
Journal of Positive School Psychology   http://journalppw.com   

2022, Vol. 6, No. 3, 7974 – 7980 

 

© 2022 JPPW. All rights reserved 

Sclera Segmentation and Sclera Vessel Enhancement 

 

 Rachana Pathak1                                     Dr Y C Goswami2                                Dr R K Tiwari3 
   Research Scholar                                                     Professor                                                   Professor 

   Jiwaji university                                                    ITM University                                         Jiwaji university 

    Gwalior(M.P.)                                                       Gwalior(M.P.)                                             Gwalior(M.P.) 

Pathak.rachana@gmail.com  ycgoswami@gmail.com                                phy05@rediffmail.com  

 

 
Abstract 

The construction of blood vessels in the sclera- the white portion of the humanoid eye, is distinctive for each 

singular, henceforth it is finest suitable for humanoid identification. In biometric authentication sclera pattern based 

human verification is gaining more importance. The sclera pattern of each human is unique, so analysis sclera 

pattern for individual gave an effective human identification. We have suggested basic technique for sclera 

segmentation constructed on Otsu segmentation, a novel scheme for sclera pattern improvement built on Contrast 

Limited Adaptive Histogram Equalization. 
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1. INTRODUCTION 

Biometrics refers to the automated recognition of 

people supported their physiological and/or activity 

characteristics. Among numerous biometrics, the 

ocular biometry as well as iris and retina square 

measure referred to as among the foremost correct 

biometry. However, they need disadvantages like 

demand of user participation and high sensing device 

value. For instance, capture of iris image needs 

cooperation of user since off-axis iris image will 

deteriorate the system performance, and retina 

scanning needs contact with eye-piece that is way 

from being easy [1] 

.

 
Figure 1.1: Human Eye close-up 

 

Apart from iris and retina layer, the human eye has an 

ocular white surface referred to as the sclera that 

contains a texture pattern thanks to the presence of 

blood vessels in its surface in several orientation and 

layers. The sclera patterns are no heritable simply 

beside iris in one camera kind and it's additionally 

visible even in off-angle eye state of affairs. Thus by 

utilizing the feel pattern of the sclera, the 

performance of an iris recognition system will 

probably be improved throughout non-ideal or off-

angle eye recognition state of affairs [3]. To date, this 

biometric is comparatively less studied and small is 

thought relating to its quality in addition as its 

performance [2]. 

Sclera is that the white and therefore the outer 

protecting a part of an eye fixed. one in all the key 

benefits of the sclera region is that the vas structure 

of the sclera is exclusive to every individual, and it is 

remotely obtained non-intrusively within the visible 

wavelengths while not the requirement of close to 

infrared emission in most of different recognition 

systems [5]. 
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Figure 1.2: A typical Sclera Recognition System 

 

The various challenges in sclera recognition embrace 

correct segmentation of the sclera space and sclera 

vessel improvement for authentication and 

identification functions. Sclera segmentation is that 

the initial and also the most difficult step during a 

sclera recognition system. The accuracy of the sclera 

recognition system can be degraded if the 

segmentation method fails to extract the right sclera 

regions from a watch image. Some incorrect sclera 

segmentation eventualities embrace segmenting the 

sclera with some components of the iris, eyelids, and 

eyelashes. The most purpose of the vessel 

improvement is to isolate the blood vessels within the 

sclera from their background. This method has 2 

stages. Within the 1st stage, the inexperienced layer 

of the RGB image is extracted because it results in 

higher distinction between the sclera vessel and also 

the background. Then, he's applied to the sclera 

regions because it can enhance the inexperienced 

layer of the colored image. 

 

1.1 Image Segmentation 

The segmentation is the best significant phase for 

examining image correctly as it upsets the 

accurateness of the succeeding steps. Numerous 

procedures have been offered for image 

segmentation. They can be generally categorized as 

thresholding, edge-based or region-based approaches. 

