
International Association of Scientific Innovation and Research (IASIR) 
(An Association Unifying the Sciences, Engineering, and Applied Research) 

 

               International Journal of Emerging Technologies in Computational 

and Applied Sciences (IJETCAS) 

www.iasir.net  

IJETCAS 14-784; © 2014, IJETCAS All Rights Reserved                                                                                                              Page 231 

ISSN (Print): 2279-0047  

ISSN (Online): 2279-0055 

 

CHALLENGES IN AUTOMATED IRIS RECOGNITION SYSTEM 
 

Mandeep Singh Walia 

Department of Electronics and Communication Engineering 

Panjab University SSG Regional Centre 

Hoshiarpur, Punjab 

INDIA 

Abstract:  Biometrics is becoming an interesting topic now in regards to computer and network security. Iris 

biometric recognition use small, high-quality cameras to capture a black and white high-resolution photograph 

of the iris. Once the image is captured, the iris’ elastic connective tissue—called the trabecular meshwork—is 

analyzed, processed into an optical “fingerprint,” and translated into a digital form. Given the stable physical 

traits of the iris, this technology is considered to be one of the safest, fastest, and most accurate, non-invasive 

biometric technologies. The tremendous progress in iris recognition systems has resulted in several challenges 

and new opportunities, which have been the focus of recent research efforts.  Scientists are continually trying 

hard to bring more efficiency and reliability in the present devices. The formidable challenge is to reliably 

locate the eyeball, as iris is a moving object with a small surface area residing within an eyeball. The 

segmentation accuracy also plays an important role in automated iris recognition and the reduction in 

complexity by encoding and efficiency of the matching algorithms will also become important as recognition 

application is deployed for large populations.  Experimental results show that the proposed method has good 

recognition performance. 
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I. Introduction 

Biometrics is the automated technique of measuring a physical characteristic or personal trait of an individual 

and comparing that characteristic or trait to a database for purposes of recognizing that individual. Biometrics 

deals with identification of individuals based on their biological or behavioral characteristics. Biometric is 

derived from the Greek words bio (life) and metric (measures). Biometric system can be classified on the basis 

of physical and behavioral characteristics. Biometrics is becoming an interesting topic now in regards to 

computer and network security; however the ideas of biometrics have been around for many years. A 

recognition system is essentially a pattern recognition system that operates by acquiring data from an individual 

and then does preprocessing, segmentation, extracting the feature set and comparing the feature set against the 

template set in the database as shown in Fig. 1. 

A biometric recognition system recognizes a person by physiological characteristics for Physical biometrics and 

behavioral characteristics for behavioral biometrics. Figure 2 shows the types of physical and behavioral/ 

biological biometrics. Among all the biometric traits, iris has been considered as the most accurate and reliable 

biometric. The need of maintaining the security of information is becoming both increasingly important and 

difficult. Widely regarded as potentially the most robust of all biometric identifiers, iris recognition systems are 

said to be distinct for both each person and in each eye.  Even identical twins have differing iris features and 

matching is extremely fast and accurate.   

 
Fig. 1 A typical biometric recognition system 
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Fig. 2 Types of physical and behavioral biometrics 

The paper is organized as follows. Section II gives an overview of iris as a biometrics. Section III describes the 

components of iris recognition system. In section IV, challenges and experimental results are presented, and 

conclusions are given in section V. 

II. Iris as a Biometrics 

Iris patterns are very complex and the combination of complexity with randomness confers mathematical 

uniqueness to a given iris pattern. The iris as shown in Fig. 3 is differentiated by several characteristics 

including ligaments, furrows, ridges, crypts, rings, corona, freckles. 

 
Fig. 3 Eye image 

The detailed iris patterns (unlike color) are epigenetic developed during gestation without genetic specification 

and it is expected that when human clones arrive iris patterns will also be different and independent of the two 

(genetically identical) eyes possessed by one person.  

III. Components of Iris Recognition System 

Various components for the design of automated iris recognition system are shown in Fig. 4. 

