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Abstract- Blood vessel segmentation has been the important issue on medical field. One of methods has been developed 
which is Modular Supervised method. Modular Supervised method used normalized Eigen value to characterize object. 
However, the results of Gaussian convolution can be determined the threshold value to separated between blood vessel and 
background without the Eigen value. We proposed new approach to segment blood vessel on fundus by using combination the 
adaptive threshold and simplification of Modular Supervised. Our proposed method takes less computation time than 
Modular Supervised method. It is caused, our proposed method ignored two processes on Modular Supervised, which are 
determining and normalizing of Eigen value.  Our proposed method is started by reading retinal image input and followed by 
taking of green channel image. The second stage, green channel image is enhanced by using contrast-limited adaptive 
histogram equalization and image convolution by using Laplacian of Gaussian. The third stage, convert to binary image based 
on the threshold value of image enhancement results. We use Otsu’s method to determine the adaptive threshold value. To 
improve the binary image results, it is necessary to remove the noises using morphology dilation. The last stage, remove the 
object border using overlapping mask. Our experimental results show that the lowest, the average and the highest of accuracy 
are 84.36%, 88.80% and 91.57% respectively. 
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I. INTRODUCTION 
 
Research on computational biomedics is interesting 
field for the researchers.  Many researches are 
conducted on this field, i.e. cancer detection using 
artificial neural networks, lung segmentation, 
segmentation of optic disc on retinal image, and etc.  
This research also works on biomedics field with 
focusing on segmentation of blood vessel on retinal 
image. 
 
The objective of segmentation of blood vessel on 
retinal image is to determine the existence of the 
diabetic retinopathy diseases.  Diabetic retinopathy is 
one of the causes of irreversible blindness, i.e. the 
recovery process would not make the patient have the 
same vision ability just like before.  Hence the early 
detection of diabetic retinopathy on retinal image will 
prevent the patient for having irreversible blindness. 
 
Segmentation of blood vessel and segmentation of 
optic nerve head are the part of the detection of 
diabetic retinopathy stages.  Computational 
intelligence methods are used for the segmentation 
process. This research focuses on the blood vessel 
segmentation of the retinal image.  The objective of 
this research is to determine the blood vessel in the 
image.  There are three main stages for the 
segmentation process in this research, i.e., first, 
enhancement and convolution of the image; second, 
converting the image into binary image and remove 

the noises using morphology dilation; third, remove 
object border.   
Remainder of the paper is organized as follows, 
section 2 will describe the enhancement process using 
Contrast Limited Adaptive Histogram Equalization 
(CLAHE), section 3 describes convolution method 
using Laplacian of Gaussian, section 4 explains the 
dilation process for the noise removal, section 5 
describes the result and discussion, and finally the 
conclusion section in section 6. 
 
II. CONTRAST LIMITED ADAPTIVE 

HISTOGRAM EQUALIZATION 
 
Retinal Images that are used in this research consists 
of many dark regions, hence, detail information of the 
image is hidden in those regions.  The enhancement 
process of retinal image is required to reveal detail 
information of the image.  Histogram Equalization is 
the enhancement method in the spatial domain of an 
image.  Histogram Equalization (HE) enhances the 
images based on the cumulative distribution of the 
pixel as shown in Equation (1). 
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 where M is number of pixel, N is gray level of pixel, 
n=1, 2, 3,..N; h(k) is a histogram of gray level of k. 
 
The HE method gives good performance if the pixel in 
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the image distributed similarly, since the method 
transform the pixel of the image based on the global 
distribution of the pixel.  However, if there is exist 
regions in the image that are significantly darker or 
lighter compare to its neighborhood, then the HE 
method is not suitable enough to enhance the image.  
Adaptive Histogram Equalization (AHE) is used to 
overcome the contrast region problem. The image is 
divided into regions, and AHE is applied to those 
regions.  Transformation of the pixel in AHE method 
is like the transformation of the pixel in HE method.  
The main difference of the two methods is, the HE is 
based on the global enhancement image, and 
meanwhile the AHE is based on the local or region 
enhancement image. 
 
The key problem that may be arise from the AHE 
method is that the method will gives over 
amplification of the noise in relatively homogeneous 
of an image.  In order to prevent the over amplification 
problem, the Contrast Limited Adaptive Histogram 
Equalization (CLAHE) determines the clip limit 
before the transformation of pixel process.  The clip 
limit is slope value of the histogram distribution of the 
image. The histogram of the pixel that exceeds the 
value of the clip limit is distributed to the 
neighborhood pixels as shown in Figure 1.   
 
The result of the enhancement process using the 
CLAHE method in this research is depicted in Figure 
2.   
 

 
Figure 1. Histogram of the CLAHE method 

 

   
Figure 2.  Original Image (left); Enhanced Image using CLAHE 

(right). 
 

III. LAPLACIAN OF GAUSSIAN (LOG) 
 
The objective of this research is to segment blood 
vessel on retinal image, i.e. the clarity of the blood 
vessel object.  To achieve the goal, edge detection of 
the image is required.  Through the edge detection, the 
blood vessel is separated from the background image.  
This research uses Laplacian of Gaussian (LoG) for 

the edge detection process.  LoG is based on the 
second derivatives of the image in order to capture the 
rapid intensity change of the image.  The LoG of the 
image can be seen in Equation (2). 
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Following are the steps to create the discrete kernel of 
LoG for the convolution process. Determine the 
standar deviation of the LoG and the size of the 
discrete kernel matrix. Obtain the elements of the 
matrix using the Equation (2) based on the determined 
LoG parameters. Figure 3 shows the edge detection 
process using LoG with the size of the matrix is 11 x 
11and the standard deviation is 1.8. 

