
 

Advances and Applications in Mathematical Sciences 
Volume 20, Issue 12, October 2021, Pages 3093-3103 
© 2021 Mili Publications 

 

2010 Mathematics Subject Classification: 68. 

Keywords: Diabetic Retinopathy, Micro aneurysms, Hemorrhages, red lesions, SVM, Cache edge 

detection, Feature Extraction. 

Received October 14, 2020; Accepted November 10, 2020 

EARLY PREDICTION OF MICROANEURYSMS AND 

HEMORRHAGES OF DIABETIC RETINOPATHY 

HARI PRASADA RAJU KUNADHARAJU, N. SANDHYA  

and RAGHAV MEHRA 

Research Scholar of CSE 

Bhagwant University 

Ajmer, India 

Vice-President, Wells Fargo 

Enterprise Global Services 

Hyderabad, India  

E-mail: hari.kunadharaju@gmail.com 

Professor, Department of Computer 

Science and Engineering 

VNR Vignana Jyothi 

Institute of Engineering 

and Technology, Hyderabad, India  

Associate Professor, Department of Computer  

Science and Engineering 

Bhagwant University Ajmer, India  

Abstract 

The foremost reason for visual damage is the discrepancies in the blood vessels of the 

retina lead to Diabetic Retinopathy (DR), and. As the disease is asymptomatic, it is just being 

diagnosed through an ophthalmologist. Nevertheless, defensive and premature diagnosis is 

problematic owing to the absence of changes in terms of period and price. Throughout this 

phase, there is an injury on the retinal image such as Micro aneurysms (MA), which is one of 

the initially noticed medical symptoms that specify the illness. Detection of MA in the early 

stage is one of the Challenging and an open issue in modern Literature. An Automatic System is 

introduced to assist the ophthalmologist for early detection. The paper tries to address with the 

difficulties in detecting red lesions of fund us information base images, 1) Identifying Micro 

aneurysms, and 2) Identifying Haemorrhages. The proposed paper can isolate among red 
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lesions, and blood vessels depend on the estimation that vessels are extended where red lesions 

are ordinarily spherical mass like edifices. The following issue of the dissimilar size of lesions is 

distributed with spreading the all-encompassing channels on reinforcements of arranged sizes 

as a substitute for separating the image. These patches are accomplished by isolating the first 

image utilizing a matrix whose size directs the fix size. Unique lattice sizes were utilized and 

injury identification results for these structure sizes were shared employing Multiple Kernel 

Learning. The test results are completed utilizing DiaRetDB1 and Retinopathy Online 

Challenge (ROC) information base and saw that the specificity and sensitivity of the proposed 

technique are higher when coordinated with the current methodologies.  

1. Introduction 

DR is testified on the utmost recurrent basis of loss of sight universal in 

people grow older 20-74 years. The existence of DR is powerfully connected to 

the period of diabetes. Throughout the first 2 decades of diabetes, carefully all 

affected role with type 1 diabetes and over 60% of patients by means of type 2 

diabetes have retinopathy [1]. DR diagnosis is accomplished by vascular 

edifice separation and lesion finding in the retinal fund us image. Also, the 

quantity and kinds of detected red lesions regulate the severity of DR. The 

Micro aneurysms (MA) and Haemorrhages are the primary observable 

injuries or damages or tumors specifies a DR which are identified as red 

lesions and initial clinical symbol of diabetic retinopathy, look as if as minor, 

red dots in the phony retinal sheets. By early discovery using normal 

screening, blindness because of DR can be forestalled in 90% of the cases [2]. 

DR airing is done physically which can be independent and tedious.  

Automated DR screening from fund us pictures achieved by 

distinguishing anomalies, for example, Haemorrhages (H), Micro aneurysms 

(MA), Neovascularisation, and Cotton Wool Spots (CWS). Because of the 

distinguished irregularities, a patient can be named as fit or influenced by  

DR (The arrangement job is alluded to as DR airing consequently). [3, 4, 

5, 6, 7] are the works on DR screening focusing on abnormal detection in 

writing which depends on variation from the norm identification. This paper 

presents an abnormal recognition technique that eventually focused on 

automated DR screening. Available of the previously stated variations from 

the norm this work centers around recognizing Haemorrhages, Micro 

aneurysms which are additionally called red lesions because of their 

presence.  
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MAs seem as little and rounded figure spots close to small blood vessels of 

fund us images and prone to be the main injury that exists at the underlying 

period of DR and stay in the improvement of sickness. MAs appear as little 

and round shape specks close to tiny blood vessels in fund us images and 

likely to be the main lesion that exists at the initial period of DR and remain 

in the development of disease [8, 9]. Thus, the recognition of MAs is essential 

and vigorous in a computer-assisted screening framework. Analysis of eye 

fund us images is one of the common clinical procedures in the diagnosis of 

DR. To compare with fluoresce in angiography (FA), the acquisition of the 

fund us images is fast, cheap, and non-invasive [10-13]. Besides, the FA is not 

applicable for everyone, such as the pregnant woman [14-15]. Thus, the 

adaption of the eye fund us images is the better choice for screening purposes. 

