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Abstract: 

 This research paper is to pick out automated microaneurysms (MAs) to prevent diabetic retinopathy 
due to which visible impairment occurs in a diabetic patient. There are some pathologies has intricacies 
that cause the disintegration, or maybe lack of the sight. Among them, one of the maximum big is the 
diabetic retinopathy, which is, at an eye fixed level, the maximum incessant and true complexity of 
diabetes mellitus. In this paper compare different  extracted features of DR and  classification for 
diabetic retinopathy with use of support vector machine (SVM), k-nearest neighbor (KNN), Naive Bays 
(NB), Decision Tree (DT), Random Forest (RF) and artificial Neural network.  

Keywords: DR:Diabetic Retinopathy, MAs:Microaneurysms, Diabetes Mellitus, Pathologies, NPDR: Non-
Proliferative Diabetic Retinopathy PDR :Proliferative Diabetic Retinopathy, KNN: k-nearest neighbor, NB: 
Naive Bays, DT: Decision Tree , SVM: support vector machine . RF: Random Forest () 

DOI NUMBER: 10.14704/NQ.2022.20.9.NQ44641            NEURO QUANTOLOGY 2022; 20(9):5485-5493 

1.INTRODUCTION:   
Diabetic associated eye diseases are the mainly 
frequent cause of loss of sight in the world. 
World Health Organization (WHO) has expected 
that in 2000 there were 171 million public 
global with diabetes and this number will 
increase to 366 million by 2030 [15], [16]. This 
makes diabetes among the leading causes of 
disabilities, death and economic hardship in the 
world. A side effect of diabetes is diabetic 
retinopathy in which different parts of the retina 
gets affected. Diabetic retinopathy is a health 
situation where the retina is injured because 
liquid leaks from blood vessels into the retina. 
1.1. Abnormalities Associated with the Eye   
              Characteristics associated with the 
concept can be allotted primary classes, the 
essential being contamination of the concept, 
like outpouring, conjunctivitis, blepharitis and 
glaucoma. The accompanying accumulating is 
controlled as approach of existence associated 
disease like hypertension, arteriosclerosis and 
diabetes. 
At the factor while the retina is been affected 

because of diabetes, this kind of corrupting is 
referred to as Diabetic Retinopathy (DR), even 
as perhaps now at this factor now no longer 
unequivocally overseen it is able to ultimately 
get going shortfall of vision. Ophthalmologists 
have come to concur that early spot and connect 
is the amazing solution for this debasement. DR 
event have been for the maximum outrageous 
element call for into three boss form BDR, PDR, 
and SDR. 
Microaneurysms  
These are the top-notch medical function to be 
noteworthy with inside the eye. They should 
seem in separation or in packs as a genuinely 
thoughts boggling don`t plan anything, faint 
crimson spots or acting to be little hemorrhages 
with within side the sensitive problematic 
retina. Their sizes is going from 10-100 microns 
as an occasion beneath 1/12th the broadness of 
an elegant optics plate and are spherical in 
shape, at this stage, the ruining is not eye coming 
across a few middle ground. 
Hemorrhages: 
Occurs within side the extra giant layers of the 
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retina and are a big a part of the time known as 
'smear' hemorrhages thinking about their 
spherical shape. 
Hard Exudates: 
These are one of the reliably occurring additives 
of diabetic retinopathy and could appraisal size-
wonderful from minute portions to monster 
patches with easy edges. As precisely as blood, 
fluid this is prosperous in fats and protein is 
contained with inside the concept and that is the 
very disposition pours out to line the exudates. 
These can discourage mild and notable thru 
safeguarding sensitive from acting on the retina. 
Sensitive Exudates: 
These are commonly known as 'cotton downy 
spots' and are the extra regularly determined in 
country of the artwork retinopathy. 
2. Neovascularization: 
This can be depicted as sudden development of 
veins in place of the concept nearby the retina 
and is related to modern and smart misfortune. 
This takes place mulling over ischemia, or faded 
circulatory system to observable tissues. If the 
ones surprising veins make throughout the 
student, glaucoma can stop end result from the 
growing stress within side the concept. These 
new veins have extra important frail dividers 
and might mischief and exhaust, or make scar 
tissue broaden which can pull the retina far from 
the once more of the concept. At the variable 
whilst the retina is pulled away it's far known as 
a retinal detachment and enduring that left 
untreated, a retinal segment can factor of view 
certifiable ingenious and eager occasion, nearby 
perceptible inadequacy. 
Spilling blood can cloud the shimmering (the 
sensible, jam like substance that fills the 
concept) and square the sensitive going thru the 
understudy to the retina, bringing 
approximately darkened and deformed pictures. 
In furthermore developed multiplication 
retinopathy; diabetic sturdy or scar tissue can 
painting on the retina. 
 
