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Abstract-With a growing emphasis on human identification, iris 
recognition has recently received increasing attention. This paper 
presents an algorithm focusing on the segmentation and feature 
extraction. The novelty of this algorithm includes, the Statistical 
methods and morphological operations are used for the 
segmentation process.  The phase data form Contourlet transform 
is extracted and encoded efficiently to produce a proper feature 
vector. Experimental tests were performed that the proposed 
method can be used for human identification in efficient manner.  
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I. INTRODUCTION 
 

Biometric identification or verification of identity is currently a 
very active field of research. Many applications that require some 
degree of confidence concerning the personal identification of 
the people involved, such as banking, computer network access, 
or physical access to a secure facility, are moving away from the 
use of paper or plastic identity cards, or alpha-numeric 
passwords. These systems are too easy to defeat. A higher degree 
of confidence can be achieved by using unique physical or 
behavioral characteristics to identify a person; this is biometrics. 
A physiological characteristic is relatively stable physical 
characteristics, such as fingerprint, iris pattern, facial feature, 
hand silhouette, etc. This kind of measurement is basically 
unchanging and unalterable without significant duress. A 
behavioral characteristic is more a reflection of an individual’s 
psychological makeup as signature, speech pattern, or how one 
types at a keyboard. The degree of intra- personal variation in a 
physical characteristic is smaller than a behavioral characteristic. 
For examples, a signature is influenced by both controllable 
actions and less psychological factors, and speech pattern is 
influenced by current emotional state, whereas fingerprint 
Structure template is independent. Nevertheless all physiology-
based biometric don’t offer satisfactory recognition rates (false 
acceptance and false reject rates, respectively referenced as FAR 
and FRR). The automated personal identity authentication 
systems based on iris recognition are reputed to be the most 
reliable among all biometric methods: we consider that the 
probability of finding two people with identical iris pattern is 
almost zero. The uniqueness of iris is such that even the left and 
right eye of the same individual is very different. That’s why iris 
recognition technology is becoming an important biometric 
solution for people identification. For iris recognition system, an 
iris recognition algorithm generally includes four steps: 
segmentation (localization), normalization, feature extraction, 
and matching. 

II. RELATED WORK 
Iris feature extraction and matching can be implemented using 
several types of approaches. Some of them are described as 
follows: Daugman [2–5] used the 2-D Gabor filter to generate a 
256-byte code by quantizing the local phase angle according to 
the outputs of the real and the imaginary part of the filtered 
image, and compared two irises by computing the Hamming 
Distance between the pair of iris codes. Wildes made use of 
Laplacian pyramid constructed with 4th resolution levels to 
generate iris code and exploited a normalized correlation based 
goodness-of-match values and Fisher’s linear discriminant for 
pattern matching in his system [6]. A bank of Gabor filters was 
used to capture both local and global iris characteristics in Li 
Ma’s algorithm [7]. And the iris matching is based on the 
weighted Euclidean distance between the two corresponding iris 
vectors. Boles [1] obtained the iris representation of 1-D signals 
composed of normalized iris image via the zero-crossing of the 
dyadic wavelet transform. It made use of two dissimilarity 
functions to compare a new pattern and the reference patterns. 
The system proposed by Tisse et al.  Used the “analytic image” 
concept (2D Hilbert transform) to extract pertinent information 
from iris texture.C.M.Patil and Sudarshan. Patilkulkarni [8-10], 
proposed to detect the inner and outer boundary of an iris using 
wavelet approximations. And feature extraction also by using 
wavelet approximations,Liftingwavelet transform, and  
SIFT.C.M.Patil and Sudarshan Patilkulkarni [11], proposed an 
approach for feature extraction using Statistical Measures”.In this 
paper a novel feature extraction technique is introduced using 
contourlet transform to extract iris discriminating features 
because iris has extraordinary structure and provides such as 
freckles, coronas, stripes, etc which are more directional. The 
proposed method incorporates directionality as a prominent 
feature component and represents the iris in terms of texture 
features and proper dimensionality. The organization of this 
paper is as follows. Section 3 briefly summarizes the 
preprocessing of iris image. Section 4 presents the proposed 
Statistical method for segmentation and Contourlet transform 
method for feature extraction. Experimental results and 
discussions are discussed in section 5. Section 6 concludes this 
paper. Fig 1 shows an overview of the processing steps taken in 
this paper. 
 

 
 
 
 
 
 

Figure 1. Overview of Iris image processing 
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III. IRIS IMAGE  PREPROCESSING 
 
Our iris image preprocessing includes three steps: iris 
localization, feature extraction, and matching. 
A. Iris Localization 
 
 
 
 
 
 
 
 
 

Figure 2. Flow-chart showing the localization stages 
 

Checking whether the grey level of the pixel is lower than a 
certain threshold value, and the pixel has at least five neighbors 
in its eight neighbors which have a similar gray value.The iris 
region boundaries can be approximated using two circles, one for 
the iris boundary and another is pupil boundary. The aim of iris 
location is to estimate the center coordinates and radius of the 
two circles. In our research, the first step is to removal of flash 
and second step is to detect the pupil (as shown in Fig 3) which is 
the black circular part surrounded by iris tissues. The center of 
pupil can be used to detect the outer radius of iris patterns. 
 

