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Abstract 
 

Iris recognition for biometric personnel identification has gained much interest owing to the 
increasing concern with security today. The image quality plays a major role in the 
performance of iris recognition systems. When capturing an iris image under uncontrolled 
conditions and dealing with non-cooperative people, the chance of getting non-ideal images is 
very high owing to poor focus, off-angle, noise, motion blur, occlusion of eyelashes and 
eyelids, and wearing glasses. In order to improve the accuracy of iris recognition while dealing 
with non-ideal iris images, we propose a novel algorithm that improves the quality of degraded 
iris images. First, the iris image is localized properly to obtain accurate iris boundary detection, 
and then the iris image is normalized to obtain a fixed size. Second, the valid region (iris 
region) is extracted from the segmented iris image to obtain only the iris region. Third, to get a 
well-distributed texture image, bilinear interpolation is used on the segmented valid iris gray 
image. Using contrast-limited adaptive histogram equalization (CLAHE) enhances the low 
contrast of the resulting interpolated image. The results of CLAHE are further improved by 
stretching the maximum and minimum values to 0–255 by using histogram-stretching 
technique. The gray texture information is extracted by 1D Gabor filters while the Hamming 
distance technique is chosen as a metric for recognition. The NICE-II training dataset taken 
from UBRIS.v2 was used for the experiment. Results of the proposed method outperformed 
other methods in terms of equal error rate (EER). 
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1. Introduction 

With increasing security concerns, many traditional methods of user identification, such as a 
physical key, an ID card, or a secret password, become obsolete as each method has its own 
problems. Biometric identification uses iris, face, vein, and fingerprint recognition. Iris 
recognition is considered as the most reliable biometric identification system in 
high-sensitivity situations. Using unique iris patterns between the pupil sclera for personnel 
identification, iris recognition shows a high recognition accuracy owing to high degree of 
freedom of iris patterns [1][2][3][4][5][6]. The human iris, a thin circular structure in the eye, 
is situated between the cornea and the lens with many microscopic features, as shown in Fig. 1. 
Iris recognition systems use Daugman’s algorithm because it ensures high accuracy in 
recognition rates. However, researchers need to address the issues of system robustness, 
performance under variability, speed of recognition, and non-ideal images. There is currently 
growing interest in biometric user identification from both academia and industry [7]. A recent 
improvement in iris recognition technologies involves acquisition of the iris images 
at-a-distance and under a less constrained environment using visible illumination imaging [8] 
[9]. These systems are required for forensic and high-security surveillance applications. 
 

  
 

Fig. 1. Various parts of human iris 
 
Iris recognition systems available for user identification require near-infrared illumination, 

but because near-infrared illumination measurement is non-friendly to users, it also requires 
the user’s cooperation to capture a good quality iris image. These formalities exert an 
additional burden on the user to participate actively for his/her recognition. Therefore, there 
are some research issues to reduce this burden on users as much as possible by the 
improvement of iris recognition performance in semi- and un-constrained environments [8]. 
Fig. 2 shows examples of noisy iris images with each affected by various factors, such as low 
illumination, blurring, rotation, occlusion by eyelids and eyelashes, off-angle, and noises. The 
recognition with these non-ideal images is drastically degraded. Therefore, proper 
pre-processing method play a major role in contributing to the accuracy of iris recognition 
systems.  

First, Iris segmentation is considered a prerequisite for an accurate iris recognition system 
especially in non-ideal iris images. The presence of various kind of noises interferes with the 
ability to effectively segment the iris part and deteriorates the recognition accuracy. In 

http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://samcollends.blogspot.com/2011/08/new-mortal-kombat-arts.html&ei=NFl1VZXlGYjZ8gWX2YKIBw&bvm=bv.95039771,d.dGc&psig=AFQjCNG8fPViu86cbpkWX9GTKd6hlPJDOg&ust=1433840303356184
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previous research, geometric approaches such as location of pupil, eyelids have been used for 
iris localization [10], while contraction and stretching properties of the pupil and iris part have 
also been used [11]. To determine whether the iris is being occluded by eyelashes, Fourier 
transforms have been used in [12]. Other methods are like image intensity differences between 
iris region and eyelashes [13][14]. These works of iris segmentation are suited to ideal iris 
images only. To accurately segment iris regions from non-ideal iris images, a method for iris 
localization is proposed which uses the circular edge detection adopted in [15]. 

Second, iris image enhancement methods are using various iris databases, such as 
CASIA-IrisV1 [16] and IrisBase for high-quality images or CASIA-IrisV3 [17] and 
UBRISV.2 [18] for non-ideal images. Current methods for enhancement of iris images use 
super-resolution for reconstruction of blurry or low-resolution images [1][2][3][4]. Other 
methods used for enhancing the image sharpness as well as illumination and noise elimination 
of iris images include traditional deblurring [19], denoising [20], focus correction [21], 
histogram equalization, contrast stretching, unsharp masking, homomorphic filtering [22], 
entropy normalization [23], and background subtraction [24]. Some recent algorithmic 
methods [25] [26] have used the machine learning technique SVM (support vector machine) 
training to reduce noise and blur, and enhance the illumination. While some of the existing 
techniques for iris image enhancement are very fast, they concentrate on a single degrading 
factor (such as noise, blur, or illumination). Others use multi-factor image enhancement but 
are relatively slow [18] and/or require substantial training data involved [1][2]. 