Otsu’s technique is ideal for thresholding stuffs from 

the contextual. This method is grounded on a 

discriminate examination which divides the image 

into two classes. Given an image denoted in L gray 

levels {0,1,2,………L},Otsu’s thresholding 

technique divides the image pixels into two classes 

C0={0,1,2………t} & C1={t+1,t+2……………..L-

1}. 
 

function [X1] = masking_sclera (cropped_image)  
X1= cropped_image;[r,c,~] =size (cropped_image); 
h = ones (12,12) / 144; 
X = imfilter (X1,h); 
IDX = otsu (X,3); 
 

 

1.2 Contrast Limited Adaptive Histogram 

Equalization 

As a main stage of the eye image improvement 

procedure, histogram equalization is useful to 

improve the image’s contrast by changing the 

intensity values of the image. But, by improving the 

contrast of an image over a transformation of its 

intensity values, the histogram equalization can 

intensify the blare and create poorer outcomes, due to 

several pixels dipping exclusive the same gray level 

range. So, as an alternative of applying the histogram 

equalization, which works on the entire image, 

CLAHE (contrast limited adaptive histogram 

equalization) is castoff to improve the contrast of the 

minor strips of an image and to combine the adjacent 

strips by means of a bilinear interpolation which will 

remove the falsely prompted boundaries. 

 

 

2. RELATED WORK 

Recent research increases the interest in new 

biometric traits rather than traditional biometric 

modalities like fingerprint, face, retina, iris, voice etc. 

for person identification and verification. With the 

comparison of Iris and Sclera it is proved that places 

where Iris recognition is not possible sclera 

recognition comes out to be the better alternative.  

Zhi Zhou et al. [2010], projected a comprehensive 

sclera image quality live which might quickly 

observe if the image encompasses a valid eye, assess 

the image quality, value the segmentation accuracy, 

and live if the image has decent feature info for 

recognition. Additionally, it used Dempster Shafer 

Theory to fuse the standard score, segmentation 

score, and have score along to come up with the 

combination score. It’s through empirical observation 

verified victimization the UBIRIS information that 

the projected quality live is extremely related with 

the performance of sclera recognition [1]. Kangrok 

OH et al. [2012] projected a unique sclera example 

generation, manipulation, and matching theme for 

cancelable biometric identification. Primarily, a 
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neighborhood indicator matrix is generated supported 

an angular grid frame of reference. For binary feature 

example generation, a random matrix and area 

neighborhood binary patterns (LBP) operator are 

utilized. Afterward, the example is manipulated by 

user-specific random sequence attachment and bit 

shifting. Finally, matching is performed by a 

normalized playacting distance comparison. Some 

experimental results on UBIRIS v1 information [3]. 

Abhijit Dasa et al. [2014] projected an economical 

and reconciling biometric sclera recognition and 

verification system. Sclera segmentation was 

performed by Fuzzy C-means agglomeration. Since 

the sclera vessels don't seem to be distinguished, so 

as to form them clearly visible image improvement 

was needed. reconciling bar graph leveling, followed 

by a bank of separate Meyer moving ridge was 

accustomed enhance the sclera vessel patterns. 

Feature extraction was performed by, dense native 

Directional Pattern (D-LDP). D-LDP patch 

descriptors of every coaching image square measure 

accustomed kind a bag of features; additional special 

Pyramid Matching was accustomed turn out the 

ultimate coaching model. Support Vector Machines 

(SVMs) square measure used for classification [4]. 

Therese Yamuna Mahesh et al. [2014] conferred 

that the vessel pattern on the highest of the sclera 

poses many challenges: the vein structure moves and 

deforms with the movement of the attention and its 

close tissues; pictures of sclera patterns square 

measure typically defocused and/or saturated; and, 

most significantly, the vein structure within the sclera 

is multi-layered and has advanced non-linear 

deformation. The color of the mucous membrane 

layer on top of the sclera provides a really sensible 

indication of the prosperity of an individual. The 

pattern of the sclera based mostly blood vessels may 

be a sensible information for the identification of 

many diseases and also the thickness of the vessels 

offer a sign of the psychological state of the person 

[6]. A. Suganya et al. [2014] so as to eliminate high 

frequency noise parts gift in sclera, low pass filter is 

employed. To extract the options, a collection of 

vessel segments mix to form Y formed branches 

typically happiness to same sclera layer. Mapping 

theme relies on Y formed structure within the sclera 

that's determined to be a lot of stable feature and is 

employed to expeditiously eliminate the foremost 

unlikely matches. The empirical result shows that the 

projected technique will dramatically offer safer 

authentication while not compromising the popularity 

accuracy [7]. Sinan Alkassar et al. [2016] projected 

a brand new technique for sclera quality live and 

segmentation beneath relaxed imaging constraints. 

