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ABSTRACT

Biometrics Systems are computerized methods for verification
or recognition to the identity of a living person on the basis of
some physiological characteristics. Human eyes are
completely unique and can be used for biometric purposes. In
the proposed research work, extraction of iris is done by using
digital image processing techniques. For experimentation and
implementation, a dataset of IIT Delhi, UBIRIS and UPOL
iris image database has been used and the evaluation results
clearly demonstrate that the proposed iris segmentation
technique provides better accuracy in iris recognition rather
than existing techniques. Classification is done by using
supervised and unsupervised pattern classification techniques.
Support vector machine and k-means clustering is used for
classification iris features. Overall got 97.25% accuracy based
on confusion matrix. The results clearly prove that the
proposed technique provides better, rather than existing
techniques.

General Terms
Iris localization is done by using DIP techniques and
classification is performed by using supervised and
unsupervised learning.

Keywords
Iris  Detection, Digital Image Processing, Pattern
Classification, Supervised Learning, Unsupervised Learning.

1. INTRODUCTION

Biometric ~ Systems are computerized methods for
verification or recognition to the identity of a living
person on the basis of some physiological characteristics,
like a fingerprint or face pattern or some aspects of
behavior, like handwriting or keystroke patterns. A
biometric system based on physiological characteristics is
more dependable than one which adopts behavioral
features, even if the latter may be easier to integrate
within certain specific applications. The iris and the retina
as elements inside the eye are very well protected against
damage.The iris and retina patterns are unique to every person
also applies to monozygotic twins, although the structure and
iris color are genetically dependent. Following figure shows
the anatomy of human eye. In anatomy of human eye, there
are different parts such as, iris, pupil, cornea, sclera, lens,
calliary body retina, optic nerve, choroid and so on.lris
recognition is an automated method of biometric
identification that uses mathematical pattern-recognition
techniques on images of one or both of the irises of an
individual’s eyes, whose complex patterns are unique,
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steady, and can be seen from some distance.

2. LITERATURE REVIEW

An accurate biometric identification system is a critical
requirement in a variety of applications. Iris-based
identification has been receiving a lot of attention since
its  introduction. However, some techniques have
limitations in  identifying persons accurately and
efficiently. Local and global characteristics of the iris,
using a band of log-Gabor filter is used, vector that
stores these characteristics a feature descriptor or simply
the iris descriptor [1].Biometric authentication system
based on the fusion of two user-friendly biometric
modalities: Iris and Face. Using one biometric feature
can lead to good results, but there is no reliable way to
verify the classification. In order to reach robust
identification and verification we are combining two
different biometric features. we specifically apply 2-D
discrete wavelet transform to extract the feature sets of
low dimensionality from iris and face. And then to
obtain Reduced Joint Feature Vector (RJFV) from these
feature sets, Direct Linear Discriminant Analysis (DLDA)
is used in our multimodal system. This system can
operate in two modes: to identify a particular person or
to verify a person’s claimed identity. Results for both
cases show that the method leads to a reliable person
authentication system [2].With an increasing emphasis on
security, automated personal identification based on
biometrics has been receiving extensive attention over the
1990s. Iris recognition, as an emerging biometric
recognition approach is becoming a very active topic in
both research and practical applications. Iris recognition
is the process of recognizing a person by analyzing the
apparent pattern of his or her iris. A typical iris
recognition system includes iris imaging, iris detection,
feature extraction and recognition. Existing techniques
utilized at the different stages of the iris recognition
process and evaluate their performance. In addition, we
explore additional techniques to improve performance
[3].In the absence of real data for extensive testing of
newly designed large-scale biometrics recognition systems
a number of solutions are possible including use of
resampling methods, generation of synthetic data having
properties similar to real data of interest, or use of
analytical tools to predict the performance. Each of the
methods has its own limitations. In this work, we focus
on iris biometric. We briefly describe a model based
approach to synthesize iris images and focus on
performance comparison for synthesized and real iris
images. Iris image processing assumes a traditional Gabor



