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ABSTRACT 

Cases of Diabetic Retinopathy (DR) are increasing day by day. It can be detected in early diagnostic by study blood 

vessels in retinal images. But due to lack of available experts, early diagnostic is not possible as well as manual 

diagnostic takes much time therefore image processing-based algorithms has been written by researchers to find the 

disease by applying different algorithms on retinal image to find blood vessels accurately and detect DR in early 

stages. In this paper, image matting is studied in detail, which helps in creating a computerized trimap of blood 

vessels. Some other popular algorithms like kirsch’ template algorithm and hessian matrix analysis-based algorithm 

are also studied and summarized.  

Keyword: Blood vessel,Diabetic Retinopathy (DR),Computer Aided Diagnosis (CAD), hessian matrix, eigen values, 

image matting, image preprocessing, image enhancement, RGB (Red, Green & Blue), Kirsch’s Template algorithm, 
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I.  INTRODUCTION 

Human eye is fused in two-piece unit. The smaller frontal unit, transparent and more curved, called the cornea is linked 

to the larger white unit called the sclera [2]. Blood vessels in retinal image appears like a wire mesh-like structure or 

tree-like structure as shown in figure 1. Diseases like stroke, vein occlusions, diabetes and arteriosclerosis can be 

detected from the morphological features like length, width and branching of blood vessels. Moreover, the analysis of 

retinal blood vessels can assist in evaluation of retinal image registration, the relationship between vessel tortuosity and 

hypertensiveretinopathy, retinopathy of prematurity, arteriolar narrowing, mosaic synthesis, biometric identification, 

foveal avascular region detection and computer-assisted laser surgery [4]. 

 

Figure 1: Retinal image 
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Image matting is a method of extracting the features from the base image.Image matting includes two main steps. The 

first step is generating a user specified trimap. The trimap is a hand-drawn segmented image, which separates the input 

image into three regions: foreground (shown in white), background (shown in black) and unknown (shown in gray). 

The second step is applying the image matting model to extract the pixels belonging to the foreground object from the 

unknown regions, based on the samples of foreground and background pixels marked by the user. This manual 

technique has never been used to extract blood vessels from the retinal image because it is very tough to generate 

trimap and therefore expert is required to do it and also it is very time consuming process. But now with the 

advancement of technology, image processing can be used to create trimap out of the retinal image by applying 

computer algorithms [1]. 

Retinal vessel segmentation is used to determine any change in blood vessels and provides the information regarding 

the location of the vessels. Computer based analysis helps ophthalmologists to detect the changes in blood flow and 

also the changes in vessel distribution and extra vessel growth. Blood vessel segmentation in retinal images is attained 

by classifying each image pixel as vessel or non-vessel based on the local image features. Thus the algorithms used for 

the segmentation of blood vessels are broadly classified as pixel processing-based methods and vessel tracking methods 

[3].If the retinopathy detects in early stage, the probability of visual loss resulting from diabetic retinopathy can be 

prevented. The filteringbased method which is used for the effective extraction the blood vessels of retinal images are 

described in [5].  

II.  METHODOLOGY IMAGE MATTING 
 

Image Matting aims to accurately extract the foreground given a trimap of an image. In this, the input image I(z)(z = 

(x,y)) is modeled as a linear combination of a foreground image F(z) and a background image B(z) such that :  

I(z) = αzF(z) + (1−αz)B(z)    (1) 

where αz, called alpha matte, is the opacity of the foreground. αz ranges from 0 to 1. If αz is constrained to 

be either 0 or 1, then the matting problem becomes the segmentation problem, where each pixel belongs to 

either foreground or background [1]. 

 

2.1. Image acquisition  

 

Infrared based cameras are used for image acquisition because infrared is reflected by the pigments such as 

hemoglobin or melanin and it is passed through the human body tissues. As hemoglobin exists densely in 

blood vessels, infrared light shining through causes the vessels to appear as dark shadow lines in the 

captured image. In image acquisition module there are two cameras used one is Charge-coupled device 

(CCD) camera and the other is web camera. 

2.2. Preprocessing  

While taking images from the cameras, noise is added in it either due to non-linearity of camera sensor or during analog 

to digital conversion of image. The blood vessels present in retinal fundus images are very small in size and hence their 

detection becomes quite confused because of the presence of noise.Therefore image preprocessing has been performed 

to remove the unwanted noise from the retinal image. The colored retinal images are stored in three-dimensional format 

where each dimension contains the information corresponds to Red, Green and Blue part of image. Each part is a two-

dimensional matrix with each pixel contains an integer value in 8-bit form, that is in between 0 and 255. Here 0 

represents black pixel while 255 represents white pixel [7].Then this RGB image is converted to greyscale intensity 

image as shown in figure 2by eliminating the hue and saturation information while retaining the luminance [3]. 
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Figure 2: Gray scale image 

It has been studied that the blood vessels appear most contrasted in the green channel compared to red and blue 

channels in RGB image. Therefore only the green channel image is used for further processing [9,4]. 

