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Abstract: Diabetic retinopathy (DR) is accepted to be the vision 

threatening disease in most of the developing countries. The 

anomalies caused by Diabetic retinopathy are identified through 

Micro aneurysms and Hemorrhages. Manual detection of 

abnormalities like Micro aneurysm and Hemorrhages in color 

fundus images is a time consuming process and hence there is a 

need of an automated system to grade the level of diabetic 

retinopathy. The proposed method is based on profile based 

features, local features and SVM classifier to detect 

microaneurysm in retinal fundus image. The microaneurysm 

detection accuracy of the proposed method is about 93.73% using 

SVM classifier and 90.71% for KNN classifier. 
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I. INTRODUCTION 

Diabetes is the most commonly seen disease which affects 

the retina in human eye. If it is not diagnosed earlier and left 

untreated, it may lead to loss of sight. One in three patients 

has the symptoms of diabetic retinopathy; also one out of ten 

persons is at the vision threatening stage. In India [1], nearly 

90 million people are affected by diabetic disease. Diabetic 

retinopathy is the highly developed form of the disease. 

Diabetic retinopathy is considered as an advanced level and 

diagnosed through symptoms like Red lesions and bright 

lesions. Microaneurysms (MA) and hemorrhages are red 

lesions usually noticed at the early stages named mild non 
proliferative DR and in moderate non proliferative DR, bright 

lesions like exudates and cotton wool spots are also identified 

along with red lesions. These abnormalities are considered to 

be major facts in the grading of DR severity. Existence of 

numerous microaneurysms is the earliest indication of DR 

[2]. Due to microaneurysms the blood vessels narrowed and 

in some cases it blocks the flow of blood in the retina blood 

vessels. At later, these microaneurysms may burst, and lead 

to the condition called hemorrhage. Although 

microaneurysms are the initial signs of Diabetic retinopathy, 

hemorrages are also helpful for screening and beneficial for 
grading task. At the severe level of disease progression, 

vessels may get thickened and due to the inability to supply 

nutrients to the retina, fragile blood vessel [3] will form. In 

this stage, blood vessels seem to be twisted and tortuous.  
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The changes in the blood vessel pattern also considered for 

diagnosis purpose. Among these abnormalities 

microaneurysms are said to be the earliest one and it is still 

challenging to identify in fundus images. In this work, the 

detection of microaneurysms is proposed based on shape and  

profile features.Accuracy, sensitivity and specificity are 

considered as the performance measures for the proposed 

work.  

II. RELATED WORK 

Detection of microaneurysm in the presence of retinal blood 

vessels is still a challenging task. Many MA detection and 

segmentation methodologies are already proposed but still 

the challenge is alive. Morphological operation [4-5] is 

applied to remove the vascular patterns, with linear 

structuring elements at different orientations. Elements 

which are smaller than the structuring elements, like 

microaneurysms and in some cases Hemorrhages are 

eliminated by this operation. Hence top hat transformation of 

this will detect the candidate regions. Different template 

matching methods are also proposed for microaneurysm 

detection. A local template matching in wavelet domain has 

been used for MA detection. Wavelet sub-bands based 

template matching [6] is applied for the detection of micro 

aneurysm. The wavelet transform with lifting scheme 

framework is used in training phase and the location of micro 

aneurysms is detected on the matching result using threshold. 

In view of the fact that, retinal fundus images are likely to 

have variation in illumination and shades, preprocessing 

[7-11] is essential in the detection process to enhance the 

image quality. A Gaussian matching filter [7], was applied on 

the morphological bilinear top-hat transformation in order to 

enhance abnormal regions like MA, and MA candidates are 

segmented using a recursive region growing method. Since 

vessel region also identified as the candidate region, 

supervised learning is implemented to eliminate the false 

candidates. In [12], a multi scale Gaussian correlation 

coefficients based method is proposed and the MA candidate 

is identified using the maximum correlation coefficient by 

the different Gaussian Kernels for each pixel. In [13], a 

hybrid method includes morphological top hat transform and 

classification by K NN classifier is proposed for MA 

detection. In [14],MA detection is proposed by combining 

Gaussian mixture model and logistic regression classification. 

Dictionary learning along with sparse representation 

lassification [15] is proposed to detect MAs.  
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They also utilized the Gaussian Correlation coefficients to 

identify the true candidates among spurious candidates and a 

separate dictionary was learned for each case. 