       
 

 
  

Figure 3. Iris Localization steps 
 

External noise is removed by blurring the intensity image. But 
too much blurring may dilate the boundaries of the edge or may 
make it difficult to detect the outer iris boundary, separating the 
eyeball and sclera. Thus a special smoothing filter such as the 
median filter is used on the original intensity image. This type of 
filtering eliminates sparse noise while preserving image 
boundaries. After filtering, the contrast of image is enhanced to 
have sharp variation at image boundaries using histogram 
equalization. This contrast enhanced image is used for finding 
the outer iris boundary by drawing concentric circles, of different 
radii from the pupil center and the intensities lying over the 
perimeter of the circle are summed up. Among the candidate iris 
circles, the circle having a maximum change in intensity with 
respect to the previous drawn circle is the iris outer boundary. 

 
IV. IRIS FEATURE  EXTRACTION 

 

In order to provide accurate recognition of individuals, the most 
discriminating information present in the iris pattern must be 
extracted. Feature extraction is a key process where the two 
dimensional image is converted to a set of mathematical 
parameters. The iris contains important unique features, such as 
stripes, freckles, coronas, etc. These features are collectively 
refereed to as the texture of the iris. In this work Log-Gabor 
extraction techniques have been used. Only the significant 
features of the iris must be encoded so that comparisons between 
templates can be made. Experimental results show that the 
proposed method is capable of discriminating between different 
iris patterns. 
 
A. Image Cropping 
To accomplish this, we divide the annular iris area into two 
major regions: left, and right. Furthermore, the left and right 
regions are divided into 21 51   regions where the total height 
of the left and right regions is equal to the limbic diameter and 
the width is equal to the distance between the limbic and pupil 
boundaries.  
Left side portions of iris is cropped form coordinate (x1,ymin) 
with width wd and height ht (as shown in Fig 4). Similarly right 
side portion of iris is also cropped. The top and bottom region is 
not considered as occlusion typically occurs in this area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   
 

Figure 4. Image cropping 
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B.  Feature extraction and Encoding 
Features close to the pupil and features on the left side of the iris 
will never be on the right side of the iris.  Therefore, we can 
require that points only be compared if it makes sense to 
compare them. (as shown Fig. 4). 

 

            
 
 
 
Figure 5. Cropped images 

 
Contourlet transform (CT) allows for different and flexible 
number of directions at each scale. CT is constructed by 
combining two distinct decomposition stages [12], a multiscale 
decomposition followed by directional decomposition. The 
grouping of wavelet coefficients suggests that one can obtain a 
sparse image expansion by applying a multi-scale transform 
followed by a local directional transform. It gathers the nearby 
basis functions at the same scale into linear structures. In 
essence, a wavelet-like transform is used for edge (points) 
detection, and then a local directional transform for contour 
segments detection. A double filter bank structure is used in CT 
in which the Laplacian pyramid (LP) [13] is used to capture the 
point discontinuities, and a directional filter bank (DFB) [14] to 
link point discontinuities into linear structures. The combination 
of this double filter bank is named pyramidal directional filter 
bank (PDFB) as shown in Fig 6. 
       

 
Figure 6. Two level Contourlet decomposition 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.  Contourlet-Co-efficient 
 

C. Iris matching 
In the matching part, the Hamming distance is used to indicate 
the similarity of two iris codes. The Hamming distance is defined 
as the number of different bits in the two codes divided by the 
total number of valid bits. A smaller distance means a better 
match. A threshold is used to determine if two iris codes match 
well enough to be considered to come form the same person, or 
not. A  Hamming distance threshold of 0.156 is used for 
verification experiments 
 

V. PERFORMANCE EVALUATION 
 
The algorithm is implemented to evaluate the performance on the 
CASIA Version III database [15] is better for evaluating the 
robustness of iris segmentation algorithms as it includes many 
poor quality images as a result of factors such as occlusion, 
illumination, reflection, off-focus, the use of make-up etc. Fig 8 
shows some experimental results demonstrate the robustness of 
the proposed method against influential factors form the CASIA 
Version III iris database where the robustness of the proposed 
method to pupil dilation, hair presence, bad illumination, and 
occlusion is demonstrated. The overall performance is 
summarized in table 1.and table 2. 
 
 
 
 
 
 
 
 

 
Table I Segementation Results 

 
 
 
 
 
 
 
 

 
 
 

 
 
 

Algorithm Localization 
(Sec) 

Feature 
Extraction (msec) 

Comp 
- arision 
(msec) 

Total 
Time 
(sec) 

Wavelet Transform 2.38 3876 51 6.307 

Lifting Wavelet 1.42 3762 42 5.224 
Contourlet Transform 3.1 215 25 3.330 

Left   Crop Right Crop 
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Table II 
Performance Comparision With Feature Extraction Methods 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

Figure 8. Examples of experimental results 
 

VI. CONCLUSION 
 

In this paper, an effective algorithm for iris recognition has been 
presented. The proposed algorithm uses the Statistical methods 
and some morphological operations to locate the iris region and 
contourlet transform to extract texture information of the iris. 
Each iris image is filtered with this filter and then a fixed length 
feature vector is constructed. A simple matching ration, which is 
Hamming distance, is used in the iris matching. Experimental 
results have shown that the proposed algorithm achieves high 
performance. Results of this investigation will guide the 
designers towards improving their iris recognition system 
depending on their application and cost specifications. 
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Methodology Segmentation  rate 

Daugman 95.86% 

Cui et al 99.34% 

Mask 82.53% 

Nitin K Nandita 
Bhattacharjee 

88.49% 

Liam and Chekima 64.64% 

Proposed Method 99.86% 


