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Abstract— The retina is the only part in the human body 

where the blood vessels can be seen directly in vivo and 

examined for pathological changes. Blood vessel 

morphology can be an important indicator for many diseases 

such as diabetic retinopathy, stroke, hypertension, 

arteriosclerosis, cardiovascular diseases. Analysis of 

vascular changes can be used in clinical studies, patient 

screening, and diagnosing ocular diseases. Computer based 

analysis for automatic assessment of blood vessel anomalies 

of retinal image initially requires the segmentation of the 

vessels from background. This work presents an efficient 

method for automatic detection of blood vessels in retinal 

images. Firstly green channel of the Retinal image is 

extracted, since it presents higher contrast between vessel 

and background.  Contrast-limited adaptive histogram 

equalisation is used to enhance the vessels. Then 

segmentation is carried out using Kirsch’s compass kernel 

and Region growing. Morphological closing is applied to 

close the holes or empty area within the blood vessel created 

through the Kirsch’s template matching. Finally Median 

filtering is used to remove the noise. The proposed method 

has been tested on a set of retinal images. The retinal images 

were collected from the DRIVE and STARE database. The 

performance of the proposed algorithm is measured by 

comparing the obtained output with manually segmented 

ground truth images. 

Key words: Retinal Image, Diabetic Retinopathy, Vessel 

Segmentation, Kirsch’s Templates, Region Growing 

I. INTRODUCTION 

The structure of retinal vessels provides important 

information for eye care specialists. Changes in retinal 

vessels may indicate diseases such as arteriosclerosis, 

hypertension, diabetes, cardiovascular disease, and stroke. 

For example, Diabetic retinopathy is one of the main causes 

of blindness, and its first manifestation is tiny capillary 

dilations as microaneurysms. Periodic screening with early 

recognition of retinal vessel changes can prevent major 

vision loss in most cases. Therefore, accurate retinal vessel 

segmentation is a prerequisite for the subsequent retinal 

diseases diagnosis. In the literature, several techniques have 

been reported for blood vessel segmentation and diagnosis 

of such diseases [1–4]. These methods generally can be 

categorized into three classes: (1) kernel-based, (2) tracking 

based and (3) classifier-based methods. 

In the kernel-based methods the retinal images are 

filtered by various vessel-like kernels. The blood vessel 

structures are detected by maximizing the responses of 

applied kernels. The mathematical morphology operators 

[5–6] and matched filters [1,3] are two examples of this 

category. In the morphological methodology, line structures 

are highlighted using different operators like top-hat 

operator [6]. In the matched filters a series of different 

Gaussian shaped filters like simple Gaussian model [1,3], 

dual-Gaussian model [8] and derivative of Gaussian 

function [7] are used to detect the blood vessels. However, 

the matched filters have strong responses not only to blood 

vessels but also to non-vessel edges like bright blobs. They 

also, have to use several kernels to detect vessels with 

different thicknesses at different orientations. The using of 

wavelet transform is another way to enhance the blood 

vessels in the fundus images [9]. 

In the tracking based methods, the vessel seems as 

a line and these methods try to follow vessel edges by 

exploiting local information. In these methods, various 

vessel profile models such as Gaussian profile [10], generic 

parametric model , Bayesian probabilistic model  and multi-

scale profile [11] have been used to find the path which has 

the best matches to the vessel profile model. Although these 

methods have high performance in detecting blood vessels, 

they usually have a limitation in handling of bifurcations 

especially in thin vessels. 

The classifier-based methods are divided into two 

sub classes: supervised and unsupervised. In the supervised 

methods [12–16] some prior information of the labelled 

vessels is exploited to decide whether a pixel belongs to 

vessel or non-vessel. For this propose different classifiers 

such as artificial neural network [12–14], Gaussian mixture 

model classifier [15], KNN classifier [16] and SVM 

classifier. was used. In the unsupervised methods the vessel 

segmentation is done without any prior labelling knowledge. 

In the classifier-based methods, the performance of detected 

vessels heavily depends on the features which are extracted 

from retinal images. Various types of feature extraction 

methods such as local binary patterns operator [13], a 7-D 

vector composed of gray-level and moment invariants-based 

features [14], Gabor wavelet transform [15],  ridge detection 

[16]  was reported in the literature. 

Although these methods have shown their good 

performance for retinal vessel segmentation, there are some 

limitations needed to be improved, including the false 

extraction for thin vessels, which is caused by low contrast 

between the retinal vessels and the background, and the 

connectivity loss for the retinal vessel tree, whose 

topological structure is relatively complex. 

II. DATASET 

In this paper two different datasets of retinal images have 

been used for evaluation of the proposed method. 

A. DRIVE Database 

The first dataset is DRIVE which is publicly available and 

has been widely used for evaluation of algorithms developed 

to deal with different problems in the area of retinal image 
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processing such as retinal vessel extraction. DRIVE 

database was introduced in 2004 and is publicly available 

for evaluation of research works on retinal vessel 

segmentation. This database includes 20 train and 20 test 

images which are selected randomly from 400 photographs 

taken from diabetic subjects. 7 of those images show early 

sign of diabetic retinopathy. 

B. STARE Database 

The STARE database is one of the first and oldest publicly 

available database of retinal images. It consists of 400 color 

retinal images, which were captured by a Top Con TRV-50 

fundus camera at 35
0
 FOV.  

III. METHODOLOGY 

The methodology includes the following steps as shown in 

the figure1 

 

Fig. 1: Retinal vessel segmentation functional diagram 

A. Preprocessing 

As red, green and blue lights entering the eye have been 

absorbed differently by the lens pigments, the green channel 

of the RGB color retinal image presents a higher contrast 

between the vessels and the background, which means that 

blood-containing elements (such as vessels) in the retinal 

layer can be best represented. The red channel is the 

brightest color channel but with low contrast, and the blue 

channel suffers from poor dynamic range. Therefore, we 

work on the green channel of retinal image in this paper. 

