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ABSTRACT 

 As a part of a growing information society, security and the authentication of 

individuals become nowadays more than ever an asset of great significance in almost 

every field. Iris recognition system provides identification and verification automatically 

of an individual based on characteristics and unique features in iris structure. Accurate 

iris recognition system based on iris segmentation method and how localized the inner 

and outer iris boundaries that can be damaged by irrelevant parts such as eyelashes and 

eyelid, to achieve this aim, the proposed method applied canny edge detection then circle 

hough transformation on an eye image passed through preprocessing operations. The 

proposed iris normalization is done by using the important information that resulted from 

circle hough transformation such as center and radius of iris and center and radius of 

pupil to convert iris region in original image from the Cartesian coordinates (x,y) to the 

normalized polar coordinates (r,θ). The proposed approach tested conducted on the iris 

data set (CASIA v4.0- interval), and tested on (CASIA v1.0- interval) iris image database 

and the results indicated that proposed approach has 99.8% accuracy rate with (CASIA 

v4.0- interval),and has 100% accuracy rate with (CASIA v1.0- interval) . 
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INTRODUCTION 

 From years not far, the scientific community tried leave the traditional 

technologies and head toward technologies characterized by sobriety and accuracy and 

consistency. From these methods that have received the enthusiasm and encouragement 

are biometrics recognition.  

 Through scientific studies of medical, was knowing that each person has unique 

characteristics in part of his body such as fingerprints, hand geometry, iris, face shape 

and many others[1][2]. Biometric technologies used for measuring and analyzing a 

person's unique characteristics[1].from best methods that proved high success are iris 

pattern recognition that proposed in the 1980's by two American ophthalmologists, 

Leonard Flom and Aran Safir that the iris could serve as a human identifier and that no 

two irises are alike (unique pattern), even in twins, it is stable and permanent, thus, can be 

tested repeatedly throughout time[3][4], but they had no actual algorithm or 

implementation until the computer scientist John Daugman of Cambridge University in 

England develop iris identification software who published his first promising results in 

1993[5]. J. Daugman systems include exploit: (i) Integro-differential operators to detect 

iris inner and outer boundaries and then the cropped iris region is linearly normalized to 

rectangular image, (ii) Gabor filters to extract unique binary vectors constituting iriscode 

(used 2048-bit), and (iii) A statistical matcher (logical exclusive OR operator) that 



3 

 

analyses basically the average Hamming distance between two codes (bit to bit test 

agreement)[4][6]. J. Daugman use a differential operators for locating the circular iris, 

pupil regions and the arcs of the upper and lower eyelids as show in equation (1)[4]: 

 

 

hf 

Where 

 (r.x0, y0): the center and radius of coarse circle (for each of pupil and iris). 

 I(x, y): the original iris image. 

 Gσ(r): Gaussian function [3][4]. 

There are many variations in the image of eye, such as size of the iris is different 

for different people, as well as for the same person. This is due to several factors (e.g., 

variation of illumination, change in distance between the camera and the eye, eye 

position, rotation of the camera, head tilt and rotation of the eye within the eye 

socket)[1][7]. After the iris localization, J. Daugman use rubber sheet modal to map the 

sampled iris pixels from the Cartesian coordinates to the normalized polar coordinates, 

known as unwrapping process as show in figure (1)[4]. 
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Figure (1) Daugman rubber sheet model. 

The mapping functions from the Cartesian coordinates (x; y) to the Polar 

coordinates (r; θ) are as show in equation (2,3)[4]: 

          X(r; θ) = (1 - r)Xp(θ) + rXi(θ)              …………………(2)  

           Y(r; θ) = (1 - r)Yp(θ) + rYi(θ)              …………………(3) 



4 

 

Where:  

Xp (θ) = Xpₒ (θ) + rp * cos(θ);  

Yp (θ) = Ypₒ (θ) + rp * sin(θ);  

Xi (θ) = Xiₒ (θ) + ri * cos(θ);  

Yi (θ) = Yiₒ (θ) + ri * sin(θ). 

