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Abstract— Diabetes has become a new global challenge. If 

not diagnosed and treated in time, diabetes can encourage 

other illnesses in the body of patients. Diabetes is a disease 

which occurs when the pancreas does not revealed enough 

insulin or the body is unable to process it properly. This 

disease influences slowly the circulatory system including 

that of the retina. As the diabetes progress, the vision of the 

patient may start to become worse and its lead to vision 

loss.Latest technological advances in the image processing 

helps auto detection of diabetes from the color retinal fundus 

image. The main goal of the proposed system is to diagnose 

the type of disease in the retina and to automatically detect 

the diabetes without human supervision or interaction. For 

the diagnosis, ophthalmologists use color retinal images of a 

patient from digital fundus camera. 
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I. INTRODUCTION 

The World Health Organization evaluated that 135 million 

people have diabetes mellitus worldwide and the number of 

people with diabetes will increase to 300 million by the year 

2025 [1]. Diabetes is a systematic and chronic end organ 

disease that occurs when the pancreas does not secrete 

enough insulin or the body is unable to process it properly 

[2]. A side effect of diabetes is Diabetic Retinopathy in 

which different parts of the retina get affected. Diabetic 

retinopathy is a medical condition where the retina is 

damaged because fluid leaks from blood vessels into the 

retina. Doctors recognize diabetic retinopathy by examining 

the features, such as blood vessel area, exudates, 

hemorrhages, microaneurysms and texture. Diabetic 

retinopathy can be divided into three stages of non-

proliferative retinopathy: mild, moderate, and severe and 

one stage of proliferative retinopathy [3]. 

Different retinal features are blood vessels, optic 

disk, macula and fovea as shown in Fig. 1. Due to diabetic 

retinopathy different parts of the retina get damaged and 

lead to vision loss. Also the characteristics are changed due 

to different pathological conditions [2]. Due to changes in 

retinal features, new features such as microaneurysms, 

exudates, and hemorrhages appear in the retina as shown in 

Fig. 2. Diabetic Retinopathy is a frequent complication of 

diabetes and the most common cause of blindness in the 

working population of the western world. 

Fleming et al. [4] have shown the role of 

microaneurysm and hemorrhage in smart grading of diabetic 

retinopathy. One of the most important steps in the smart 

detection of DR is the detection of microaneurysms. 

Microaneurysms are amongst the earliest observable signs 

of the presence of diabetic retinopathy. Due to a large 

number of patients, the available ophthalmologists are not 

sufficient in handling all the patients, especially in rural 

areas [5]. Therefore, smart early detection of 

microaneurysms could ease the burden of ophthalmologists. 

Smart microaneurysms detection can also help the 

ophthalmologists in investigating and treating the disease 

more efficiently [6]. 

 
Fig. 1: Retinal Fundus Image (Normal View) 

 
Fig. 2: Retinal Fundus Image (DR Lesion View) 

A. Overview of Diabetic Retinopathy 

Diabetic retinopathy is a microvascular changes of the retina 

caused by diabetes that can ultimately lead to blindness [32], 

[33]. Diabetic retinopathy changes the blood vessels of the 

retina in which blood vessel may bloat and leak fluid. Fig.1 

shows the defects that are diagnosable in the retina. Signs of 

diabetic retinopathy include microaneurysms, 

haemorrhages, hard exudates and soft exudates or cotton-

wool spots. The description of these signs are given below. 

Microaneurysms are the first and primary 

abnormality occurring in the eye because of diabetic 

retinopathy. These are identified as small, dark red spots and 

causes intra retinal haemorrhages, which may appear alone 

or in clusters. Microaneurysms are circular in shape and 

their sizes vary from 10-100 microns. 

Haemorrhages (that are termed as blot 

haemorrhages) are located in the compact middle layers of 

the retina. Flam shaped haemorrhages are originated in the 

retinal nerve fibre layer. 
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Hard exudates vary in sizes and have weak blots. 

These are very important symptoms of diabetic retinopathy. 

In severe stages of diabetic retinopathy, certain 

spots named ‘cotton wool spots’ are seen, these are the soft 

exudates. The retinal pre-capillary arterioles supplying 

blood to the nerve fiber layer are blocked and the local nerve 

fiber axons get swollen creating a cotton wool spot. 

It is hard to detect diabetic retinopathy at early 

stage. Exudates are early signs of diabetic retinopathy. So 

our aim is to detect exudates for early diagnosis of diabetic 

retinopathy and to protect the diabetic patients from 

blindness. 

