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 
Abstract: It is necessary to verify the state of blood vessel 

network in the retina for diagnosing various issues associated 
with eyes. In this research paper, an involuntary retinal vessel 
segmentation using mathematical morphology is proposed. The 
contrast of the retinal images is enhanced by contrast limited 
adaptive histogram equalisation technique. Ten blood vessels of 
the enhanced retinal image are detected using morphological 
processing. The hysteresis thresholding is applied on the blood 
vessels detected image to remove the unwanted back ground 
detail. Finally the properly segmented binary image of the retinal 
vessel is obtained using post processing process. Results of the 
presented method are verified by using most widely used for 
benchmarking retinal image databases such as, Child Heart and 
Health Study in England (CHASE_DB1) and Digital Retinal 
Images for Vessel Extraction (DRIVE) database by computing the 
evaluation metrics such as sensitivity, specificity, accuracy and 
precision. The better evaluation metrics achieved for the DRIVE 
dataset are 0.7493, 0.9687, 0.9524 and 0.6590, and the worst 
values are 0.6621, 0.9411, 0.9137 and 0.5491. The best evaluation 
metrics values for the CHASE_DB1 dataset are 0.5058, 0.8947, 
0.9382 and 0.8856, and the worst values are 0.5639, 0.9581, 
0.9137 and 0.7110. The investigational results show that the 
suggested approach provides the excellent accuracy in 
comparison with other approaches. 
Keywords: Blood Vessel segmentation, Morphological processing, 
Retinal images.  

I. INTRODUCTION 

Nowadays, the retinal fundus imaging becomes popular in 
research community for monitoring several eye disorders. It 
plays a vital role in providing assistance to ophthalmologists 
and cardiologists. However, the quantitative evaluation 
requires appropriate segmentation of the vascular tree. The 
involuntary and accurate segmentation is important because 
labour-intensive segmentation of blood vessels in retinal 
images is both time intense and error-prone process for skilled 
physicians. [28-30].   
Numerous numbers of papers published about the automatic 
blood vessels segmentation and still the segmentation 
accuracy results are not in the acceptable level. 
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 In this research paper, an involuntary retinal vessel 
segmentation using mathematical morphology is proposed. 
The contrast of the retinal images quality is improved by 
contrast limited adaptive histogram equalisation technique. 
Then blood vessels of the enhanced retinal image are detected 
using morphological processing. The hysteresis thresholding 
is applied on the blood vessels detected image to remove the 
unwanted back ground detail. Finally the properly segmented 
binary image of the retinal vessel is obtained using post 
processing process.  
The rest of the research paper is structured as follows: Section 
2 deals with the survey of the blood vessels segmentation 
algorithms present in the literature followed by summary of 
existing blood vessels segmentation techniques. Section 3 
gives detail description of the presented retinal blood vessels 
segmentation algorithm. Detail about the benchmark retinal 
image datasets used in our experimentation is given in Section 
4. Section 5 demonstrates the performance in terms of the 
evaluation metrics used to show the efficacy of the presented 
algorithm. The experimental analysis of the proposed 
framework is given in Section6.  In Section 7 deals with 
concluding remarks which is then followed by future 
challenges. 