Particularly, for sclera image, they propose a brand 

new quality live approach supported a spotlight live. 

Additionally, they propose a brand new fusion 

technique for sclera segmentation that uses 

constituent properties of each the sclera space and 

also the skin round the eye [8]. S. Alkassar et al. 

[2016] projected segmentation formula fuses multiple 

color area skin classifiers to beat the noise factors 

introduced through exploit sclera pictures like 

motion, blur, gaze and rotation. Additionally propose 

a vessel improvement and have extraction technique 

that author denote as advanced sclera options to 

extend the ability to wheezy vessel deformations. The 

projected system is evaluated victimization 

UBIRIS.v1, UBIRIS.v2 and UTIRIS databases and 

also the results square measure promising in terms of 

accuracy and quality in period of time applications 

because of low process times [9]. B.Thiyaneswaran 

et al. [2016] projected formula is employed for 

detective work moles within the human eye sclera. a 

watch mole image is that the input image for the 

projected formula. This input image is preprocessed 

victimization gray-scale conversion and a median 

filter. The filtered image undergoes binary 

conversion and morphological operations. Functions 

like morphological dilation, strel, dilation, area close, 

binary complement, and border clear square measure 

applied to retain the mole space within the eye image. 

Object space detection (OAD) formula is applied to 

go looking the regions of the mole boundary [10]. 

Priti S. Tayade et al. [2017] projected an 

economical technique for sclera segmentation and 

vessel improvement. Propose a formula to implement 

feature extraction technique victimization the 2D-

DWT and also the extracted coefficients square 

measure accustomed represent the image. The 

projected system is evaluated victimization In-House 

information [11]. S. Alkassar et al. [2017] 

contribution of this paper is that the style of a sturdy 

sclera recognition system with high accuracy. The 

system includes of recent sclera segmentation and 

occluded eye detection ways. Propose an economical 

technique for vessel improvement, extraction, and 

binarization [12]. Snehal S. Rajole et al. [2017] 

projected distinctive technique that is reconciling to 

wheezy pictures for eye gaze detection as process 

wheezy sclera pictures captured at-a-distance and on-

the-move has not been extensively investigated. 

Sclera blood vessels are investigated recently as an 

economical biometric attribute. Capturing a part of 

the attention with a standard camera victimization 

visible-wavelength pictures instead of close to 

infrared pictures has aggravated analysis interest. 

This technique involves sclera example rotation 

alignment and a distance scaling method to reduce 

the error rates once wheezy eye pictures square 

measure captured at-a-distance and on-the move [13]. 

Amruta Dongare et al. [2017] proposed a brand new 
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methodology for sclera segmentation that works for 

each color and greyscale pictures, style a physicist 

filter for sclera pattern sweetening methodology and 

a line descriptor primarily based methodology for 

feature extraction, registration and matching [14]. 

Vanita Patil et al. [2017] suggested basic scheme for 

sclera segmentation, a novel technique for sclera 

pattern improvement built on histogram equalization 

and line descriptor grounded feature mining and 

pattern matching with the support of matching score 

among the two segment descriptors [15]. Dhanusha 

G. R et al. [2018] reported that in biometric 

authentication sclera pattern based human 

verification is gaining more importance. The sclera 

pattern of each human is unique, so analysis sclera 

pattern for individual gave an effective human 

identification. In the proposed paper a smart effective 

human authentication using sclera pattern is designed 

by using efficient machine learning algorithm. 

Circular Hough Transform (CHT) segmentation with 

feature extraction techniques with Support Vector 

Machine (SVM) presents an effective output in 

person identification. Result section briefly 

summarize proposed system presents accurate result 

in person identification [16]. Parth Nagarkar et al. 

[2018] established a novel technique for sclera 

segmentation which works for both color as well as 

greyscale imageries. The blood vessel structure of 

sclera is dissimilar for dissimilar people and it lies in 

the area of the noticeable wavelengths, so it can be 

used for the humanoid ID method (ID). To get shape 

and construction of a sclera vessel kernel jobs are 

used in direction to distinct out the scale and stage 

plots. Gabor wavelet filter is a bi-dimensional 

Gaussian function which splits the R & G plane of 

the scanned image and due to its 2D nature, the B 

plane is problematic to plot as well as distinguish 

(math works) [17]. 

