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Abstract—With increasing identity fraud and emphasis on security, there is a growing and urgent need to efficiently identify 
individuals. A biometric technology seems to be imminent method. Iris recognition is reliable and precise biometric system. 
This paper proposes an efficient iris recognition system with CUMSUM based CPA approach. The experimental results are 
conducted using CASIA Version 1.0 and CASIA –Interval Database which gives minimum EER of 0.088 with Correct 
Recognition Rate of 99.84%. The proposed method is reliable, efficient where overall computational complexity is reduced.  
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I. INTRODUCTION 
 

Biometric can be used for security, privacy 
convenience fraud reduction such as physical security 
and access control, financial services, health services 
and law enforcement. Recently passport and biometric 
ID cards has been released based on iris, face and 
fingerprint technology to improve control process and 
make person travel at airport in simple way. In U.K. 
and Australia biometric passport based on face 
recognition technology are being released [1]. U.S. 
Government used multimodal of biometric technology 
in a program called RTP (Registered Travelers 
Program) to increase the performance of security 
process at airports [2]. Furthermore, database access 
control, computer login applications are new 
biometric technologies with more security and easier 
accessibility and have manipulated problems such as 
forgetting or hacking passwords. The new login 
method using combination of password and its typing 
pattern has been proposed [3]. Aadhaar, India’s 
Unique ID project for its one billion citizens uses Iris 
scan as one of the identification features. Generally a 
biometric system is characterized by highly unique 
and stable features in order to provide convenience 
and prevent misinterpretation of features. The basic 
block diagram of biometric system is shown in Fig. 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
II. IRIS RECOGNITION SYSTEM 
 

Iris recognition is one of the important biometric 
approach for human identification. Iris patterns are 
highly unique, stable and reliable.  Iris recognition 
system consists of image acquisition, localization of 
the iris region, feature extraction 
from normalized and classification of iris patterns. 
Fig. 2 shows stages of iris recognition system. 

 
                    

                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     

Fig. 2: Stages of Iris Recognition System 
 

III. OUTLINE OF THE PAPER 
 

The paper is organized in the following manner; 
section (I)  and section(II) Introduction of the iris, in 
section (IV) related work of different researcher who 
worked on iris recognition with feature extraction, in 
section (V) proposed research work with 
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preprocessing i.e., image acquisition, iris localization 
& normalization, feature extraction and matching 
with section (A), section (B), section(C) and section 
(D).In section (VI) experimental results and 
discussion, finally conclusion in section (VII). 
 
IV. RELATED WORK 
 

Iris recognition technique is one of the biometric 
verification and identification techniques which are 
being used by many security applications. Daugman’s 
technique [4, 5, 6] , Wilde’s system [7] are two earliest 
and best known iris recognition systems. These 
systems include every stage of iris recognition as: 
segmentation, feature extraction, encoding and 
matching. A variety of methods have been developed 
for iris localization. In [5,6] the system with circular 
edge detector, in [8] gradient based Hough Transform 
are used for localizing iris regions. Also circular 
Hough Transform [9, 10] random Hough transform 
are applied to find iris circles and complete 
localization of iris. In [11] Canny Operator is used to 
locate pupil boundary. Various normalization 
methods also have been developed. In [4] Daugman 
devised the homogenous Rubber Sheet model for 
normalization. For feature extraction and pattern 
matching many algorithms have been applied using 
Phase based approach [5,6] , Wavelet transform Zero 
crossing approach[ 9,12] , Gabor Filtering [13] texture 
analysis based methods [10,12,13] are also considered 
for iris recognition. The independent Component 
analysis is proposed for iris recognition in [14]. 
Makram Nabti and Bouridane [22]  proposedna novel 
segmentation method based on wavelet maxima and a 
special Gabor Filter bank for feature extraction which 
obtains an efficient recognition with an accuracy of 
99.43%. Narote et al.[23] proposed a new algorithm 
for iris recognition based on the Dual Tree Complex 
Wavelet Transform. Emine Krichen[24] use a hybrid 
method for iris segmentation , Hough transform for 
outer iris boundary and Integro-differential operator 
fpr inner iris boundary. The iris code was produced 
using wavelet packets. This method obtains 2% FAR 
and 11.5% FRR which is improved to Daugman 
method. A region based feature extraction method 
based on 2D Discrete wavelet transform was proposed 
by N. Tajbakhsh [25]. The iris texture is partitioned 
into 32X32 pixel blocks and then 2D wavelet 
decomposition is performed on every block. The 
Gaussian  Log Filter is used to generate a binary 
matrix similar to iris code in Daugman method. 
Radhika [26] proposed iris authentication based on 
continuous Dynamic Programming. Feature 
extraction method in [27] extracts phase based 
features using Multiscale Taylor Expansion which 
improves speed of operation and also increases 
verification performance. 