II.   LITERATURE REVIEW  

In this Section, the numerous existing retinal blood vessels 
segmentation algorithms are discussed along with its 
drawbacks. 
Marín et al. [1] has introduced a new blood vessel 
segmentation algorithm based on supervised neural network. 
The retinal images are pre-processed by extracting a 7-D 
feature vector and these features are given as input to a neural 
network. Post processing technique is applied to fill the pixel 
gaps in the detected blood vessels which intern eliminate 
falsely-detected isolated vessel pixels. Although method is 
very simple, it achieves high accuracy under different 
illumination conditions proving its robustness and simplicity 
in systems for computerized detection of eye diseases. 
Gegundez-Arias et al.[2]  have proposed a new evaluation 
metric, based on the evaluation of measurable features 
relating vasculature. Precisely, this technique allows vascular 
structure impost through its characterization. In 
Salazar-Gonzalez et al. [3], a novel segmentation technique 
has presented which initially uses graph cut method to 
segment the vascular structure of the retina and uses blood 
vessel information to locate the optic disk. Author has 
employed two different segmentation techniques.  
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Experiments results have proved that this segmentation 
method overcomes the disadvantages in particular the 
intersecting tissue segmentation.  
A new supervised retinal blood vessel segmentation method 
using deep neural network is presented by Li et al. [4]. The 
presented technique outperforms other standard techniques in 
terms of the evaluation metrics. The outcome of cross-training 
estimation specifies its toughness to the training set. This 
technique reduces the computational burden of system as it 
does not require artificially designed features and 
pre-processing steps.  
In Zhang et al. [5]), to attain the proper position with the local 
structures a new method proposed. The LAD frame is created. 
The LAD frame provides the multi-scale filtering and 
enhanced the retinal blood vessels. The presented technique 
outperforms other standard techniques. Morphology based 
global thresholding is proposed in Jiang et al.[6] to extract the 
retinal structures. This technique not only provides greater 
accuracy and superior robustness, but also decreases the 
computational burden of system and reduces the execution 
time. 
Eladawi et al. [7] introduced involuntary retinal blood vessels 
segmentation system using Optical Coherence Tomography 
Angiography (OCTA) images. A pre-processing and 
segmentation of blood vessels is done through the GGMRF 
model and MGRF model. Jiang et al. [8] have suggested a 
overseen way to segment retinal blood vessel using 
convolutional network with transfer learning. The suggested 
technique is very simple and shown the excellent performance 
over the other conventional retinal blood vessel segmentation 
algorithms. 
Girard, Kavalec, and Cheriet [9] have proposed a semantic 
segmentation method that uses deep-learning techniques to 
segment and classify the retinal blood vessels into veins and 
arteries. This method is fast and definitely scalable to any size 
of fundus image. It also employs a novel global 
arterio-venous ratio (AVR) measure to detect significant 
changes in diabetic retinopathy (DR) cases. Chudzik et al. 
[10] proposed blood vessels segmentation approach and 
reported the performance of their method with the DRIVE 
and STARE databases. They achieved AUC of 0.964 on the 
DRIVE database and an AUC of 0.983 on the STARE 
database. Since segmentation results not shown in the paper, 
very difficult to predict the robustness of the technique. 
Another method proposed by Hajabdollahi et al [11], and 
achieved excellent performances with an AUC of 0.97 and an 
accuracy of 0.961 on the STARE database. Soomro et al [12] 
verified their method on the two benchmarking databases, and 
the performance of the method is highly comparable to that of 
other existing approaches. Tan et al [13] suggested a 7-layer 
CNN based method to segmenting the retinal blood vessels. 
Their accuracy is low. The summary of the existing 
algorithms on the topic of our research is given in Table-I . 

III. PROPOSED BLOOD VESSELS SEGMENTATION 

ALGORITHM 

The detail explanation of the proposed algorithm is given 
below in the form of steps. It is also expressed in the form of 
block diagram in Fig.1. 
Step1: Retinal image pre-processing 
To enhance the retinal image, CLAHE technique is applied on 
the complemented green channel of the input retinal image. 

Step2: Vessel detection using morphological operations 
The retinal vessel segmentation is done using morphological 
operations. It applies the structuring element to the image and 
output the image of same size. The morphological dilation 
and open operation is performed on enhanced retinal image. 
Opening is a process that does morphological erosion 
followed by dilation. Output image from dilation operation 
subtracted from Output image from opening operation. Then 
closing operation is performed on difference image. 
Step3: Retinal image segmentation using hysteresis 
thresholding 
The hysteresis threshold is applied on the extracted retinal 
vessels. A hysteresis thresholding uses two thresholds. After 
applying the threshold the back ground is eliminated and the 
properly segmented binary image of the retinal vessel is 
obtained. 
Step4: Post processing of segmented retinal image 
Post processing of segmented retinal image is done to 
segment the retinal image by eliminating the small objects and 
filling the small holes. 
Step5: Performance evaluation 
In the final stage, performance of the presented system is 
evaluated in terms of the evaluation metrics such as Accuracy, 
Specificity, Sensitivity and precision by comparing obtained 
segmentation results with the manual segmented retinal 
images. 

IV.  RETINAL IMAGE DATABASES 

Digital Retinal Images for Vessel Extraction (DRIVE) [14] 
and CHASE_DB1 [15] are two most widely used databases to 
analysis the retinal images. DRIVE database has 40 images, 
40 images are split into two groups namely training and 
testing images. A spatial resolution of each image is 768×584 
pixels. Each image has its own mask images and manually 
segmented images. CHASE_DB1 dataset comprises of 28 
colour fundus images captured with a Nidek NM 200D fundus 
camera from patients. A number of pixels of each image are 
1280×960. Along with this manual segmentation results of 
vessel tree are provided.  