 

 

 

 

Fig. 4 Components of iris recognition system  

A. Image Acquisition 

Image Acquisition is done to capture high - quality image which should have sufficient resolution and 

sharpness, good contrast in the interior iris pattern without resorting to a level of illumination. It should taken a 
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well framed images without unduly constraining the operator and eliminate the artifacts (i.e. specular   

reflections, optical aberrations etc.) as much as possible.  

B. Localization and Segmentation 

Image Acquisition cannot be expected to yield an image containing only the iris without placing undue 

constraints on the human operator. It capture iris as part of larger image with data derived from the immediately 

surrounding eye region. Thus iris localization is important to localize that portion of the image that corresponds 

to an iris.  Both [1], [2] iris recognition systems used first derivatives of image intensity to signal the location of 

edges that correspond to the border of the iris and model the various boundaries that delimit the iris with simple 

geometric models. Then the expected configuration of model component is fine tuned the image intensity 

derivative information in both systems.  

C.  Alignment 

After performing the controlled image acquisitions with abilities to bring data base entry and newly acquired 

data in to precise alignment, an appropriate match metric can be used based on direct point wise comparisons 

between primitives in the corresponding representations. 

D. Representation 

The distinguishing structures ranges from the overall shape of the iris to the distribution of tiny crypts and 

detailed texture. Both Daugman and Wildes iris-recognition system used multiscale decompositions to capture 

the range of spatial details. The Daugman System used decomposition of two dimensional Gabor filters to the 

image data whereas, Wildes system used isotropic bandpass decomposition from laplacian of Gaussian filters to 

the image data. 

E. Goodness of Match and Decision 

The Daugman system computed the percentage of mismatched bits between a pair of iris representations i.e. the 

normalized hamming distance. If A and B as two representations to be compared then the quantity calculated as:  
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j
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                                                                     (1)

 

The result of this computation is used as the goodness of match with smaller values indicating the better 

matches.  

 

IV. Challenges and Experimental Results of Automated Iris Recognition System 

New design components of recognition are required and to get the optimal evaluation of those design 

components of iris recognition there will be the consideration of wide range of technical issues (like  physical 

nature of the iris, optics, image processing or image analysis and human factors) are required. To set robust 

solution these considerations must be combined while incurring modest computational expense and compact 

design. One of the key problems of conventional iris recognition methods was that they were based on 

processing single iris image and require good image quality as an essential condition. These requisites entail 

considerable constraints on users for taking iris images.  

 

A. Less Constrained and Non-ideal Conditions 

To further the advances made in iris recognition over the past decade, researchers must solve issues such as 

capturing eye images of sufficient quality in less than ideal conditions and accurately localizing the iris’s spatial 

extent in poor-quality images. However, the promise of iris recognition —borne out by the complexity of the 

patterns and their assumed stability—is compelling motivation to solve these problems and facilitate a broader 

use of iris recognition systems [3]. A method that upgrades the traditional iris recognition system to work on 

nonideal situations takes into consideration not only the effect of image quality but also the segmentation 

accuracy.  

The video-based image-processing techniques are quickly identified and eliminate the bad quality images from 

iris videos for further processing [4]. The effects of defocus blur, motion blur, off-angle view, occlusion, 

specularities, lighting, and pixel counts on image quality are considered [5]. Estimated individual factors are 

combined into an overall quality metric using a Dempster–Shafer approach. It is shown that the quality metric 

can predict recognition performance reasonably well. It is also noted that the computation of the quality metric 

requires an initial segmentation, and that “failed localization/segmentation will result in inaccurate quality 

scores. The multi-image enrollment specifically to tackle the problem of off-angle images [6].  

In traditional systems, Iris localization is done with isolating an iris in a larger acquired image and thus it is 

essential to accomplish alignment for image shift. Iris segmentation is to locate the valid part of the iris and to 



Mandeep S. Walia, International Journal of Emerging Technologies in Computational and Applied Sciences,  10(3), September-November, 

2014, pp. 231-236 

IJETCAS 14-784; © 2014, IJETCAS All Rights Reserved                                                                                                              Page 234 

find the papillary and limbic boundaries. Like Wildes method in (1), circular Hough space is analyzed to 

estimate the three parameters in a binary edge map.    

 i ii ryxyxHryxH ),,,,(),,( 0000                                        (2) 

where ),( ii yx is an edge pixel, and the location ),,( 00 ryx  with the maximum value of Hough space is chosen as 

the parameter vector for the strongest circular boundary.  