filter based encoding approach [4].Most biometric
identification methods using iris recognition assume that
the eye image of the person is available, and are only
concerned with the extraction of the iris from the eye
image. These methods require the person to look directly
into the camera, which is a rather uncomfortable process.
Robust approach is to initially locate eye regions within
facial images taken from a distance. Then the iris image
is extracted from the detected regions. Hence, a
nonintrusive and more comfortable iris imaging approach
has been implemented [5].A biometric system provides
automatic identification of an individual based on a
unique feature or characteristic possessed by the
individual. TIris recognition is regarded as the most
reliable and accurate biometric identification system
available. The iris recognition system consists of an
automatic segmentation system that is based on the
Hough transform, and is able to localize the circular iris
and pupil region, occluding eyelids and eyelashes, and
reflections. The extracted iris region was then normalized
into a rectangular block with constant dimensions to
account for imaging inconsistencies. Finally, the phase
data from 1D Log-Gabor filters was extracted and
quantized to four levels to encode the unique pattern of
the iris into a bit-wise biometric template. The Hamming
distance was employed for classification of iris templates,
and two templates were found to match if a test of
statistical independence was failed [6].Iris identification
(IRI) constitutes an increasingly accepted methodology of
biometrics. IRI is based on the successful encoding and
matching of distinctive iris features (folds, freckles etc.),
which - in turn - presupposes that iris segmentation has
been accurately performed. In contrast to the inner
(iris/pupil) iris boundary, which — owing to the high
contrast between the adjacent areas - is relatively easy to
localize, detection of the outer (iris/sclera) iris boundary
is more challenging since the low contrast between the
separated areas often results in fragmented, ambiguous
and spurious edges. A novel approach to iris boundary
detection is presented here, featuring a genetic algorithm
(GA) for outer iris boundary detection [7].A new and
efficient method for combining iris biometrics with
custom cryptographic schemes to obtain an efficient
biocryptosystem is developed. Though the method
structure is basically derived from a previously described
biocryptosystem scheme, the introduction of new image
processing methods alongside with efficient utilization of
traditional methods show promising developments
compared with the previous biocryposystem especially in
the field of generating longer cryptographic key strings
while keeping the system quality [8].Crypto-biometric
systems have been studied for solving the key
management problem of cryptographic systems and
protecting templates in biometric systems at the same
time. The fuzzy vault system is a well-known crypto-
biometric system. We propose a new method of applying
iris data to the fuzzy vault. Our research has following
two advantages and contributions. First, in order to solve
the variation problem of the extracted iris features, we
introduce a pattern clustering method. Second, in order to
produce unordered sets for fuzzy vault, we use the iris
feature extraction algorithm based on ICA (Independent
Component Analysis). Experimental results showed that
128-bit cryptographic keys as well as the iris templates
were secure with the fuzzy vault scheme [9].A new iris
recognition system based on complex wavelet Transforms
is described. In this work iris recognition based on
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Gabor wavelet and Morlet wavelet are described. The
most unique phenotypic feature visible in a person's face
is the detailed texture of each eye's iris. The visible
texture of a person's iris is encoded into a compact
sequence of 2-D wavelet coefficients, which generate an
ldquoiris  coderdquo  of  4096-bits. The statistical
parameters like mean and covariance of coefficients of
the iris images are also computed. Two different iris
codes are compared using exclusively OR comparisons.
Also the new iris pattern is compared against the stored
pattern after computing the probability of new iris pattern
and identification is performed [10].New combination
technique to fuse scores deriving from face and iris
biometric matchers. Based on a precise statistical analysis
of bootstrapped match scores deriving from similarity
matrices, we show the utility of wavelet denoising on
normalized scores. Then, we use an adaptive fusion rule
based on the maximization of a cost function combining
user-specific weights, a separation distance and statistical
moments. Experiments are conducted on FERET and
CASIA databases and results show that method
outperforms by 70% some of the best current
combination approaches in terms of Equal Error Rates
(EER), and reaches a Genuine Accept Rate (GAR)
equals to 100% at a False Accept Rate (FAR) of
7x10—4% [11].Iris recognition is mostly wused in
biometrics for personal identification. It is the most
powerful tool for person identification. But in real time
it is quite difficult to capture the better quality of iris
images. The images obtained are more degraded due to
the lack of texture, blur. A simple high instability
technique is presented also this process is more
convenient to use. This super-resolution algorithm is
applied to the pixels of iris images to select the best
frame from the iris image. A segmentation algorithm that
segments the input iris images. Spatial FCM used for
segmentation testing purpose. Iris image is framing 600 x
600 in sequence to calculate vessel area in each
framework using for pattern abstraction using loop
descriptor. The Hough transforms cast-off de-noising the
image. The experimental results show that system
successfully recognizes the iris about 4 to 8 meters long
distance of a person. Developed on MATLAB for
“reading” the profile also for completing the Hough
transforms performance. The database used for this
purpose is CASIA V4. The simulation results show that
the stable extraction of iris recognition [12].The
widespread interest in personal identification has
increased the need for an accurate and efficient ways of
identification, verification and authentication. Biometric-
based personal identification systems have proven their
superior performance. These systems rely on the person
physiological traits such as the iris, fingerprint or face,
etc. It is worth noting that these systems are more
effective than conventional personal identification systems
that are based on passwords and/or smartcards. In recent
years, there ~ has  been emergence  in the
fusion/combination of multi-biometric traits to further
enhance the performance of biometric systems. A
systematic pattern retrieval algorithm is applied in order
to improve the accuracy of overall system. Normalized
iris sub-images are fused based on a specific quality
measure.  Simulation results clearly indicate the
improvement in performance due to the iris fusion
scheme [13].
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Fig. 1: Workflow of Detection and Localization of Iris Features

