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Abstract:  

                  Image processing using Optical coherence tomography (OCT) scan retinal images helps to detect diabetic 

retinopathy. Diabetic retinopathy involves any disorder concerning specific retinal areas caused by diabetes and it is a 

major cause of vision loss. This disease can damage the retina’s blood vessels, resulting in visual impairment. Diabetic 
retinopathy usually affects people's left and right eyes. The intensity of the disease can differ within the eyes. Retina 

problem is adjusted by color image segmentation it differs from nerves and arteries. The existing Methods namely CV and 

GAC method diabetic retinopathy identify without extracting blood vessels. By using blood vessel extraction with the 

machine learning approach is used to improve the accuracy of a diabetic person through retinal images. In this paper, the 

concept of a machine learning method is used in the blood vessel extraction on both left and right diabetic retinopathy. The 

proposed method identifies a normal and abnormal result of blood vessels in the retina. The comparative analysis is 

presented in this paper for existing and proposed methods. The results of the quality metrics Accuracy, Precision, Recall 

were analyzed with existing and proposed methods to identify the diabetic retinopathy. 
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I. INTRODUCTION 

Image processing is a collection of 

computational techniques for optimizing, 

analysing, compressing, reconstructing images. 

There are two major categories in image 

processing, namely analog, and digital image 

processing. In diabetic retinopathy, excess sugar 

in the blood prevents the formation of tiny blood 

vessels in the retina and reduces its blood supply. 

In today's population, diabetes is one of the most 

common chronic diseases that can affect the entire 

population and is characterized by an excess of 

blood glucose. Retinal injuries related to diabetes 

are utilized to assess various stages and the 

seriousness of this sickness. Diabetic retinopathy, 

that term called diabetic eye sickness and has 

become a primary problem for mild to moderately 

aged people. Early conclusion through the normal 

screening is prescribed to diabetic patients, which 

can enable them to avoid visual deficiency and 

visual misfortune. The rate of ophthalmologists is 

pretty low in the number of people with diabetes. 

Ophthalmologists, in India, are not doing enough 

to support the growing diabetes population. India 

has an ophthalmologist for every 1, 00,000 

patients and this proportion is much smaller for 

rural settings. At present 3rd reason for visual 

deficiency in India is diabetic retinopathy. 

 
 
Fig 1: Sample eye affected by diabetic retinopathy 

 

Lots of methods have been intended in the last 

few years. There are divided into two methods, 

one is supervised learning and the other one is 

unsupervised learning. These technologies are 

used in the medical field. This disease is divided 

into two important classes such as proliferative 

DR (PDR) and non-proliferative DR (NPDR). 

NPDR is categorized into several types due to 

complications in the retina. NPDR also has three 

different stages: mild, moderate, severe. The 

Medical specialists classify color retina images 

into five categories: Normal, PDR, Moderate 

NPDR, Mild NPDR, and Severe NPDR. The 

important symptoms of diabetes are 

Microaneurysms (MA) and Hemorrhages (HM), 

Exudates (EX). The NPDR (Non-proliferative 

diabetic retinopathy) is the initial staging of the 

condition in which the signs are mild or absent. In 

NPDR, the retinal blood vessel is impaired. A 

small amount of swelling within the blood vessels 

called the micronuclei can flow liquid inside that 

retina. This leak can lead to inflammation of the 

macula. PDR (proliferative diabetic retinopathy) 

is a complicated condition of the disease. This 

problem makes the circulation of cause the loss of 

oxygen within the retina.  As a result, new 

delicate blood vessels cause to develop in the 

retina, the back of the eye a gel-like fluid fills. 

The new development of blood vessels can flow 

the blood into an airy, cloudy sight. Several 
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complexities of PDR join a separation from that 

retina as a result of scar tissue course of action 

and the growth of glaucoma. Glaucoma denotes a 

sight sickness where there is a growing loss to the 

optical nerve. In PDR, new enlists vessels to form 

into the zone of the eye that channels fluid from 

the eye. This immensely raises eye weight, which 

damages the optic nerve. At whatever point left 

untreated, PDR can cause outrageous vision 

incident and even visual insufficiency. Although 

manual segmentation is difficult, time-consuming, 

and requires expertise, the automatic definition is 

known to be possible with high accuracy. Finally, 

image analysis methods are used to detect DR 

from retinal images from the human. One such 

contribution is to improve the image, thereby 

improving the contrast and sharpness of the 

images to reduce noise. Other methods of image 

processing that aid in DR diagnosis are blood 

vessel extraction and detection using machine 

learning classification systems. 

 

II. RELATED WORK 

In literature can be analyzed with a variety of 

methods and classifiers used for the DR detection 

and some of which with good results are 

compared here. 

