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Abstract— Identification of an individual in security field
is one of the greatest threats for today's world. Biometric
is a good key to solve such problem. Out of the different
existing biometric recognition systems available - namely
face, finger, and retina and so on, sclera recognition
system gives out better performance. The sclera is the
opaque and white outer layer of the eye. The blood vessel
patterns present in the sclera region are stable over
lifetime and unique person by person, thus making it
appropriate  for human identification. Existing iris
recognition needs to be performed in the near-infrared
(NIR) spectrum which requires additional near-infrared
illuminators and it is intrusive in nature. In existing sclera
recognition systems matching speed is slow, which could
impact its application for real-time applications. To
improve the matching efficiency, proposed a new Y -shape
descriptor based sclera vein recognition method using a
two-stage approach for registration and matching.
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. INTRODUCTION

Security is one of the major fields of research.
Identification of individuals for security reasons is
challenging because of threats happening during the
recognition process. . Biometrics is the science of
identifying or verifying an individual in a set of people
uniquely by using physiological or behavioral
characteristics possessed by the user, so biometric is a
good key to solve such problem. As opposed to the
knowledge-based and token-based security systems,
cutting-edge biometrics-based identification systems offer
higher security and less probability of spoofing. The need
of biometric systems is increasing in day-to-day activities
due to its ease of use by common people, e.g. in
attendance system of organizations, citizenship proof,
door lock for high security zones etc. The financial
sectors, government, reservation systems are adopting
biometric technologies for ensuring security in their own
domains and to maintain signed activity log of every
individual. Biometric earliest cataloging of fingerprints
dates back to 1891 when Juan Vucetich started a
collection of fingerprints of criminals in Argentina. The
first automatic biometric system was proposed in 1980's.
Till date various biometric systems have been proposed.
Though biometric identifiers such as digital fingerprints,
retinal scans, facial characteristics, gait, and vocal patterns
are distinctive to each and every person and are
considered more reliable and capable than the traditional
token-based or knowledge-based technologies in
differentiating between an authorized and a fraudulent
person, still no biometric system is a perfect biometric
system which can be applied universally.

Among various biometrics, the ocular biometrics
including iris and retina are known as among the most
accurate biometrics. But few disadvantages like capture of

iris image requires high cooperation of user since off-axis
iris image can deteriorate the system performance, and
retina scanning requires contact with eye-piece which is
far from being user-friendly. Apart from iris and retina,
the human eye has an ocular surface known as the sclera.
The sclera typically has a rich pattern due to the
connective tissues and blood vessels in different
orientations and layers. This pattern can be used for
biometric identification. Till date, this biometric is
relatively less studied and little is known regarding its
usefulness.

Il. LITERATURE REVIEW

A. In 2012, Zhi Zhou, Eliza Yingzi Du, N. Luke Thomas,
and Edward J. Delp presented a paper named "A new
human identification method:

sclera recognition [4]. In this paper identification is
possible with the line descriptor based feature extraction,
registration and matching method. In this work the
segmentation errors and multilayered deformation effects
are mitigated. Also, this method is useful for illumination,
orientation and deformation invariant photos of the eye. It
consists of four modules sclera segmentation, sclera vessel
feature extraction, sclera vessel feature matching and
matching decision. Segmentation is the beginning
measure in the sclera recognition. They proposed fully
automatic sclera segmentation method for both color and
grayscale images. Steps of the sclera segmentation
include: - estimation of the glare area, iris boundary
detection, estimation of the sclera region in color and
grayscale images and iris and eyelid boundary detection
and refinement in sclera region estimation step. The sclera
region in the color image is estimated using color based
techniques and sclera region in the grayscale image is
estimated using Otsu’s threshold method. The segmented
sclera region is reflective. And then the vascular patterns
in the sclera region are hard to understand. In order to
make the method as illumination invariant, it is important
to enhance the vascular patterns. This is performed with
the help of Gabor filters. Next step is the line descriptor
based feature extraction to get the features of vascular
patterns. These line segments are used to create a template
for vessel structure. The segments are described by three
quantities, the segment angle to some reference angle at
the iris center, the segment distance to the iris center, and
the dominant angular orientation of the line segment. For
matching, the proposed system can generate four results
correctly matching, correctly not matching, incorrectly
matching, and incorrectly not matching. The experimental
result shows that sclera recognition is a promising
biometric for positive human identification. The system
can recognize the frontal looking images of human, off
angle segmentation and recognition is a challenging task
for this system. This is one of the main drawbacks of the
system.
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B. In 2008, Takuya Kobayashi, Akinori Hidaka, and
Takio Kurita presented a paper named “Selection of
Histograms of Oriented Gradients Features for
Pedestrian Detection’ [2].

For object recognition, Histograms of Oriented Gradients
(HOGQG) are unitary of the well-known features. The HOG
features are estimated by determining the edge orientation
histograms or edge intensity from a local area. The
features from all local areas are combined and classified
using linear Support Vector Machine (SVM) classifier.
The Principal Component Analysis (PCA) applies to the
obtained features of HOG to get the score vectors (PCA-
HOG). These score vectors are taken using a stepwise
forward selection (SFS) or a stepwise backward selection
(SBS) to ameliorate the operation. The selected PCA-
HOG feature vectors are used as an input of linear SVM
to classify the input into pedestrian or non-pedestrian. The
images used for detection is from the MIT pedestrian
dataset.

C. In 2008, Mohammad Hossein Khosravi and Reza
Safabakhsh presented a paper named ~ Human eye sclera
detection and tracking using a modified time adaptive
self-organizing map’ [3].