3. METHODOLOGY

Iris recognition is the most accurate form of biometric
identification. The robustness of iris recognition comes
from the unique characteristics of the human iris texture
as it is stable over the human life, and the
environmental effects cannot easily alter its shape. Above
figure shows the workflow for detection and localization of
iris features. First resizing all the iris image into one
dimension and second convert all 3D images into 2D.
Afterwards image enhancement is done by using digital
image processing techniques. Subsequently apply quality
measures for the better performance of the algorithm.
Feature extraction is done by wusing iris localization.
Following are mathematical formulation.

3.1 Conversion of 3D to 2D

Average method is the simplest one to convert 3D image
into 2D. Just have to take the average of three colors.
Since it’s an RGB image, so it means that we have
added r with g with b and then divide it by 3 to get
your desired 2D image.

R+G+B

— O

grayscale(2D) =
3.2 Image Enhancement
Image enhancement techniques have been widely used
in many applications of image processing where the
subjective quality of images is important for human
interpretation. Contrast is an important factor in any
subjective evaluation of image quality. Contrast is created
by the difference in luminance reflected from two
adjacent surfaces. In other words, contrast is the
difference in visual properties that makes an object
distinguishable from other objects and the background.

GU.k)=TI[F(G, K] (2)

Where, F(j,k) is the input image G(j,k) is the output image

and T is operator defined over a neighborhood.

3.3 Feature Extraction

Feature extraction is a type of dimensionality reduction
where a large number of pixels of the image are
efficiently represented in such a way that interesting
parts of the image are captured effectively. The first step
in feature extraction is defining edges that can be found
in the image and attempting to combine these into
objects and shapes that are assumed to be in the image.
After segmentation of iris images, feature extraction is
performed by computing the area, length, thickness,
diameter and mean diameter.

Area
Area = m x r%(3)
Diameter
Diameter = /Area/m(4)
Length
Area
Length = > 5)
Thickness
Thick _ Area )
ickness = Length

Mean Diameter

Mean = & @)
n

4. RESULT

For experimentation and implementation, a dataset of IIT
Delhi, UBIRS and UPOL iris image database has been used
and the evaluation results clearly demonstrate that the
proposed iris segmentation technique provides better accuracy
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in iris recognition rather than existing techniques. After IIT Delhi
collection of databases, preprocessing is done into two ways.
First resizing all the iris image into one dimension and second

8000

convert all 3D images into 2D. Afterwards image 7000 A

enhancement is done by using digital image processing <o / \

techniques. Subsequently apply quality measures for the better / \ / \ r/\
performance of the algorithm. Feature extraction is done by 5000

using iris localization. Also design graphical user interface for 2000 / \ / \ / \
the proposed algorithm. Finally classification is done by using / \ / \ / \
supervised and unsupervised pattern classification techniques. 3000 O\ ¥ — \ / \
Support vector machine and k-means clustering is used for 00— .

classification iris feature.Identification of person based on
iris is done by computing the statistical features of iris.

The features are area, length, thickness, diameter, and e —y
mean diameter of extracted iris. Based on these statistical 1 2 3 4 5 E 7 g s e
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shows the output of statistical features.

Table 1.Statistical Features of 11T Delhi Iris Image Fig. 2: Statistical Features of 11T Delhi Iris Image
Database Database

Sr. | Area | Diameter | Length | Thickness Mean Table 2. Statistical Features of UBIRIS Iris Image

No Diameter Database

1 | 3208 | 180 1604 2.00 20.00 i _

2 5201 232 2646 1.95 19.98 Sr. Area Diameter Length Thickness Mean

3 [ 7223 | 271 3612 1.93 19.97 No Diameter
4 | 2605 | 162 1303 1.95 19.94 1 [201 |45 101 1.992574 | 19.92574

5 | 6599 | 259 3300 1.97 19.98 2 | 172 |42 86 2.001453 | 20.01453

6 | 4515 | 214 2258 | 1.98 19.94 3 [135 |37 68 1.994485 | 19.94485

; éigg ;g; 2325 igg ig-gg 4 | 160 |40 80 2.003125 | 20.03125

s e 243 5911 To7 50.00 5 | 193 | 44 97 1.998711 | 19.98711
10 | 22901 | 152 1146 | 1.99 19.92 6 |80 |28 40 2 20

