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Abstract 
 
To provide a better Iris recognition system and to support the present 

authentication systems, a deep learning and Gabor transform based approach 

is proposed in this work. The U-Net based deep learning is a reliable 

algorithm that provides an accurate segmentation. Moreover, the Gabor 

transform contributes in the formation of feature vector and similarity 

matching is done by the Hamming distance. Finally the experimental results 

are presented based on three different Iris database like CASIA, UBIRIS and 

IIT Delhi. This method achieves an average accuracy of 94.67% in the 

segmentation stage and recognition rate of 95.73%at the final stage. The 

simulations are carried out using the Mat lab tool which shows reliable and 

promising results. 

 

Keywords: Iris recognition, deep learning, U-Net, Gabor transform, 

Hamming distance. 

 
1 Introduction 
 
 Nowadays, we need a secure and accurate authentication system for 

Human recognition. In this perspective, biometrics is a preferred 

authentication tool which is reliable and secure. An individual can be  
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recognized by their physiological and behavioural characteristics [1].The 

unique characteristics such as finger print, facial expression, palm pattern,  

hand writing, signature and hand geometry are taken from our physical 

nature. Few other characteristics like signature, ECG, voice and keystroke 

dynamics are recognized from the behaviour of a person.In conventional 

authentication system PIN numbers and passwords are normally used. 

Recently, biometric recognition systems are adopted due to its salient 

features. Biometric authentications will not be lost, forgotten, disclosed, or 

stolen.In the structural anatomy of eye, Iris is a circular and thin internal 

organ protected by the external part of our eye. It will not be get affected by 

the external conditions [2]. Compared to all other physiological 

biometrics,Iris recognition systems area quite promising solution. The Iris 

recognition system should be automated and it must have a uniqueness and 

reliability throughout the lifetime. Moreover, it‟s a truth that the identical 

twins in a family will have different Iris features [3]. 

 Currently, in lot of applications the Iris recognition system is in corporate 

like personal access control, secured banking, internet security, scanning in 

airports and anti-terrorism purpose and so on.[4].Normally, in Iris matching 

system, the iris region from the image of an eye is extracted and the unique 

texture features are generated.  The extracted texture features are verified 

with the trained features in the database. Thus the identity of an individual is 

recognized through this image processing technique.Thus, the individual‟s 

identityis verified in aaccurate and reliable manner in a fast response of time. 

The acquisition of eye image gets affected by different factors like, 

Illumination variation, non co-operation, head rotation, camera angle etc. 

These factors will affect the recognition performance of the automated 

recognition system. Therefore, in this proposed technique, the stages like pre-

processing, segmentation, Feature encoding and similarity matching are 

implemented. A Deep learning based U-Net segmentation is contributing 

more in achieving better results. The Gabor transform which is adopted for 

feature encoding yields a higher classification rate. The remaining 

subsections of this paper are organized as follows: section 2 details the 

overview of the existing literature. Section 3 briefly explains about the 

various stages in the proposed system. The database and the evaluated results 

are presented in section 4 comprises the conclusion with future scope. 
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2 Literature Review 
 
 Though several literatures are available under Iris recognition system 

few articles related to this work are discussed. Accordingly, Bharath et al. [5] 

proposed an Iris recognition system using two novel techniques. In the pre-

processing stage, Gradient based isolation is introduced and for feature 

extraction, Radon Transform thres-holding is applied. After obtaining the 

salient texture features, PSO is utilized for selection of optimal features. The 

results obtained from phoenix database showspromising results. Dhage et al. 

[6] presented an authentication system using the Iris patterns. A combined 

method using Radon transform and Top hat filtering is introduced in pre-

processing. Likewise, a combined feature extraction technique is adopted 

using Discrete Wavelet Transform and Discrete Cosine Transform. In the 

further step, the feature selection is performed by particle swarm 

optimization. The performance is tested with two databases namely phoenix 

and IITD. The obtained recognition rate is 90.59%for  phoenix and 88.56% 

for IITD respectively. 