Microanuerysms and Hemorrhages are identified by dark 

pixel regions [16-17] in most of the regions and the vessels 

are subtracted to extract only the abnormal regions. But the 

drawback of this method is due to the false positives in vessel 

segmentation may lead to unrecoverable loss of lesion 

regions. Shape feature based MA detection is also proposed 

in several methodologies. In [18], a new set of shape features 

is intended to detect MA, hence the methodology do not 

involved with segmentation of candidate regions. Each 

minimal area is considered as a candidate and shape features 

are extracted through morphological flooding operation. In 

the case of a lesion, the local minimum region indicates the 

principal location from which the blood is leaking gradually, 

in a more or less isotropic manner, depending on whether the 

lesion is an MA or an HE. In addition several other methods 

like bottom hat transformation [19], circular hough transform 

[20], Radon transform [21], local contrast normalization 

based method [22], and also neural network classification for 

MA detection [23] , Convolutional neural network based 

detection [24] are also proposed. 

III. PROPOSED TECHNOLOGY 

The proposed method for the microaneurysm 

abnormalities detection in fundus images are based on 
intensity profile features and shape features. The proposed 

work starts with the preprocessing operation to make the 

microaneurysm region clearly compared to the background. 

The candidate region is identified from the preprocessed 

image, 22 discriminant features are extracted from that region 

and finally classified. Figure 1 depicts the proposed 

workflow. 

Pre-Processing 

The retinal images are usually have non uniform 

illumination. Due to the non uniform illumination, the 

microaneurysms present in the low bright and poor contrast 

regions are difficult to detect through screening process [25]. 

Illumination Equalization: The green channel of the image is 

inverted and it is considered as the background images.  A 

mean filter of size 53 × 53 is applied to estimate the 
illumination. Shade variation is corrected by subtracting the 

back ground image from the original fundus image. The 

average intensity of Inverted green channel is added to 

maintain the same gray range as in the inverted green channel 

of the image and it is specified by the following equation:  (1) 

where  I-Original Image, m- green channel mean, Ibg - Back 

ground Image. Contrast Limited Adaptive Histogram 

Equalization & Smoothing: Even in the illumination 

equalised image some of the microaneurysms are not still 

identifiable. To sharpen the details in the low contrast region, 

Contrast limited adaptive histogram equalization (CLAHE)  
is applied.  Finally smoothing is done with the help of 

Gaussian filtering process. Figure 2 shows the preprocessed 

outputs. 

A. Candidate Extraction 

Candidate Detection plays a vital role in Abnormalities 

detection in retinal fundus images. Using this method 

unwanted regions other than the abnormalities are ignored. 

The candidate regions are identified by taking profile of the 

region along different directions with the predefined 

conditions. If the region is the candidate region, then it atleast 

have one maximum due to the fact that microaneurysms 

appear as the bright pixel. To overcome the false 

identification of noise region as candidate region, maxima 

values at different orientation is observed.   

Peak Detection & Thresholding:  Peak Detection is the first 

step to find out the Abnormality region using intensity profile 

Analysis. To detect the intensity profile, the whole image is 

separated into small patches and intensity profile is obtained. 

20 Line detectors of different orientations with nine degree 

spacing are constructed for each of the locally maximum 

pixel to study the surrounding. The local maximum pixel of 

the profile is the center pixel. If in any profile when the 

absolute difference between consecutive pixels larger than 5 

is observed, then that candidate is excluded. From the 

remaining candidate, starting and ending position of 

increased intensity level and decreased intensity level is 

taken. Thresholding level of patches are taken as the 

maximum intensity of profile. To reduce false selection of 

candidate patches, ratio of the candidate region to  

circumcircle region (Eq. 2) is calculated. If the ratio is less 

than 0.5 means that patches are discarded.  

B. Feature Extraction 

Local Features: Hessian based matrix is used to find out the 

features of candidate patches. Features are taken by the 

second order partial derivatives of each pixel of patches.  
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The eigen values relation of the Hessian matrix is used for the 

finding of various structures.  λ1 and  λ2 are the eigen values. 

The probability map for the small round object is given by the 

following relation: 
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P(x,y) is the maximum of P(x,y,σ). Mean, Standard deviation 

and maximum of Pmax, ׀H׀  is extracted as features, where 

λ1Max =׀H׀  λ2Max. 