2.1 Features Extracted from Retinal Images  
To analyze retinal images described above and 
extract information, features need to be mined. 
These features include blood vessels, 
microaneurysms and the optic disc for that 
purpose initially use canon fundus camera. 

 
Figure 1: Canon Fundus Camera 

2.1.2 Blood Vessel Features  
Lines are produced the usage of edges. Adcock 
and Thomas portrayed an facet in a digitized 
photograph as a get-collectively of associated 
facet locations in which an facet is portrayed via 
way of means of unexpected modifications in 
pressure displaying the restrict among areas in a 
photograph. Taking into consideration this, a 
line as proven via way of means of their 
definition is a place of constant electricity 
determined among edges which pass possibly as 
an give up for the line. Veins within side the 
retina suit the requirements of a line. figure. 2 
indicates times of veins. Vessels are visible going 
thru all bits of the retina from the nerve fiber 
layer to the outer layer. There are wellsprings of 
blood by skip directly to the mammalian retina: 
the considerable retinal vicinity and the choroid 
veins. The choroid receives the pleasant 
circulatory structure (65%-85%) and is via way 
of means of and big massive for the help of the 
out of doors retina (explicitly the 
photoreceptors) and the extra 20%-30% 
streams to the retina thru the considerable 
retinal channel from the optic nerve head to 
assist inside retina. 
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Figure 2: The Corresponding color bands (a) 
Red (b) Green (c) Blue of Color Retinal Image 

3. Microaneurysms Features  
Microaneurysms are the dilation of retinal 
capillaries. They are round intra-retinal lesions 
ranging from 10 to 100 micrometers in size and 
red in color. The cross-section of a 
microaneurysms exhibits a Gaussian 
distribution. Figure.3 illustrates examples of 
different microaneurysms taken from color 
retinal images. The top part shows their original 
format while the bottom depicts them in the 
green channel (so their shape is more visible). 
Researchers at the European Association for the 
Study of Diabetes 45th Annual Meeting in Vienna, 
Austria, reported that an increase in the number 
of retinal microaneurysms is associated with 
worse retinopathy prognosis in patients with 
Type 1 or 2 diabetes.  

 
Figure 3: Two Fundus Images (a),(b) and its 

Corresponding Vessel Map (c),(d) 
3. 1. Microaneurysms Detection 

Microaneurysms can be detected by pixel 
classification, mathematical morphology, the 

fusion of the two, template-based and 
supervised learning. A description of each is 
provided below. 
3.1.1  Pixel Classification 
J. Staal has developed a method to detect 
Microaneurysms by integrating a vessel 
segmentation technique. Both the vessel map 
and possible Microaneurysms are extracted at 
once, with the map subsequently separated from 
the Microaneurysms candidate objects. Pixel 
classification being a supervised method 
requires the training of examples. All the pixels 
in the training set were thus assigned a label and 
a feature vector. After experimenting with 
different classifiers, they found the k-NN 
classifier produced the best result. The first step 
in [19] was to resize the image converted to its 
green plane so the field of view had a certain 
width. The image was then normalized by 
subtracting an estimate of the image 
background. This background was determined 
by filtering the image with a large median 
kernel. Using an unsupervised mixture model 
based clustering method, the microaneurysms 
candidates were detected from the normalized 
image intensities. Each pixel was assigned one of 
three classes, class 1 background elements; class 
2 foreground elements, e.g. vessels, optic disc 
and lesions; class 3 outliers. A three class 
Gaussian mixture model was applied to fit the 
image intensities and a group of 
Microaneurysms candidates were segmented by 
thresholding the fitted model. The vessel map 
was extracted and used to remove any 
candidates that lie on the vasculature. With 
logistic regression, likelihood for each of the 
remaining candidates was calculated based on 
color, shape and texture properties. V. Durga 
Prasad Jasti et al. [20] have proposed ML 
classification. Suneet Gupta et al. [21] have 
worked on user behavior. Sunil L. Bangare et al. 
[22-23] proposed deep learning and fuzzy 
methods. Xu Wu et al. [24] have talked about 
crawler. Nilesh Shelke et al. [25] discussed LRS-
DNN. Ajay S. Ladkat et al. [26] have worked on 
brain tumor. J. Alanya-Beltran et al. [27] 
proposed on machine learning application. 

