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Abstract

We present a novel technique to examine the consequence of cataract surgery. Iris is one of the best
biometric due to its unique biological properties. It is stable throughout the life. Cataract surgery may
cause changes in the iris structure. A cataract is an eye disease that causes the eye’s lens to become
cloudy and opaque with decreased vision. Aging, obesity, family history, heavy drinking, high blood
pressure, smoking, diabetes, myopia or sun exposure are the risk factors of cataract. This paper
proposes an algorithm to improve the level of security or match the unmatched person due to structural
and textural changes in irises. Feature vector results from gober are applied to SOM clustering
approach. Our proposed method has been evaluated by a dataset composed of different irises of an
individual before and after the surgery which are collected from various studies. Experimental results
and performance comparisons have presented.
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Introduction
Biometric verification is the process by which a person can
uniquely identify by evaluating one or more distinguishing
biological markers either physical characteristics like facial
shape, fingerprint, hand geometry, earlobe geometry, retina [1]
and iris patterns, DNA, etc., or behavioral characteristics like
voice, signature, typing rhythm, etc. Biometric uses irises [2]
to identify a person by enrolling the basic information, storing
the basic information and comparing with the existing database
information. Human iris is stable throughout the life span [3].
Iris may get affected structurally and texturally due to many
reasons. External factors that influence changes in the iris are
medication, diseases, surgery, and age. Difficult to predict the
level of changes when iris affected by cataract. Blurring of the
lens in the eye and possessions in inadequate vision. Blurred
vision, faded color, glare, bad night vision and duple
visualization are the symptoms of cataract. In 2014 world
health report published that 33% of blindness caused by
cataract [4]. Proteins inside the lens of age populace are prone
to tie and turn into stiffer to form cloudy spots (cataracts)
which have specified [5]. More than 50% of all Americans at
the age of 65 or above suffer from age-related cataracts in U.S.
[6].35% of the Singapore Chinese population over the age of
40 have age-related cataracts [7]. Diabetes is one of the risk
factor of cataract. In India, peoples at an early age of 20 to 40
years suffer from diabetes [8]. Posterior sub capsular cataract,

cortical cataract, and nuclear cataract are the three various
types of age-related cataracts [9]. Automatic detection of
cataract based on texture and intensity analysis is proposed
[10]. Global thresholding is demoralized to solve the under-
detection problem for strict cataract images. Cataract diagnosis
is possible at the early stage and measured the attenuation
coefficient of lens from echo signals and it is exemplified [11].
Model-based approach [12] has used to detect robust lens
structure, and then the grading features are extracted. Support
Vector Machine (SVM) regression model has applied to
determine the nuclear cataract. Moreover, cataract surgery has
no upshot on iris recognition, whereas pupil dilation of drops
may conquer in iris based authentication system [13].
Segmentation has applied to extract the iris, then DCT
(Discrete Cosine Transform) has applied to get the iris codes,
finally numerical distance between the two iris codes are
determined by hamming distance. Eye conditions of patients
can be checked by slit-lamp images and cataract disease easily
diagnosed [14]. Densitometry analysis for grading nuclear
cataract has verified with the use of slit-lamp cinematography
[15]. It is more reliable to grade the severity of nuclear opacity.

Automatic grading approach nuclear cataract diagnosis has
demonstrated using Wisconsin cataract grading protocol, lens
contour has discovered and features have designated from the
segmented lens area then, SVM regression scheme is inspected
to envisage the grade of nuclear cataract [16]. Automatic iris
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recognition technique for healthy eyes and those influenced by
cataract is presented [17]. Significant degradation in iris
recognition also reliability has decreased. LASIK (Laser-
Assisted in-Situ Keratomileusis) surgery [18] causes structural
changes in iris. Therefore, it degrades iris recognition system.
Masek's algorithm has implemented, structural changes have
recorded in pupil diameter and a visible deviation from pupil
circularity during refractive surgery. Out of 14 iris images
taken for experiment one iris image is failed in matching, false
rejection rate is 7.14%. Computer-aided diagnosis method via
ranking for nuclear cataract diagnosis was evaluated using a
ranking measure with the use of learning to rank method is
enlightened [19]. Systematic survey about medical conditions
that affect iris recognition is provided [20]. Author described
that cataract is also one of the disease to fail in iris biometric.
About 50% of people matured 65–74 and about 70% of those
matured 75 and older have visually momentous cataracts [21].
In [22], hamming distance is used to verify the patients before
and after the cataract surgery. Iris has deeply predisposed and
people necessitate to re-enroll in iris biometric systems after
the cataract surgery. The principle of cataract surgery is to
eradicate the natural lens of the eye and insert an imitation one
(referred as an Intra Ocular Lens, or IOL) in order to renovate
the lens’ transparency. Automatic recognition of high-level
surgical tasks using microscope video analysis for cataract
surgeries is demonstrated [23]. Refractive index irregularities
in older lenses have nearly relation to degenerative changes in
structure with various forms of cataract have designated [24].
An x-ray Talbot interferometric method using synchrotron
radiation shows fine changes in lenses with opacities is
explained [25]. Awareness of cataract symptoms, how to
gauge, elementary appreciative of the surgery to correct
cataracts has expounded [26]. Recent development in cataract
surgery is explained [27].