Figure 5 shows the iris segmentation, normalization, and enhancement by histogram equalization. The localized 

iris region of different-sized images to the constant size is needed to account for imaging inconsistencies. The 

size of the image is 80x512, from which only the 48 rows nearest the pupil are required to mitigate the effect of 

eyelids. As Segmentation is one of the most time-consuming steps within the whole process of iris recognition, 

the task of isolating the Iris, not only with an acceptable accuracy, but also with a very high improvement in 

terms of time [7]. The proposed iris segmentation strategy would not only separate the iris part from the sclera 

and pupil, but also can identify the extraneous overlapping parts caused by eyelids, eyelashes, and reflection 

spots [8]. The methodology lied in its capability to reliably segment nonideal imagery that is simultaneously 

affected with such factors as specular reflection, blur, lighting variation, occlusion, and off-angle images.  

                              
                           (a)                                          (b)                                                          (c) 

Fig 5 Preprocessing of iris image: (a) segmentation, (b) normalization and (c) enhancement 

 

B.  Feature Extraction under Non-ideal Conditions 

Iris code is an iris recognition algorithm developed in 1993 and continuously improved by Daugman. It has been 

extensively applied in commercial iris recognition systems. But two major points remains that are what amount 

of information present in the iris texture that distinguishes one class from others and how complexity be reduced 

for practical applications. To analysis as a way of better understanding Iris Code, extending the coarse phase 

representation to a precise phase representation, and uncovering the relationship between Iris Code and other 

coding methods [9]. A simple low complexity robust technique for fast image selection along with immediate 

iris localization is used. Further, a method for selecting good quality iris images from a sequence based on the 

position and quality of the specular reflection relative to the pupil. Using a simple low complexity yet robust 

technique, fast image selection was achieved along with immediate iris localization. They proposed improved 

iris normalization for non-ideal cases such as oblong, irregular, off centre and dilated pupils by excellent fitting 

[10] - [11]. The paper proposed low complexity coding method for human iris recognition and verification 

which gives superior performance to the algorithms of Daugman, on the CASIA database, while being of lower 

complexity.  Then apply the DCT to overlapping rectangular image patches rotated 45 degrees from the radial 

axis. “The differences between the DCT coefficients of adjacent patch vectors are then calculated and a binary 

code is generated from their zero crossings.” In order to increase the speed of the matching, the three most 

discriminating binarized DCT coefficients are kept, and the remaining coefficients discarded. In this paper, a 

zero crossings of the differences between 1D FrCT coefficients at various fractions calculated in rectangular 

image patches is used to extract features from iris images.  As in discrete cosine transform (DCT) based iris 

recognition [12], we start from a general paradigm whereby the feature vectors will be derived from the zero 

crossings of the transform coefficients. The fractional Fourier domain at different fraction has adjustable time 

localization information. It is a powerful tool for the analysis of time-varying signals [13].  

The fractional Fourier transform (FrFT) is a linear transformation generalizing the Fourier transform. It can be 

thought of as the Fourier transform to the n-th power where n need not be an integer. Two irises are compared 

indirectly by means of computer analysis of their fractional Fourier transform and a single domain FrFT at 

fraction of 0.5 is selected.  

Step 1 Normalized iris image is divided into rectangular patches. Each patch has 8 vertically and 12 

horizontally pixels. Patches are selected in 11 overlapping horizontal bands. 

Step 2 A weighted averages under a 1/4th Hanning window across the width of the patch is formed. 

Step 3 Similar Hanning window is applied to 1D patch vector. 

Step 4 The differences between the DFrCT coefficients of adjacent patch vectors are calculated and then 

generate a short binary code from their zero crossings.  