 

3. PROPOSED WORK 

We implement a novel sclera segmentation process, a 

sclera vein enhancement technique. 

Step 1: Sclera segmentation 

Segmentation is the first step for most biometric 

related research. Similarly, here accurate 

segmentation of the sclera region is very important, 

otherwise, an incorrect segmentation can reduce the 

pattern available, other way it can also introduce 

other patterns such as eyelashes and eyelids. Otsu 

segmentation is performed.  

 

Function [X1] = masking_sclera (cropped_image)  
X1= cropped_image;[r,c,~] =size (cropped_image); 
h = ones (12,12) / 144; 
X = imfilter (X1,h); 

IDX = otsu (X,3); 
 

Step 2: Sclera vessel structure enhancement 

The pots in the sclera are not noticeable, 

subsequently in direction to mark them evidently 

visible, image improvement is obligatory. Adaptive 

histogram equalization and CLAHE (Contrast 

stretching) is performed. As an alternative of 

applying the histogram equalization, which works on 

the entire image, CLAHE (contrast limited adaptive 

histogram equalization is castoff to improve the 

difference of the minor tiles of an image and to 

combine the adjacent tiles by a bilinear interpolation 

which will remove the falsely induced borders. A 

number of non-overlapping image areas are produced 

by separating the input image. Additional histogram 

of all regions is computed. By using desired contrast 

expansion a clipping histogram is obtained. Based on 

clip limit the each region redistributed. This 

redistribution of contrast gifts the real output. 

Function [Ivessel_enhanced] = vessel_enhancement 

(normal_image) 
I =r gb2gray (normal_image); 
Is = imguidedfilter (I); 
I = adapthisteq 

(Is,'clipLimit',0.02,'Distribution','rayleigh'); 
Ivessel_enhanced = FrangiFilter2D (double (I)); 
end 
 

 

3.1 Tool and Database 

UBIRIS V.1database is used for experiment. This 

database includes set eye samples of multiple 

humans. Along with the RGB planes it includes 

infrared eye samples (i.e. both right eye and left eye). 

Instead of using infrared samples RGB samples are 

used. 

 

4. RESULTS AND DISCUSSION 

 

Prior to segmentation process, the input human 

eye image is implemented to perform noise 

removal, glare area identification and to 

develop the quality of the image segmentation. 

The glare area identification is performed by 

employing salt and pepper and Sobel 

algorithms used to reduce noise in the input 

image. The Figure 3.2 shows the image of 

sclera segmentation part. 

To evaluate the potential sclera regions, a 

Color Distance Map (CDM) is used for both 

natural and flash illuminators. The equation 

(4.1) shows the CDM is used for the natural 

illumination. The equation (4.2) shows the 

CDM is used for the flash illumination. 
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Figure 4.1 Image of the sclera segmentation part 

 

  (4.1) 

 

(4.2) 

The computation of the sclera map is given by matching the two CDM in equation (4.3) 

 

 

(4.3) 

Sclera segmentation is the first method in the process 

of sclera recognition system. It has many steps 

involved in it. Once Sclera region detected, it get 

separated from input image, the segmented output is 

shown in below Figure 4.2 (Input Image, Left Crop 

and Right Crop) 
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Figure 4.2: Sclera Segmentation by Otsu  

 

Next step is sclera blood vessels enhancement. To 

improve the separation of the sclera blood veins from 

their contextual, two stages are used which comprise 

removing the green channel of the sclera image and 

relating Contrast Limited Adaptive Histogram 

Equalization (CLAHE) which improves the local 

contrast of blood vessels. Then we examine the sclera 

image features by a bank of Gabor filters as revealed 

in below figure 4.3. 

 

 

 
Figure 4.3: Sclera Vessel Structure Enhancement 

 

 

CONCLUSION AND FUTURE SCOPE 

The first part in sclera recognition is sclera 

segmentation. In segmentation, we retain the sclera 

part and get rid of the other useless parts of the input 

image. In segmentation, the image is divided into 

different parts so as to obtain the required features. 

We have done the image segmentation by Otsu 

segmentation. Once the image has been segmented, 

its intensity has to be enhanced so that the blood 

vessels become more visible and thus easy to detect 

and extract. We used the Contrast Limited Adaptive 

Histogram Equalization. Further the proposed 

approach can also extended by using one of the most 

popular deep learning architectures to implement 

sclera recognition system. 
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