This article presents a new novel technique for the
consequence of cataract surgery in the iris recognition system
and performance analysis for image quality verification. An
overview of the remainder of this article is as follows. Section
2 describes the materials and methods used in the proposed
system. Results and performance analysis reports are explained
in section 3. Conclusion is given in section 4.

Materials and Methods
A functional diagram of proposed iris recognition system based
on cataract surgery is illustrated in Figure 1. Pre-processing,
edge detection, feature extraction, template generation, pattern
matching, classification are the building blocks of this
proposed system.

Pre-processing
Pre-processing is used to improve the quality of the captured
and stored iris image in order to increase the chances of the
successful completion of the subsequent processes to be carried
out on the image and this preprocessing enhances the contrast
of the image, removes the noise which occurs while sending
the captured image to the storage section of the camera and

also isolates the objects of interest in the image. In this process,
original color image is converted into a grayscale image [28].

Figure 1. Block diagram of the proposed system.

Edge detection
Discontinuities in intensity values of the image has found with
the use of edge detection. It is detected by using first and
second-order derivatives. A Canny edge detection [29]
algorithm is applied to detect the edges of the iris and find s
accurate parameters of pupil and limb in the iris. Equation 1 is
used for canny edge detection.

[g, t]=edge (I, ‘canny', thresh) → 1

Specifies sensitivity thresholds for the canny method. Thresh
denotes a two-element vector. First element and second
element specifies low threshold and high threshold. Non-sparse
2D numeric array represented as I. A logical array g represents
1s at the locations where edge points detected in the array I and
0s elsewhere. A parameter t is optional.

Template generation
Template matching [30] is to encode the iris image from two
dimensional brightness data down to a two dimensional binary
signature referred to as a template. This is the input data which
are passed into two directional filters to determine the
existence of ridges and their orientation. Segmentation,
normalization, feature encoding are the steps involved in
template generation. Flow of template matching is represented
in the Figure 2.

Figure 2. Illustration of iris template generation.

Gray image conversion, histogram equalization are the steps
involved in preprocessing. Automatic segmentation is
performed to find an iris region from an eye image. It isolates
noise areas such as occluding eyelids and eyelashes.
Thresholding is applied to remove the eyelashes. Hough
transform has involved to find a circle that returns the
coordinates of a circle in an image with radius r, center (xc, yc),
edge points (xe, ye) is represented by the Equations 2-4.
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� ��,   ��, � =   ∑� = 1� ℎ ��,   ��, ��,   ��,�   (2)
Whereℎ ��,   ��, ��,   ��,� =1,   ��   � ��,   ��, ��,   ��,� = 00,   ��ℎ������ (3)
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Canny edge detection is applied to create the edge map.
Normalization and 1D-log gober filter is applied to produce the
iris template and it is described in Equation 5.

� � =   ��� −(   ���( ��0   2))
2   (   ���( ��0   2)) (5)

f0 represents center frequency and σ indicates the bandwidth of
the filter.

Feature extraction
Feature extraction [31] transforms preprocessed data into a set
of features (also named feature vector). Proposed system use a
gabor filter [32] algorithm to get adequate texture information
for different frequency. Two-dimensional Gabor filters in
discrete domain are represented by the following Equations 6
and 7.�� �, � =
��− �2 + �2 2�2  cos(2��(�cos� + �sin�)) (6)�� �, � =  
��− �2 + �2 2�2  sin2��(�cos� + �sin�)) (7)
Where K and L are normalizing factors to be determined. f
defines the frequency, θ represents direction, σ denotes the size
of the image region being analysed.