The segmented and localized iris image still has non-uniform illumination caused by the 
light position, low contrast and eyelids occlusion etc. which will affect the recognition rate. In 
this paper a novel algorithm that enhances the sharpness and illumination of iris image is 
proposed. After extracting the features representing iris patterns are matched up with the 
previously stored database. Finally, the decision is made by the corresponding matching 
results. 

 

 
Fig. 2. Noisy iris images (NICE.II Training dataset). (a) Off-angle. (b) Low illumination. (c) Occlusion 

by eyelashes. (d) Occlusion by eyelids. (e) Blurring. (f) Rotation. (g) Occlusion by ghost region. (h) 
Effect of contraction and dilation. 
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2. Related Work 
Iris images received at a distance, especially under a less constrained environment under 
visible illumination, usually contain more noise as compared to images received from a close 
distance under NIR illumination. These images are influenced by various sources of noise, 
such as motion, blur, low illumination, off angle, and occlusion from eyelashes and eyelids, as 
shown in Fig. 2. Therefore, there is a need for development of an accurate iris recognition 
method that can handle all kinds of noisy iris images. Previous studies related to iris encoding 
and matching algorithms, such as [27] [28] [29] [30], used iris images acquired from 
constrained environments using NIR illumination. These methods may not be so effective at 
recovering iris features that are embedded in such degraded iris images affected by imaging 
variations. The method described in [27] tries to estimate the consistent bits in the iris codes 
while excluding inconsistent bits. These approaches have shown excellent performance at 
close distance but are not feasible for the large imaging variations that are observed in visible 
illumination images obtained at a distance, as in our proposed method. The method in [28] is 
an extension of [27] applying a weighty approach to quantify each bit in the iris code such that 
that consistent bits are assigned higher values while inconsistent bits have lower values.  

This method seems to be more noise tolerant, but has the same limitations as those in [27]. 
In previous research, some excellent work has been done to develop more advanced iris 
segmentation approaches for noisy iris images acquired using visible images [18][31][32]. 
However, very limited research work is available that can accommodate imaging variation in 
segmented noisy iris images like in NICE.II competition [33]. Moreover, preprocessing 
algorithms, which detect the noise in images as well as the boundary of the pupil and iris, have 
been used to enhance iris recognition performance [2][38][34][35]. Similarly, the methods 
used for enhancing the image sharpness as well as illumination include traditional deblurring 
[26], histogram equalization, contrast stretching, unsharp masking, homomorphic filtering 
[22], and background subtraction [24]. To reduce noise, blur and enhance the illumination, 
some recent methods [25] [26] have used the SVM (support vector machine). These 
localization and enhancement methods can’t handle the degraded quality non-ideal iris images. 
Therefore, method for iris localization and enhancement is needed to improve the recognition 
accuracy of these iris images. 

 In Table 1, we summarize the recent state-of-the-art work on iris encoding and matching 
techniques from iris biometric recognition research work. It seems that none of the previous 
work has provided effective strategies in terms of recognition accuracy as well as 
computational processing for iris recognition acquired at a distance and facing non-ideal iris 
images.  
 

Table 1. Brief comparison of the proposed method with existing iris recognition approaches 
Previous 

Work  
Methodology Iris Recognition Accuracy 

Dong et al. 
[28]  

• They used Adaboost cascade-iris 
detector for segmentation, while our 
method is based on circular edge 
detector adapted in [15]. 

• Based on personalized weight map, 
The training images must include all 
kinds of images and online data 
otherwise the iris images are not 
included for the production of 
personalized weight map. 

• Accuracy is high with 
CASIA-IrisV3, but these databases 
are acquired at close distance. 

• UBIRIS.v2-Iris which is used in our 
experiment was obtained at a 
distance (4 to 8 m), and much noise 
such as low illumination, severe 
off-angle, hair occlusion, and 
specular reflection on glasses) is 
included in this database. 
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• The method is not suitable for 
non-ideal iris images unlike our 
method that deals with non-ideal iris 
images. 

• The accuracy of iris recognition in 
our method can’t be directly 
matched, since they used different 
database. 

Arora et al. 
[36]  

• In this paper Canny edge detection & 
Circular Hough transform used for 
segmentation and the method of 
matching by bit-shifting of fixed 
length. 

• Deals with images at a distance but 
can’t recognise non-ideal images  

• Our paper also introduce 
enhancement algorithm to imrove 
the quality of low contrast and 
non-uniform illumination iris 
images. 

• The EER (equal error rate) of left or 
right iris with CASIA-Iris-Distance 
database was obtained as 5.2278% 

• The processing time of this method 
was measured as 0.865 ms which is 
much larger than that of our method 
using the same system specification 

• The processing time of feature 
matching increases using this 
method and the false acceptance rate 
(FAR) due to moving the imposter 
distribution to the genuine one. 

Ziauddin & 
Dailey [37]  

• Used circular Hough and linear 
Hough transform for segmentation 

• Assign weights to each bit position 
which are afterwords used in 
matching which is not usual in 
practice. 

• In this method the performance 
would be decreases  if imaging 
condition are different between 
enrollment time and verification 
time, the patterns of stable bits would 
be changed compared to training set. 

• The proposed method (not use 
bitwise comparision of binary 
templates) is totally different in term 
of segmentation, enhancement and 
recognition technqiues. 

• Our method of segmentation and 
enhancment consider all kind of iris 
images including non-ideal iris 
images while in this method images 
rotated by the head roll are not 
included in the training images and 
are not considered for the generation 
of the iris template. 