Burewar et al [1] Identifying the different levels 

of affected area by using the U-NET section as a 

merger and transferable neural network. Retinal 

section is a technique that automatically detects 

the boundaries of blood vessels within the retina. 

This allows the classifier to detect important 

features such as retinal detachment. Zhu, C et al. 

[2]. It is used in Extreme Learning Machine 

(ELM). This is very good realtime computer-

aided diagnosis and disease screening but its 

training model is expensive. Venkatesan, Ragav, 

et al [3]. Suggest a technique for computerized 

detection of retinal images for identifying MA, 

neo vascularization as a three class problem. An 

upgraded shading auto correlograms highlight 

with low measurement was proposed for DR 

pictures. Classifying the DR images with multiple 

occurrence research frameworks are used in the 

retinal images. Verma,et al[4] Once a diagnosis 

with DR detects bleeding and blood vessels. 

Analysis of density and boundary box methods 

implies used to separate bleeding. The 

classification denotes given using a random forest 

classifier, classified as mild, moderate, and severe 

cases. Amin, J. et al. [5] used anatomical 

Predictors of Bright sore . Which is a mixture of 

analytical and geometrical features are used for 

the classification, but cotton wool spots, 

hemorrhages and microaneurysms are not 

identified.L. Ngo and J. H. Han , et al. [6] This 

paper covers a Multi-level deep neural network. 

This method improves upon the generalization of 

the training procedure but gives lower 

classification accuracy.  SujithKumar S B, Vipula 

Singh, et al [7] An analysis of MA diagnosis as an 

early clinical indication of diabetic retinopathy. 

Early microaneurysms detection can help to 

reduce blindness. Biran, A., P. SobhiBidari et al 

[8] Automated methods for detection and The 

classification of the DR is proposed. The process 

begins with the pre-processing phase. The several 

image processing techniques are Green Channel 

Extraction, CHT, CLAHE, and Thresholding. 

Then, bleeding and exudates are extracted. Gabor 

Filter and CHD After that, six Features are 

defined as the input to the last stage Classifying 

the INPUT image as the normal retina, NPDR or 

PDR. The classification process is done by using 

SVM. L. Sathish Kumar & A. Padmapriya., [9] 

this author used the method for efficient 

extraction and forecasting based on unstructured 

format input. 

III. PROPOSED FRAMEWORK 

In this proposed approach for blood vessel 

extraction in the retina of the eye have been 

successfully demonstrated through a machine 

learning algorithm that has been employed such 

as digital eye images to determine whether or not 

the eye is affected by diabetes by dividing the 

blood vessels image. Color image segmentation is 

mainly used to differentiate between arteries and 
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veins. This paper demonstrates a pixel-based 

method for retinal vessel segmentation. The input 

color images were collected from the DRIVE 

dataset (Niemeijer et al. 2004). The DRIVE 

dataset was utilized to analyze the execution of 

retinal vessel segmentation DRIVE datasets 

contain 40 colors retinal images which are divided 

into test datasets and training datasets (Kohli et al. 

2014). Each data set contributes 40 images with 

565 and 584 height pixels in width. The truth is, 

retinal images that are manually marked by the 

expertise were a combination of morphological 

processes to identify blood vessels. The 

architecture of the proposed work is given in 

Figure 2. It includes retinal image pre-handling in 

which the image is prepared in various image 

processing functions to segment the MA, veins, 

hemorrhages, and exudates. This paper tries to 

automatically diagnosis diabetic retinopathy in a 

completely automated system for diagnosing 

diabetic retinopathy (DR). The input to this 

system is part of a human eye, which is received 

by people. The anatomical part of the eye is an 

organ of vision. The eye has many components, 

including the lens, iris, retina, optic nerve, 

vitreous, macula, cornea, choroid, and pupil. The 

Microaneurysms, hemorrhages, and exudates in 

blood vessels can be easily identified by dividing 

the blood vessels in the retina. Next, the selected 

attributes are assigned to the SVM classifier for 

different intensity levels for the DR quality. The 

proposed method, fundamental parts are, 1) Pre-

processing, which is an RGB channel's grey 

image, image filtration, binarization process, and 

Edge identity (2) Extract the image if it suffers 

from a recognized retina image that shows up in 

three stages and if it is not affected by its 

reliability. 

 

 
Fig 2: Prediction of Diabetic retinopathy 

 

A. Pre-processing 

Therefore, some methods to increase the image 

quality obtained the acquired image. Four main 

steps contribute to the preprocessing stage, 

namely the use of green channel change, contrast 

enhancement, background exclusion, and filtering. 

The mandatory part of the image is to increase the 

contrast enhancement. The concept behind a 

differential extension of processing describes the 

enhancement of the effective range of grey levels. 