V.  EVALUATION METRICS 

The performance of the existing retinal image vessels 
segmentation was assessed by measuring the four metrics 
such as accuracy, True positive rate (sensitivity), specificity 
and precision. These metrics are expressed as follows: 

1) Accuracy metric can be expressed as  

 
2) Sensitivity (True Positive Rate), replicates the 

capability of the algorithm to identify the vessel’ 

pixels. It is expressed as 

 
3) Specificity, ability to identify non-vessel pixels. It can 

be expressed as  

 
 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 
ISSN: 2278-3075 (Online), Volume-8 Issue-12, October 2019 

2916 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: K18300981119/2019©BEIESP 
DOI: 10.35940/ijitee.K1873.1081219 
Journal Website: www.ijitee.org 

4) Precision measure can be expressed as 

 
Where , 
  

   
. Accuracy is the foremost measure that 

provides the overall classification performance of the vessels 
pixels. 

VI.  EXPERIMENTAL ANALYSIS  

All the experiments are conducted using MATLAB2018a on 
PC with 128GB RAM and 2.9GHz CPU. The performance of 
the presented blood vessels segmentation method is assessed 
over two benchmark datasets i.e. DRIVE and CHASE_DB1. 
To assess the performance of the presented retinal image 
blood vessels segmentation algorithm, we calculate the 
specificity, sensitivity, accuracy and precision for the 
benchmark datasets such as DRIVE and CHASE_DB1. We 
also show the segmented blood vessels of the DRIVE retinal 
image datasets in Fig.2 and CHASE_DB1 retinal image 
datasets in Fig.3. For each retinal image in the datasets 
presented morphological based segmentation is applied and 
the evaluation metrics are measured by taking the ground 
truth segmentation results. These metric values are given in 
Table-II. Table-III presents average results of the 
performance metrics for the datasets used for evaluation. The 
better value of the evaluation metrics for the DRIVE dataset 
are 0.7493, 0.9687, 0.9524 and 0.6590, and the worst values 
of are 0.6621, 0.9411, 0.9137 and 0.5491. The best 
evaluation metrics for the CHASE_DB1 dataset are 0.5058, 
0.8947, 0.9382 and 0.8856, and the worst values are 0.5639, 
0.9581, 0.9137 and 0.7110. 
The performance results of the proposed segmentation 
algorithm are related to those of the recent retinal image blood 
vessels segmentation algorithms such as Zhang etal.[5] 2016, 
Jiang et al.[8] 2018, Salazar-Gonzalez et al.[3]  2014 & 
Jiang et al.[6] 2017 in Table 3 for DRIVE and CHASE_DB1 
datasets. The proposed segmentation algorithm attains better 
than the existing recent segmentation algorithms in terms of 
the evaluation metrics equally for both the benchmark retinal 
image datasets. It is shown in Fig.4 & Fig.5.  

 
Fig.4 Segmentation results comparison for DRIVE 

datasets 
 

 
Fig.5 Segmentation results comparison for 

CHASE_DB1 datasets 

VII. Conclusion 

A novel retinal image blood vessels segmentation algorithm 
using mathematical morphological processing is proposed. 
The performance of the proposed blood vessels segmentation 
algorithm is validated against the two benchmark datasets 
namely DRIVE and CHASE_DB1 in terms of the 
segmentation evaluation metrics such Sensitivity, Specificity, 
Accuracy and Precision. It attains the best values of the 
evaluation metrics for the DRIVE dataset are 0.7493, 0.9687, 
0.9524 and 0.6590, respectively and the worst values are 
0.6621, 0.9411, 0.9137 and 0.5491, respectively. The best 
value of accuracy, precision, sensitivity and specificity for the 
CHASE_DB1 dataset are 0.5058, 0.8947, 0.9382 and 0.8856, 
respectively and the worst values are 0.5639, 0.9581, 0.9137 
and 0.7110, respectively. Experimentation results prove that 
the performance of the proposed is superior to the state of the 
art algorithms in terms of the segmentation evaluation 
metrics. From the segmented blood vessels retinal images 
finding various disorders in human eye is the challenging task 
need to work in future. 
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Fig. 1. Proposed blood vessels segmentation algorithm 
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Fig.2 .Segmentation results for DRIVE datasets 
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Fig.3 .Segmentation results for CHASE_DB1 datasets 
 

Table-I: Summary of the existing techniques 
Method, year Techniques used Performance Metric Validation data sets 

Yin et al. [16] 2010 
Vessel tracing method based 
on statistical approach. 

True Positive Rate, 
False PR Positive Rate 

DRIVE 

Budai et al. [17] 2010 
Gaussian pyramid 
multi-scaling. 