Daugman system proved high effective on images to segment and normalized iris 

from eye image [7]. Integro-differential operator was proposed with some differences in 

2004 by Nishino and Nayar [8]. Wildes proposed exploit: (i) used a low-light-level 

camera along with a diffused source and polarization, for image acquisition. He proposed 

the most common method of Iris segmentation through a gradient based binary edge-map 

construction followed by Hough transform (HT), (ii) Laplacian pyramid (multi-scale 

decomposition) to represent distinctive spatial characteristics of the human iris[9]. 

W.Boles’ prototype operates in building: (i) A onedimensional representation of the gray 

level profiles of the iris followed by obtaining the wavelet transform zero-crossings of the 

resulting representation[10]. Y. Huang proposed variant of Wildes’ method to reduce the 

computational complexity by: (i) finding the Iris boundaries in rescaled image, (ii) using 

information of iris boundaries to guide search on original image. The proposed making 

Iris rotation invariant for matching by making use of image of other eye as reference. He 

experimented independent component analysis to extract the independent components of 

normalized Iris image using global approach [11]. 

METHODOLOGY 

The proposed approach for iris normalization consist of three main stages that are 

showed in figure (2): 
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Figure (2) Block Diagram of the proposed Iris Normalization. 

 
Image Acquisition 

The proposed approach start with eye image acquisition stage by using special 

digital camera. These image should have high quality and good resolution. The image 

quality is influenced by the type of camera, the distance between the camera and the eye, 

the illumination intensity, the noise, eye movement and all events in image capturing 

environment.  

Iris Boundary Localization 

The second stage is find the inner and outer iris boundaries. This process aims to 

find iris region which is characterized as a color region that is surrounded by white color 

area (Sclera) form outside and black color area (pupil) from inside. This stage should be 

accomplished with high accuracy because they significantly affect by success of the 

system. To make the process simple and accurate, The proposed algorithm of iris 

boundary localization include seven steps, in the first five are preprocessing operation 

and the two recent are edge detection operation as describe in the figure (2). These steps 

are repeated twice, the first time is to detect the inner boundary of the iris and the second 
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time is to detect the outer boundary of the iris, the change related to the selection of the 

appropriate threshold every time in order to extract the require object from an image. 

The steps start with convert the captures eye image into grayscale. Then 

converted it to binary image depending on the value of the threshold used, this can 

finding the pupil region with some noises (small portion of eyelashes) and iris region. 

Then morphological image processing (dilation and erosion) used to remove these noises 

and extract only the object. After that, Fill holes operation applied on pupil region only to 

fill all reflection light spots caused by illumination, to make pupil region appear as one 

region to facilitate the process of pupil edge detection especially when lighting spots lies 

on the pupil boundary. 

  The canny edge detector applied to find pupil and iris edges separately. Canny 

edge detector applied to an images pass through the steps above and not on an original 

image directly so that to reduce the amount of undesired edges in original images, as a 

result, this will increases the accuracy of edge detection. Last step in iris boundary 

localization is circular hough transform can applied on edge images resulting from canny 

edge detection process to get complete circle shape and provide necessary information 

such as center and radius of iris and pupil that can be used in iris normalization. 

Iris Normalization 

Normalization refers to preparing a segmented iris image for the feature 

extraction stage. The inner and outer iris boundaries are located in an original image and 

can getting iris region directly from an image. The proposed approach split the iris 

normalization stage into two steps the first is polar transform and the second is iris region 

resize. 

Polar Transform 

The polar transform will transform iris region in original image from the 

Cartesian coordinates to the polar coordinates. The idea of the proposed polar transform 

is to employ center of iris CI and array points EI(x,y) which represent iris edge points and 

center of pupil CP and array points EP(x,y) which represent pupil edge points that are 

obtained from circular Hough transform step above and transform it as explained in polar 

transform proposed algorithm below: 

Algorithm 1:- The Proposed Polar Transform 

Input: Original Image O(x,y). 

Output: Iris Region in Polar Coordinate P(LineI ,θ). 