 Khan et al. [7] demonstrated a technique for identifying a person 

througha iris image. Initially, the iris is segmented from the captured eye 

image. Then, the described moments are extracted which yields the feature 

vectors. Finally, clustering is done using k-means algorithm and finding the 

centroids for each cluster. The developed system achieves an overall 

accuracy of 98.5%.Connor et al. [8] highlighted a reliable algorithm for iris 

recognition. Here, fuzzy c-means clustering method is implemented for 

localization. Moreover, a Genetic and Evolutionary Feature Extraction 

(GEFE) is applied to achieve a Modified Local binary Pattern (MLBP) 

features. Then MLBP method shows a best accuracy with the presented 

technique. The evaluation result shows 86% accuracy in MLBP method and 

91.17% in GETE_MLBP method.Hashim et al. [9] discussed a segmentation 

approach ina noisy, color iris using hybrid image processing techniques. In 

this system, he iris region is localized through various image processing 

techniques like Erosion and dilation, rotation, seed filling, and 8 

neighbourhood operators. The noise region such as specular reflection and 

focus are considered in this work. By conducting suitable tests in 1877 

images, the proposed method had achieved a accuracy of 98%. 

 Tallapragada et al. [10] enumerated a Non ideal Iris recognition 

technique. Accordingly, a novel segmentation technique is proposed to 

segment the Iris region. It is followed by extraction of 5 different features 

like Gabor, Tamura, GLCM, FFT and wavelet. Further, a feature vector is 

formed by the combination of those features and given to decision tree 

classifier. This technique is tested with MMV database and shows a result of 

90% accuracy under segmentation.Sarode et al. [11] introduced a 

methodology to verify and  
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recognize the iris pattern. Based on this technique, canny edge detection is 

used to localize the iris region. After segmentation, Local Binary pattern is 

applied for an effective feature extraction. Finally, classification is performed 

using KNN and Naïve Bayes classifiers. The training and testing is done with 

MMV dataset and the obtained result shows the maximum performance of 

94.18% on Naïve Bayes and 100% for KNN classifier.Though lot of 

literatures are available in the field of Iris recognition, a novel automated 

recognition system is essential to overcome the drawbacks in the existing 

methods.  

 

3 Proposed Methodology 
 

Input Iris Image

Pre-processing

 CLAHE

Segmentation

 U-Net Deep learning

Feature Extraction

 Gabor Transform

Similarity Check

 Hamming Distance

Training Images

Comparison of 

binary bits

Iris Recognition

Iris Template

 
Figure 1 Proposed flow of work 
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3.1 Pre-processing 
 

In the proposed system, Contrast Adaptive Histogram Equalization 

(CLAHE) technique [12] is applied to enhance the local contrast of an image. 

The method has produced very good results in medical image analysis. The 

three parameters in CLAHE are (1) Block size (2) Histogram bins and (3) 

Max slope. The block size is described by the size of the local region around 

a pixel.  The histogram of the block size must be equalized and the size 

should be larger than the size of the features to be preserved.The total 

number of bins required for histogram equalization is called the histogram 

bins. Ultimately, the number of histogram bins is lesser than the number of 

pixels in the block. The max slope parameter will limit the contrast.  
 

 
Figure 2 Pre-processed output using CLAHE (a) Sample Images (b) Enhanced Image 

 

 CLAHE formulation is based on dividing the images into several equal 

size non-overlapping regions. If we consider an image of 320 × 280 pixels, 

the number of regions is equally divided by 4 in each direction to achieve 

better  

 

 

https://imagej.net/Enhance_Local_Contrast_(CLAHE)#cite_note-1
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statistical estimation of an image. Initially, the histogram of each region is 

estimated with a clipping limit of β. Next, the obtained histogram for each 

region is re-distributed within a clip limit. Finally, the resultant CLAHE is 

obtained for each sub regions by evaluating the Cumulative Distribution 

Function (CDF). In CLAHE approach, each pixel of the sub regions is 

linearly mapped based on the mappings of four nearest regions.The 

histogram of each region is estimated by CDF and the number of pixels in 

each region is M and N. The histogram given by CDF function      ( )as: 

    ( )  (
   

 
)    ( )            (1) 

where, k=1,2,3…..(N-1). To limit the contrast to a required level, the 

maximum slope of equation ( ) is limited to a desired value. A clip limit „β‟ is 

applied to all histograms, to limit the maximum slope. This clip limit is 

related to clip factor „α‟. If the clip factor α=0, then the clip limit is equal to
 

 
 

, which results in evenly distribution of grey-scale values. When the clip 

factor „α‟ is changed between 0 and 100 the maximum slope occurs with 

maximum clip limit. Therefore, the modification of original histogram is 

based on the desired clip limit to vary the contrast of an image. The obtained 

pre-processed output is depicted in Figure 2. 

