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Abstract

The blood vessel patterns of sclera show rich arique details. To date, sclera is relatively lasslisd
and little is known regarding its usefulness andgsmance. Here, sclera recognition for human idieation is
proposed. It poses a challenge because sclerd paswans are often dense and/or saturated anst, importantly,
the vessel structure in the sclera is complex asddeformations. A new method for sclera segmemathich uses
Daugman'’s integro-differential operator is propasids followed by Otsu’s thresholding method agbsion. A
comparative analysis is presented between Galter ihd Canny edge detection methods. Since, Chiltaryhas
higher noise immunity as compared to Gabor filtersiused to enhance and thin the conjunctival wasare
patterns. A sclera template generation methodapgsed that uses Hough transform. The proposednecisetested
on the images from UBIRIS 3 database which is plplvailable. Thus, the use of sclera vasculapatern as

potential biometric is investigated.

Keywords: Biometric, canny, edge detection, sclera recammitsegmentation.

Introduction
Authentication to a system can be provided

by passwords or PINs. But, biometric identificatien
more reliable than these since they are unighere
are many different traits that can be used as
biometrics, including fingerprint, face, iris, negi,
gait, and voice. Each biometric has its own
advantages and disadvantages. Intrirtsizmetrics
characteristics are preferred as they more diffitaul
forge, have high user acceptance and reliability [6

Iris recognition has become popular becauss it i
unique and does not change throughout life. Apart
from iris and retina, the human eye has an ocular
surface known as the sclera. To date, sclera is
relatively less studied and little is known regagi
its usefulness and performance. However, to prove
this, it is necessary to gain sufficient amount of
information from the sclera and the accompanying
vessel patterns. This work designs an image
processing and pattern recognition module for a
biometric system using vasculature on sclera region

[1].

The rest of the paper is organized as follows.
Section Il describes the main steps of segmentation
In section Ill Canny edge detection and adaptive
thresholding is used to remove illumination effects

Finally, Section IV introduces the feature extraoti
and template generation approach using Hough
transform.

Segmentation

Segmentation is the first step in sclera
recognition. Many researchers have worked on the
segmentation of the pupil and iris boundaries fisr i
recognition in the NIR wavelengths. However, these
approaches are designed for iris segmentation so
sclera information is often discarded in iris
recognition. these approaches are therefore not
verified suitable for sclera recognition.

In this paper, a fully automatic sclera
segmentation method for grayscale images is
proposed. The block diagram of the segmentation
algorithm is shown in Fig. 1, which includes the
following steps: the region of interest (ROI) s¢iec
step, the Otsu’s method-based thresholding step and
the sclera area detection step.

An integro-differential operator given by:
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Where,

I(x,y) is the eye image, r is radius of seal
G, (r)is Gaussian smoothing function at sco

and s is contour of circle.

An integrodifferential operator is adoptt
for iris region localization so that the centredtion
and radius of circular iris region can be found.
The let and right ROIs are selected based on the
center and boundaries. The height of the ROI is
diameter of the iris, and the length of the R(

e e el e
A
Fig. 1(a) Original Image . (b) ROI Selection. (c) kft
Region. (d) Otsu’'s Thresholding. (e) SclerArea
the distance between the limbic boundary and
margin of the image.

Otsu’s method is applied to the ROIs to ob:
potential sclera areas. This way, we elimir
nonsclera areas [3]. Fig. 1 shows the proces:
detecting the left sclera areahd same approach
applied to detect the right sclera area.

Sclera Vessel Pattern Enhanceme

The segmented sclera area is hic
reflective. As a result, the sclera vascular pagere
often blurry and/or have very low contrast.
mitigate the illumination effect to achieve
illumination4dnvariant process, it is important
enhance the vascular patterns.
A bank of multidirectional Gabor filters can be us
for vascular pattern enhancement. These are giy

_ ((X‘Xo)2+(Y‘YO)2)

G(x,y,9,s) = e s’

(2)
X e
where(X,, Y, ) is the centre frequency of the filter

-2MNi(cos I (x=Xg)+sinZ(y-Yg))

is variance and? is angle of sinusoidal modulatio
The Gabor filtered image is shown in Figure 2
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Fig. 2 Gabor Edge Detected Imag
Another method suitable for this purpose
Canny elge detection. Canny edge detection g
good detection results and is efficient but haseq
limitation [4].
Canny edge detection consits of:

1. Smoothing:
Gaussian filter is first applied to remove -
noise. The mask of Gaussian filter of size 5x5 a
standard deviation of 1.4 is shown below

(24 5 4 2]

. 49 12 9 4
GaussianMask =1 | 1c1515 155
190 49 1294

|24 5 4 2]

2. Finding Gradients:

The Canny algorithm generally finds ed
where there is lage intensity change in the image
find these areas we have to find the gradientshe
image. To do this we have to apply Sobel mask |
3.) [4].

-1 0 | +1 +1 | +2 | +1

210 | +2 0|00

-1 0 | +1 -1 ]2 |1
Gx Gy

Fig. 3. Sobel convolution mask for horizontal(x) ad
vertical(y) edge:

In first step we find the -gradient and y-
gradient respectively by applying the above m
The magnitudes of theseraglients can then t
determined as a Manhattan distance measul
reduce the computational complexity

G|=1]c.]+]c,] 3)
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Fig. 4(a) Original Image . (b) Horizontal Edge Deteted
Image. (c) Vertical Edge Detected Image. (d) Finddge
Detected Image after Thresholding.

3. Thresholding:

The easiest way to differentiate between true
edges and noise is using a threshold, so that edges
stronger than a certain value would be preserved.
Edge pixels stronger than the threshold are marked
and the ones weaker than the threshold are
suppressed.

The enhanced images are shown in Figure 4.

Feature Extraction

The final edge detected image is recursively
parsed into smaller segments. The process is egpeat
until the line segments are nearly linear with the
line’s maximum size. For each segment, a linetis fi
to each segment [1].

Original Segment \ A
A

Linear
Approximation

patl

Fig. 5. Sketch of parameters of segment descriptor.

These line segments are then used to create a
template for the vessel structure. The segments are
described by three quantities—the segment angle to
some reference angle at the iris center, the segmen
distance to the iris center, and the dominant amgul
orientation of the line segment[5].
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Fig.5 shows a visual description of the line
descriptor. A descriptor iIS= (0 r @). The individual
components of the line descriptor are calculated as

6= tan‘l(—y' —Y j (©)
X =X
r:\/(yl_yi)2+(xl_xi)2 4)
4 d
(0: tan (_ fIine(x)j (5)
dx

Where, f,..(X), is the polynomial approximation of
the line segment(X,,Y,) is the center point of the

line segment,(X ,Y,)is the center of the detected
iris, andSis the line descriptor.

Result And Conclusion

A new biometric: sclera recognition is
proposed. An integro-differential operator followed
by Otsu’s thresholding and erosion is proposed for
segmentation. Two methods for enhancement are
Gabor filtering and Canny edge detection. As can be
seen in figure 3, Gabor filter detects the pattarhis
susceptible to noise. Whereas, the pattern detégted
Canny filter has relatively less noise. Thus, Canny
filter has higher noise immunity than Gabor filtSn,
Canny edge detected patterns are further used for
feature extraction.

Currently, the proposed system is implemented in
MATLAB (R2010a). The processing speed can be
dramatically reduced by parallel computing
approaches.
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