• Although their accuracy is high (the 
EER of 0.06% with CASIA ver. 1 
database), the number of images used 
in our experiments is, larger than 
CASIA ver. 1 (756) of their method. 

• UBIRIS.v2-Iris which is used in our 
experiment was obtained at a distance 
(4 to 8 m) 1000 having many kind of 
noises, while in this paper the 
CASIA-Iris-Distance database was 
obtained at a distance (2.4 to 3 m). 

• Since they used different database that 
obtained images from short distance, 
so can’t make direct comparison in 
term of accuracy. 

Tan et al. 
[38]  

• In this paper, iris image is coarsly 
segmented using random walker 
algorithm while in our paper circular 
edge detector adopted from [15]. 

• The method deals with degraded 
images like in our method but the 
global iris encoding strategy that 
used in this paper is still not adequate 
to accurately characterize the iris 
features extracted from the distantly 
acquired eye images under less 

• UBIRIS.v2, FRGC, and CASIA.v4 
were used at a distance to ascertain 
the performance from the proposed 
iris encoding and matching strategy. 
The three employed databases were 
distantly acquired (ranging from 3–8 
meters), while we are using 
UBIRIS.v2 

• The recognition accuracy from 
UBIRIS.v2 is the lowest among all 
three dataset, also lower than our 
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constrained environments, which are 
generally have higher variations (e.g. 
scale change, illumination change, 
defocus and translation). 

• The method shows very 
discouraging performance, if the 
localized eye images don’t have 
sufficient regions like eyebrow, 
malar fold etc 

proposed method accuracy by 
8.63%. 

Ying et al. 
[39] 

 

• For segemntation they used 
detection of Scale-Space Extreme, 
Key points Localization and 
keypoint descriptor representation, 
while in our method  circular edge 
detection used for segmentation. 

• The method is based on optimal 
sub-feature selection strategies and 

       weighted sub-region matching is 
able to overcome the drawback of 
filter approach, but this method is not 
suitable in case of non-ideal iris 
images. 

• Using CASIA.v3 interval (700 iris 
images), CASIA.v3 Lamp (1000 iris 
images) and MMU.v1 (450 iris 
images) while in our method we are 
using UBIRIS.v2 with 1000 images 

• Various dataset are using, so can’t 
make direct comparison, the 
recognition accuracy in CASIA.v3 
is lower than our method but almost 
same in CASIA.v3 Lamp. 

• The processing time of this method 
was measured as 89.6 ms which is 
much larger than that of our method 
(31.9 ms) during feature extraction. 

Roy et al. 
[40] 

 

• In this method the shape guided 
approach used active contour for 
localizes the iris region from 
degraded iris image. 

• Variational model is applied to 
localize iris while modified 
contribution selection algorithm is 
used for iris feature ranking, but just 
utilized the geometric detector to 
search iris geometric properties as 
iris features. 

• Our proposed methods of iris 
localization and enhancment 
perform in different way. 

• ICE2005, CASIA.v3 interval and 
UBIRIS.v1 used for experiment. 

• The method fails to perform on 
images having huge occlusion. 

• The recognition accuracy is lower 
than proposed method by 10.88% 

Tan & 
Kumar 
[41]  

 

• Random walker based algorithm  for  
coarse segmentation of iris region 
while proposed segmentation 
method is based on circular edge 
detection. 

• Proposed Zernike moment based 
phase encoding of iris features and 
feature extraction by Gabar filter. 

• The method combined two 
modalities namely ordinal measures 
and color histogram for iris 
matching, together with SIFT and 
the semantic information for eye 
matching, while we do not use any 
semantic information. 

• The proposed iris matching 
approach achieves significant 
improvement over several 
state-of-the-art iris matching 
algorithms, which suggests average 
percentage of improvement of 
54.3%, 32.7% and 42.6% 
respectively on UBIRIS.v2, FRGC 
and CASIA.v4-distance databases. 

• Though the recognition accuracy is 
higher than our method but  the 
accuracy efficiency is limited to 
illumination and under less 
constrained environments 

• The method using three kinds of 
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• Like our proposed method, this 
method also deals images at a 
distance and having various noises, 
but cant handled images spectral 
illumination under less constrained 
environments. 

dataset, so can’t directly compare 
with our method in terms of 
accuracy. 

3. Proposed Method 
An overview of the proposed method is shown in Fig. 3. We first got segmented iris noisy 
images from NICE-II database [18]. The dataset contains non-ideal images that have various 
kinds of noises. In order to obtain only the iris part for further processing, we adopted the 
method of Jeong et al. [15]. First, the localized method properly segmented the iris region in 
non-ideal iris images. Further, a novel enhancement algorithm is introduced to reduce the 
effects of non-illumination and low contrast of the localized and normalized iris images. 
Finally, extract the features that representing iris patterns from normalized image.  
 

 
Fig. 3. Procedure of the proposed method. 

 

3.1. Image Acquisition 
The eye image to be analyzed must be acquired in a digital form that is suitable for analysis. 
Further, we will be using the NICE-II (Noisy Iris Challenge Evaluation – Part II) database 
from UBIRIS developed within the SOCIA Lab (Soft Computing and Image Analysis Group) 
of the University of Beira Interior (Portugal) [18]. 
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3.2. Image Preprocessing 
The acquired image contains the iris part along with some irrelevant parts, such as the eyelids 
and pupil. In some conditions, the iris image is in low contrast and brightness is not uniformly 
distributed. In addition, different distances from the eye to the camera may result in different 
image sizes for the same person’s eye. To improve the quality of iris image, our preprocessing 
method composed of three steps as described in the following sections. In the first step, we use 
the iris localization method to accurately detect the iris radius and center, next the length of the 
inner and outer iris boundaries is adjusted to achieve normalized iris image. In the last step, we 
propose a new algorithm to enhance the iris image by reducing the effects of non-uniform 
illumination and low contrast. 

