
International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-7, Issue-1, Jan.-2019, http://iraj.in 

An Entropy-Based Identification and Wid Measurement System for Retinal Blood Vessels 
 

44 

AN ENTROPY-BASED IDENTIFICATION AND WID MEASUREMENT 
SYSTEM FOR RETINAL BLOOD VESSELS 

 
1J. VIJAYAKUMAR, 2L. JEGANSON DURAI 

 
1Associate Professor and Head, Department of Electronics and Instrumentation, Bharathiar University, Coimbatore, 

Tamilnadu, India 
2 Research Scholar, Department of Electronics and Instrumentation, Bharathiar University,Coimbatore, 

Tamilnadu, India 
Email: 1vijayakumar@buc.edu.in, 2jegansondurai@gmail.com 

 
 
Abstract- Retinal Blood vessels are an important one to diagnosing the eye diseases. The identification of the retinal blood 
vessels from the fundus image is a great task to the researchers. At the same time, the severity of the diseases is varied in the 
width of the blood vessels. So the width measurements of the retinal blood vessels are used to categorize the diseases and its 
severity. This research paper proposes an entropy-based identification and width measurement of the retinal blood vessels 
system from the fundus image. This system will be analyzed with the performance of existing proposals in the parameters of 
Sensitivity, Specificity and Accuracy. Finally, the measured width values will be compared with manual measurement values 
and gain the low % of error in the width measurements. 
 
Index terms- Digital Fundus Images, Entropy based system, Retinal Blood Vessels. 

  
I. INTRODUCTION 
 
The diagnosis of all diseases in the human body is a 
broad field of the medical research area. Retinal 
blood vessels are having many salient features for 
diagnosing the diseases and its severity. The retinal 
blood vessel identification system is an important role 
in the identification of the diseases in medical image 
processing. Also, the width of the retinal blood vessel 
plays a crucial role in identifying the severity of the 
diseases, which is also a major one for pinpointing 
the information of the diseases. This research paper 
representing the entropy-based identification and 
width measurement system for the retinal blood 
vessels. The green channel extraction operation, 
histogram equalization and Butterworth filter are used 
to process the given input fundus images, for which 
should be noiseless and having high-intensity values.  
 
The optic disc should be removed for its distraction 
of the retinal blood vessels. The Maximum Entropy 
Thresholding (MET) is presented for identifying the 
blood vessels. Then the width of the blood vessels 
will be measured using the same entropy techniques. 
Finally, the measured width values will be compared 
with the manually measured values. Literature 
review, Methodology, Results and discussion are 
briefly explaining the proposed system, which can 
reduce the limitations and difficulties of the existing 
methods.  
 
II. REVIEW OF LITERATURE 
 
An efficient algorithm [1] is proposed, which 
includes the disparate the vessels from the 
background image using local-phase preserving 
denoising method. The Maximum entropy 
thresholding based method is also used for the 

segmentation of thick vessels. Matched filter based 
blood vessel segmentation method [2] is presented 
and the additive white Gaussian noise had been added 
to testing the efficiency of this method. A neural 
network based systematic algorithm is presented [3], 
in identifying the earlier stages of DR and examine 
the properties of the vasculature in the fundus retinal 
image. A CAD system is developed [4] using curvelet 
transform and mutual information maximization 
method for blood vessel identification, which is also 
detecting the ill-defined edges.  

 
Table.1 –Sensitivity, specificity and accuracy values from the 

reviewed articles 

 
 
A combined model of CNN and RF methods is 
suggested [5] to blood vessel segmentation, which is 
used to learn the multiscale information of the fundus 
image. K-means clustering based algorithm is 
presented [6] to identifying the prevalence stage of 
retinal disease by the comparisons of the blood 
vessels in various stages. The Particle swarm 
optimization based approach is proposed [7] for 
suppressing the noises of multiscale MF’s and 
maintaining the higher accuracy. A hierarchical 
image matting model-based segmentation method is 
presented [8] to extracting the foreground object from 
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the fundus image. This method is used for utilizing 
the continuity of the blood vessels with low time 
consumption. The sensitivity, specificity and 
accuracy values are tabulated for these reviewed 
articles in Table 1. 
 
III. METHODOLOGY 
 

 
Figure 1: Block Diagram for the process of Identification and 

Width Measurement of Retinal Blood Vessels 
 
The process of the proposed work is illustrated in 
Figure 1, three segments of works are combined in 
this process. First one is preprocessing, the input 
images are very noisy in natural. So, they must be 
reduced before the main operation. First, the green 
channel of the image will be extracted from the 
fundus image, because of the number of green pixels 
are higher than the red and blue pixels and also the 
green channel is the most visible one. The next step is 
Histogram equalization, which is used to enhancing 
the contrast of the input image. Then the Butterworth 
filter will be applied to reduce the noises of the input 
image.  
 