Figure 1 shows a fund us image with several MAs.  

The distance across for MAs for the most part arrangement from 10 m  

to 100 m  [14], thought about not exactly the measurement of the significant 

optic veins. A couple of objects of eye fund us pictures resemble MAs fit as a 

fiddle and size, raises it hell to see MAs since them. One kind of them are 

close to nothing and round spots came about on account of the convergence of 

slight blood vessels. MAs can’t lie on the vessels. Besides, vessel fragments 

can likewise rise the effort of ordering MAs in fund us images, seem like dim, 

little objects of various shapes.  

2. Methodology 

2.1 The Pre-processing Stage for Fundus Images. The requirement 

for efficient recognizable proof of MA on accomplished images is of unique 

image highlights, for example, less difference and non-uniform 

enlightenment. Enlightenment is a significant piece of the acknowledgment 

of red lesions from the setting alongside the consequence of non-uniform light 

and gives an extensive issue throughout division [17, 18]. In this manner, it is 

crucial to limit the non-uniform Illuminations and regularizes the low 

difference of the image. Mostly, it is distinguished that the red and green 

frequencies incorporate greatest image information, and is as the climate of 

these photographs where the blue powers are less.  

 Reduction of Non-Uniform-Illumination: “The values of red and green 
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frequencies might be amalgamated to minimize non-uniform 

illumination by employing the green and red components in 

legitimate ratios and thought to be persistent self-ruling from 

illumination. The evaluation of the ratio of the green component to 

the red one is determined for every pixel to attain a novel image 

where the influence of non-uniform illumination as given in equation 

1 is decreased.  

 bgie ImImIm  (1) 

Here Im signifies the original green channel image, bgIm  speaks to the 

background image,  signifies the average intensity value and ieIm  is the 

illumination equalization image. The low contrast images are improved 

through two different methodologies in this proposed approach. Primarily, 

Normalization is achieved on the condensed non-illumination image and 

earlier the edges of the retinal images are improved employing Morphological 

Operations. 

 Normalization of Grayscales: Generally, the approach needs to be 

acceptable to diverse circumstances beneath which retinal images are 

seized, and an enhancement of the requirement of these images from 

dissimilar backgrounds could be attained through regularizing the 

image grayscale information” [15]. The normalization is specified in 

equation 2 by greyscale transformation specified as: 

 

  

   graygray

graygray
norm ImminImmax

255ImminIm
Im




  (2) 

Here represents the grayscale value of the original image, represents the 

grayscale value of the output image (Normalization). represents the 

minimum grayscale of the unique image and characterizes the minimum 

grayscale for the original image.  

2.2. Features Extraction. FA phase makes the classification more 

accurate and features are the noticeable outlines in the image that offer some 

important data about the image. Texture highlights are equipped for 

separating normal and bizarre abrasions with commonalities and 
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microcalcification. The input highlights essential for the Support Vector 

Machine Algorithm are mined employing the Gray Level Co-occurrence 

Matrix (GLCM). The low contrast images are upgraded through two different 

methodologies in this proposed approach. Primarily, Stabilization is achieved 

on the condensed non-illumination-image and earlier the edges of the retinal 

images are improved employing Morphologic Operations. The matrix is the 

locations of pixels having like gray level qualities and utilizes the distance 

vector. The GLCM  jiG ,  employed to compute the entirety of the 

arrangements of pixels divided by the distance vector having gray levels at i 

and j. Built on a superficial level information and examined matrix, the 

constraints, for instance, correlation, contrast, pack conceal, group 

prominence, energy, entropy, homogeneity, and maximum probability, are 

attained.  17,16  first proposed by the LBP method, which converts the pixel-

wise image data into a texture image. Images are examined locally by 

specimen grayscale level values at a main issue 0,0x  and p point 

1,,,0, pxx rr   divided equidistantly about a ring of radius r. A “nearby 

example” administrator defines the relations amongst a pixel and its 

neighborhood pixels; all neighbors that have values higher than or equivalent 

to the value of the focal pixel are specified a value of 1, and each one of 

individuals lesser a value of 0 in the LBP technique. The binary values 

identified with the neighbours are then perused consecutively, clockwise, to 

frame a binary number which might be utilized to describe the nearby 

surface.  
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Figure 1. Proposed Diagram. 

Crack Edge detection is the procedure of sensing the edges in the images 

employing the entirety of the processing techniques. For the edge detection 

techniques, it can be utilized in two different manners and these are 

Destructive Testing and Non-Destructive testing. By integrating the pictorial 

inspection and measuring devices, outside disorder deficiencies are assessed. 

