Department @bmputer,
University of Isfahan, Isfahan, Iran (e-mail: mojedi@eng.ui.ac.ir).

providing marketing opportunities for other compamito
develop their own algorithms of iris recognitiorhelpatent on
the Iris Codes implementation of iris recogniticeveloped by
Daugman will not expire until 2011.

First step in an iris recognition system is lodaliz and
segregating the iris from the eye image. That tiseradifficult
and affects the accuracy of the next steps. Inpghjger, we
will propose a new method on iris localization lsheea circle
detection. Our proposed method is very simple tplément
and also have high accuracy and appropriate spEled.
simplicity of implementation makes this algorithm e very
usable; also appropriate speed and high accurattyabfake
it very applicable in many applications.

The reminder of this paper is organized as follo8ction
2 is the overview of former iris localization metis)
especially Daugman’s algorithm. In Section 3, weadibe our
suggested methods, start from simpler one. Finallgections
4 and 5, we analyze and compare result of our rdstfamd
Daugman’s method on some iris image databases.

II. OVERVIEW ON IRISLOCALIZATION METHODS

Due to, significance of iris recognition as onetloé most
important biometric patterns and influence of Idsalization
on it, plenty of works in this field has been cedriout so far.
Many methods and algorithms in iris localizatiorvéadbeen
provided so far with diverse range of avail. Sonfiethese
proposed algorithms are based on morphology, distan
transform, Gaussian filters, Gabor filters, andraknetworks
and so on. Daugman method is the most important[8he
However, since high performance of this methot ithe main
reference to analyze and compare other methodscaracy
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and runtime. Meanwhile, it has shown some disadged in  the iris bound. Value of conformity of every cirded edges
both implementation complexity and generality.Daagm calculated by an AND operator between that circld adges
method used iris grayscale images. Each imdde,f/)) is binary image, and summing up the result. Greatreviacate
closer circle to the iris edges. Since examinihgiatles in an
image is time consuming and rather impossible efich size
of radiuses 1), we convolve a circular filter @, ) to image

(1 (xy)):
E(xY)=C *1(xy) (4)
E(x y) shows the conformity of a circle defined by the

assessed by integrodifferential operator, then @mputing
maximum of the result, center of iri§xg, yp)) and its inner

radius (r) are specified (see Equation (1)). Next we use th
relation once again to compute the outer radiukisfiris.

(% y)

BASAR 2 )

_ 0
DM =maXy x. vo) Ga(r)*a—r § pym
r

%0:Yo
This equation act as a circular edge detector where
denotes the convolution an@, (r) is a smoothing function

center pixel(x, y) and radius with image, so (5) is a suitable
way to finding the best candidate for the iris baun

My =max, , .\ (C *1(xy)) (5)

B. Fuzzy Circles Method

Our proposed method in Sectioh is a very simple
algorithm that it is easy to implement, and hashhig
computation speed. However, in most cases, bouhds wis
do not have an exact circular form. Also, sometilnesause

such as a Gaussian of scale Image is a discrete signal then
this operator is applied discrete space [4]. Resiilthis
modification is Equation (2):

DM =maxX o o o) A—:erk:{(Ga ((n—k)Ar)—
( )

Gy ((”"“1)”)2'[ KAr cos(mAB +X0)’ @) of unsharped edges in the input pictures, we do hate
m complete circle in binary images. These two reasootsvated
(kAr sin(mAH)+y0)J})‘ us to overcome these disadvantages using a fuazje ci

) instead of a simple crisp one. So we define a fuidmyle by

~Almost, pupil has a monotonous black color, then byginy several concentric circles with continuougius. The
dividing equation above to the same amount withllema efinition of this fuzzy circle changes by variatiof circles
radius (that could be placed inside the pupil)héitgh having ,,mper and their coefficients: these variationsehaifferent

a smaller radius may increase the error and vicgave

Zk:{(Gg ((n—k)Ar)—
Gy ((n-k=12)4r)) Y1 (kar co(mas) +x,) |

(kar sin(mag) + yo)]/ (3)
(Ar ) [((k=2)ar cog(ma8) +x),

m

((k-2)ar sin(mag) + yO)J)}‘

Parameters of this equation are similar paramefgk) and

2).

DM = max(nAr’XO’yo)

Ill. THE PROPOSEDMETHOD

Since inner and outer bounds of the iris are alrostilar,
we can look up for circles in a picture. In thisterave firstly
extract a binary image having edges using a edigetde filter
such as Canny. Then we have to perform the nextabpes
on that binary picture.