The output of the preprocessed images is the 
noiseless and contrast-enhanced image. The second 
process is the identification of retinal blood vessels 
from the retinal fundus image. The optic disc removal 
is the more important process because the retinal 
blood vessels can be distracted by the presence of the 
optic disc. So, the optic disc should be removed. The 
main content of this work, Entropy-based 
thresholding method is applied. The Maximum 
Entropy Thresholding (MET) is used in this research 
paper, to get more accurate results. After this process, 
some unwanted small particles are acquired, that 
should be neglected using small object removal 
operation. The width measurement of the identified 
blood vessels is a major process to apply in the 
diagnosis of the retinal diseases. Using manual and 
Entropy-based methods, the width values will be 
measured and the error percentage will be calculated. 
Finally, the proposed research work should be 
reducing the limitations of the existing works. This 
algorithm will be simulated with the MATLAB 
R2017a environment and the retinal images are 
collected from the DRIVE database. 
 
Step 1: The input fundus image is denoted as I (u, v), 
which must be non-zero and finite, that value is 0 <I 
(u, v) < ∞. 

 
Step 2: Naturally the images are having many green 
pixels, which are approximately twice, compare to 
the red and blue pixels. So, the green channel 
extraction is a crucial one to get an accurate 
segmentation of blood vessels. 

 
Figure 2: Extraction of Red, Green, and Blue Channels from 

fundus image 
 
The green channel extracted image is defined as 

I u, v   I u, v  : , : ,2 (1) 
whereI u, v  is the green channel extracted the 
retinal image, I u, v  is the input image. 
Step 3: The histogram equalization is the discrete 
function. It is used to improve the contrast of the 
input image. It is defined as  

H i N (2) 
whereN is the total number of pixels in the image 
with intensity values and i  is the nth intensity value. 
The retinal image will be convoluted with the 
histogram equalization equation as follows, 

Ih u, v I u, v ∗  H i (3) 
whereIh u, v  is a histogram equalized image. 
Step 4: The image filtering is done by using High 
pass Butterworth filter. The transfer function for the 
nth order of Butterworth High pass filter is given as 
follows 

I u, v  
/ h ,

(4) 

where I0is the cut-off frequency and I u, v is the 
filtered image.  
Step 5: Consider the ball structural element B, which 
is looking same as optic disc by its shape. That will 
be identified and neglected from the image for the 
optic disc removal operation.  

I u, v  I u, v B(5) 
whereI u, v  is the retinal image, which optic disc 
is removed. 
 
Step 6: Consider I , i is the intensity value of the 
filtered image. Commonly i takes the integer values 
from 0 to 255. We consider that I , i  is normalized, 
that is 

∑ I , i 1(6) 
Consider the threshold value as t, which will be taken 
between 0 and 255. The equations for the entropy of 
the white and black pixels are as follows: 

H t  ∑ I , i  Log I , i  
    ions for the e white 
andblack pixels are as follow: Il be convoluted 

withthe histogram equalization equation as follows. 
(7) 

H t  ∑ I , i  Log I , i (8) 
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The threshold can be selected by increasing the 
entropy of black and white pixels: 

T Arg
, ,…

Max H t H t (9) 

 
The thresholding operator T, will be convoluted with 
the filtered image I u, v as follows, 

I u, v  I u, v ⊗  T(10) 
 
Step 7: The retinal blood vessels will be more over 
segmented clearly from I , but some of the small 
objects in the pixels are producing noise, which is 
distracting the vessel curves. So, those small objects 
should be eliminated by the operation of ‘area 
opening’. Assume P as the number of pixels, which 
will be given as our need. In the image I u, v ,  

I
1, p I u, v

0,         p I u, v (11) 

 
Here I  is the final output in the process of retinal 
blood vessel segmentation. Now, the diameter of the 
retinal blood vessel should be calculated. 
Step 8: In the vessel detected image, assume some 
independent random values from a discrete set of 
possible n values {1,2….R}  with probabilities of  the 
width values in the blood vessels are {P(w1, w2,….. 
wR)}, then the Entropy of this problem is the average 
of the width value information, which is defined as 
follows 

H  ∑ P w Log P w (12) 
 