Pattern matching
After cataract surgery, image is compared to database image
(before cataract surgery image). If iris features are matched,
then iris is perfect, otherwise structural changes can be
identified.

Classification
One of the neural network techniques, SOM (Self Organizing
Map) [33] is used in this proposed work. It is an unsupervised
learning algorithm [34]. Topological structure property is
observed in SOM [35]. There are ‘m’ cluster units, arranged in
a one or two dimensional array and the input signals are n-

tuples [36]. The cluster unit whose weight vector matches the
input pattern is approximately selected as winner. Input vector
is compared with the target vector and if they differ, the
weights of the network are altered slightly to reduce the error
in the output. Euclidean distance (D) is computed between the
input vector and weight vectorwij is represented is Equation 8.

� � =∑ ���− �� 2   � = 1   ��   �   ���   � = 1   ��   �(8)
Smallest distance is computed and updated the weights using
Equation 9.��� ���   =   ��� ���   +   �       ��  −   ��� ���   (9)
Where x denotes the input vector, i and j indicates index
values .This is repeated many times and with many sets of
vector pairs until the network gives the desired output. SOM
topology, SOM Neighbor weight distances, SOM input planes,
SOM weight positions, SOM neighbor connections, SOM
sample hits are represented in the following Figure 3.

Figure 3. SOM clustering results.

Experimental Results and Discussion
Proposed method is tested on before and after the surgery due
to cataract clinical data base iris image. For this test ten set of
images are taken and few of their simulation results are viewed
in Figures 4 and 5. Figure 4 individual image size is 249 × 96
pixels.

Figure 4. Results of edges and feature.

Figure 5. Template generated for before and after the cataract
surgery.
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Performance analysis
Risk factors [37] are considered as critical factors of cataract
such as age greater than 45, diabetics [38], family history,
blood pressure, obesity, dry eye, smoking, alcohol, ultraviolet
sunlight, genetic characteristics. In decision tree exploration
probability, cost, benefits are basic elements. Decision tree is
an artistic representation that helps clinicians in raising a
decision constructed on the history of a patient’s disease. Based
on the past patients results, problems are treated easily.
Probability can be calculated based on the strongest evidence.
Study is carried out on various patients from general public,
along with survey reports. Structural changes due to cataract
are represented as decision tree in Figure 6.

Figure 6. Decision tree of structural change due to cataract.

Probability based structural changes is evaluated by assigning
weighted value for different ranks are 1.0, 0.75, 0.5, and 0.0.
When all people are examined, chance of structural change is
40% and not yet is 60%. Event probability has been calculated
as

Probability for all people: 0.4 × 0.75+0.6 × 0.5=0.3+0.3=0.6

Probability for selected people: 0.4 × 0.00+0.6 ×
1.0=0.0+0.6=0.6

This analysis is helpful for clinicians to identify the changes in
the iris.

The object of this work is to identify whether the structure get
change due to cataract surgery or not. In general conventional
metrics are used to measure the quality of an image. Structural
metrics are used to find the dimensional changes in an image.

Conventional metrics values [39] of PSNR (Peak Signal to
Noise Ratio), SNR (Signal to Noise Ratio), Mean Square Error
(MSE), Correlation Quality (CQ), Normalized Cross
Correlation (NC), Image Fidelity (IF), Normalized Mean
Square Error (NM) and Correlation Coefficient (CC) are
calculated and listed in Table 1 by using before cataract and
after cataract surgery image and it also shown in graphically in
Figure 7.

Figure 7. Conventional metric results with before cataract image.

Sometimes we won’t get the image of before cataract surgery,
in this case bench mark image is used for evaluating
conventional parameters and it is shown in Figure 8.
Conventional metric values tested with bench mark and
cataract surgery image is listed in Table 2 and it also shown in
graphically in Figure 9.

Figure 8. Benchmark image.

Table 1. Conventional metric values are calculated in between before and after cataract surgery images.