3.2.1. Iris Localization 

The segmented iris images are provided by the NICE.II dataset as shown in Fig. 4(b), but the 
pupil and iris pixel positions are not provided. In order to detect the pupil and iris boundaries, 
our localization consists of three parts. To find the accurate centers, the iris center is 
calculating first by the geometric center of the black pixels. The radius of the iris region is 
calculated based on half of the difference between left and rightmost position of the pixels in 
the black region these values we select the left and right most position at which the gray value 
changes from white toward black and black toward white respectively. 

 

 
 

Fig. 4. Detection of pupil and iris boundaries: (a) Original eye image. (b) Segmented image from 
NICE-II. (c) Result of pupil and iris boundaries. 

 
To detect the pupil radius and center, we are using the white pixels inside the black pixels 

as shown in Fig. 4(b). By using a component labelling algorithm [22], the detected rough 
position of the iris center is regarded as pupil area. Using the pupil area, the accurate pupil 
center is calculated. As with iris radius based on the leftmost and rightmost position of the 
current pupil area, the exact pupil radius is obtained. To determine the accurate iris center and 
radius, we are using the detected rough center position and radius center. The circular edge 
detector is used to accurately detect the iris center and radius [15]. The following 
integrodifferential operation is used to accurately determine the center and radius of iris 
region. 
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Where ‘r’ is the radius of iris region, (𝑎𝑎0,𝑦𝑦0) is the center position of the iris region, and 
𝐼𝐼(𝑎𝑎,𝑦𝑦) is the grey level on the circular boundary of the iris. Using Eq. (1), we perform two 
integrodifferential operations in the range of -45 to 30 radians on the right side and 150 to 225 
radians on the left side. The reason for selecting only these two regions is because other 
regions can be hidden owing to eyelids, which can produce errors [15].  

Fig. 4(c) shows the accurate boundaries of iris and pupil regions, the non-iris regions 
appear as white pixels while free of noise regions appear as black pixels. The error rate is 
measured to find the difference in pixels between segmented image Fig. 4(b) and resultant 
localized iris image Fig. 4(c). The error rate is measured as the proportion of difference in 
corresponding pixels between the output image  𝑂𝑂(𝑐𝑐′, 𝑎𝑎′)  obtained from the localization 
method and 𝐶𝐶(𝑐𝑐′, 𝑎𝑎′) segmented image [15] [42]. 

 

𝐸𝐸𝑖𝑖 =
1
𝑛𝑛
�(

1
𝑐𝑐 ∗ 𝑎𝑎

 � �𝑂𝑂�𝑐𝑐′, 𝑎𝑎′� ⊗ 𝑋𝑋(𝑐𝑐′, 𝑎𝑎′))                                          (2)
𝑎𝑎′

𝑐𝑐′
 

 
In Eq. (2), n is the total number of images in dataset. The Ei values vary between 0 and 1 

showing the accuracy of iris segmentation. The iris segmentation accuracy would be best if the 
Ei value is 0 and worst if the value is 1. Another evaluation criteria Ej using Eq. (3), which will 
compute the average of the false positive rate (FPR) and false negative rate (FNR) [15]. The 
FPR means the error rate of accepting non-iris pixels such as eyelashes as iris region and FNR 
is the error rate of rejecting iris pixels as non-iris region. 

 
          

  𝐸𝐸𝑗𝑗 = 𝐹𝐹𝐹𝐹𝐹𝐹 ∗ 0.5 + 𝐹𝐹𝐹𝐹𝐹𝐹 ∗ 0.5                                                                (3) 
                  
 
3.2.2. Normalization 

Human irises from different people may be captured in different sizes with varying imaging 
distances, and even irises from the same person may be different. The radial size of the pupil 
may change owing to variations in illuminations and variations of the inner boundary owing to 
the dilation and contraction of the pupil region. This deformation of the image texture will 
affect the performance of the feature extraction and pattern matching process. In order to 
reduce these anomalies and obtain a normalized iris image, the lengths of the inner and outer 
iris boundaries are adjusted in order to achieve more accurate recognition results.  

The detected iris region shown in Fig. 5(b) in Cartesian coordinates is transformed into 
polar coordinates using Daugman’s normalization method, defined by Eq. (4) and (5). The 
polar coordinates result is shown in Fig. 5(c). The polar coordinates of the iris image are 
divided into eight tracks and 256 sectors [43]. In each track and sector the pixel values are 
averaged in the vertical direction based on a 1-D Gaussian kernel as shown in Fig. 5(d). As a 
result, a normalized iris image of 256 × 8 pixels is produced, which reduces the errors that 
arise while segmenting the iris image. The proposed method is capable of compensating the 
unwanted variations owing to the distance between the eye and the camera and the eye 
position with respect to the camera [44]. 
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                                          (4)       

                                       (5) 

 
   Where 

                       (6) 

                   (7) 

                                   (8) 

                       (9) 

 
In Eq. (6), (7), (8) and (9), and are the Cartesian and normalized polar 

coordinates, respectively. , and ,  are the coordinates of the pupil 
and iris boundaries along the direction, respectively. , and ,  
are the coordinates of the pupil and iris centers along the  direction, respectively. 𝑎𝑎𝑝𝑝 and 𝑎𝑎𝑖𝑖 
are the pupil and iris radius, respectively. 
 