II. METHODOLOGIES   USED   IN DETECTION OF 

MICROANEURYSM 

Smart microaneurysm detection is very useful in diagnosing 

the diabetic retinopathy for the eradication of blindness. 

With the help of smart system, the work of ophthalmologists 

can be reduced and the cost of detection of diabetic 

retinopathy can also be reduced. Most of the existing 

methods of microaneurysms detection work in two stages: 

microaneurysm candidate extraction and classification. First 

stage requires image preprocessing for the reduction of 

noise and contrast enhancement. Image preprocessing is 

performed on the green color plane of RGB image because 

in green color plane microaneurysms have the higher 

contrast with the background. After that candidate regions 

for microaneurysms are detected. Then blood vessel 

segmentation algorithms are applied to extract blood vessel 

from the candidates for the reduction in false positives 

because many of the blood vessels may appear as false 

positives in the preprocessed image. Then feature analysis is 

used in which feature extraction and feature selection is 

performed to detect the microaneurysms. In second stage, 

the classification algorithm is applied to categorize these 

features into microaneurysm candidate (abnormal) and non-

microaneurysm candidate (normal). The probability is 

estimated for each candidate using a classifier and a large 

set of specifically designed features to represent a 

microaneurysm. 

In general the process for the detection of 

microaneurysms is concluded in Fig. 3. 

 
Fig. 3: The Process of Microaneurysm Detection 

Image preprocessing is performed in all the 

methods of microaneurysms detection. Image preprocessing 

is performed to minimize the intensity variation effect in the 

background across the image as described in [7-10]. Image 

preprocessing is performed on the green color plane of the 

RGB image because microaneurysms have higher contrast 

in the green color plane. To remove all gross shadings due 

to macula, shade-correction of fluorescein is performed so 

that global morphological and thresholding operators can be 

applied successfully. In the following subsections, we 

describe the various approaches to detect microaneurysm. 

III. MORPHOLOGICAL PROCESSING 

Morphological processing is the most common method used 

for detection of microaneurysm. Morphological processing 

is a collection of techniques that can be used for image 

component extraction. 

In 1996, Spencer et al. [11] used morphological 

processing which detects microaneurysms present in 

fluorescein angiograms. After preprocessing stage, a bilinear 

top-hat transformation and matched filtering are used to 

provide an initial segmentation of the images. Then 

Thresholding is used to produce a binary image that contains 

candidate microaneurysms. Then a novel region-growing 

algorithm results in the final segmentation of 

microaneurysms. 

Then Frame et al. [12] produced a list of features 

like shape features and pixel-intensity features on each 

candidate. After that the classifier is used to classify each 

candidate as microaneurysm and non-microaneurysm by 

using these features. 

Niemeijer et al. [6] used a hybrid approach to 

detect the red lesions by combining the prior works by 

Spencer et al. [11] and Frame et al. [12] with two important 

new contributions. Their first contribution is the use of new 

red lesion candidate detection system which is based on 

pixel classification. Blood vessels and red lesions are 

separated from the background by using this technique. 

Remaining objects are considered as possible red lesions 

after removal of vasculature. Their second contribution is 

the addition of a large number of new features to those 

proposed by Spencer- Frame. Then k-nearest neighbor 

classifier is used to classify the detected candidate objects. 

The images for the dataset are taken from the hospital. This 

method has achieved 100% sensitivity and 87% specificity 

but the time required is more for initial detection of red 

lesions. Then Zhang and Fan [13] proposed a spot lesion 

detection algorithm that uses multiscale morphological 

processing. Using scale-based lesion validation, blood 

vessels are removed. This algorithm was tested on 30 retinal 

images and it has achieved the sensitivity of 84.10% and 

predictive value of 89.20%. 

Karnowski et al. [14] proposed a morphological 

reconstruction method for the segmentation of retinal 

lesions. In this method, the segmentation is performed by 

using ground-truth data at a variety of scales determined, to 

separate nuisance blobs from true lesions. The ground truth 

data is used to design post-processing classifiers to separate 

the machine segmented results into nuisance and actual 

lesion classes. This segmentation result is used to classify 

the images as “normal” or “abnormal”. This method was 

tested on 86 retinal images and these images are taken from 

the hospital. This method has achieved a sensitivity of 90% 

and specificity of 90%. The weakness of this method is that 

classification features for the post-processing steps is 

inaccurate so this method can be improved on more realistic 

dataset. 
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Kande et al. [15] proposed an approach that takes 

into account the advantages of pixel-based classification and 

morphological based detection. Local entropy thresholding 

algorithm is used to distinguish between enhanced red lesion 

segments and the background. Then morphological top-hat 

transformation is used to suppress the blood vessels and then 

SVM (Support Vector Machine) is used to classify the red 

lesions from other dark regions. This approach takes the 

same time as proposed in [11] and [12] and performs better. 