Image Processing Linear and non-linear digital 

techniques are the two widely practiced methods, 

increasing the contrast of an image. The opening 

image of the retinal image is a combination of the 

visual areas of the image that corresponds to the 

particular structural element. The first step of our 

proposed method is the extraction of green 

channel components. The next step is to remove 

the retina image's visual disk. Retinal detachment 

is the most important step for the retinal blood 

vessels. The optic disc size varies depends upon 

the patient. The diameter always varies between 

80-100 pixels this is a standard retinal image. 

Optic disc removal of retinal blood vessels is a 

most challenging task. Because the optic disc 

boundaries, veins, and arteries are also connected. 

The optic disc of the retinal part is not visible for 

some patients. 

 
B. Filtration 
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The Gabor filter consists of the result between 

an elliptical Gaussian and a sinusoidal. It can be 

assumed for simplicity that the rotation of the 

Gaussian and the sinusoidal are the same as their 

principal axes correspond to the x and y-axes. The 

image nosiness removal is done by a Gabor filter. 

The purpose of using the Gabor filter is to 

effectively eliminate noise as it retrieves the edges. 

It works by scanning the image pixel after pixel 

and replacing each value of the pixel with the 

neighbouring pixel value. 

 
C. Binarization 

Binarization is the kind of process that 

transforms a greyscale image into a binary image. 

The greyscale image of intensity 256 is reduced to 

two intensity values which are 0 and 1. The 

intensity 0 (black) represents the foreground of an 

image, and 1 represents a white background. 

 
D. H-maxima transformation 

The h-maxima transform is a morphological 

operation used to filter local maxima of an image 

based on local contrast information. First, all 

regional peaks are defined as pixels and are 

connected to a particular neighbourhood. 

 
E. Adaptive Thresholding 

Thresholding is utilized to divide an image by 

setting every one of the pixels as frontal area 

esteem at its edge and the rest of the pixels as 

foundation esteem. The adaptive threshold 

gradually changes the edge of the image. 

Adaptive Thresholding usually takes the form of a 

greyscale or shading image, and indirect 

execution releases a binary image representing the 

segment. Each pixel in the image is needed to 

determine the edge. At the chance that the pixel 

worth is under the point of limitation, the specific 

point, it is set to the foundation esteem, else, it 

considers the frontal area esteem. 

 

F.  Blood Vessel Extraction(BVE) And Detection 

Some methods are used to extract blood vessels, 

which can be magnified to enlarge the blood 

vessels. Vasculature partitioning from other 

anatomical structures in the image-resembling 

circuit is the main stage in creating the binary 

mask image of the entire vascular. This vessel 

tracking algorithm explained can track a single 

vessel also across secondary vessel branches 

including crossing. A blood vessel is divided 

between two points by which the vessels are 

tracked. Usually, the mechanism along the vessels 

measures its width along the path. They work in 

one vessel position instead of the entire vascular. 

The primary concept of the vessel tracking 

strategies is that they give much accurate vessel 

widths, and can give data about individual vessels, 

that are normally difficult utilizing different 

techniques. [13]. 

Calculation of Blood Vessel Tortuosity,  

dcurve= ∑ √(xi+1-
N-1

i=1

xi)2+(yi+1-yi)2                        (1) 

dstraight=√(xN-x1)2+(yN-y1)2                               (2) 

Tortuosity=
dcurve

dstraight
                                                (3) 

The image processing procedures described above 

are implemented as a complete collection that is 

called "Vessel Finder". [13]. 

 

G. Blood Vessels Detection 

In OCT retinal images, the image line is the 

detection of blood vessels using the horizontal. 

These binary lines automatically connect to the 

nerves and arteries. To determine the actual 

properties of the retinal borders, one can remove 

the image by using threshold values and use a 

horizontal line cross-section. Image line Cross-

sectional blood vessel extraction focuses on blood 

vessels and arteries. The conditions of the retina 

have an asynchronous structure. Homomorphic 

filtration is the basic concept for brightening 
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retinal images. The OCT image includes the 

equivalent line crossings in the procedure for 

setting some limit values in the ILCS. Length 

filtering is a method to eliminate the isolated 

structures of the retinal borders. The thickness of 

all the nerves and arteries in the retinal areas are 

the same. The ILCS procedure is the calculated 

width of the blood vessel. OCT retina images 

have some noise and therefore, handle BVE with 

ILCS. Using the vessel Segmentation technique is 

used to detect damaged vessels in the branches 

and retina areas of the vessel tree. [12]. 