 

 

Fig. 5. Iris image normalization steps: (a) Original image. (b) Segmented iris region (c) Normalized 
image of 256 × 8. (d) Track and sector of averaged pixel values in vertical direction [43]. 

3.2.3. Iris Enhancement 
 
The segmented and localized iris image still has non-uniform illumination caused by the light 
position, low contrast, eyelids occlusion, and noise, which will affect the recognition 
performance. The iris image enhancement plays a major role in the accuracy of iris recognition 
system. We propose a novel algorithm that enhances the sharpness and illumination of the iris 
image. The propose algorithm showed an improvement in the verification rate when compared 
with other popular methods for image enhancement. To reduce the effect of non-uniform 
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illumination and low contrast, we used the following pre-processing steps to enhance the iris 
image, as shown in Fig. 6.  
 
A. Enhancement Algorithm Steps 

 
• Read the original colored and segmented iris image. 
• Covert both the original and segmented image to gray. 
• Extract the gray pixels from the valid region of the segmented image by separating the 

gray pixels from white pixels, because mixing with the white pixels gives a blurred image. 
• Extract the radius of the iris region. 
• Enlarge the iris width and height; in our method, we enlarge the radius width and height up 

to three times and set the radius to 125 (experimental value) as the iris diameter is from 
200 to 250 pixels. 

• Calculate the new width and height by multiplying the width and height with the new 
enlarged width and height in the previous step. 

• Interpolate the new-segmented iris region by Nearest Neighbor Interpolation and the 
original image by Bi-Interpolation in order to estimate the non-uniform illumination. 

• In order to get a well-distributed texture image, we overlap the segmented iris region with 
the original image and obtain an image of the valid iris region. 

• The low contrast of the resulted image from the previous step is enhanced by 
contrast-limited adaptive histogram equalization (CLAHE) [45], described in Section B. 

• To improve the results of CLAHE, we use a histogram-stretching algorithm by stretching 
the maximum and minimum values to 0–255. 
 

B. Contrast-limited Adaptive Histogram Equalization Algorithm 
To enhance the low contrast of the iris image during our enhancement algorithm, we use an 
advanced contrast technique called CLAHE in our enhancement algorithm shown in Fig. 6.  
Unlike previous works, we apply CLAHE method to already well-distributed texture image 
using Bi-linear interpolation as described in enhancement algorithm in section A and further 
use histogram stretching to improve the result of CLAHE. In this algorithm, the image is 
subdivided into image tiles also called contextual region and then contrast of the image is 
enhanced within each region. The result of the pre-processing steps is shown in Fig. 7. 

 
• Calculate the grid size based on our resulting image.  
• Identify the grid points on the iris image. Each grid point in the image is separated by 

grid-size pixels.  
• For each grid point, calculate the histogram of the neighbor region, with an area equal 

to the window size and centered at the grid point. 
• Clip the computed histogram in the previous step based on the already specified 

clipping level; use the new histogram to calculate the cumulative distribution function 
(CDF). 

• Calculate the mappings (transformation function) for each grid point in the image and 
repeat the below two steps for each pixel in the input image. 

• Find the four closest neighboring grid points for each pixel.  
• Using the intensity value of the pixel as an index, find its mapping at the four grid 

points based on their CDFs. 
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• To get the mapping at the current pixel location, interpolate grey-level mappings 
among these values. Map this intensity to the range [Min:Max] and put it in the output 
image. 

 
Fig. 6. Iris image pre-processing algorithm for image enhancement. 

 

.  
Fig. 7. Proposed preprocessing steps: (a). Iris region in original image. (b) Extracted iris image 

(c) Enhanced normalized image. (d) Enhanced original gray image after proposed method. 
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4. Feature Extraction and Pattern Matching 
4.1. Feature Extraction 
In order to provide accurate recognition of individuals, the most unique and invariant features 
from the iris must be extracted. Only the significant features of the iris must be encoded so that 
comparisons between templates can be made. We are using the 1D Gabor wavelet filter with 
the normalized iris image [15] [42] [46]. If the iris image has rich texture information of high 
contrast then the Gabor filter gives good performance. In order to get recognition accuracy, we 
select the possible optimal size and frequency by experiments. As we have eight tracks in a 
normalized iris image, using the 1D Gabor filter the convolution of intensity is performed in 
each track in the horizontal direction. As shown in Fig. 5(c), the width of the normalized iris 
image consist of 256 pixels, so the convolution is performed at each pixel position of the entire 
width of each track of the normalized iris image. As a result, we obtained the magnitude value 
of 256 pixels of each track by using the 1D Gabor filter [47]. 
 