   
Figure 3.  Enhanced Image using CLAHE (left); detected image 

using LoG (right). 
 

IV. MORPHOLOGY 
 
Morphology is used for noise removal process in this 
research.  The morphology is better method signal 
processing compare to convolution process since the 
morphology works on the shape of the object in image.    
Dilation and Erosion are the basic operation of the 
morphology process.  The dilation will increase the 
size of the original object, meanwhile the erosion will 
decrease the size of the object.  Dilation of the image 
(A) and a small of pixel called structuring element (B) 
is shown in Equation (3). 
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The Equation (3) shows that every pixel in A is 
translated by every pixel in B, then the result of each 
translation is combined,  hence the size of original 
image is increased by the dilation process.  The 
dilation is illustrated in Figure 4.  
 
Figure 4 show that the original image A is dilated 
using structure element (strel) B.  Every pixel in image 
A is translated by every point in strel B, i.e. A(0,0) , 
A(-1,1), A(-1,-1).  The result of dilation process is the 
union of all translated image as shown in Figure 4. 
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Figure 4.  Dilation process on image A with strel B. 

 
V. RESULT AND DISCUSSION  
 
The experiments are conducted on 20 retinal images 
from DRIVE database.  The example of the images is 
depicted in Figure 6. 

 

     
Figure 6. Retinal Images 

 
The segmentation of blood vessel in this research 
consists of three main stages as shown in process 
diagram in Figure 7.   
 
Green channel of the retinal images are used as an 
input for the segmentation process.  The input is 
enhanced using CLAHE method for the better 
enhancement process compare to the conventional 
histogram method.   Dark region from the images are 
enhanced with CLAHE, hence the blood vessels from 
the images are shown clearly.    
 
Blood vessel object from the enhanced retinal images 
is revealed by the convolution process using Laplacian 
of Gaussian method.   
 
The convolution process emphasizes the blood vessel 
object in the retinal images. Clarity of the blood vessel 
is achieved by transforming the image into binary 
image using thresholding process.  The value of the 
threshold in the thresholding process is chosen 
automatically by otsu’s thresholding.   
Dilation process is used for increasing the size of 
blood vessel of the retinal image.  Hence the blood 
vessel that consists of separated pixels is connected 
with the dilation process.  The last stage of the 
segmentation process is border removal using the 
overlapping mask. 

 
Figure 7.  The Process Diagram of Blood Vessel Segmentation 

Sensitivity and specifity are used for the accuracy 
measurement in this research.  Every retinal image in 
the database has its own groundtruth image.  Hence, 
the accuracy is calculated using the groundtruth 
images.  Sensitivity, specificity, and accuracy are 
shown in Equation (4) , Equation (5), and Equation 
(6) 
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True Positive (TP) is number of true detected 
segmented pixel on retinal image based on the 
groundtruth image, True Negative (TN) is number of 
true detected background on retinal image based on 
the groundtruth image, False Positive (FP) is number 
of false detected segmented pixel on retinal image (i.e. 
the pixel is classified as object in the image meanwhile 
the pixel is a background image in the groundtruth 
image), False Negative (FN) is a number of false 
detected background pixel on the retinal image (i.e., 
the pixel is classified as background in the image, 
meanwhile the pixel is an object in the groundtruth 
image). 
 
The result of the segmentation process is shown in 
Figure 8. 
 

  
 

   
Figure 8.  Result of the experiment.  Input image (left) and the 

segmented blood vessel (right) 
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Table 1 shows the specificity, sensitivity, and the 
accuracy of the experiment. Sensitivity is used to 
measure the performance of the system of detecting 
the blood vessel object in the retinal image, specificity 
is used to measure the ability of the system of detecting 
the background object, and meanwhile the accuracy is 
measuring the total performance. The experiment 
shows that the proposed segmentation process 
accurately detected either the blood vessel or the 
background pixel.  This is shown by the average of 
sensitivity, specificity, and the accuracy of the 
segmentation process, i.e. 83%, 95%, and 89% 
respectively. The highest value performance measure 
is the specificity measurement, this can be explained 
that the number of background object is more than the 
number of the blood vessel object; hence the accuracy 
of measuring the background is higher compare to the 
accuracy of measuring the blood vessel object 
 
Table 1.  Accuracy of the blood vessel segmentation 

Data Sensitivity Specificity Accuracy 
1 0,87 0,94 0,91 
2 0,87 0,95 0,91 
3 0,85 0,94 0,90 
4 0,82 0,95 0,89 
5 0,87 0,95 0,91 
6 0,74 0,96 0,85 
7 0,85 0,94 0,89 
8 0,84 0,94 0,89 
9 0,73 0,96 0,84 

10 0,85 0,95 0,90 
11 0,84 0,93 0,89 
12 0,86 0,94 0,90 
13 0,73 0,96 0,85 
14 0,90 0,93 0,92 
15 0,86 0,91 0,89 
16 0,84 0,95 0,90 
17 0,83 0,96 0,89 
18 0,83 0,96 0,90 
19 0,83 0,94 0,89 
20 0,77 0,96 0,86 

Average 0,83 0,95 0,89 

CONCLUSION 
 
Simplification of Modular Supervised method is 
proposed in this research for blood vessel 
segmentation.  In our proposed system reduce the 
determining and normalizing of eigen value from the 
conventional supervised method, without reducing the 
accuracy of segmentation process.  The detected blood 
vessel is analyzed to determine the existence of 
diabetic retinopathy disease for the further research 
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