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Abstract— The human iris recognition system is an attractive technology for identity authentication. 
This technology benefits from random variations in the features of the iris. Usually, an iris recognition 
system has 4 modules: segmentation, normalization, feature extraction and iris templates matching. 

 This work is mainly focused on iris texture analysis and templates matching which are 2 essential 
processes in the iris recognition system. The proposed approach extracts robust phase information using 
filtering (both monogenic and 2D log Gabor). Then, two types of distance measures such as modified HD 
and Jaccard distances are chosen as metrics for recognition.  

We comparatively evaluate the performance of the proposed method and the fractal analysis using 
CASIA-V3.0 iris image databases. The obtained results with monogenic and 2D-Log Gabor filters were 
highly promising and led to significantly improved performance in speed and accuracy. With 
dissimilarity modified Hamming distance; we improved the accuracy of the iris recognition system, with a 
FAR equal to 3% and a speed at least 8 times.. 

Keyword-Feature Extraction, Monogenic Filter, Fractal Analysis, 2D log-Gabor, Jaccard distance, modified 
HD 

I. INTRODUCTION 

HUMAN iris image has more advantages than other biometric modalities such as the fingerprint, palm print, 
voice, retina and the face.  Moreover, the iris is the most reliable and stable template of recognition which 
makes the iris recognition system more suitable for highly reliable human identification. 
The iris contains many distinctive features such as the ridges, furrows, crypts, arching ligaments, corona, 
freckles, rings and the collarets [5]. These features make together a complex iris texture [5, 20] as shown in Fig. 
1.  
Generally, an iris recognition system has typically 4 modules: segmentation, normalization, feature extraction 
and matching.  In the literature, there are many feature extraction methods used to generate the template. These 
methods are generally classified into many groups such as phase-based methods, intensity analysis, texture 
analysis and zero-crossing [3]. 
Firstly, Daugman [4, 5] used 2-dimensional Gabor wavelets to encode the iris pattern. The bit stream was then 
generated using the angle of each phase of the 4 quadrant techniques. The result was a template with 2048 bits 
long. The modified Hamming distance (HD) was then used for comparison.  
After that, many researchers proposed other techniques [8, 9, 10, 11, 12, 16]. Zhafeng [17] as a phase-based 
method used the ordinal measure filters to encode the normalized iris regions and the HD as a metric of 
dissimilarity between the 2 iris templates. Li [2] as a zero-crossing approach used the zero crossing algorithm 
for iris feature extraction, and improved HD. KHANFIR [14] proposed to use the fractal analysis [13, 15] to 
encode the normalized iris and the quantization of the gradient vector of the fractal dimension to generate a 255 
bits vector. It has been shown previously that the iris recognition is well to local phase-based methods which are 
theoretically intensity-invariant [4,5]. In this paper we focus on the feature extraction and matching which are 2 
critical steps in an iris recognition system.  For feature extraction, we propose to use the monogenic filter, as a 
local phase-based method, to encode the normalized iris region and the modified HD and Jaccard distances for 
template matching. The outline of the paper is organized as follows: Section 2 is a description of the fractal 
analysis method as a related work. Section 3 presents the proposed method. Section 4 discusses the experimental 
results. Finally, in Section 5 we present the conclusion and our future works. 
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Fig. 1 Anatomy of the human eye 

II. RELATED WORK 

A. Fractal Analysis 

The fractal analysis is based on the quantification of the iris texture [23]. The box-counting method [21, 22, 24] 
is used to estimate the fractal dimension (FD) of the blocks in the normalized iris images. It is a method to 
gather data necessary for the analysis of complex patterns by breaking a bounded set. The texture of the iris is 
considered as a fractal Fig. [14]. The fractal dimension can be computed using the Hausdorff dimension. It is a 
real number that measures the degree of irregularity or the fragmentation of an object. Moreover it is used to 
measure the surface roughness [14]. To compute the fractal dimension of an object consisting of N copies and 
whose size had been reduced by a scale k, Hausdorff offers the relationship given by the following equation (1):  
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The fractal analysis algorithm of the normalized iris is composed of 2 steps. (1) The construction of structural 
edge map. (2) Automatic edge image analysis process. 

• Construction of structural edge map: 
Let us consider a normalized iris image of size (20*240 pixels) segmented and normalized using the 

algorithm proposed in these papers [25, 26]. 
The proposed method starts with the generation of an edge map (see Fig. 2(a)) of the normalized iris. Then 

we remove the edges of the pupil and eyelids (see Fig. 2 (b)) which may cause errors in the feature extraction. 
Finally we get the edge map of the iris (see Fig.2 (c)). 