Intensity and shape features: Shape features [14] and [15] 

like area, symmetry and aspect ratio are extracted from the 

selected candidate region. Area is the number of pixels in the 

candidate region. Symmetry of the candidate region is 

calculated using  N

dd
R i j 


 

(

   (4) Here dj is the 

space from an edge pixel to the centre pixel of the candidate 

region. The d  is the average distance and N is the number of 

pixels. The aspect ratio is the length of the major and the 

second major eigen value of the covariance matrix of the 

candidate region. The average contrast of edge pixels is given 

by  
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where the category 1  is a group of pixels which belong to the 

eight neighboring pixels of the center pixel and their pixel 

intensity is larger or equal to that pixel. N1 is the number of 

pixels in 

 

Fig.1 Proposed Method 

 

 

Fig. 2 Pre-processed Output 

a- input image;  b-Green Channel;  c-Inverted Green 

Channel;       d-illumination equalization;      e- contrast 

equalization;  f-smoothing 

 

 

 

first category. Category 2 is the remaining pixels of 

8-neighboring pixel. The standard deviation of contrast of 

edge pixels is given by 

 edge

edgei i

edge
N

cc 




2)(


    (6) 

where edge is a group of edge pixels and Nedge is the amount 

of edge pixels. The average intensity & Standard deviation of 

microaneurysms  candidate region is     
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The mean intensity & standard deviation of background is 

calculated similar like that of Eq.(7). The difference among 

the average intensity of microaneurysm candidate and its 

background is given by  

backgroundcandidatediff  
      (8) 

The difference among the maximal intensity of candidate 

region and a local contrast is 
umax  nDiff

 where 

backgroundbackgroundu  53.0
      (9) 

Profile Features: Profile features [26] are taken from the 

intensity profile of each selected candidate patches. The peak 

width is the difference between the start and end of the peak 

is given by                        wpeak =D Re - I Rs. The increasing 

ramp height is given by       Hir =p[ I Re] - p [I Rs] . The 

decreasing ramp height is               Hdr = p[Drs] - p [Dre]. The 

average height of the peak is           Hpeak = p[i] /wpeak.  The 

start of increasing ramp height is      Hirs = p [IRs]. The 

termination of the decreasing ramp height is          HDre = p [D 

Re]. 

IV. EXPERIMENTAL RESULTS 

The Diaretdb1 and DRIVE databases are the freely 

available images for estimating the  methods of 

microanuerysm detection. Diaretdb1[3]  comprises 28 

training images & 61 testing images. Among the testing 

images, 10 images with symptoms of all stages of DR are 

selected and used. The proposed method of MA detection 

based on the Intensity & shape features. Totally 22 features 

are extracted from both Diaretdb1 and DRIVE databases. 

Among the 22 features, 6 features are profile features and 18 

features are shape based features. These 22 features are 
utilized to differentiate the abnormal region from normal 

regions in the fundus images using SVM and K NN 

classification.   Both the algorithms meant for its simplicity 

and also they are highly efficient to get better classifier 

accuracy, hence in this work these classifiers are selected for 

classification. The proposed work of abnormality detection is 

initiated by separating the images into patches of size of 

50x50 to identify the anomaly section in the image. SVM 

classifier and KNN classifier is trained with the Intensity and 

shape features derived from 28 images of Diaretdb1. The 

classification accuracy is measured as the performance 

measure for the proposed method and it is the ratio of sum of 
true positive patches and true negative patches to the total 

number of patches tested. Table 1 displays the accuracy 

measurement of proposed methodology. To measure the 

performance of proposed methodology, the abnormal patches 

are initially labelled manually and it was compared with the 

obtained classification result. Table 2. lists some of the 

existing methodology for MA detection on Diaretdb01 

database. Accurate localization of the MAs is essential for the 

diagnosis, it is being depends on the performance of the 

classifier which is evaluated using Receiver Operating 

Characteristics (ROC). 

 

 

Fig 3. ROC plot 

Area under Curve (AUC) value for SVM is 93.73% and for 

KNN it is 90.71% for the same training samples shown in 

Figure 3. Sensitivity is the measure which describes how well 

the abnormal region is identified as the abnormal region. 

Sensitivity of proposed work using SVM and K NN is 95.6% 

and 95.14% respectively. Performance of the proposed 

method by SVM classifier in terms of accuracy is superior 

compared to K NN classifier. Some normal image regions 

with thin vessel segments and uneven contrast regions are 

recognized as anomalous regions. It is due to the same range 

of intensity for vessels and anomalous regions. 

V. CONCLUSION 

Microaneurysm is the indicator of early sign of vision 
damage due to Diabetic retinopathy. In this work, presence of 

microaneurysms in retinal fundus images are identified by 

means of profile based intensity features & shape features. 

Accuracy achieved by the proposed work using SVM 

classifier is about 93.73% and using KNN classifier is about 

90.71% for diartedb1 database. The methodology can also be 

extended for the detection of other abnormal conditions due 

to DR like haemorrhages and their augmentation with respect 

to time for grading the disease progression based on the 

measurement. 
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