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Abstract - The structure of blood vessels in the sclera- the white part of the human eye, is unique for every individual, hence it is best 

suited for human identification. However, this is a challenging research because it has a high insult rate (the number of occasions the 
valid user is rejected). In this survey firstly a brief introduction is presented about the sclera based biometric authentication. In addition, a 

literature survey is presented. We have proposed simplified method for sclera segmentation, a new method for sclera pattern 
enhancement based on histogram equalization and line descriptor based feature extraction and pattern matching with the help of matching 
score between the two segment descriptors. We attempt to increase the awareness about this topic, as much of the research is not done in 
this area.  
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1. Introduction 
 

iometrics is relegated to authentication of human 

being based on their physiological and behavioral 

characteristics.  To detect person as accurately as 

possible number of techniques were proposed but it was 

found that no biometric method is perfect or accepted 

globally. To achieve higher recognition accuracy, to 

increase population coverage further research is required. 

There are various techniques in biometrics to identify an 

individual, among these sclera recognition is found out to 
be a best technique to complement previous trades because 

of sclera part, Because Sclera areas are highly secured part 

of an eye, which is impossible to stole. Identification of a 

human being by the vessel pattern of the sclera is possible 

because the vessel pattern of human beings is very 

different, and it is unique for every individual. Twins also 

have different vessel and this makes it suitable for human 

identification. Secondly, the vessel pattern of the person 

throughout lifetime is stable. Even the vessel patterns of 

left and right eye of a person differ from each other.  

Therefore, this system is best and reliable approach human 
identification. This paper organized as follows. Section II 

covers the background of sclera a recognition, after that 

segmentation process is clearly specified after that that we 

have concluded. 

 

2. Background 
 

   Many Different methods are used such as fingerprint, 

iris, voice, face. Every method has its pros and cons.  

Almost all biometrics uses following objectives: Accuracy,  

 

 

 

reliability, stability, identification, ID capability in 

distance, user cooperation and scalability to large 
population. For example, face detection is very natural 

way of identifying a person by humans, but human beings 

face structure changes according to his age increase and 

these changes affects the recognition correctness. Human 

being finger print structure is not change and its 

identification accuracy is more but it has one disadvantage 

we cannot us ed it as an ID for a certain distance.  In 

addition, there are many reasons why people object the 

some methods for example culture, hygiene, religion, 

personal preference. Fingerprint recognition may cause 

hygiene and medical issues. 

 
   In real life applications, some biometrics techniques are 

more preferable than others in certain situations are. For 

example, the accuracy provided by fingerprint and iris 

recognition is higher than face recognition. Overall no 

biometric is said to be perfect or can be accepted globally. 

Researchers are trying to find new biometrics, which 

provides more options for human ID. In this paper, we 

have proposed a human ID system Sclera recognition, 

which gives us more accuracy than other methods. Sclera 

is the white part of the eye. It completely surrounds the 

eye and made up of for layering of tissues-the epsclera, 
stroma, lamina fusca, and endothelium, Structure of blood 

vessels are quite visible and stable over time. It is different 

for each person. Sclera recognition system consists of four 

modules –sclera segmentation, sclera vessel feature 

extraction, sclera vessel feature matching decision. 

B 
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3. Sclera Segmentation 
 

   Sclera segmentation is the first method in the process of 

sclera recognition system. It has many steps involved in it. 

A. Pre-processing In image processing, as we know all the 

filters are applied to the grayscale image. If the input 

image to the system is colored image then it is converted 

into a grayscale image. We have incorporated one 

instruction in Matlab Software, which gives us exact 

output as grayscale image, which we want to process 

further in this paper. 

 
3.1 Color Plane Conversion  
 

   Any colored image has three dimensions that is, red, 

green and blue plane.  In MATLAB a binary and gray-

scale image is represented by one 2-dimensional array. A 

color image is represented by a 3-dimensional array (one 

2-dimensional array for each of the color planes or color 

channels red, green and blue). The origin of the image is 

in the upper left and the size of the image is defined by 

the parameter width (number of columns of the array) 

and height (number of rows of the array). Note that the x- 

and y-coordinates are chosen such that the z-axis points 

to the front. If any image from the dataset has green or 
brown colored iris then it is necessary to get those color 

intensities. Hence the colored image is converted into the 

three planes using following formulae where 1,2,3 

resembles to red, green and blue plane respectively [6].  

 � � �������	: , : ,1; � � �������	: , : ,2; � � �������	: , : ,3; 

 

   The glare area detection is the first step to do in the 

system. Glare area is a white colored bright area of an 

eye image. The glare area detection is carried out by 

brighten the part of eye except the skin and pupil part. To 

brighten the required area we have used contrast 

stretching mechanism as well as intensity enhancement 
technique. 

 

 

 3.2 Iris Boundary Detection 

 

Fig 4. Iris boundary detection. (a) Finding the start point. (b) Searching 

along the radial direction 
 

   The algorithm searches along the radial direction at a 

predefined set of angles to estimate the pupil boundaries 

and then iteratively maps the highest edge value along the 

angular direction for π/2 radians for each of these starting 

angles.  Starting at the estimated center of the pupil, the 

algorithm searches along a radial direction for the highest 

edge value within some radial length range. 