SE, SP, ACC, STARE, DRIVE 

Marín et al.  [1] 2011 
Neural network (NN) scheme 

for pixel classification 
SE, SP, ACC, STARE, DRIVE 

Kaur and Sinha [18], 
2012 

Gabor filter used as Filter 
Kernel 

ROC STARE, DRIVE 

Xie, S.& Nie, H. [26] 
2013 

Genetic algorithm+FCM ROC,ACC DRIVE, STARE 

Odstrcilik et al. [19], 
2013 

Improved Gaussian matched 
filter of t-dimensional. 

SE, SP, ACC, STARE and DRIVE 

Zolfagharnasab     et al. 
[20],2014 

Caushy PDF used as Filter 
Kernel 

ACC, FPR DRIVE 

Salazar-Gonzalez et 
al.[3]  2014 

Markov random field (MRF) + 
Graph cut segmentation 

TPR, FPR, ACC 
DIARETDB1, 

DRIVE, and STARE 

Singh et al. [21],2015 
Entropy thresholding and 

Modified Gaussian matched filter 
SE, SP, ACC, DRIVE 

Zhao et al. [22],2015 Active contour Approach SE, SP, ACC, STARE and DRIVE 

Kumar et al. [23] 2016 
Laplacian of Gaussian used as 

Filter Kernel 
SE, SP, ACC, STARE, DRIVE 
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De et al. [24] 2016 Graph theory GFPR STARE and DRIVE 

Maninis et al. [25] 2016 
Deep Convolutional Artificial 

Neural Networks 
ROC STARE, DRIVE 

Li et al. [4] 2016 
cross-modality learning by 

deep neural network 
ACC, SP, SE, ROC 

DRIVE, STARE, 
CHASE_DB1 

Zhang etal.[5] 2016 
A locally adaptive and 

left-invariant rotating derivative  
frame 

AUC, SP, SE, ACC 
DRIVE, STARE, 
CHASE_DB1 

Eladawi etal.[7]  2017 
Generalized Gauss-Markov 

random field (GGMRF) model 
AUC, DSC, VVD mild DR cases 

Jiang et al. [27] 2017 
Morphological and Global 
thresholding operations 

Acc, Execution time STARE, DRIVE 

Jiang et al.[6] 2017 
Morphology based global 

thresholding 
SE, SP, ACC STARE, DRIVE 

Jiang et al.[8] 2018 
with transfer learning 

incorporated in fully 
convolutional network 

AUC, SP, SE, ACC 
STARE, DRIVE, 

CHASE_DB1 and HRF 

Girard, Kavalec, and 
Cheriet [9]  2019 

Convolutional neural network 
(CNN) 

ACC, SP, SE, CT-DRIVE 

ROC: Receiver Operating Characteristics; ACC: Accuracy; SP: Specificity; SE: Sensitivity;  
FPR: False Positive Rate; GFPR: Geometric False Positive Rate 

 
Table-II: Segmentation evaluation metrics 

Test Image Datasets Sensitivit
y 

Specificit
y 

Accurac
y 

Precisio
n 

1  
 

DRIVE 

0.7493 0.9687 0.9523 0.6590 

2 0.7068 0.9668 0.9433 0.6788 

3  0.6621 0.9411 0.9137 0.5491 

4 0.2736 0.9601 0.9251 0.2685 

5 0.2241 0.9877 0.9365 0.5661 

6  
CHASE_DB

1 

0.5420 0.9905 0.9243 0.8020 

7 0.5058 0.8942 0.9382 0.8856 

8 0.5639 0.9581 0.9137 0.7110 

 
Table-III: Results Comparison for the DRIVE and CHASE_DB1 databases.  

 
Method 

DRIVE CHASE_DB1 
Sensitivity Specificity Accuracy Precision Sensitivity Specificity Accuracy Precision 

Zhang etal.[5] 2016 0.7289 0.9402 0.9387 0.6389 0.4983 0.8879 0.9261 0.8764 

Jiang et al.[8] 2018 0.7134 0.9534 0.9456 0.6432 0.5029 0.8975 0.9302 0.7802 
Salazar-Gonzalez et 

al.[3]  2014 
0.7295 0.9489 0.9329 0.6267 0.4709 0.8629 0.9029 0.8640 

Jiang et al.[6] 2017 0.7337 0.9570 0.9484 0.6406 0.4568 0.8890 0.9256 0.7789 

Proposed 0.7493 0.9687 0.9523 0.6590 0.5058 0.8942 0.9382 0.8856 
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