Retina image PSNR SNR MSE CC NC IF NMSE CQ

C1 after 17.3239 1.90E+20 3.75E+03 0.9914 5.91E+23 -1.90E+20 3.19E-04 1.07E+19

C2 after 4.8834 7.16E+20 1.33E+04 0.9935 4.10E+23 -7.16E+20 0.0011 7.23E+18

C3 after 25.7881 3.76E+19 2.52E+03 0.9952 5.78E+22 -3.76E+19 7.26E-04 1.91E+18

C4 after 31.4851 4.37E+19 2.02E+03 0.9875 9.89E+22 -4.37E+19 4.00E-04 2.69E+18

C5 after 14.0752 7.26E+19 4.62E+03 0.9973 6.81E+22 -7.26E+19 0.0013 2.12E+15

AVG quality Poor Poor poor Good Poor Poor Poor poor
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Figure 9. Conventional metric results with benchmark image.

Figure 10. Structural metric values with before cataract image.

Figure 11. Structural metric values with benchmark cataract image.

Satellite image quality is analysed by quality metric is
described [40] .Stir mark value of an image quality is clearly
explained in [41] based on this report, Conventional metrics
table value shows the image quality is poor while the iris
affected by the cataract disease.

Structural metrics [42] are MSSIM (Mean Structural
similarity), SSIM (Structural similarity), FSIM (Feature
similarity) and FSIMC (Feature similarity chrominance) are
analysed by using before cataract images, bench mark and after
cataract surgery image Evaluations results are listed among the
three images are tabulated in Table 3 and Table 4 their
corresponding graphical representation is shown in Figures 10
and 11.

Table 2. Conventional metric values are calculated in between benchmark and after cataract surgery images.

Retinal image PSNR SNR MSE CC NC IF NMSE CQ

C1after 14.6481 1.4390e+20 4.4391e+03 0.9951 3.0543e+23 -1.4390e+20 5.8817e-04 6.8604e+18

C2after 14.9512 1.4098e+20 4.3492e+03 1.0143 1.9574e+23 -1.4098e+20 5.7624e-04 4.3492e+03

C3after 14.2563 1.4785e+20 4.5611e+03 1.0021 1.8638e+23 -1.4785e+20 6.0433e-04 4.1863e+18

C4after 9.8884 2.1316e+20 6.5759e+03 1.0163 2.1183e+23 -2.1316e+20 8.7128e-04 4.7579e+18

C5after 11.3897 1.8507e+20 5.7091e+03 0.9657 1.9541e+23 -1.8507e+20 7.5643e-04 4.3891e+18

AVG Quality Poor Poor poor Good Poor Poor Poor poor

Table 3. Structural metric values are calculated in between before and
after cataract surgery images.

Retinal image MSSIM SSIM FSIM FSIMC

C1 after 0.5602 0.5602 0.6722 0.6722

C2 after 0.5139 0.5139 0.6688 0.6688

C3 after 0.3436 0.3436 0.7103 0.7103

C4 after 0.6090 0.6090 0.8055 0.8055

C5 after 0.4767 0.4767 0.6602 0.6602

Quality Poor Poor Poor Poor

Table 4. Structural metric values are calculated in between
benchmark and after cataract surgery images.

Retinal image MSSIM SSIM FSIM FSIMC

C1after 0.5602 0.5602 0.4346 0.4346

C2after 0.5139 0.5139 0.4391 0.4391

C3after 0.3436 0.3436 0.3523 0.3523

C4after 0.4081 0.4081 0.7021 0.7021

C5after 0.4767 0.4767 0.6332 0.6332
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Quality Poor Poor Poor Poor

Texture changes can be occurred due to intra ocular methods
during cataract surgery [16]. Due to dilation drops after
cataract surgery non-elastic deformation seen in iris [25].
According to Tables 3 and 4 structural metric values are poor
according with the stir mark [42] value because of cataract
surgery.

Conclusion
This paper elaborated the system epitomizes changes in the iris
due to cataract surgery and the consequences. Cataract can be
identified under the flow of pre-processing, edge detection,
feature extraction, template generation, classification and
performance analysis. Templates can be compared to identify
the changes in iris due to cataract. The original image is
compared with the benchmark and database images. Cataract is
diagnosed and classified by using SOM clustering technique.
Three methods are used to analysis the performance of the
technique such as study, decision tree, conventional and
structural metric. From the analysis it has been perceived that
structural changes have been identified in the iris. Therefore,
re-enrolling can be desirable in the iris recognition system.
Diagnosis is helpful for the professionals like police, customs
control and clinicians to indulgence in advance and dodges
blindness in the near future.
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