 
3.2 Segmentation 
 This stage is an important phase in the iris recognition. The iris region of 

the pre-processed image is to be partitioned for further processing. In this 

system, the U-Net deep learning technique is implemented for segmentation 

of the iris region [13].U-Net architecture is more successful than the existing 

models because, it can perform well even in limited dataset images. Basically, 

the U-Netsegmentation is formed by convolution neural networks based on 

the pixels.The U-Net architecture is divided into two convolutional layers 

namely encoder and decoder is depicted in Figure 3. The encoder or 

contracting path consists of a two 3X3 repeated unpaired convolutions 

followed by rectified linear unit (RELU) and two step 2X2 max pooling 

operation for down sampling. In each down sampling step, the feature channel 

is doubled and simultaneously reduces the image resolution to half of its pixel 

value. 

 Similarly, in decoding or expansive path up sampling of the feature map 

takes place. It is followed by a 2x2 convolution that reduces the number of 

feature channels to half. In each convolution step, the cropping of feature map 

from the contracting path is essential due to the loss of pixels in the border of  
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an image. Finally a 1X1 convolution layer is used to map 64 feature vector 

components to the required number of classes. Totally, this network has 23 

convolutional layers. The segmented output is shown in Figure 4. 

 

 

 
Figure 3 U-Net architecture framed for Iris segmentation 

 

 
Figure 4 Segmented output of U-Net technique (a) pre-processed image (b) 

segmented image 
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3.3  Feature Extraction 
 

Among the various feature extraction techniques, the 2D Gabor filter is a 

most popular method to extract the features [14]. An Iris template is 

generated in feature encoding process to measure the similarity between the 

templates. The template is formed from the significant feature of an iris input 

image by encoding to a binary bit pattern. A 2D Gabor filter is used for Iris 

features encoding in a bank of 15, 20, 25, 30, 35 Gabor filters. The filters of 

different wavelength and orientations are applied on each input iris image. 

The 2D Gabor filter is defined as: 

 (       )     { 
 

 
[
(  )

 

(   )
  

(  )
 

(   )
 ]}    [    

 ]        (2) 

where,                              , and       

represents the size of the Gabor filter. Also, „θ‟ represents the orientation of 

the filter; F represents the frequency of the filter. A Gabor filter consists of 

both real and imaginary parts. Therefore, when an input iris image undergo 

convolution, the bank consisting of 15 filters produces 30 real and 30 

imaginary outputs. The output feature vector is obtained by combining the 

real and imaginary parts with the length of 65536 bits. The same convolution 

process is repeated to all images in the iris database. 

 
Figure 5 Real and imaginary part of a complex Gabor function in 

 spatial domain 

 

 In this work, the filters are applied locally on small regions on the entire 

image. All these local information‟s is evaluated from each region and 

combined together to form a global value. To implement this technique, an 

original image is divided into four equal parts. If the image size is of 

1024X1024 pixels, the four sub images are formed with the size of 256 X 256 

pixels. On these sub images, different Gabor bank filters are applied to extract 

the feature vector. The resultant feature vector is generated by encoding the 

combined local feature vectors for both real and imaginary outputs received  
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from the Gabor filter. This encoded bit pattern is termed as Iris template. The 

feature encoded output is presented in figure 6. 

 

 
 

Figure 6 Feature encoded output of Gabor filter 

 

3.4 Matching 
 
Once the Iris features are extracted, the uniformity between the images is 

identified using Hamming distance method. In this approach, a bit wise 

comparison of two Iris images X(k) and Y(k) are defined as follows. 

  
 

 
 ( )  ( )                  (3) 

The probability of binary bits in each image is P=0.5. When the majority 

of bits X(k) and Y(k) are equal, the two images are in relevant. In the 

opposite manner, if the binary bits in the two templates X(k) and Y(k) are 

unequal, it is set to be irrelevant images. In such a way, the training and test 

images in each data base are processed to estimate the matching in iris 

recognition. 

 

4 Performance Evaluation 
 
4.1 Dataset 
 

To evaluate the performance of the proposed system, the system is 

tested with three database (i) CASIA Iris image, (ii) UBIRIS Iris data base 

and (iii) IIT Delhi Iris database. The CASIA dataset consists of thousands of 

images taken by three methods. Under iris interval method, the image is 

captured by close-up iris camera. There are 2639 images taken in an interval 

of two sessions. It contains 249 subjects and 395 classes, also the images are 

8 bit grey level with a resolution of 320 X 280 pixels. It is found that, some 

images are distorted and such images are neglected for processing. Now, in 

the available good images, 25% of the images are chosen for training and 

remaining for testing.Similarly, UBRIS dataset has two versions v1 and v2 

here, version v1 is consideredin our work. It comprises of 1877 images from 

241 eyes with 5 left eye images in each subject. Among the total images, 

1205  
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images are only selected for testing. Simultaneously, IIT Delhi dataset 

contains 224 images with 224 subjects and 10 images in each subject. Here, 

the images are not annotated so, 5 images are separated for left eye and 5 

images for right eye. The resolution of the images is 320 X 240 pixels and it 

can be resized to 80 X 80 pixels. The ground truth for these iris dataset 

images are provided in Hofbauer et al [21]. 

