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Abstract 

Diabetic Retinopathy (DR)is an eye disease which affects the inner part of the eye called as retina. The 

main cause of the disease is diabetes. If it is left untreated, total blindness will occur. Detection in the early stage can 

save the patients by taking proper treatment and food control. The main objective of this proposed method is to 

bring to light the microaneurysms using image processing and to classify the severity of Diabetic Retinopathy. In the 

early stage, tiny blood dots will appear in fundus image called as Microaneurysms (Ma). In this proposed system, 

the lesions are extracted by using graph cut segmentation and the support vector machine (SVM) classifier with 

PCA is applied to classify the severity of DR. Detectinglesions is more helpful to identify the retinopathy stage. It is 

observed that sensitivity is 94.44% and specificity is 87.5%. 
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I.Introduction 

The inner part of the eye is retina which will damage and lose vision when sugar level rises. It not only 

affects old aged diabetic patients but also affect the young and middle aged people. In the early stage, blood vessels 

swelling and leaking will occur. When the disease progresses new blood vessels will become noticeable and they are 

very fine. The indication of DR does not open until there is significant damage to the retina. Therefore regular eye 

check-up and monitoring the eyes can rescue the diabetic patients from several risks. 

For medical eye check-up, patients will go to hospital and their eyes will be dilated for minimum of half an 

hour. They have to spend money and their valuable time. In automation, there is no need for taking dilation. From 

the fundus camera, retinal image will be taken and the subsequent steps of algorithm will recognize the lesions of 

DR.It consume only less time and the cost is also less. Patients will go to hospital if it is needed really. Early 

detection is always admired as it provides safety and healthy eye. Early stage detection will bring diabetic patients 

food habits under the control. 
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II. Related Works 

In [1] microaneurysms were detected using gradient weighting and iterative thresholding. Local convergence index 

filters based features were extracted and given to boosting classifier for classification of Ma and non Mas and 

average sensitivity of 0.471 was obtained.Based on  blood vessel perimeter measurement and Micro aneurysms 

count [2] Mas were detected and theaccuracy achieved was 94% . 

In [3] Microaneurysms and exudates are extracted using new designed wavelet (DR), and classification is done 

using KNN classifier. The obtained accuracy was 99.03 %.In [4], fourteen features were extracted after pre-

processing step and the mean value and standard deviation were calculated for extracted features. The result showed 

that exudate area acted as the best feature. 

Ma were detected using [5] region growing. Further classification was done  based on region classification using 

artificial neural network .This proposed method achieved sensitivity value of 86.6%,specificity of 96.3% and 

accuracy of 93.9%. 

Detection of Ma[6] was performed using small patches of 25×25 pixel taken from fundus image. This proposed 

system used three classifiers: a neural network, a rotation forest and SVM.PCA was employed for dimensionality 

reduction. Improved AUC performance from 0.962 to 0.985 and F-measure from 0.913 to 0.926.This proposed 

method [7] used ensemble classifiers with adaptive oversampling to reduce false positive detection of Ma for 

imbalanced data learning. 

Local and profile features of upto 27 were extracted [8] to detect microaneurysms (MAs). There were three 

classifiers and performance from K-nearest neighbors (KNN) was found to be satisfactory.As Blood vessels and 

optic disk have same intensity levels as that of the exudates, they were removed [9].Morphological operations were 

used to detect exudates level and svm classifier was used to measure severity level. 

Automatic detection of bright lesions that is hard exudates was proposed [10] using haar wavelets segmentation and 

k nearest neighbor classifier for classification. For the MISP database, the obtained sensitivity was 37.14% and 0% 

specificity.Ma has been detected [11] using Gaussian mixture model (GMM) wavelet based and microstructure  

extraction of texture features. Markov Chain Monte Carlo method was used for classification of Mas with multilayer 

perceptron. The results are sensitivity-98.32% and specificity-97.59% 

Rough and fine exudates segmentation were done in [12].Rough segmentation was done using morphological 

operations and the operation on neighborhoods where as fine segmentation was performed bymorphological 

reconstruction and classification have been done using statistical analysis.  

 

 

International Journal of Pure and Applied Mathematics Special Issue

3366



III .Proposed methodology 

In this proposed system, microaneurysms are detected and the severity of the disease is analysed using 

graph cut segmentation algorithm and SVM classifier with PCA technique. The proposed system block diagram is 

given in Figure 1: 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Stages in the proposed algorithm 

The retinal image is taken from fundus camera. The input image will have some noise which should be 

removed for further processing of the image. Wiener filter is employed for this purpose. A new segmentation 

algorithm ie.Graph cut segmentation algorithm is proposed here. It reduces false detection rate. After segmentation 

process, a list of features are extracted and applied to SVM with PCA for detecting the severity of the disease. 

3.1 Pre-processing 

Pre processing technique consist of resizing, noise removal, color transformation for further process of 

detection of Diabetic retinopathy.Image noise is appeared with low signal level in the form of shadow regions or 

under exposed images.For all images the pre-processing should be done so that the result can be obtained in the 

better way. To compare normal eye image and the diabetic eye image, input must be pre processed to make betterthe 
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quality and accuracy of resultand itis required for making the input image sharpening orsmoothing. Filtering can 

also be done.  

 Among the several filters, we used Weiner filter for deblurring the images. It reduces the mean square 

error.Normal image is shown in Figure 2 and the blurred image is shown in Figure 3. 