By replacing 2Nx2N forward and inverse DFT matrices with the corresponding discrete fractional Fourier 

transform (DFrFT) matrices; we obtain the real valued DFrCT matrix [14]. The DFrCT share many useful 

properties of the regular cosine transform, and have a free parameter, its fraction. As the fraction changes from 0 

to 1, we get different forms of the signal which interpolate between the cosine modulated form of the signal and 

its DCT representation. In this paper, we adopt a modified fractional verification and select 10 domains between 

[0.1, 1] at spacing of 0.1. Thus we obtain a feature vector of dimensionality 10.     
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The technique is fully automated and therefore requires no human supervision or manual evaluation. This work 

also presented a machine learning approach which utilizes the pupil and iris scores to arrive at an overall iris 

segmentation result prediction. Digitized grayscale images of Chinese Academy of Sciences–Institute of 

Automation (CASIA) database are used for determining the performance of the proposed system. The circular 

iris and pupil of the eye image were segmented using morphological operators as well as circular Hough 

transform. The localized iris region was then normalized into a rectangular block to account for imaging 

inconsistencies. Finally, the corresponding iris code was generated using the Euclidean distance. This method 

provided accurate signature as well as accurate code of the human iris in a simple and fast way. 

The Hamming distance is employed for classification of iris templates. The Hamming distance is calculated 

using the product-of-sum (POS) of individual sub-features Hamming distances, 
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where ijA and ijB are sub-features as a rectangular block of size MxN. The resultant N-length vector is summed 

and normalized by dividing by N. To reduce the feature vector length, the most discriminating binarized 

coefficients are extracted and the remaining ones are discarded. The performance of the proposed iris 

recognition method is evaluated using the CASIA iris database [15] with 108 unique eyes and 7 different images 

of each unique eye. Three samples taken at the first session for training and remaining samples captured at the 

second session are served as test samples. A total of 1296 intraclass and 69336 interclass comparisons are 

carried out of 108 eyes. For segmentation and normalized iris images, we use publicity available MATLAB 

source code of iris recognition algorithm [16]. A modified fractional verification is performed by feature 

extraction techniques on normalized iris images. Figure 4 shows Hamming distances by DFrCT at fraction of 

0.6 for the same persons in Fig. 4(a) and for different persons in Fig. 4(b).    

                 

Fig. 4 Hamming distance results: (a) authentic and (b) imposter 

The receiver operating characteristic (ROC) curves were generated by varying a threshold from 0 to 1. Figure 5 

illustrates the ROC curves on the CASIA database for the algorithms based on Gabor filter, DCT, DFrFT at 

fraction of 0.5 and DFrCT at fraction of 0.6. Fair comparisons were carried out at the feature extraction stage on 

the same set of pre-normalized images.  From the results shown in Fig. 5, we conclude that the proposed method 

show the effective performance on CASIA iris database. 

 

Fig. 5 ROC for various methods:  (a) Gabor filter and (b) DCT, DFrFT, and DFrCT on CASIA iris 

database 

V. Conclusion 

To remove the irregularities present in iris images, appropriate global enhancement functions are applied on the 

input iris image. While these algorithms enhance regions of the image with poor quality, they also change the 

characteristics of the image that are of acceptable or high quality. Moreover, the poor quality of an image may 
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be due to multiple irregularities such as excessive noise, poor illumination, or motion artifacts introduced during 

image capture. The challenge in enhancing such images is to locally segment the affected regions from the 

image and apply appropriate enhancement algorithms. So far, there have been many different approaches for iris 

image segmentation. However, none of these iris segmentation methods can achieve 100% accuracy. To 

improve the iris recognition accuracy, it is desirable to have an iris segmentation evaluation system. The 

reduction in complexity by encoding and efficiency of the matching algorithms will also become more 

important as recognition application is deployed for large populations. Another area that has not received much 

attention yet is how to combine multiple images to improve performance and to see how recognition could be 

improved for people wearing glasses. In this paper, a novel iris recognition method was proposed. This 

method employs iris feature extraction using a discrete fractional cosine transform. In order to extract iris 

features a normalized iris image is divided into patches. The method is effective compared to existing 

methods. Experimental results show that the proposed method has good recognition performance.  
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