In this paper we propose an efficient CUMSUM 
based CPA method for feature extraction which 
improve performance in terms of extraction time, 
complexity and recognition rate 
 
V. IRIS IMAGE PREPROCESSING 
 

Our preprocessing operates in three steps. An iris 
image contains not only the region of iris but also 
eyelash, eyelid, reflection, pupil, etc .To facilitates the 
subsequent processing, the original iris images should 
be first segmented and the irrelevant parts are 
removed from the original image. Then, the localized 
iris is unwrapped to a rectangular block of a fixed size 
in order to reduce the deformation caused by 
variations of the pupil and obtain approximate scale 
invariance. Finally, lighting correction and contrast 
improvement are applied to compensate for 
differences of imaging conditions. 

 
A. LOCALIZATION 

 
Iris localization or segmentation is an essential 

stage that plays an important role in designing more 
accurate iris recognition systems. The iris region can 
be approximated by two circles, one for iris/sclera 
boundary and another for iris /pupil boundary. The 
eyelids and eyelashes occlude the upper and lower 
parts of iris region. So a technique needs to be 
developed to remove these eyelids and eyelashes as 
well as locating accurate iris region. The segmentation 
stage is critical issue to the success of an iris 
recognition system. Many researchers had proposed 
techniques for locating iris and pupil boundaries such 
as Hough Transform, Daugman’s 
Intergro-Differential Operator and Active Contour 
Models. We used circular Hough transform to locate 
the iris from original eye image. The circular Hough 
transform deduce radius and center coordinates of 
pupil and iris regions. An example of iris localization 
is shown in Fig. 3 

           

          
 

(a)            (b) 
 

Fig. 3: Original eye image (a) and segmented image using 
automatic segmentation method (b) 

 
A method for eyelash detection has been presented in 
[21] by Kong and Zhang. The eyelashes can be 
separable (isolated in image) and multiple eyelashes 
(bunched together and overlap in eye image). 
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Separable eyelashes are detected using 1 D Gabor 
Filters.  Multiple eyelashes are detected using variance 
of intensity. The Kong and Zhang model make the use 
of connective criteria so that each point in an eyelash 
should connect to another point in eyelash or to an 
eyelid. Separable reflections along the eye image are 
detected using thresholding since intensity values at 
these regions will be higher than at any other regions 
in the image. Fig. 4 shows some of experimental 
results of eyelash and eyelid removal from image. 
 

       
 

Fig 4. Circular Hough Transform segmentation of various 
images from CASIA –Interval Database. Black regions denote 

detected eyelid and eyelash 
 
Finally due to high computational complexity the time 
required to segment image using Circular Hough 
Transform is quite more. However, we have failed to 
find pupil area correctly of the images where there in 
small intensity differences between iris region and 
pupil region.Table 1 and Table 2 shows the 
comparative segmentation time for CASIA-Interval 
and CASIA-Version1 iris database respectively. From 
Table 1 and Table 2 we can observe that Circular 
Hough Transform takes more time for segmentation of 
CASIA Version 1.0 database than that of CASIA V3 
Interval database. 
 
Table 1 Segmentation time for CASIA-Interval   

Database 
 
Table 2 Segmentation time for CASIA-Version 1.0   
Database 

B. NORMALIZATION 
 

Normalization is a process which performed after 
the segmentation stage of iris recognition system. Two 
images of same iris might be very different as a result 
of size image, size of pupil, orientation of iris, pupil 
dilation, rotation of camera, head tilt and rotation of 
eye within eye socket. To cope with this, the image is 
normalized by converting it into polar dimensions. In 
our approach we used Daugmans Rubber Sheet Model 
for iris normalization. The homogeneous rubber sheet 
mode is a common method that is used for iris 
normalization. This model transforms iris region from 
Cartesian coordinates (x, y) to polar coordinates (r, 
ө)[11]. The remapping of the iris region is modeled as 
below. 
 