𝐺𝐺(𝑎𝑎) = 𝐴𝐴. 𝑒𝑒−𝜋𝜋 � (𝑥𝑥−𝑥𝑥0)2
𝜎𝜎2 � (cos(2𝜋𝜋[𝑢𝑢0(𝑎𝑎 − 𝑎𝑎0)])),                                  (10)    

 

   � 𝐺𝐺(𝑎𝑎) = 0 
𝑁𝑁

𝑥𝑥=−𝑁𝑁

                                                                                           (11)      

 
In Eq. (10) and (11) the σ and µ0 are the kernel size and frequency of the Gabor filter. A 

denotes the amplitude of the Gabor filter (G(x)) and x0 denotes the movement amount of the 
Gabor filter coefficient. In order to get the normalization of the filtering coefficient, the DC is 
set to zero, which means the summation of the entire coefficient if the Gabor filter is set to zero. 
The value obtained from the Gabor filter calculation is checking for positive or negative value. 
The magnitude value will be considered 1 if the magnitude is less than or equal to zero, 
otherwise it will be zero. As a result, we got 256 bits in each track and as each normalized 
image consists of eight tracks there is a total of 2048 bits (256 × 8) [48]. All noisy iris regions, 
iris regions that are occluded by eyelids or eyelashes, and iris regions where it is difficult to 
find the boundaries are considered to be unreliable and are not used for iris code matching. 
After selecting the optimal kernel size and frequency, the Gabor filter is expected to obtain the 
minimum FAR (False Accepting Rate), FRR (False Rejecting Rate), and EER by testing the 
NICE-II database.  
 
4.2. Pattern Matching 
 
For matching, the hamming distance was chosen as a metric for recognition since bitwise 
comparisons were necessary. The hamming distance algorithm employed also incorporates 
noise masking, so that only significant bits are used in calculating the hamming distance 
between two iris templates. When taking the hamming distance, only those bits in the iris 
pattern that correspond to ‘0’ bits in noise masks of both iris patterns will be used in the 
calculation. Although, in theory, two iris templates generated from the same iris will have a 
hamming distance of 0.0, in practice this will not occur. Normalization is not perfect and there 
will be some noise that goes undetected, so some variation will be present when comparing 
two intra-class iris templates. 

In order to account for rotational inconsistencies, when the hamming distance of two 



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 10, NO. 4, April 2016                                    1917 

templates is calculated [3], one template is shifted left and right bit-wise and a number of 
hamming distance values are calculated from successive shifts. This bit-wise shifting in the 
horizontal direction corresponds to rotation of the original iris region by an angle given by the 
angular resolution used. If an angular resolution of 180 degree is used, each shift will 
correspond to a rotation of 2 degrees in the iris region. The Hamming distance will be 
calculated using only the bits generated from the true iris region and this modified Hamming 
distance formula is given as:  
 

 𝐻𝐻𝐻𝐻 = 1
𝑁𝑁−∑ 𝑋𝑋𝑛𝑛𝑘𝑘(𝑂𝑂𝑂𝑂)𝑌𝑌𝑛𝑛𝑘𝑘

𝑁𝑁
𝑘𝑘=1

∑ 𝑋𝑋𝑗𝑗(𝑋𝑋𝑂𝑂𝐹𝐹)𝑌𝑌𝑗𝑗(𝐴𝐴𝐹𝐹𝐻𝐻)𝑋𝑋𝑛𝑛 ‘𝑗𝑗
𝑁𝑁
𝑗𝑗=1 (𝐴𝐴𝐹𝐹𝐻𝐻)𝑌𝑌𝑛𝑛‘𝑗𝑗                       (12) 

 
In Eq.(12), the Xj and Yj are the two bit-wise templates to compare, Xn,j and Yn,j are the 

corresponding noise masks for Xj and Yj, and N is the number of bits represented by each 
template. 

5. Experimental Results 
5.1. Data Set 
 
In order to test our proposed method, we used the NICE-II (Noisy Iris Challenge 
Evaluation-PartII) dataset taken from UBIRIS.v2, developed within the SOCIA lab of the 
University of Beira Interior (Portugal) [18]. NICE-II is exclusively focused on the signature 
encoding and matching stages of degraded visible wavelength iris images previously 
segmented in the segmentation contest of NICE-I. The aim of this second version of the 
UBIRIS database (UBIRIS.v2) is to realistically simulate less constrained image capturing 
conditions, either at-a-distance, on-the move, or with minimal user cooperation.  

When compared to its predecessor, this database contains more images and with more 
realistic noise factors, namely: poorly focused iris images. The dataset consist of 1000 images, 
including 191 different classes. During the experiment, the number of reliable tests is 3593 
while there were 495,907 fake tests. The dataset consists of poor- quality images owing to 
motion blur, off angle, low illumination, rotation, occlusion by ghost regions, and the effects 
of contraction and dilation, as shown in Fig. 2.  
 
5.2. Results Analysis 
 
In this section, we test the performance of our proposed algorithm. The training data set is 
manually divided into good and bad quality images in each class. First, we performed 
experiments for iris segmentation. We applied our proposed algorithm of iris image 
localization, to obtain the exact boundaries of the iris and pupil of all dataset images. Using our 
NICE-II iris dataset that contains various kinds of noisy images, Table 2 gives the iris 
segmentation accuracy. 
 

Table 2. Iris segmentation accuracy using NICE.II dataset 
Ei Error Rate Ej Error Rate False Positive Rate 

 (FPR) 
False Negative Rate 

(FNR) 
2.9 15.6 1.4 28.7 
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Our image localization method failed in those iris images where the boundaries can’t be 
determined easily or the eyelashes and eyelids can’t be segmented properly. A sample of such 
images is shown in Fig.8 (a) to (l). There are various detection problems like the occlusion by 
lower or upper eyelids and eyelashes, shaded regions in the upper parts of the iris region, 
ghosting region, off-angle, rotation, caused by the discontinuous frames of the user’s glasses 
and color segmentation error because of local iris region. 
 