In order to specify iris edges, we used simpleles,cthen
by applying fuzzy circles, increase accuracy of method and
finally implement surface energy difference ideausage of
fuzzy circles difference.

A. Standard Circle based Method
We define the circle with the most conformity byged as

sensation on localization accuracy.

Q
Cy

Fig. 2 Fuzzy circle vs. simple circle

O

Cfuzzy,

We used two different groups of weighted coeffitseto
analyze affects of different fuzzy circles. Thesffirgroup

includes three circles with{%,l,%} coefficients and the
second one has five circles WiI{h}I,—;,L—; A coefficients.
Suitable circles for iris bounds obtained by ((Sbuewecfuzzyr

is a fuzzy circle with radius

M, = max(r,x ,y) (Cfuzzyr *I (X Y )) (6)

C.Fuzzy Circles Difference Method

Meanwhile, there is massive difference betweenriramel
outer bounds of an iris, so using this advantage, can
looking for two circle with two adjacent radiusesandr-1)
having most difference in conformity with the imagstead of
looking for a fuzzy circle with the most conformitiherefore,
radiuses and center of the target circle computé7asThis
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method is implemented easily and has an appropa@teracy needs more than one convolution. These reasons caus
and speed. serious decrease in running time of fuzzy circléedénce
— _ * method compared to Daugman method. In general, time
M =max; x.y) ((Cfuzzyf Cfuzzy“l) ' (x y)) % complexity of our proposed method is much less.
Regarding the obtained results, severe decreasaetost
IV. TESTRESULTS of fuzzy circle difference based method in compaith
We implemented our proposed methods on an IntBlaugman method (lower than 0.1), to waive 5% more
Core2Duo / 2.40 GHz computer with 2.00 GB RAM andiccuracy of Daugman method in some applications is
Windows Vista operating system using Matlab R2007istifiable.
environment. Furthermore, we applied some standasd
databases such as CASIA V3 [5]. CASIA V3 database V.CONCLUSION
includes 2655 iris images from 249 different pessand 396 In this paper, our proposed method and Daugmanaueth
different classes (right iris and left iris of argen are are compared and analyzed in aspect of accuracyspeed.
different). These images are grayscale in JPEG dbmith Based on the obtained results, Daugman method i mo
320x280 pixels. Result of localization on this datds shown accurate than all our proposed methods. But incaspieiris
and compared in Table I. localization speed, our methods are much fasteotHer case,
We used the same environment for Daugman algorithfozzy circle difference method, accuracy (92.34%neéar to
implementation. But this method needs nested lamb is  accuracy of Daugman method (97.12%) and computing t
unacceptable due to its run time. Therefore, we ty per iris of this method is 0.1 times of Daugmanef&fore, we
implement this algorithm using matrices and matqperators. propose this method as a more suitable methodefalr time
To materialize that, we use 2 and 3 dimensional/gltions  and online applications.
and matrices for summation in Equation (3) and aating Finally, we remind that change in shape of edgés, ds
maximum of them. However, Daugman method is a timesing four arcs instead of one complete circle, nnagrove
consuming algorithm any way. Result of this implata¢ion is  the accuracy.
illustrated Table I too.
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Table | suggests that accuracy of the fuzzy cidifference

method is more than other proposed methods, bildwsr
(abOUt 5%) than of the DauQman methOdv yet- Betveebear Marzieh Savoj, born in Isfahan, Iran, 1980. Currently, she is a
me’[hodS, the Simp|e circle method is the most ateuone. M.Sc. StudenF in- Artificial Intelligent at Departmte of

. . .. Computer, University of Isfahan, Isfahan, Iran. Hesearch
Perhaps because there is a huQe difference betiwsesnd interest contains image processing, biometric reitiog, iris
pupil surface, and this makes iris inner edge (pegge) very recognition, and pattern recognition.
sharp and thin. Therefore, using AND operator andzy
circle context, in contrary of other points witlband of edges
(around eyelashes, reflex points in pupil, and cdhgs in iris
and etc.), may give a greater value. So this camedse the
accuracy of localization.

In aspect of speed, proposed methods are apprefimat
equivalent, and in comparison with Daugman mettsothere
than 10 times faster. It must remind that thesalt®snay be
change on difference in implementation environment
operating systems and computers.

We claim that the fuzzy circle difference methodjiscker
than Daugman method in any case; Firstly since ctatipns
of this method perform on binary image whereas D@y
method use grayscale image. Second reason isutthatethod
is implemented using one convolution but Daugmathode
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