 

Figure 2: Normal Fundus image                                                Figure 3: Blurred fundus image 

3.1.1 IMAGE ENHANCEMENT: 

Image contrast improvement using AHE: 

A contrast improvement of image is achieved by Adaptivehistogramequalization. It is different from 

normal histogram equalisation in the aspect of computing histograms for different section of the image. Further it is 

useful for redistributing the lightness values of the image. In the image boundary, neighbourhood pixels would not 

appear in the range of image and this can be solved by the concept of mirroring. The adaptive histogram equalized 

image is shown in Figure 4. 

 

 a)b)              c) 

Figure 4: a) Input image b)Green channel extraction and c) Adaptive histogram equalized image 

3.2 Image segmentation 

In this proposed system, Max flow-min cut graph cut segmentation algorithm is preferred. It is gaining 

importance nowadays. Previously followed methods are 1) Boundary based segmentation and 2) Region based 
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segmentationmethod. The drawbacks from these methods are: non continuous closed edge contours and often they 

are generating irregular boundaries and small holes in the segmented image. But the graph cut segmentation takes 

both the local information and the global information. Here the features are characterized byweighted undirected 

graph and the nodes represent the features. The edges are formed between the nodes. Weights for each edge 

correspond to similarity between the nodes. Energy minimization is also done. Graph cut energy function is given 

below where V and D are boundary penalty and regional penalty respectively. It can segment the regions even 

though pixels are blended together. Graph cut segmentation output is shown in Figure 5. 

                 (1) 

 

Figure 5. Graph cut segmentation 

3.3 Feature Extraction 

Feature extraction is critical step because classifier will recognize output class from the input feature 

pattern. Since features must be limited in number for effective computation of discriminant functions and to use 

limited training data, we have selected the following features:1)Mean 2)Variance 3)Standard deviation (SD) 

4)GLDM (texture feature). The GLDM computes the difference image (Id) and for the difference image, probability 

density function (PDF) is computed. Some features like entropy,angular moment etc are computed from PDF. 

Finally the integration of features formed the feature vector. The difference image is calculated by using the 

following equation where I(u,v) is the input fundus image and ∆u and ∆v are the incremental positions.  
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3.4 Classification of Mas and Non Mas using SVM with PCA 

The successfulness of classification is training.Features are facets of the input image and based on the 

features we assigned image to normal class and diabetic retinopathy class. There are not only the features but also 

prior knowledge is essential for classification. The classifier computes the discriminate functionwhich may be 

highest for one class and lowest for another class or positive for one class and negative for another class.PCA is used 

for dimensionality reduction that we have used for reducing the number of features.Here SVM is used as binary 

classifier.It fits the  hyperplane between the classes and it is giving maximum separation margin. One class lie on 

one side of the hyperplane and theanother class lie on other side of the hyperplane. We have adjusted cost function 

to minimize the error. Hyperplane separation is shown in Figure 6 and the microaneursyms detection is shown in 

Figure 7.The severity level for the corresponding fundus image is shown in Figure 8. 

 

 

Figure 6   Figure 7    Figure 8 

 

4. Results and Discussion 

This proposed system is focused on detection of microaneurysms  innon-dilatedfundus images which are 

taken from diabetic retinopathy patients.The outputs from each stage are shown in Figure 9.Sensitivity and 

specificity have been calculated using the following equations. 

 

TP & TN are true positive and true negative respectively. FP & FN are false positive and false negative respectively. 

 

 

a)                                                               b) 
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c)                                                              d) 

    

                                                   e)                                                               f) 

   

                             g)                  h) 

  

i)                                                                j) 

 

                                                     k)                                                                l) 

Figure 9: a)-b) input fundus image. c)-d) Green channel extraction. e)-f) adaptive histogram                                                       

equalized image. g)-h) output from Graph cut segmentation. i)-j) outputs from              

                                               classifier. k)-l) severity of the disease. 
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 The total number of images taken for training and testing is 50.Accuracy of output can be calculated from 

the data given in table 1.Classification accuracy is shown in Figure 10. 

 

Accuracy of the SVM classifier with PCA =
𝑇𝑜𝑡𝑎𝑙  𝑁𝑜  𝑜𝑓  𝑐𝑜𝑟𝑟𝑒𝑐𝑡  𝑡𝑒𝑠𝑡  𝑜𝑢𝑡𝑝𝑢𝑡𝑠

𝑇𝑜𝑡𝑎𝑙  𝑁𝑜  𝑜𝑓   𝑡𝑒𝑠𝑡  𝑖𝑛𝑝𝑢𝑡𝑠
×100 

 

 

Table 1: Classification accuracy of SVM classifier with PCA 

 

S.No 
Input  

Images 

Training Testing 

Accuracy 

(%) 

No of 

trained 

Inputs  

No of  

correct 

trained 

outputs 

No of test 

inputs 

Test 

o/p 

1. Normal 50 50 50 48 96 

2. Mas 50 50 50 47 94 

Figure 10: Classification accuracy 

 

5. Conclusion and future enhancement: 

 

This proposed system will help ophthalmologists and Diabetic Retinopathy patients for periodic eye 

screening. The advantages are ease and fast speed of eye screening and providing accurate results. We got sensitivity 

of 94.44% and specificity of 87.5% for the 50 test images. If Mas are present close to blood vessels then it will be 

removed during vessel extraction and the success of microaneurysm detection depends on the vessel extraction. But 

with Graph cut segmentation, we reduced the false detection rate. Hemorrhages detection can also be included to 

increase the accuracy of detection of severity level of diabetic retinopathy. 
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