2.3. Image enhancement  

The retinal blood vessels image is enhanced by its contrast as shown in Figure 3. Histogram equalization is used for 

enhancing the gray level contrast of the image [2]. The contrast of the image is enhanced by transforming these values 

using contrast limited adaptive histogram equalization, which operates on small regions in the image called tiles. Each 

tile's contrast is enhanced in such a way that the histogram of the output region approximately matches the histogram 

specified by the distribution parameters. While combining the neighbouring tiles the problem of artificially induced 

boundaries are found and it is eliminated using bilinear interpolation [3]. 

 

 

Figure 3: Image enhancement 

2.4. Image segmentation 

Image segmentation is a process by which desired features are extracted from the image.It can also be defines as the 

process of partitioning a digital image into multiple segments (sets of pixels, also known as super pixels). The goal of 

segmentation is to simplify or change therepresentation of an image into something that is more meaningful and easier 

to analyze.  
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Figure 4: Output of image segmentation 

Image segmentation is typically used to locate objects and boundaries (lines, curves, etc.) in images. The resultant 

image contains the entire area of eyes in black white form and it contains a set of contours extracted from the image as 

shown in figure 4. Each of the pixels in a region is similar with respect to some characteristic or computed property, 

such as color, intensity, or texture. It is necessary to image segmentation in region of interest (ROI) before feature 

extraction and matching with database.  

The goal of image segmentation is to divide the input image into three regions: the vessel (foreground), background and 

unknown regions. Firstly the enhanced vessel image Imr is segmented into three regions: the background regions (B), 

unknown regions (U) and preliminary vessel regions (V1) 

  (2) 

where p1 = 0.2 and p2 = 0.35 restrict the unknown region as thin as possible in order to achieve the better matting 

result [1]. 

 

III. RESULT ANALYSIS KIRSCH’S TEMPLATE BLOOD VESSEL EXTRACTION ALGORITHM 

 

Kirsch templates of window size 3x3 are used for the extraction of blood vessels from retinal image. Edge detection is a 

process of finding edges in the form of frequently and abrupt changes. In this algorithm, edge is determined by 

comparing the intensity of neighboring pixels around a center pixel. The detection of edge can be taken as the major 

difference in the brightness level of neighboring pixel else it is taken as smooth change or no edge. The described 

procedure is most common and fundamental approach among all the available edge detection algorithms such as, 

Prewitt, Sobel etc. The Kirsch edge detection algorithm uses a single mask of size 3x3 and rotates it in 45 degree 

increments through all 8 directions as shown in figure 5. 

 

 

Figure 5: Kirsch’s convolution kernels 
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The edge magnitude of the Kirsch operator is calculated as the maximum magnitude across all direction. The matrix 

contains the information of a pixel and its neighbors.  The Kirsch algorithm detects direction of the edge as well as an 

edge. Accordingly, there are eight possible directions south, east, north, west, northeast, southeast, southwest and 

northwest as shown in figure 5. Out of the several templates the biggest one is considered for the output value and later 

the edges are extracted. Threshold value can be changed to get the best result [5]. Mathematically it can be represented 

as shown in equation 3. 

  (3) 

Where, hn,m is the edge magnitude of the Kirsch operator in all direction and n and m are the coordinates of center 

pixel. The figure 5 shows the different values of g (total 8 values). Image neighboring pixel intensities are represented 

by f. where z enumerates the compass direction kernels g. 

 

IV. HESSIAN MATRIX ANALYSIS USING EIGEN VALUES FOR EXTRACTION OF BLOOD VESSEL 

 

Blood vessel is extracted using Eigen value of the Hessian matrix. For a given volumetric pixel (voxel) of the input 

image a Hessian matrix is composed from the image 2nd order partial derivatives. The partial derivatives are calculated 

as  voxel intensity differences in the neighborhood of the voxel. The Hessian matrix describes the 2nd order local 

image intensity variations around the selected voxel [7].  

Eigenvector decomposition extracts an orthonormal coordinate system that is aligned with the second order structure of 

the image. Having the Eigen values and knowing the (assumed) model of the structure to be detected and the resulting 

theoretical behavior of the Eigen values, the decision can be made if the analyzed voxel belongs to the structure being 

searched.Table-1 summarizes the relations between and orientation of a structure in the image. 

Table-1 Eigen values of the Hessian matrix and image structure orientation (L low, H+ high positive, H- high 

negative) 

 

Since blood vessels is a dark tubular structure therefore it can be extracted by λ1 as L(low) and λ 2 as H+ (high 

positive) as indicated in table 1 [7]. 
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V. CONCLUSION 

 

Blood vessels trimap was the way to find DR in early ages. But first it is required to be expert to make it accurately as 

well as it takes too much of time. Image processing algorithms are successfully solving this issue by creating 

computerized trimap of blood vessels. Image matting can successfully find the blood vessels out of retinal image. While 

other two algorithms based on kirsch’s template and hessian matrix can find blood vessels upto satisfactory extent. In 

future work, combination of all three can be studied to increase the accuracy of detection. 
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