The impartial of the kind, quantity, breadth, and length of the accidents on 

the physical shallow displays the initial deprivation level and booming 

volume of the existing structures. The main benefit of the image-built 

investigation of crack detection is that employing the image processing 

procedure it offers precise outcome associated with the conventional physical 

methodologies [18]. The processing issue of crack detection is subject to the 

dimensions of the image. Current cardinal cameras have an image resolution 

past 20 megapixels. This growth in firmness permits the attainment of 

complete imageries of genuine surfaces. Yiyang et al. [19] have predictable a 

crack edge detection process grounded on digital image analysis and 

processing knowledge. The pre-processing, Image-Segmentation, and 

highlight mining, they have got the evidence about the clap from the image. 

In threshold, the technique remained utilized after the smoothing of the 

recognized input image. To the critic of the image, take premeditated the 

region and perimeter of the roundedness index. By at that point, 

paradoxically, they have surveyed the occurrence of the crack in the image. 

The finding of the crash was built upon the width and the span was built on 

the crack quantification prototypical evaluation. Additionally, the combined 

prototypical as projected by them, crack length, and change detection 
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maintained by advanced neural organizations to forecast crack profundity 

and visualization of crack models. 

2.2. Classification using Support Vector Machine Algorithm  

Through SVM, normal and abnormal brain images are divided after the 

detection of edges and their features. SVM reduces the error rate and avoids 

the over fitting problem. Finally, SVM can be achieved good performance. 

Segmentation of the regions, which are the exudates in the color fundus 

images by the SVM classifier. This classifier is also used to assess the 

training facts to regulate the best method to categorize images into dissimilar 

cases, such as moderate or severe.  

To categorize the sickness, the appropriate highlights of every typical and 

irregular image ought to be mined. Next, the mined highlights of the entirety 

of the typical and irregular images are saved as a matrix notation. For 

challenging an image, the applicable highlights of the test image are mined to 

outline a combined matrix file. The matrix file of the training mode is stacked 

heretofore this matrix file input into the SVM classifier, to regulate the 

brutality of the disease.  

3. Experimental Results and its Analysis 

The Experimental investigation in the presented methodology employing 

the public data samples known DiaRetDB1 (Lappeenranta University of 

Technology, 2009) and Retinopathy Online Competition (ROC) (University of 

Iowa, 2007) are computed.  

Table 1. Assessment of outcomes. 

Grid Size     AUC 

 MA    H 

 mean max mean max 

11   0.704 0.783 0.670 0.664 

22   0.861 0.802 0.692 0.648 

44   0.950 0.921 0.851 0.803 

88   0.956 0.962 0.848 0.863 
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The implementation for the proposed approach is performed using 

MATLAB R2016a version on an Intel Core i5 processor at 2.5 GHz. The initial 

dataset comprises 89 colors digitalized images of eye fund us and skilled 

interpreted ground actuality for numerous famous diabetic fund us where 

every frame has a dimension of 11521500   pixel. The subsequent dataset 

comprises 100 color digitalized images of the eye having dissimilar 

dimensions.  

From the Considered two data samples, retinal images are taken in 

different categories. Figure 2 and Figure 4 represent the Original Retinal 

Images whereas the enhanced retinal images after pre-processing and 

Genetic K-Means Clustering algorithm are shown in Figure 3 and Figure 5 

respectively. From these enhanced images it can be observed that after the 

pre-processing stage, the retinal image is free of any unknown noisy pixels 

and after the enhanced segmentation, the different segments are seen clearly 

along with blood vessels, Micro aneurysms, and red lesion as an optic disc. 

 

Figure 2. Sample Original Retinal Image 1. 

 

Figure 3. Enhanced Image of the sample Retinal Image 2. 
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Figure 4. Sample Original Retinal Image 2. 

 

Figure 5. Enhanced Image of the sample Retinal Image 2. 

4. Conclusions 

This paper succeeds complications in sensing red lesions from fundus 

images, which can differentiate between blood vessels, and red lesions. This 

difference is built on the statistic that vessels are lengthened where red 

lesions are typically spherical mass like structures. The following issue of the 

dissimilar size of lesions is apportioned by smearing the projected filters on 

patches of diverse sizes as a substitute for filtering the image. These patches 

are attained by separating the original image by grid whose size regulates the 

fix size. These patches are attained by separating the original image by grid 

whose size regulates the fix size. The experimental results are carried out 

using DiaRetDB1 and ROC database, and it is observed that the specificity 

and sensitivity of the proposed methodology are higher when matched with 

the existing approaches. The experimental results for this approach are 

carried out using two different data samples. From the outcomes, it is noticed 

that the specificity is 90% average and sensitivity is 95% average which is 

higher relative to other existing approaches. 
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