In this paper a new method of sclera detection and
tracking and its movements is done in a sequence of
image based on modified time adaptive self-organizing
map (TASOM) based on active contour models (ACMs).
The method starts with skin-color segmentation followed
by eye strip localization via a novel morphological
method. Next, localization of the eye components such as
iris, eyelids, and eye corners is carried out. Eye features
such as the iris center or eye corners are detected through
the iris edge information. TASOM-based ACM is used to
draw out the interior boundary of the eye. In the end, by
tracking the changes in the neighborhood characteristics
of the eye-boundary estimating neurons, the eyes are cut
through effectively. This paper presented a fresh method
for determining the neuron used, a new definition for
unused neurons, and a novel method of feature selection
and application to the network. Experimental results
demonstrate a very dependable execution of the proposed
method in general.

I1l. PROPOSED MODEL

The proposed sclera vein recognition system includes
sclera segmentation, feature enhancement, feature
extraction, and feature matching (Fig.1).
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Fig. 1: Architectural Design
Sclera image segmentation is the first step in sclera vein
recognition. Several methods have been designed for
sclera segmentation. A color image based segmentation
method is used to segment the sclera from image of eye.
After sclera segmentation, it is necessary to enhance and
extract the sclera features since the sclera vein patterns
often lack contrast, and are hard to detect. A bank of

multi-directional Gabor filters used for vascular pattern
enhancement. In the feature extraction step, Y shape
descriptor is used. Compute a matching score from Y
shape descriptor. Based on the matching score identify the
individual.

A color image based segmentation method is
used to segment the sclera from image of eye. This
method is used for color images by estimating the sclera
region and refining the boundary. Specifically, the pupil
and iris regions are segmented using a greedy angular
search to find the pupil and iris boundaries, and using a
least squares circle fitting algorithm to fit a circle to the
detected boundaries. An overlapping greedy angular
search is performed on the edge detected image, which
can accurately detect the pupil boundaries regardless of
gaze direction and eyelid/eyelash occlusion.

The segmented sclera area is highly reflective.
As a result, the sclera vascular patterns are often blurry
and/or have very low contrast. To mitigate the
illumination effect to achieve an illumination-invariant
process, it is important to enhance the vascular patterns.
Gabor filters is good approximations of the vision
processes of the primary visual cortex. Because the
vascular patterns could have multiple orientations, a bank
of directional Gabor filters is used for vascular pattern
enhancement.

Currently, the registration of two sclera images
during matching is very time consuming. To improve the
efficiency, used a descriptor - the Y shape descriptor,
which can greatly help improve the efficiency of the
coarse registration of two images and can be used to filter
out some non-matching pairs before refined matching.
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Fig. 2: The Y shape vessel branch in sclera

Within the sclera, there can be several layers of
veins. The motion of these different layers can cause the
blood vessels of sclera show different patterns. But in the
same layers, blood vessels keep some of their forms. As
present in Fig.2, the set of vessel segments combine to
create Y shape branches often belonging to same sclera
layer. When the numbers of branches is more than three,
the vessels branches may come from different sclera
layers and its pattern will deform with movement of eye.
Y shape branches are observed to be a stable feature and
can be used as sclera feature descriptor.

To detect the Y shape branches in the original
template, we search for the nearest neighbors set of every
line segment in a regular distance, classified the angles
among these neighbors. If there were two types of angle
values in the line segment set, this set may be inferred as a
Y shape structure and the line segment angles would be
recorded as a new feature of the sclera.
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Fig. 3: Y shape vessel branch

There are two ways to measure both orientation
and relationship of every branch of Y shape vessels: one is
to use the angles of every branch to x axle, the other is to
use the angels between branch and iris radial direction.
The first method needs additional rotation operating to
align the template. In our approach, we employed the
second method. As Figure 4.5shows, ¢1, #2, and ¢3
denote the angle between each branch and the radius from
pupil center. Even when the head tilts, the eye moves, or
the camera zooms occurs at the image acquisition step, ¢1,
#2, and ¢3 are quite stable. To tolerate errors from the
pupil center calculation in the segmentation step, we also
recorded the center position (X, y) of the Y shape branches
as auxiliary parameters. So in our rotation, shift and scale
invariant feature vector is defined as: y(41, ¢2, ¢3, X, Y).
The Y-shape descriptor is generated with reference to the
iris center. Therefore, it is automatically aligned to the iris
centers. It is a rotational- and scale- invariant descriptor.

Select descriptor from both input image and
image in database. Then calculate the matching score by
using the descriptor values. Algorithm 1 is used to
compute the matching score.

Algorithm 1: Matching With Y Shape Descriptor

1 for each y,,, in left half of T, :
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The input image is matched if the computed
matching score is greater than the threshold.

IV. RESULTS

Fig. 4 is the system interface. Here using the BROWSE
button, select the input image to be checked. After the
selection process press RESULT button. Then user can
obtain the output as matched or not. The input of the
segmentation phase is the image of eye. The image must
be good quality and it must be focused.
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Fig. 4: Input interface
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Fig. 5: Output interface
After calculating matching score, matching result
will be published. Fig. 5 shows the matching result. If
matched, then give a message as match is found. Else give
message as no matches found.

V. CONCLUSION

This work has proposed a novel method of sclera
recognition. Sclera image segmentation is the first step in
sclera vein recognition. Several methods have been
designed for sclera segmentation. A color image based
segmentation method is used to extract sclera from eye
image. After sclera segmentation, it is necessary to
enhance and extract the sclera features since the sclera
vein patterns often lack contrast, and are hard to detect. A
bank of multi-directional Gabor filters used for vascular
pattern enhancement. In the feature extraction step, Y
shape descriptor is used. Finally compute a matching
score using the descriptors. Based on the computed
matching score identify the individual. Sclera based
human identification give an efficient and accurate result.
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