Generally, histogram equalization techniques can 

achieve contrast enhancement by stretching the gray level 

values of a low- contrast image. In this paper, we apply the 

CLAHE operator to obtain a local contrast enhanced retinal 

image. The CLAHE chooses the clipping level of the 

histogram flexibility by computing the local histogram 

mapping function, which can reduce the undesired noise 

amplification of the retinal image. 

B. Segmentation 

1) Retinal vessel segmentation based on Kirsch templates  

For Kirsch edge detection, the detected edges can be 

regarded as the space gradient. The Kirsch operator can 

adjust the related threshold value automatically due to the 

image characteristics. The Kirsch edge detection uses eight 

filters (i.e., eight masks for related eight main directions) 

that are applied to given image to detect edges. These eight 

filters are a rotation of a basic 3x3 compass convolution 

filter. These directions are North, Northwest, West, 

Southwest, South, Southeast, East and Northeast. The masks 

are distinct as given below. 
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Fig. 2: Kirsch template 

Morphological closing is necessary to close the 

holes or empty area within the blood vessel created through 

the Kirsch’s template matching. One of the drawbacks of 

Kirsch’s filter is that, it thickens the blood vessel more than 

it appears. 

Therefore, to minimize this trade off, 

morphological erosion is introduced. 

2) Retinal vessel segmentation based on region growing 

To solve the failing segmentation for the thin retinal vessels 

by the Kirsch templates method, region growing method is 

applied to segment these thin curved vessels. We define 

some seed points, and then calculate the connectivity 

between each seed pixel and its neighbourhoods. The main 

steps of the retinal vessel segmentation based on region 

growing include the following:  
Step 1: Select initial seed points. Initial seed point 

is selected for region growing according to the histogram of 

the retinal image derived from the CLAHE operation.. 
Step 2: Region growing. If any pixel belonging to 

the seed point’s 8-connected neighbourhood satisfies the 

similarity criterion, it is added to the seed point set. 

C. Postprocessing 

To the results obtained in the previous stage, for the purpose 

of removal of the noisy areas in the image, Median filtering 

is applied. 

 Median filtering is a nonlinear method used to 

remove noise from images. It is widely used as it is very 

effective at removing noise while preserving edges. The 

median filter works by moving through the image pixel by 

pixel, replacing each value with the median value of 

neighbouring pixels. The pattern of neighbours is called the 

"window", which slides, pixel by pixel over the entire 

image. The median is calculated by first sorting all the pixel 

values from the window into numerical order, and then 

replacing the pixel being considered with the middle 

(median) pixel value. 
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IV. RESULTS AND ANALYSIS 

In this work, the software selected to perform the 

experiment is MATLAB and the software module used is 

Image Processing Toolbox. The performance of the 

proposed method is evaluated on publicly available 

databases of retinal images, the STARE and DRIVE. Both 

databases have provided manual segmentation for 

performance evaluation. 

A. Experimental Results 

Fig. 3 (a) shows the input RGB retinal image of a normal 

person taken from DRIVE database. Fig. 3 (b) represents the 

extracted green channel image. It can be observed from fig 3 

(b), the green channel image has good vessel to background 

contrast. Fig. 3 (c) represents the segmented retinal image. 

Fig. 3 (d) represents the result obtained after closing 

operation. 

 
(a)                                  (b) 

 
(c)          (d) 

Fig. 3: (a) Input retinal image, (b) Green channel image, 

(c) Segmented retinal vessels, (d) Image after closing 

B. Quantitative Analysis 

To evaluate the proposed vessel segmentation method, the 

detection performance is measured using true positive (TP), 

false positive (FP), true negative (TN) and false negative 

(FN) metrics. TP is defined as the number of vessel points 

correctly detected in the retinal images; FP is defined as the 

number of non-vessel points detected as vessel; TN is 

defined as the number of non-vessel points correctly 

detected; and FN is defined as the number of vessel points 

not detected by the system. By using these metrics we can 

obtain more meaningful performance measures like 

sensitivity, specificity, predictive and accuracy values as 

below. 

Sensitivity = 
  

     
     (1) 

Specificity = 
  

     
   (2) 

Accuracy = 
     

           
    (3) 

Table 1 shows the averages of quantitative 

evaluation results from all the technical parameters 

calculated. 

Technical parameters on 

comparison with ground truth 

Images 

 

Efficacy (%) 

 

Accuracy 89.86 

Sensitivity 71.40 

Specificity 91.70 

Table 1: Averages of quantitative evaluation results 

V. CONCLUSION 

This work presents an efficient algorithm for fully 

automated blood vessel segmentation and detection in ocular 

fundus images using the Kirsch templates and Region 

growing. The proposed method retains the computational 

simplicity and faster segmentation as it does not need 

training images as in case of supervised methods of 

classification, and at the same time, can achieve accurate 

segmentation results in the cases of normal retinal images 

and images with obscure blood vessel appearance. 

Experimental results show that the proposed method can 

segment both wide and thin vessels accurately. CLAHE is 

applied to enhance the vessels.  Wide retinal vessels are 

detected using Kirsch’s compass kernel and thin vessels are 

detected by region growing. Morphological closing is used 

to close the holes or empty area within the blood vessel 

created through the Kirsch’s template matching. 

Experimental results show that the proposed method can 

segment both wide and thin vessels accurately, reaching the 

average accuracies of 91.46% and 86.66% for DRIVE and 

STARE databases, respectively. Moreover, the proposed 

method is unsupervised, which does not require manual 

segmentation for training.  
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