Process: 

- CI (x,y)= Center of Iris, RI= Radius of Iris, 
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 E I (x,y) Array Points of iris edge; 

- Cp (x,y)= Center of Pupil, RP =Radius of Pupil,  

E P (x,y) Array Points of pupil edge; 

Step1:Set θ=[0-360°] as Full cycle, Start by θ=65°; // clockwise rotation 

Step2:For each θ  Do 

Begin 

- RM= RI - RP; 

- Find Line from CI (x,y) to point from E I (x,y) using θ; 

- Find S(x,y)point from E P (x,y) that lies on Line ; 

- Find line Lp [the distance between CI (x,y) and S(x,y)]; 

- Subtract the distance ( LineI = Line – Lp ); 

- If ( LineI = RM ) then 

                      Pixels are remain the same; 

- Else ( LineI < RM) 

         Last 10 odd pixels is twice as needed to keep the size (LineI = RM); 

  - Else ( LineI > RM) 

                   Last 10 odd pixels is removed to keep the size (LineI = RM); 

 -  Set LineI and θ as height and width of Iris Region in polar coordinate using 

the equations:    

x = LineI*cos(θ) ; 

y = LineI*sin(θ) ; 

End 

Step3: End 

The result of polar transform is rectangular iris image, but each iris image have a 

different height. The Difference came from the different sizes of the iris from one person 

to another. In addition to the size of the pupil in eye image for the same person which 

shrinks and flattens depending on lighting factor and how close the eye of the camera. 

Iris Region Resize 

The second step in iris normalization stage is iris region resize which uniform all 

iris region images in the system to be images in fixed size. Because iris is captured in 

different sizes for different people, as well as for the same person. This is due to several 

factors (e.g., variation of illumination, change in distance between the camera and the 

eye, eye position, rotation of the camera, head tilt and rotation of the eye within the eye 

socket). The proposed iris region resize algorithm is described below: 

Algorithm 2:- The Proposed Iris Region Resize 

Input: Polar Iris Region Image. 

Output: Normalized Iris Region image. 
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Process:  

- A( )= array of height images. 

- S= smaller height in array of height.  

- D= difference in heights of images. 

Step1: For i=1 to last iris region image in Database do 

   Begin 

A(i) = Image.hieght; 

    End 

Step2:For i=1 to end of A(i) do 

   Begin 

       If A(i) < A(i+1) 

         S=A(i) 

   End 

Step3:For i=1 to last iris region image in Database do 

 Begin 

   D(i) = Image.hieght(i) - S; 

     For j=D(i) down to 0 do 

         Begin 

           Remove one odd pixel from last Image.hight(i); 

         End 

  End 

Step3:End 

 

RESULTS AND DISCUSSION 

The proposed iris normalization approach tested on the iris data set (CASIA v4.0- 

interval), and tested on (CASIA v1.0- interval) iris image database, and tested on color 

iris image selected from UBIRIS.v2 iris database. The eye image inputted into iris 

recognition system and pass through all stages as describe in the following:  

Stage1: select eye image from one of databases mention above as shown figure (3). 

Each one of these type of image pass through the iris boundary localization steps, the 

difference only in conversion color image into grayscale. 
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Figure (3) Original eye image (CASIA v4.0). 
 

Stage2: the results of iris boundary localization steps are shown in figure (4). 

 

 
(a) Steps to find pupil boundary. 
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(b) Steps to find iris boundary. 

Figure (4) iris boundary localization steps. 

 
Stage3: Iris normalization result, transformation of iris region to Polar Coordinate in 

fixed size as shown in figure (5). 
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Figure (5) Iris normalization. 

CONCLUSIONS 
 In this paper, a new approach to iris normalization is presented, which focused on 

iris segmentation and normaliztion from eye image. The idea of this paper is based on 

find iris boundaries in accurate method using canny edge detector and circular hough 

transform, this stage is very critical and affect on iris recognition system results. In 

addition, the proposed iris normalization stage divided into two parts iris polar transform 

and iris region resize to increase the accuracy and speed. Experimental result show that 

this approach has a good iris normalized performance. The proposed approach has 

implemented in c # language and Microsoft access office 2013 run under Microsoft 

windows 7 Home Premium Operating System Version 6.1.7601 Service Pack 1 Build 

7601. A standard iris normalization executed in ~3 ms. the proposed approach has 

average high accuracy which mean our approach is effective with less error rate as show 

in the table (1). 

 

Eye database No. of images No. correctly 

normalized 

Faulty Average 

accuracy  

CASIA v4.0 600 599 1 99.8 % 

CASIA v1.0 400 400 0 100 % 

 



12 

 

Table (1) Calculation of average accuracy. 
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