 

3.1.2 Mathematical Morphology  
In the image preprocessing stage the image 
background is removed to create a shade 
corrected image. This is accomplished by 
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subtracting the image with the result of a 25 × 
25 median filter applied to the image. 
Afterwards, candidate extraction is performed 
on the shade corrected image by extracting 
vessels with morphological opening using 12 
rotated linear structuring elements at 15° and 
producing 12 responses. Taking the maximum 
pixel values of all 12 responses at each pixel 
location produces a vascular map which is 
subsequently removed from the shade corrected 
image. The remaining candidates inside this 
image should no longer contain elongated 
structures but microaneurysms. Region growing 
is applied to each candidate before 13 features 
based on shape and color intensities are 
extracted. This is used to construct a feature 
vector for classification. After normalization by 
subtracting a median filtered version of the 
image, noise was subsequently removed by 
another median filter with a small kernel. A top 
hat transforms by morphological reconstruction 
using an elongated structuring element at 
different orientations was employed to detect 
the vasculature. With the vasculature removed, a 
microaneurysms matched filtering step was 
applied to locate the position of the candidates 
by thresholding. Region growing was directed at 
each of the remaining candidate before a 
number of features based on color, intensity and 
shape were extracted. A Bayesian classifier was 
then used to assign a likelihood of being a true 
microaneurysms to each of the detected 
candidates.  

3.1.3 Fusion Technology  

J. Staal devised another way to detect 
microaneurysms in fundus images based on 
candidate detection and classification. Candidate 
detection consisted of locating all possible 
microaneurysms by combining mathematical 
morphology with pixel classification. The 
combination was accomplished by placing all 
candidate objects in a set. Afterwards, all objects 
were checked to see if they overlap with one 
another in the set. In case of an overlap, one of 
the objects is removed. When both candidate 
detection systems detect the same object it does 
not matter which object is removed. The pixels 
were classified using a k-NN classifier with a 
reference standard that manually marked each 
image pixel. After the candidates are combined, 
the procedure extracts 68 features (from each 
candidate), again using k-NN to classify the 

candidate as either microaneurysms or non-
microaneurysms. This work reported a 100% 
true positive rate with an 87% true negative rate 
when deciding if an image had a 
microaneurysms. 

 

3.1.4 Template-Based  

Template-based algorithms design templates to 
match with microaneurysms. The algorithm 
presented applied wavelet image 
decomposition. It compared a small window of 
the image with a microaneurysms template 
modeled by a Gaussian curve. The comparative 
result was the squared errors sum between 
coefficients of each sub-band and the micro 
aneurysm’s corresponding coefficients. 
Thresholds were used to separate 
microaneurysms from other structures. It based 
their method on template matching also in the 
wavelet domain. To perform template matching 
in the wavelet domain, the wavelet transform of 
the Gaussian microaneurysm model at several 
different standard deviations was used. The 
coefficients of the wavelet transform model 
were compared to the coefficients of the wavelet 
transform of the image. Places in the image 
where a difference below a certain threshold 
existed, were assigned the microaneurysm 
locations. The size of the detected 
microaneurysm was determined by parameters 
of the matched model. Any candidates on the 
vasculature were removed based on a vessel 
segmentation step using wavelet analysis. For 
each of the remaining candidates, a likelihood 
determined by the local difference in wavelet 
coefficients was assigned.  