       ,,,, rIryrxI   
Where     4/9,4/74/5,4/3    
 
A sampling is angle and  1,0r  is normalized 
distance between each sampling point and papillary 
boundary. Fig. 5 shows a process of normalization. 
 

 
(a)       (b)        (c) 

 
Fig. 5: Image Pre-processing: (a) Localization of the Iris Region, 

(b) Unwrapping and Normalization, (c) Enhancement of the 
Normalized Iris Template 

 
C. FEATURE EXTRACTION USING 

CUMSUM BASED CPA  METHOD 
 

Features are extracted using the normalized iris 
image. The most discriminating information in an iris 
must be extracted. Only the significant features of the 
iris must be encoded so that comparison between 
templates can be made .Fig. 6 shows block diagram of 
our approach. During enrollment, features are 
extracted and encoded, and then the system saves 
encoded features into a database. During 
authentication, after performing pre-process steps like 
enrollment stage and extracting features, the system 
compares the presented iris against all database codes 
to verify a claimed identity or identify an individual. 
This algorithm generates iris codes by analyzing 
changes of grey values of iris pattern. Upward slope of 
cumulative sums means that iris pattern change from 
darkness to brightness, downward slope of cumulative 
sums means opposite change of upward slope [15]. 
 

Image Segmentation Time(ms) 

S1127L01.jpg 21.11 

S1127L01.jpg 19.60 

S1127L01.jpg 19.36 

Image Segmentation 
Time(ms) 

001_1_1.bmp 25.85 

001_1_2.bmp 25.72 

001_1_3.bmp 29.94 
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Fig.6: Iris recognition using CUMSUM based CPA 
 
C.1 Overall Feature Extraction process 
Step 1:  Divide the normalized iris image into basic 
cell regions of size mxn (i.e. 3x10) for calculating 
cumulative sums. 
Step 2: Calculate average value of each basic cell and 

consider it as a representative value of basic 
cell to calculate cumulative sum. 

Step 3:  Basic cells are grouped horizontally and 
vertically as shown in Fig. 7 (five cells are 
grouped together) 

 
Fig. 7: Division of Normalized Iris Image into Basic Cell Regions 

and Grouping of Cell Regions [20] 

Step 4: Cumulative sums are calculated as follows: 
             Suppose X1, X2, X3, X4, and X5 five 
representative grey values within first group. 

1. Average of all five cells within a group  

 
5

54321 XXXXX
X


   

2. Calculate cumulative sum from 0 i.e. S0=0; 
3. Calculate other sums by adding difference 

between current value and average to 
previous cumulative sum. 

   
 iii XXSS   11     For i=1, 2, 3, 

4, 5 
The cumulative sums begins from 0 and end at 0. 
Step 5: Generate iris code for each cell by analyzing  
             Cumulative sums 

1. Locate the MAX value within each group that 
is nothing but change point. 

2. The iris code is set to 1 for the cells that are 
located on upward slope (left side of MAX) 

3. The iris code is set to 0 for the cells that are 
located on downward slope. 

Fig. 8 shows plotting of these cumulative sums for 
generating iris code. 

 
Fig. 8 CUMSUM Based CPA Pattern Generation 

 
4. From the above graph we can set the iris code 

to a group as 

         
0,0067.0,014.0,0212.0,0154.0

  
 <    1                   1                   0             0            0     > 
 
D. CLASSIFICATION 

 
Hamming distance is generally used for detection 

and correction of errors in digital image processing. It 
is a matching metric employed by Daugman to 
measure the similarity between two iris templates. It 
gives the number of bits that are same in two iris 
patterns. Using the hamming distance, a decision can 
be taken as to whether the two templates belong to the 
same or different persons. Although in theory two iris 
templates generated from same iris will have a 

START 

Input an eye image 

     Segmentation 

     Normalization 

Divide the normalized image into basic cells 
and represent each cell by its average grey 
value 

Group these basic cells horizontally and 
vertically and calculate cumulative sum for 
over each group. 

Generate pattern vector 

Perform authentication process through 
calculating similarity using iris codes/pattern 
vectors. 

END 
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hamming distance of 0, in practice this will not occur 
because normalization is not perfect and also there 
will be some noise that goes undetected, so variation 
will be present when comparing iris templates. To 
calculate the similarity between two patterns X and Y, 
the hamming distance HD, is given by 

                    
i

N

i
i YX

N
HD  

1

1    

Where N is the total number of bits in the iris pattern. 
If HD<=threshold then Accept 
If HD>=threshold then Reject. 
 