 
 
 
 
 
 

(a)             (b)            (c) 
Fig. 2.  Construction of the edge map of the iris. 

• Automatic edge image analysis process: 
The following steps describe the analysis algorithm of the iris texture:  
1. Partition the edge map into non-overlapping blocks of size (s * s) (as shown in Fig. 3).  
2. Subdivide each block into cells of size (n *n), where, n < s. 
3. Compute the number of cells N containing an edge.  
4. Compute the fractal dimension using equation (1). 
5. Repeat from step 2 to 4 for each block. 
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Fig. 3.  Analysis of the edge map of the iris. 

The biometric signature is then extracted by the threshold-gradient method of the fractal dimensions D. 
B. Iris template matching 

To quantify the difference between 2 iris codes A and B, the Hamming distance defined by equation (2) is used: 
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Theoretically, if the 2 iris codes are identical, DH would be zero. Otherwise, DH would be equal to "1". 
III. PROPOSED METHOD 

We suggest to use the monogenic filters and 2D Log-Gabor filter for feature extraction. The monogenic filters 
are isotropic and have a compact representation of features with little information loss. Meanwhile, it is a 
framework to analyze images in terms of local orientation and local magnitude [1]. Moreover, they are more 
robust than the quaternionic filters which are non isotropic and more than the Gabor filters [18].   
The frequency response of these filters is presented by the equation (3) [1]. More details are given in [27]. 
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Where, 1w and 2w are the horizontal and vertical frequencies grids with the same size as the input image I. 

In order to maintain the independence between the energy (local amplitude) and structure (local phase), we 
suggest to use the 2D-Log Gabor filter [6, 7]. The frequency response of this filter is expressed by the following 
transfer function [27]: 
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Where 0w  indicates the center frequency of the filter andσ  is the scaling factor of the bandwidth. 

The 2D log Gabor filter possesses crucial advantages than the Gabor filter such as: 
• Discarding the DC component of the signal compared to the Gabor filter [1], 
• Overcoming the bandwidth limitation of the Gabor filters, and  
•  having a Gaussian shaped response along logarithmic frequency 

To encode the normalized iris I , we take the real part of xH  and yH : 
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Where, 1−FFT  is the inverse Fast Fourier Transform and FFT is the Fast Fourier Transform. 

 The angle φ  (equation (7)) is quantized to 1 of the 4 quadrants as shown in the Fig. 4, setting 2 bits of phase 
information. The result is a vector with 9600 bits long. 

( ) ( )( ) ( )tan2 Re ,Re 7x ya al H al Hφ =
 

Where Real means the real part of each element of the matrix Hx and Hy. 

 
Fig. 4. Phase quadrant demodulation process 

A. Iris templates matching 

In this process the generated and stored templates are matched and similarity or dissimilarity scores are 
calculated. 
In our experiments, we selected 2 similarity measures, the Jaccard and modified HD distances, to evaluate the 
performance of the proposed method compared with the state of the art.  

• Modified HD [20] 

The modified HD between 2 templates AT and BT  defined by equation (8) is the number of disagreement 
bits over the number of the uncorrupted bits. 

The modified Hamming distance also employed the noise masking ( AMT and BMT ) which corresponds to 
the corrupted regions (eyelashes, eyelids and the reflection points) in the iris regions, Thus, only the significant 
bits are considered in calculating. 

The modified HD between 2 templates from the same iris has a smaller value (near zero). But it is near 0.5 
for 2 templates generated from different iris. 
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Where, 
kAT and 

kBT are the 2 templates. 

kAMT and 
kBMT are their corresponding noise mask bit vectors and n  is the template size. The modified 

Hamming distance between 2 templates from the same iris consequently has a smaller value (close to zero). 
But it gets near 0.5 for 2 templates generated from different irises [20]. 
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• Jaccard distance 

It’s known as the Jaccard similarity coefficient .This is also defined as the size of the intersection of two 
templates A and B divided by the size of the union of these sample sets [19]. The Jaccard distance is given by 
equation (9): 
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Where, n is the size of the templates A or B. 
IV. EXPERIMENTAL RESULTS AND DISCUSSION 

In this Section, a set of experiments is achieved in order to evaluate the performance of our method. 
In our experiments, the enhanced Masek approach [25, 26] is adopted to segment all iris images. The proposed 
approach was tested on the CASIA-IrisV3-Interval database which composed by 2655 images. All iris images 
were acquired at infrared wavelength. They all had a size of 320 x 280 pixels.  

The algorithms discussed above were implemented in Matlab 9.0 and tested using a Duo CPU 2 GHz 
computer with 2.99Go of RAM.  