11 | 7215 270 3608 1.97 19.98 7 102 32 51 2.002451 20.02451
12 | 3002 | 177 1546 1.97 19.98 8 | 113 |34 57 1.991228 | 19.91228
13 | 2000 | 142 1000 1.98 19.94 9 |76 28 38 2.003289 | 20.03289
14 | 5740 | 241 2870 | 1.99 20.00 10 | 96 31 48 2.002604 | 20.02604
12 2;(1;2 32‘11 gggg 13? ;g-gg 11 | 135 | 37 68 1.994485 | 19.94485
712450 T 158 e 199 1992 12 | 160 | 40 80 2.003125 | 20.03125
18 [ 2607 | 216 2304 197 1998 13 [ 193 | 44 97 1.998711 | 19.98711
19 | 3836 | 197 1918 1.98 19.94 14 | 80 28 40 2 20

20 | 4902 | 223 2451 1.99 20.00 15 | 102 | 32 51 2.002451 | 20.02451
21 | 6568 | 258 3284 1.95 19.92

22 | 2519 | 160 1260 | 1.97 20.00 UBIRIS

23 | 9455 | 310 4728 1.99 19.92 20

24 | 5369 | 233 2685 1.97 19.98
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32 | 5719 | 241 2860 1.95 19.92 w-—-
33 | 2291 | 152 1146 1.99 19.92 .

34 | 7215 | 270 3608 1.97 19.98 T T
35 3092 177 1546 1.97 19.98 =4=prea  =l=Diameter Length ====Thickness ==&=NMean Diameter

Fig. 3: Statistical Features of UBIRIS Iris Image
Database
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Table 3. Statistical Features of UPOL Iris Image Database

Sr. | Area | Diameter | Length | Thickness Mean
No Diameter

1 | 135189 | 1170 67595 | 1.92 19.93

2 | 133057 | 1161 66529 | 1.94 19.23

3 | 135026 | 1170 67513 | 2.00 20.01

4 | 132266 | 1158 66133 | 2.10 20.05

5 | 132712 | 1160 66356 | 2.12 20.09

6 | 132330 | 1158 66165 | 2.23 20.15

7 | 131260 | 1153 65630 | 2.33 20.14

8 | 130645 | 1151 65323 | 1.97 19.97

9 | 131699 | 1155 65850 | 1.98 19.92
10 | 13046 | 1150 65231 | 1.97 19.94

UPOL
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0 —————————— el
1 2 3 4 5 ] 7 8 9 10
=—b=Area =l=Dizmeter Length ====Thickness === [lean Diameter

Fig.4: Statistical Features of UPOL Iris Image
Database

4.1 K-Means Clustering

K-Means clustering uses a two-phase iterative algorithm
to minimize the sum of point-to-centroid distances,
summed over all k clusters. Here we pass the area,
length, thickness, diameter and mean diameter of
extracted iris images. Following figure shows the output
of K-Means clustering.

+ Cluster 1 .
* Cluster2 .
X Centroids

Fig. 5: K-Means Clustering

4.2 Supoort Vector Machine (SVM)

Support Vector Machine (SVM) is a supervised machine
learning algorithm which used for both classification and

International Journal of Computer Applications (0975 — 8887)
Volume 183 — No. 24, September 2021

regression  challenges. SVM is widely wused for
classification problems. We apply the SVM classifier to
iris feature set. Following figure shows the output of
SVM classification.

+ classt
class2
©  Suppent Vectors

Fig. 6. Support Vector Machine (SVM)

4.3 Performance Analysis using ROC

The receiver operating characteristic (ROC) curve is a
graphical plot which shows the performance of a
classifier system as its discrimination threshold is varied.
The curve is created by plotting the true positive rate
against the false positive rate at various threshold
settings.
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Fig. 7: Receiver Operating Characteristic (ROC) Curve
5. CONCLUSION

Biometric  techniques, which recognize individual’s
dependent on physical or behavioral traits, are of
importance since individuals can't fail to remember or
lose their a physical characteristics in the manner that
they can lose passwords or identity cards. Among these
biometric approaches, iris is right now considered as one
of the most solid biometrics due to its remarkable
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surface's arbitrary variety. Additionally, iris is end up
being all around shielded from the outside climate behind
the cornea, moderately simple to secure and stable
everywhere on the individual's life. Implement this
algorithm on open source iris databases (IIT Delhi,
UBIRIS and UPOL Iris Database). A statistical feature
extraction has been proposed and implemented in this
work. It is demonstrated that statistical features can be
computed using area, diameter, length, thickenss and
mean diameter of iris image. System performance in both
the directions is satisfactory. Experimental results
obtained on statistical feature extraction technique are
encouraging. It has been seen that system performance is
improved with increased number of statistical features,
supervised and unsupervised learning.
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