        
Fig. 8. NICE-II iris images dataset sample on which our segmentation failed to perform 

 
Our iris localization method properly segmented the iris region in many non-ideal iris images. 
As shown in Fig. 9 (a) to (h) where all the images are non-ideal, but our method succeeded to 
properly separate the iris region.  
 

 
Fig. 9. NICE-II iris images dataset sample where our method properly segmented 

 
5.2.1. Evaluation Approach 
 
In our second experiment, the matrices used for the quantitative evaluation of the proposed 
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segmentation and enhanced algorithms are the following: 
 
(1) False acceptance rate (FAR): The error rate of accepting an imposter as an authorized user 
[49]. 
 

         𝐹𝐹𝐴𝐴𝐹𝐹(%) =
# 𝑜𝑜𝑜𝑜 𝑖𝑖𝑎𝑎𝑖𝑖𝑜𝑜𝑑𝑑𝑖𝑖𝑒𝑒𝑎𝑎 𝑎𝑎𝑐𝑐𝑐𝑐𝑒𝑒𝑖𝑖𝑖𝑖𝑎𝑎𝑛𝑛𝑐𝑐𝑒𝑒

# 𝑜𝑜𝑜𝑜 𝑖𝑖𝑜𝑜𝑖𝑖𝑎𝑎𝑡𝑡 𝑖𝑖𝑎𝑎𝑖𝑖𝑜𝑜𝑑𝑑𝑖𝑖𝑒𝑒𝑎𝑎 𝑎𝑎𝑖𝑖𝑖𝑖𝑒𝑒𝑎𝑎𝑖𝑖𝑖𝑖𝑑𝑑
                                     (13)  

 
(2) False rejection rate (FRR): The error rate of rejecting a genuine user as an unauthorized 
user [49]. 
 

         𝐹𝐹𝐹𝐹𝐹𝐹(%) = # 𝑜𝑜𝑜𝑜 𝑜𝑜𝑎𝑎𝑡𝑡𝑑𝑑𝑒𝑒 𝑎𝑎𝑒𝑒𝑗𝑗𝑒𝑒𝑐𝑐𝑖𝑖𝑖𝑖𝑜𝑜𝑛𝑛
# 𝑜𝑜𝑜𝑜 𝑖𝑖𝑜𝑜𝑖𝑖𝑎𝑎𝑡𝑡 𝑎𝑎𝑢𝑢𝑖𝑖ℎ𝑜𝑜𝑎𝑎𝑖𝑖𝑑𝑑𝑒𝑒𝑑𝑑 𝑎𝑎𝑖𝑖𝑖𝑖𝑒𝑒𝑎𝑎𝑖𝑖𝑖𝑖𝑑𝑑                                     (14) 

 
(3). Equal error rate (EER): When the FA and FR are equal, the error is referred to as Equal 
Error (EE) and the probability at which FAR = FRR, is called the Equal Error Rate (EER). 
 
(4) Receiver operating characteristics (ROC) curve: At various threshold values, the values of 
FAR and FRR can be plotted using a ROC curve. A ROC curve is used to show the 
performance of the proposed method. 
(5) Genuine acceptance rate (GAR): The GAR is a measurement of the overall accuracy of a 
biometric system [50]. 
 

         𝐺𝐺𝑒𝑒𝑛𝑛𝑢𝑢𝑖𝑖𝑛𝑛𝑒𝑒 𝐴𝐴𝑐𝑐𝑐𝑐𝑒𝑒𝑖𝑖𝑖𝑖𝑎𝑎𝑛𝑛𝑐𝑐𝑒𝑒 𝐹𝐹𝑎𝑎𝑖𝑖𝑒𝑒 (𝐺𝐺𝐴𝐴𝐹𝐹) = (100 − 𝐹𝐹𝐹𝐹𝐹𝐹(%))                            (15) 
 
5.2.2. Comparison with Various Enhancement Algorithms 
 
Table 3 shows the recognition accuracy in the form of the EER of various algorithms. The 
proposed method is compared with other popular enhancement techniques, including 
Histogram Equalization, used in [51] and [52], Histogram Stretching, in [51], simple Bi-linear 
Interpolation, Bi-cubic interpolation, and combined bilinear and un-sharp masking techniques, 
which are usually used for the enhancement and restoration of iris images. The results show 
that in all cases the proposed method outperformed all other popular enhancement algorithms. 
Compared to simple histogram equalization, our proposed method increased the accuracy by 
as much as 6.12%. We also used a combined technique in order to further compare the 
combination of two algorithms: bi-linear interpolation and un-sharp masking, but the accuracy 
of our enhancement algorithm is 5.4% more than that of the combined algorithm technique. 
The ROC curves of various enhancement algorithms and comparison with the proposed 
method are shown in Fig. 10 and Fig. 11, respectively.  
 

Table 3. EER for iris recognition using different image enhancement algorithms. 
Algorithm EER (%) 

Histogram Equalization 24.2433 

Un-Sharing Masking 25.2001 

Histogram Stretching 24.8071 

Bi-Linear Interpolation 23.9044 
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Bi-Cubic Interpolation 24.8792 

Homomorphic Filtering 25.42 

Combined bilinear interpolation and 
un-sharp masking 

23.5395 

  Proposed Method 18.8232 

 

 
Fig. 10. ROC curves of various image enhancement algorithms. 