 𝐓𝐡𝐫𝐞𝐬𝐡𝐨𝐥𝐝 = 𝐱 ̅ +  𝛂 . 𝐒𝐭𝐚𝐧𝐝𝐚𝐫𝐝 𝐝𝐞𝐯𝐢𝐚𝐭𝐢𝐨𝐧𝐫𝐦𝐬𝟐          (4)                      

Standard Deviation=  √∑ (𝐱𝐢−�̅�)𝟐    𝐢   𝐧−𝟏                 (𝟓)  

             𝐫𝐦𝐬           = √∑ (𝐱𝐢−�̅�)𝟐    𝐢 𝐧−𝟏                     (6) 

 

      
Fig 3: Blood Vessel Extraction with ILCS 

 

H. Classification 

Depending on the number detected using 

the SVM classifier, microaneurysms, bleeding, 

exudates classification groups detect eye images 

as diseased or normal. The diabetic retinopathy 

grading of the severity levels for the multistage 

classification is presented as shown in Table 1. 

 
Table 1: Classification levels of DR 

Grade Condition Severity 

0 (MA=0)AND(Hemorrhages 

=0)AND(Exudates=0)  

Normal 

1 (0 < MA <= 5) AND 

(Hemorrhages=0AND( Exudates=0) 

Mild-

NPDR 

2 ((5 < MA < 15) 

OR(0<Hemorrhages 

<5))AND( Exudates  = 0) 

Moderate 

–NPDR 

3 (MA>=15)OR(Hemorrhages >=5) 

OR ( Exudates  = 1)  

PDR 

IV. RESULT AND DISCUSSION 

For the evaluation, three data sets were 

considered namely, the   DIARETDB1   [28], 

DRIVE [40], STARE [20], Out of these datasets, 

100 images were taken for the assessment. These 

images are tried on an Intel i3 2.50 GHz PC 

utilizing the MATLAB program. For equipment 

usage, MATLAB, Simulink and System 

Generator programming parts are utilized. 

MATLAB means "Network LABoratory". It is 

created by MathWorks®. It is a high- level 

language and user-friendly environment for 

calculation progress, data perception, data 

investigation, and numeric calculation. For 

visualizing, modeling and simulating systems are 

done by an efficient link is known as Simulink 

(SimulationandLink).In the simulation, blocks are 

formed in the structure as square diagrams. The 

Framework Generator is a configuration tool from 

Xilinx that employs the MathWorks model-based 

project condition simulation for FPGA 

architecture. It changes over a Simulink model of 

Xilinx blocks into a proficient equipment 

execution. The image size considered here is 512 

x 512 pixels with 24 bits for every pixel. The 

proposed algorithm takes ten seconds for 

execution. For experimentation, from the data set, 

thirty healthy images, twenty mild images, twelve 

images, and thirty-two severe images are taken. 

Table 1 shows The Sclera segmentation and 

comparison algorithm detected by the actual 

microaneurysms, Hemorrhages, Exudates present 

in the images and grading is done based on a 

count of detecting in the fundus images. The 

detected retinal area is compared with 

ophthalmologists- creating a mild, moderate, and 

disconnect for verification results in better results. 

It is clear from the results that for some of the 

healthy images, the algorithm detected it as 
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moderate because the images are noisy. The 

accuracy can be calculated based on four values, 

namely the true positive (TP) rate, the false 

positive (FP) rate, the false negative (FN) rate, 

and the true negative (TN) rate. True Positive is 

once associate and degree “abnormal” image 

which is properly known as “abnormal”. False 

Negative is when an “abnormal‟ image is 
incorrectly identified as “normal”. True Negative 

is when a “normal” image is correctly identified 

as “normal”, and False Positive is defined as 

“normal” image is incorrectly identified as 

“abnormal”. 

 

Accuracy=
TP+TN(TP+TN+FP+FN)                                                    (7) 

Precision=
TP(TP+FP)                                                                     (8) 

Recall=
TP(TP+FN)                                                                          (9) 

 

Accuracy, Precision, Recall [17] is used to 

compute the quality measures of the classification. 

Quality measure values are tabulated in the 

following table 2. 

A. PERFORMANCE MEASURES 

The performance measures of the SVM 

classifier performed by the drive and stare dataset 

are measured. 

Table 2: Performance measures 

 

       

 
         Fig 4: A chart representation for performance measures 

V. CONCLUSION 

This paper has effectively proposed machine 

learning methods for extracting and detecting 

blood vessels in the retina, compared to a normal 

and abnormal image. The machine learning 

application technique helps to improve the 

classification and clustering of fundus images as 

they explore the features of DR. The proposed 

work, that predicts diabetic retinopathy by using 

digital eye images, after which the input images 

are processed, the blood vessels separated and 

then checked to detect if the eye is affected or not. 

The retinal images of diabetic retinopathy enable 

its operations to quickly and effectively detect 

symptoms in the ophthalmologist. In future work, 

a deep learning system can be implemented that 

can detect retinopathy affected by the neural 

network. 
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