RESULT AND DISCUSSION 
 

The performance of the proposed method is 
evaluated with a common iris database named CASIA 
Version 1 and CASIA Version 3 Interval iris database 
[16]. CASIA version 1.0 contains iris images of 108 
different people and each has seven images captured 
in two different sessions of one month difference. 
Three iris images are acquired in first session and four 
in the second session. CASIA version 3.0 (Interval) 
contains 2655 images from 249 different subjects with 
396 classes. These images were captured with a 
resolution of 320X 280 pixels in two sessions, with at 
least one month interval. 
 

 The performance evaluation of proposed method 
was measured by FAR(False Accept Rate),FRR(False 
Reject Rate),EER(Equal Error Rate). The efficiency of 
biometric system is evaluated by taking in to account 
these parameters and lower the error rates. Our system 
achieved False Reject Rate  of 0.0  and False Accept  
rate of 0.3125  with separation point of hamming 
distance 0.31 .The System performance of our 
approach results in  reduced ERR 0.088 and increased 
accuracy to 99.84%. Fig.9 shows the FAR/FRR curves 
according to the hamming distance of CASIA Version 
1.0 and CASIA Interval Database. False rejection rate 
is decreased when the hamming distance is increased 
and false acceptance rate is increased when the 
hamming distance value is increased respectively. So 
the two error curves have an intersection point. By 
selecting the intersection point of the two curves as a 
threshold, two error rates are minimized at the same 
time. 
 

 
Fig. 9 (a) ROC Curve for CASIA Version 1.0 Database with  

ERR 0.088 
 

 
 
Fig. 9 (b) ROC Curve for CASIA Interval Database with ERR 

0.202 
 
Table 3 shows Computational complexity of feature 
extraction. We referred papers published by Daugman 
[17], Wildes [18], Boles [12], Li Ma [19] for 
comparisons of computational complexity. Our 
proposed approach consumes less time for feature 
extraction 
 
 Table 3 Computational Complexity  
Table 4 demonstrates the Correct Recognition Rate 
and Equal Error Rate of the proposed system in 
compare with the other conventional approaches [17, 
12, 19]. Our proposed approach gives encouraging 
results with EER of 0.088 and Recognition Rate of 
99.84%. The experimental results depicts that 
Daugman [17] achieved 100 % recognition accuracy 
and our proposed method gives encouraging results 
than other methods.  
 
    Table 4 Comparison of EER and CRR 

 

METHOD FEATURE EXTRACTION 
TIME(ms) 

J .Daugman[17]           682.5 
R.Wildes[18]            210 
W.Boles[12],             170.3 

Li Ma[19]            260.2 

Our Approach            97.02 

METHOD EER (%) Recognition 
Rate (%) 

J .Daugman[17] 0.08 100 
W.Boles[12], 8.13 92.64 
Li Ma[19] 0.29 99.60 
Our Approach  0.088 99.84 
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Hamming distance classifier is used to measure the 
similarity between the templates. This classification   
depends on uniqueness of iris patterns. Such 
uniqueness was determined by comparing templates 
generated from different eyes to each other and 
examining the distribution of Hamming Distance 
values produced. This distribution is known as the 
Inter-Class distribution. While as uniqueness was 
determined by comparing templates generated from 
same eyes to each other and examining the 
distribution of Hamming Distance   values produced. 
This distribution is known as Intra-Class distribution. 

Fig.10 shows the Inter-Class and Intra-Class 
Hamming Distance Distribution with CASIA V3 
Interval Database. 
 

 
Fig. 10: Inter-Class and Intra-Class Hamming Distance 

Distribution 
 
CONCLUSION 
 
In this paper we propose an efficient and reliable iris 
recognition system. We measure performance 
evaluation with various parameters such as FAR, 
FRR, EER, CRR. Iris image is segmented using 
Circular Hough Transform which result 98% images 
were properly segmented. Then Daugman’s Rubber 
Sheet Model is used to normalize the iris image so that 
we get fixed rectangular box for further processing. 
Next we applied our CUMSUM Based CPA approach 
for extraction of features and encoding. Finally we 
performed classification or matching using Hamming 
Distance Classifier. Experimental results shows that 
computational complexity is reduced using our 
proposed approach. Thus it increases the overall 
accuracy of the system. The results also show the 

distribution of Inter-Class and Intra-Class Hamming 
Distance using CASIA V3 Interval Database. 
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