 

4.2 Results and Discussion 
         

The performance of the proposed method is evaluated through the accuracy 

at the segmentation stage and identification stage. At the segmentation stage, 

the results show the ability of the proposed algorithm to retrieve the Iris 

region from the retinal image. This network can segment the iris portion after 

the training phase. Also, the Iris segmentation result is estimated in terms of 

F1-score based on the four values like True positive (TP), False positive 

(FP), True Negative (TN) and False Negative (FN).The number of image 

pixels which are correctly segmented is indicated as True Positive, the 

number of image pixels incorrectly segmented is indicated as False Positive. 

Similarly, the number of unidentified iris image pixels in the segmentation 

output is denoted as False Negative, the number of unidentified non-iris 

pixels in the segmentation output is denoted as True Negative.  
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(b) 

Figure 7 Training accuracy and Training loss in U-Net 

 

  

            

 While training the network, the accuracy must be close to 1 and loss must be 

close to 0. The training accuracy and loss can be monitored from the 

simulation of U-net using Mat Lab. The advantages of U-Net are the 

reduction of loss value and improvement in the accuracy. The training 

accuracy and training loss curves  are shown in Figure 7. The loss value gets 

reduced considerably in quick span of time is the highlight of this 

method.Therefore, the F1-score is calculated for each datasets using the 

expression (4). Thus the obtained F1-score for CASIA, UBIRIS and IITD are 

98.22%, 95.03% and 90.78% respectively. Among the three dataset, the 

average F1-score is 94.67%. These results are compared with the existing 

scheme [20,21] is shown in Table 1. It shows a good robustness which 

improves the recognition performance.The F1-score chart is depicted in 

Figure 8. 

 

         
   

(         )
                ( ) 

 

Table 1 F1-score comparison with existing method 

 

Dataset Number of  

samples 

F1-score in % 

Zhang  et al. [20] Proposed  Method 

CASIA 2639 97.36 98.22 

UBRIS 1877 -- 95.03 

IITD 224 94.81 90.78 
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Figure 8 F1-score chart 

 

 Moreover, the ability to identify the person using Iris recognition is 

determined by its overall accuracy and it is estimated using the expression 

given in equation 5.The results obtained by the three dataset are compared 

with the previous methods those who have used the same dataset for testing. 

After comparison, it shows that the proposed system is superior with Phoenix 

dataset than all other methods. Moreover, most of the authors they have 

presented the recognition rate in terms of accuracy and only in few articles 

they have estimated such parameters. Hence the comparison of our result 

with the existing methods is done using the common CASIA dataset is 

tabulated in Table 2. Also, the comparison chart for accuracy is presented in 

Figure 9. 

         
                             

                                                             
       (5) 

 

Table 2 Comparison of Accuracy with various methods 

Author Method Accuracy 

S.G Firake [15] Gabor+ PCA and ICA 92.85% 

M.H. Hamd [16] PCA+ Fourier descriptors 94.0% 

J. Poonia [17] Gabor +PCA 82.5% 

H.K Rana [18] PCA +SVM 95.4% 

Deepanshu Kumar [19] DWT and DCT+ 

Euclidean distance  

94.59% 

Proposed method U-Net + Gabor 95.73% 
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Figure 9 Accuracy Chart 

 

5 Conclusion  
 

 This paper presents a new approach to recognize the identity of a person 

through the Iris pattern. Here, the U-Net CNN is implemented to get a fine 

segmentation of iris edges. Also, Gabor transform is involved to get the 

accurate feature vector. A better recognition is achieved using this method 

which shows an overall accuracy of 94.67% in the segmentation stage and 

95.73% at the matching stage. It proved a consistent performance when 

tested with different data bases like CASIA, UBIRIS and IITD.Furthermore, 

this system is made successful by overcoming the variations in illumination, 

contrast and shift variance. This system is tested for more number of eye 

images, and the developed tool can be used in medical, security and official 

purposes. The computation time is only 30 sec on a machine with i3 

processor, 2.5 GHz CPU and 8GB RAM. In the future work, we planned to 

improve the segmentation accuracy by optimizing the parameters. Moreover, 

the performance can be further improved by combing few networks together. 
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