	�, � � ��� �	�, �|����	�, �, ���� arctan $%&%'
(&(') � Ɵ+---1 

two nearest neighbors along the radial dimension  

	�, � � ��� ,	�, �|����	�, �, -� � �0 / �01�Ɵ� � �0 / ����Ɵ�2 3 1 4 �2 / 1
56--2 

 

3.3 Sclera Area Detection 
 

   The process of sclera area detection has the following 

steps: the region of interest (ROI) selection step, the 

Otsu‘s method-based thresholding step [17], and the sclera 
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area detection step. The left and right ROIs are selected 

based on the iris center and boundaries. 

 

Fig. 4. Sclera area detection using Otsu‘s method of thresholding 

 

3.4 Iris and Eyelid Detection and Refinement 

 

   The upper eyelid, lower eyelid, and iris boundaries are 

then refined using the Fourier active contour method [18].  

  

3.5 Sclera Feature Extraction 
  
   The feature extraction of sclera has few steps: Sclera 

Vessel pattern Enhancement, and Vascular Pattern 

Extraction. Fig. 8 shows the sclera feature extraction 

process.   

 

 3.6  Sclera Vessel Pattern Enhancement 

 
   The vessel structure in the sclera region is very difficult 

to see; the sclera vascular patterns are often blurry and/or 

have very low contrast. To overcome this, it is important 

to enhance the vascular patterns. In [19], Daugman shows 

that the family of Gabor filters is good approximations of 

the vision processes of the primary visual cortex. Because 

the vascular patterns could have multiple orientations.  

   

   The image is first filtered with Gabor filters with 

different orientations and scales-  

78	9, :, :, � � 7	9, : ∗ �	9, :, :, �-(3) 

 

All the filtered images are fused together to generate the 

vessel-boosted image<	�, �.  

8	�, � � =∑    ∑ 	78	�, �, �, �78	�, �, �, �@A∈AC∈Ɵ (4) 

 

Fig. 5. Vessel patterns—before and after Gabor enhancement. (a) 

Segmented sclera region. (b) After Gabor enhancement (vessel-boosted 

image). (c) After thresholding (binary vessel image). (d) After 

morphological operations. 

3.7 Vascular Pattern Extraction    

   In this study, binary morphological operations are used 
to thin the detected vein structure down to a single-pixel 

wide skeleton and remove the branch points. The line 

segments are then used to create a template for the vein 

structure. The segments are described by three quantities 

the segments ‘angle to some reference angle at the pupil‘s 

center, the segments distance to the pupil center, and the 

dominant angular orientation of the line segment. Fig.7 

shows a visual description of the line descriptor. 

 

A descriptor is � � 	Ɵ� ФE 

 

The individual components of the 

line descriptor are calculated as, 
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          Ɵ � tan&F $	%G&%H
	(G&(H) , (5)      

   

� � =	�I 3 ��@ / 	�I 3 ��@      (6) 

 

Ɵ � tan&F $ J%
J( 8GHKL 	�)---------------7 

Here   8GHKL  	�  is the polynomial approximation of the 

line segment 	�I, �I   is the center point of the line 

segment, 	��, ��  is the center of the detected iris, and � 

is the line descriptor. 

 

Fig. 6. Sclera Feature Extraction 

3.8 Sclera Feature Matching 
  The matching process consists of two steps:  

i) Sclera Template Registration, and  

ii) Sclera Template Matching.  

3.9  Sclera Template Registration   

 

Using these values, it calculates a fitness value for the 

registration using these parameters. The two 

descriptors ��� and ��M. 

�(H � ,Ɵ�����Ф��6and 

�%H � ,Ɵ�M��MФ�M6          (8)    

 

Fig. 7. Weighting Image 

 

First, an offset vector is created using the shift offset and 

randomly determined scale and angular offset values  

N' � ,�0�0�06       (9) 

Where                                    �' � �(H01�Ɵ(H 3�%O01�Ɵ%O          

and                      �' � �(H���Ɵ(H 3 �%O���Ɵ%O 
 

The fitness of two descriptors is the minimal summed pair-
wise distance between the two descriptors given some 

offset vector. Where, 

 PQ  �( , �%R � ������S'P~	�( , �% , N' 

Where, P~Q�( , �% , N'R � ∑ ���P���	8Q �(H,     N'R, �%(H∈ULAV ------

--10 

 

Here,   8	�(H, N0     is the function that applies the 

registration given the offset vector to a sclera line 

descriptor. 

 
The minimum pairwise distance is calculated using 

 ���P���	�(H�%=��M���OWX	 �(H , �%OY       (11) 

The distance between two points calculated using 

    XQ�(H , �%OR � =	�' @ / 	�'@(12) 

Where ��� the first descriptor used for registration, ��M is 

the second descriptor, is the set of offset parameter values 

that modifies the descriptor with the given offset values, s 

is the scaling factor, and  is the rotation value. 
 

Sclera Template matching 

 
Fig. 8. Sclera Template Matching 

 

After the templates are registered, each line segment in the 

test template is compared with the line segments in the 

target template for matches are, segments  and  ,  is the 

Euclidean distance between the segment descriptor center 

points ,  is the matching distance threshold, and match is 
the matching angle threshold 

 

4. Conclusions 
    

   Totally 10 images are taken from the same ten classes 

which are used as training set, two from each class. So, the 

experiment is taken with 10 test cases. For every test case 
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30 distance values are calculated. Based upon minimum 

distance value the authentication has been done. Testing is 

done by measuring min distance value between template 

matching 

 

 

Fig.9  SCLERA Matching score 
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