3.1.5 Supervised Learning  

The algorithm initially begins by preprocessing 
the fundus image to reduce the differences in 
intensity and contrast. This is accomplished by 
brightness and gamma correction as well as 
contrast enhancement. Microaneurysm 
detection is performed using a modified double 
ring filter. The double ring filter was originally 
designed to detect areas in an image where the 
average pixel intensity is lower than the average 
pixel intensity in an area surrounding it. It 
modified this filter to detect areas where the 
average pixel intensity in the surrounding area 
is lower by a certain fraction of the number of 
pixels under the filter. This is done to reduce 
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false positive detections on smaller capillaries. A 
vessel map is next detected using the original 
double ring filter with different parameter 
settings to remove any candidates that lie on the 
vasculature. Afterwards, 12 features are 
extracted from each of the remaining candidates 
which had region growing applied to it. The 
features include shape, intensity, color and 
contrast features. An artificial neural network 
was trained and used to separate micro 
aneurysms from non-micro aneurysms. Local 
contrast normalization with local vessel 
detection was regarded as another useful 
approach to detect microaneurysms. After the 
initial preprocessing stage, a watershed retinal 
region growing method was applied to be used 
for contrast normalization of each candidate 
micro aneurysm. Local vessel detection detected 
vessels that occur with micro aneurysms and a 
k-NN classifier was used to classify the 
candidates. The algorithm presented in can be 
divided into four steps. The first step consisted 
of image enhancement: shade correction and 
image normalization of the green channel. The 
second step was candidate detection using 
diameter closing with an automatic threshold 
scheme. The third step involved feature 
extraction to facilitate the forth step of 
classification which was based on kernel density 
estimation in conjunction with Bayesian risk 
minimization. It employed a two stage process to 
detect micro aneurysms. The approach first used 
intensity information from red and green 
channels of the fundus image to correct non-
uniform illumination. Matched filters were then 
applied to enhance the contrast of micro 
aneurysms against the background. The 
enhanced microaneurysms were segmented by a 
thresholding scheme which maintains the spatial 
structure of the microaneurysm segments. The 
vasculature was then removed from the image 
and detected via morphological top hat 
transform. The remaining candidates after the 
previous stage were classified using SVM to 
separate microaneurysms from other dark 
segments. 
 
4. Steps implemented for experimentation 
In proposed this method center is to distinguish 
computerized microaneurysms (MAs) to 
forestall diabetic retinopathy because of which 
visual deficiency happens in a diabetic patient. 
There are a few pathologies has complexities 

that lead to the crumbling, or even loss of the 
sight. Among them, quite possibly the most 
significant is the diabetic retinopathy. This is, at 
an eye level, the principle and difficult issue of 
diabetes mellitus.  
1. The utilization Slant Stacking lessens the 

impact of irregular commotion on the state 
of an item and empowers the calculation to 
change a point identification issue into a 
line recognition issue. There are likewise a 
few constraints of the calculation, like the 
raised number of applicants and the reality 
it will in general bomb when there are 
structures almost a MA.  

2. Programmed location of microaneurysms 
presents a significant number of the 
difficulties. The shape and shade of 
microaneurysms is basically the same as the 
veins. Its size is variable and normal 
exceptionally little so it tends to be handily 
mistaken for clamor present in the picture. 
In person retina, there is deviation in a 
pigmentation, surface, size and area. The 
more bogus positives happen when the 
veins are covering or adjoining with 
microaneurysms. So there is a need of a 
powerful computerized microaneurysms 
location technique so diabetic retinopathy 
can be treated at a beginning phase and the 
visual deficiency because of diabetic 
retinopathy can be forestalled.  

3. Proposed framework utilizes shading and 
surface as visual highlights to depict the 
substance of a retinopathy picture of 
microaneurysms area. The proposed work 
done in 3 ways. Essential, we apply Gabor 
channels to pull out surface highlights from 
self-assertive formed MA districts isolated 
from a retinopathy picture. Then, at that 
point give division to picture increment the 
construction adequacy. Then, to accelerate 
recovery and comparability calculation, the 
data set pictures are sectioned and the 
separated locales are bunched by their 
element vectors incline stacking calculation. 
Third, to additional expansion the recovery 
exactness of our framework from ordinary 
and unusual data set, we consolidate the 
district based highlights extricated from 
picture areas, with worldwide highlights 
separated from the whole picture, which 
will be prepare and  

4. Characterize utilizing Artificial insight and 
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execution of the proposed conspire is 
assessed by utilizing precision and 
affectability boundaries and contrasted and 
existing framework. 