The performance of the system was estimated with the area under the ROC Curve (AUC), false accept rate 
(FAR), false reject rate (FRR) and time computation. 

The ROC curve was constructed using (1-FAR) versus (FRR). The false acceptation rate (FAR) was the 
probability of accepting an imposter. On the other side the false rejection rate (FRR) was the probability of 
rejecting a genuine user incorrectly. A greater value for the AUC indicated a better iris recognition system. 

To asses the accuracy of the proposed method using 2 types of metrics, we compared it with a fractal 
analysis algorithm. We can deduce from Table I  that the proposed method using modified HD distance which 
has an AUC= 97, 85 % seems to be more accurate than the fractal analysis with AUC= 76, 47 % and the 
proposed method using Jaccard distance with AUC=97, 83%. The fractal analysis uses the box counting 
technique to compute the fractal dimension, which is related to the resolution of the input image, edge map and 
the number of box. We can enhance the performance of this method if we increase the number of boxes and the 
resolution of the normalized image but we will also increase the time execution. 

Table II shows the execution time of the feature extraction and matching. We can deduce that our method 
using modified HD is much faster than the fractal analysis. The speed of the fractal analysis method is closely 
linked to the number of boxes counted used to break a dataset and image resolution [14]. 

TABLE I  Performance Comparisons On The CASIA-IrisV3-Interval Database 

Method AUC(%) 

Fractal analysis with HD similarity 
measure 

76,47 

The proposed method with Jaccard 
distance 

97,83 

Our method with modified HD distance 97,85 

TABLE II Comparisons Of The Computational Cost 

 Feature extraction Iris templates matching 

Fractal analysis with HD similarity 
measure 

1.2530 (s) 0.0280 (s) 

The proposed method with Jaccard 
distance 

0.0077 (s) 0.0265(s) 

Our method with modified HD 
distance 

0.0077(s) 0.0274(s) 
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Fig. 5 and Fig. 6 show modified Hamming distance and Jaccard distance distributions with a slight overlap. 
However, the means of the intra-class and inter-class distributions are still clearly separated, so recognition is 
still possible. The accuracy of recognition with these distributions can be determined by calculating their false 
accept and false reject rates with different separation points (as shown in Table III and IV). 
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Fig. 5. Distribution of intra-class and inter-class using Jaccard distance 
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Fig. 6. Distribution of intra-class and inter-class using Modified Hamming distance 
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With the ‘CASIA-V3.0’ data set perfect recognition is not possible due to the overlapping distributions (inter 
and intra class) as shown in Fig. 5. With a separation point of 0.433 (as shown in Table III) a false accept rate 
and false reject rate of 4% are achieved, which still allows accurate recognition. 

TABLE III. False Accept And False Reject Rates For The ‘CASIA-V3.0’ Data Set With Jaccard Distance. 

Threshold FAR(%) FRR(%) 

0.622 20 2 
0.613 10 3 
0.605 4 4 
0.602 3 5 
0.598 2 6 
0.594 1 6 
0.584 0.9 8 

 
With the ‘CASIA-V3.0’ data set perfect recognition is not possible due to the overlapping distributions as 

shown in Fig. 6. With a separation point of 0.445 (as shown in Table IV) a false accept rate and false reject rate 
of 3% are achieved, which still allows an accurate recognition. 

TABLE IV. False Accept And False Reject Rates For The ‘CASIA-V3.0’ Data Set With Modified Hamming Distance. 

Threshold FAR(%) FRR(%) 

0.448 5 3 
0.446 4 3 
0.445 3 3 
0.444 3 3.1 
0.442 2 3.5 
0.440 2 4 
0.439 1 4 

Fig. 7 shows the ROC curve of the proposed method using the 2 metrics and the fractal analysis method. The 
further towards the top left of the graph that the ROC curve is, the better the iris recognition system is.  It’s clear 
from the graph in Fig. 7 that the proposed method using modified HD distance outperforms the fractal analysis. 
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Fig. 7. ROC curves. 

V. Conclusion and Future Works 

In this paper we proposed a robust feature extraction method for iris recognition system based on monogenic 
filter. The proposed method was tested and evaluated on CASIA-IrisV3-Interval database. 

The experimental results show that the proposed method using the modified Hamming distance with a 
recognition rate equal to 97.85% achieves fractal analyses and the proposed method using Jaccard distance in 
term of accuracy and time computation. Moreover, the complexity of the proposed feature extraction method is 
obviously low and thus achieves a considerable computational reduction. 

Our future works will be focused on the implementation of the proposed method using multicore DSPs. 
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