 
Figure 3: Width measurement on retinal blood vessels using 

entropy based method 
 
Here, H is the average entropy value which will be 
the width of the vessel, R is the number of readings 
we take. In the above Figure 3, R=5 and w1…w5 are 
the width values in various positions. From this 
methods, we can earn more efficiency in blood vessel 
segmentation.   
The sensitivity, specificity, accuracy and percentage 
of error values should be calculated for measuring the 
efficiency of the system and reducing the error and 
those equations are as follows 

Sensitivity  

Speci icity  

Accuracy  ⎭
⎪
⎬

⎪
⎫

(13) 

% of Error = 
  

 
∗ 100(14) 

IV. RESULTS AND DISCUSSIONS 
 
The proposed retinal blood vessel identification 
system provides better results, the outputs of every 
action in this process are shown in below Figure 4. 

 
Figure 4: Results from the preprocessing steps 

 
First, the green channel of the retinal fundus image is 
extracted and it is converted into the grayscale image 
as shown in Figure 4 (b), those images are in low 
contrast and having low-intensity values. So the 
histogram equalization is applied to the image, then 
the contrast of the retinal image is enhanced as shown 
in Figure 4 (c). Then the Butterworth filter is applied 
to reducing the noises in the image as shown in 
Figure 4 (d). It works more precious than other filters. 
Now the image is noiseless, more intensity valued 
and ready to give as the input for the identification 
process.Some of the retinal blood vessels are 
presented on the optic disc. So, the optic disc is 
removed without any changes in the retinal blood 
vessels. Now the image is thresholded with the 
maximum entropy operator as per the Equation (8). 
Some small objects are also detected and it is also 
neglected using the Equation (9). Finally, the retinal 
blood vessels are identified, they are denoted in 
Green colour on the original fundus image. The final 
results of the fundus images using the proposed 
method are shown in below Figure 6 as follows. 
 

 
Figure 5: Results of Blood Vessel Identification Process 
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Figure 6:Final Results – 

Original and Vessel identified fundus images 
 

Table.2–Performance Analysis of Proposed Blood Vessel 
Segmentation Algorithm 

 
 

The efficiency of this proposed method should be 
analyzed with the sensitivity, specificity and accuracy 
values. The values of these parameters are tabulated 
for the 10 images in Table 2. The average value of 
sensitivity is 0.9580. This value is higher than other 
existing methods except Sudeshna et all. [2], whose 
value is 0.9745. For the specificity calculation, the 
average value is calculated as 0.9872, which is better 
than other existing methods but lower than [2] and 
[5]. Accuracy is more process to decide the system 
will be more accurate or not. The results of our 
proposed method, the accuracy is 0.9812. This value 
is better than all of the existing methods which are 
reviewed in this research work. From these results, 
the proposed system is more efficient but to improve 
the sensitivity and specificity values by reducing the 
difficulties in our method. 
The width measurement of the retinal blood vessels is 
proposed using entropy-based techniques. By using 
equation (12), the width values of the various 
positions are taken as w1,w2…w5in the retinal blood 
vessels. The entropy-based operations are used to 
measure the width of the retinal image and also 
measure the width by the manual. The width 
measurement of the retinal blood vessels using 
manual and entropy-based methods as shown in 
Figure 6 and the calculation of the error between 
manual and entropy based methods as shown in the 
Table 3. 

 
Figure 6:Width Measurement of Retinal Blood Vessel using 

Manual and Entropy Based Method 
Table.3–Calculation of Error value between Manual and 

Entropy based methods 

 
 
The percentage of error is calculated between the 
manual and the entropy-based method using Equation 
(13). The error value will be zero, then it will be a 
good and efficient system. For Sample 8, the 
percentage of error value is very lower than the 
others. At the same time, for Sample 6 and sample 9 
the values are more than 1. This represents an 
inaccurate width measured by our proposed method, 
which is the real-time difficulties. The number of 
readings will be taken to reduce the percentage of the 
error value. Eventually, the retinal blood vessels are 
identified and the width of the retinal blood vessels 
are calculated using the entropy-based techniques.  
 
CONCLUSION 
 
Finally, the retinal blood vessels are identified and 
the width of the retinal blood vessels are measured 
using the proposed entropy-based system. This 
system proved its efficiency over the existing 
methods by its accuracy values. But the sensitivity 
and specificity values are lower than two more 
systems. This will happen in real time identification, 
which will be reduced in our future work. The 
percentage of error calculation describes the proposed 
system is very nearer to the manually measured 
values. This system will be used to identifying the 
blood vessels from the fundus images in disease 
diagnosis and width measurement will be used to 
determine the severity of the retinal and other organ 
diseases. 
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