 
Fig. 11. ROC curves of various enhancement algorithms compared to the proposed algorithm 

Note: The small figure inside Fig.11 is the zooming of the rectangular region 
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5.2.3. Comparison with Other State-of-the-art Methods 
 
The comparison of the proposed method with various state-of-the-art methods is presented in 
Table 4. The proposed method is first compared with the Park and Park method [47], in which 
2048 bits of iris code and 2048 bits of mask code were extracted from an iris gray image of 256 
× 8 pixels. The iris code is extracted by 1D Gabor filter and hamming distance was used for 
matching, but any other method for segmentation of iris boundaries and enhancement 
technique has not been used, therefore the result of EER was 25.7%, while the EER value of 
the proposed method after adding the iris localization and iris enhancement algorithms is 
8.82%. Although in the proposed method we are using the UBIRIS dataset, which is a larger 
dataset in term of images than the CASIA.v1 database used in Park and Park [47], even then 
the EER value of the proposed method increased by 6.88%.  

Similarly, the proposed method was compared with the methods of Ying et al. [39], Roy et 
al. [40], Zhang et al. [53] and He et al. [54], which use the CASIA.v3 dataset, which is 
acquired at close distance. Our proposed method outperformed these methods and achieved 
higher recognition accuracy by 3.18%, 10.18% , 18%, and 6%, respectively. Next, the 
proposed method was compared with Sazonova et al.’s [55] method, which uses the 
MBGC.v1 dataset. The proposed method presented 6.8% higher accuracy than this method. 
Furthermore, the proposed method was compared with the methods of Dong et al. [28] and 
Tan and Kumar [40], which use the same UBIRIS dataset. Again the proposed method showed 
higher recognition accuracy by 7.26% and 8.63%, respectively. The ROC curves of the 
proposed method compared with other methods are shown in Fig. 12. 

 

Table 4. EER for iris recognition using different image enhancement algorithms 

Methods Dataset EER (%) 

Park and Park [47] CASIA.v1 25.7  

Ying et al. [39] CASIA.v3 Interval 22.0#  

Roy et al. [40] CASIA.v3 Interval 29.0*  

Zhang et al. [53] CASIA.v3 Lamp 37.0# 

He et al. [54] CASIA.v3 25.0& 

Sazonova et al. [55] MBGC.v1 25.67  

Dong et al. [28] UBIRIS.v2 26.08 

Tan and Kumar [38] UBIRIS.v2 27.45 

  Proposed Method UBIRIS.v2 18.82 

Note. Data labeled & come from He et al. [54], * from Roy et al., # from Ying et al.. [39], and % from Sazonova et al.  
   [55] and are converted into the required form to compare with the proposed method. 

 
 



1922                                                                       Mazhar et al.: Iris Image Enhancment for the Recognition of Non-Ideal IrisImages 

 
Fig. 12. ROC curves of the proposed method compared with state-of-the-art methods 

Note: The small figure inside Fig. 12 is the zooming of the rectangular region 
 

Finally, we measured the processing time for our proposed method on a desktop PC with a 
3.40 GHz Intel Core™ i7 processor and 8 GB of RAM. The operation time includes the iris 
localization that includes accurate pupillary boundary, detect eyelids, and remove contact lens 
edges. Second, normalization that takes maximum processing time while converting iris 
features from polar to rectangular coordinates. Further, the enhancement algorithm that 
includes bilinear interpolation and CLAHE algorithm. Then computing the iris code extraction 
and matching steps. The processing time of all these steps are shown in Table 5. The 
processing time first for iris localization, by detecting the proper pupil and valid iris region 
was 47.5 ms. Obtaining the normalized iris image of 256 × 8 pixels took 224 ms. The 
processing time of our enhancement algorithm for bilinear and CLAHE was 5.2 ms. The 
processing time for iris code extraction and calculating the hamming distance (HD) was 31.9 
ms.  It is possible for the proposed method to be applied in a real-time system. 

 
Table 5. Computational processing time 
Algorithm Processing time 

(ms) 
Detection of pupil and valid iris region 47.5 
Normalized iris image of 256 × 8 pixels 224 

Bilinear interpolation and contrast-limited 
adaptive histogram equalization (CLAHE) 

5.2 

Iris code extraction and calculating hamming 
distance (HD) 

31.9 

Total 308.6 
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6. Conclusions 
The ultimate purpose of our paper is to improve the recognition accuracy while dealing 

with non-ideal iris images. The images are captured either at-a-distance, on-the move, or with 
minimal user cooperation. To improve the recognition accuracy, we properly localized the iris 
region and then a novel algorithm for the iris image enhancement and recognition method. 
First, we used algorithm for iris image localization to obtain exact boundaries of the iris 
images, then applied a new enhancement algorithm to the localized iris images. The 
performance was evaluated using the NICE-II database, in which images have varying 
characteristics. The results our localization and enhancement algorithm were compared with 
those from other various enhancement algorithms. Our proposed method outperformed the 
previous algorithms. Furthermore, we compared our results with recent state-of-the-art 
methods regarding iris recognition. Our methodology presented better results than other 
methods in terms of accuracy as well as processing time. These results can be used to make a 
personalized service system in special environments, such as in a personalized interactive 
theater where the user gazes in a specific direction most of the time. In future, we are intending 
to proceed our work by localized the iris region more accurately in order to improve the 
recognition accuracy of our results. 
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