 
Matlab programming is utilized for reproducing 
the proposed Early Detection of Diabetic 
Retinopathy Using Microaneurysms structure. 
Matlab is a discrete-even test system that 
prepares assortments of designing and 
innovation tool compartments. This quick 
inclination change is balanced and henceforth 
invertible on its reach; it is quickly invertible to 
any level of wanted precision utilizing a 
preconditioned form angle solver. 
In everyday the interaction for the location of 
miniature aneurysms 
 Retinal Fundus Image 
 Image Preprocessing and Gabor change 
 Color change 
 Determination of Lesion Feature 
 Using inclination and stack calculation 
 Extraction of Global veil for database (Color+ 
direction + surfaces) 
 Training and arrangement Using AI ( 
ANN/KNN/DT/RF/NB/SVM) 
 Performance Measure. 
 
5. Comparative of Different Classifiers: 
 Accuracy, specificity and sensitivity are 
estimated using formulae in table 1.  

Table 1 Performance Parameters 
Parameters Formula 

Accuracy TP+FN/(TP+TN+FP+FN) 

Precision TP/(TP+FP) 

Recall TP/(TP+FN) 

F1 Score 
2*(Recall*Precision)/ 
(Recall+Precision) 

 

Figure 5.1: Performance Graph of Machine 

Learning Algorithm 
AI calculations strategic relapse, KNN, NB, DT 
and SVM show varieties in exactness because of 
individual assembly capacity. The paired 
grouping regarding highlights size and 
remarkable elements of the info include vectors 
are liable for characterizing the presentation of 
order. The single component values are not 
difficult to order for NB calculation and as 
element size expands NB execution diminishes. 
Then again expansion in trademark highlights 
builds the presentation of SVM.  

 

Figure 5.2: Precision Analysis 
 

KNN and LGST show similar accuracy, but theirs 
precision changes which shows dissimilar 
capabilities in terms of TP and FP results. The 
accuracy of SVM is seen better, precision of DT is 
seen better and recall of DT is seen well. In nuts 
and shell with consideration of only accuracy 
parameter SVM is better but in all parameters, 
DT shows better performance. This results are 
also seen to have similar effects in other 
applications where DT shows better 
performance over other classifiers when binary 
classification task is considered as application. 
 

 
Figure 5.3: Recall Analysis 
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Figure 5.4: F-score Analysis 

Based on accuracy, precision, recall and F-Score, 
DT outperforms over other classifiers. 
 

 
Figure 5.5: F-Score analysis for 80:20 ratio of 
training and testing dataset 

 
Figure 5.6: F-Score analysis for training to 

testing ratio of 75:25 

 
Figure 5.7: F-Score analysis for training to 

testing ratio of 85:15 

 
Figure 5.8: F-Score analysis for SVM mode 

training to testing ratios 
The training and validation is split is configures 
for 80% and 20 % respectively and this 
combinations are changed to 75-25, 85-15 and 
70-30 ratios. The results for 70-30 are seen 
better compared to other combinations as 
shown in figure 5.4. Also, in all combinations 
SVM shows better results hence comparison of 
SVM model only are shows in figure 5.6 to figure 
5.8. 

 

Conclusion: 

Programmed location of microaneurysms 
presents a significant number of the difficulties. 
The size and shade of microaneurysms is 
basically the same as the veins. Its size is 
variable and normal exceptionally little so it 
tends to be effectively mistaken for commotion 
present in the picture. This contribution shows 
the extracted features are classified for diabetic 
retinopathy with use of support vector machine 
(SVM), k-nearest neighbor (KNN), Naive Bays 
(NB), Decision Tree (DT), Random Forest (RF) 
and artificial Neural network. The support 
vector machine classification results outperform 
against all classifiers. 
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