The author has selected 80 retinal images randomly from the 

Clemson, DIARETDB0 and DIARETDB1 databases. The 

sensitivity was 96.22% and specificity was 99.53% of this 

approach. 

Then again smart microaneurysm detection method 

based on pixel classification and mathematical morphology 

was proposed by Kande et al. [16]. They have tested their 

method on more realistic dataset. In this method, matched 

filtering is used for the contrast enhancement of red lesions 

against the background. Then these enhanced red lesions are 

segmented by using relative entropy based thresholding to 

maintain the spatial structure of the red lesion segments. 

Morphological top-hat transformation is then used to 

suppress the enhanced blood vessels. After that support 

Vector Machine is employed for classifying the candidate 

red lesions from other dark segments. This method was 

tested on 89 retinal images selected randomly from three 

databases, DIARETDB0, and DIARETDB1 [18] and it has 

achieved a sensitivity of 100% and specificity of 91%. 

Matei and Matei [19] used morphological 

operations, linear filtering and thresholding to identify the 

presence of specific retinal lesions of diabetic origin like 

microaneurysms and hemorrhages etc. Langroudi and 

Sadjedi [20] proposed a method for early diagnosis and 

screening of diabetic retinopathy. In this method, five types 

of lesions are detected based on morphology. These lesions 

include: Microaneurysm, Drusen, Hard exudates, Soft 

exudates and Hemorrhage, each of these lesions is a sign of 

diabetic retinopathy. The author has used STARE and 

DRIVE database for the result evaluation. This method has 

achieved a sensitivity of 92.5% and a specificity of 81.4% 

but this method can be improved by using some other 

efficient methods. 

Then Ardimas et al. [21] used the mathematical 

morphology to detect the microaneurysms. In this method, 

the author has used mathematical morphology because 

microaneurysms tend to have typical shape. Adaptive 

histogram equalization, Canny edge detection, MAs 

optimum pixel size, and PAL size image processing is also 

considered in this method. The algorithm proposed in this 

paper consists of three stages: first of all preprocessing is 

done, then microaneurysms candidates are detected and at 

last, post processing is done to remove the unused features 

like optic disk and exudates. The performance of this paper 

is evaluated on the DIARETDB1 [18] database which 

consists of 89 retinal images. 

IV. DETECTION OF EXUDATES 

Exudates are the whitish spot on the retinal surface which 

occurs due to the blood leakage from the blood vessels then 

blood is dry on the surface and the exudates are occurs. If 

we detect the exudates and then we classify in to the 

diabetes stages than we prevent the diabetes. Also we 

prevent the blindness. In the exudates detection I have to use 

Morphological image processing and Region of Interest 

based feature extraction method 

A. ROI (Region of Interest) 

A ROI is selected subset of samples within a database 

identified for a particular purpose. The main concept of 

region of interest is commonly used in many application 

areas. For examples like in medical imaging the boundaries 

of the tumour may be defined on an image or volume, for 

the purpose of measuring its size. The border may be 

defined as an image perhaps during different phases of the 

cardiac cycle for example end systole and end diastole. In 

computer vision an OCR, the region of interest defines the 

boarders of an object under consideration. In many 

application texture labels are added to a ROI to describe its 

content in a compact manner.[16]. 

 
Where R is connected region 

A(R) is the number of the pixels in the region R. 

Lp(R) is the length of the boundary region R.[8] 

V. DATASET 

For detection of microaneurysm, different authors have used 

different type of datasets like, DIARETDB0 and 

DIARETDB1. 

DIARETDB [18] was initiated by Tomi Kauppi for 

diabetic retinopathy detection from digital fundus images. 

This dataset is publicly available. It consists of 89 retinal 

fundus images of which 84 images contain some signs of 

diabetic retinopathy like microaneurysm and 5 images are 

considered as normal which do not contain any signs of 

diabetic retinopathy. These images were collected from a 

screening program and taken under a fixed imaging 

protocol. It contains the ground truth collected from several 

experts and a strict evaluation protocol. 

VI. RESULTS 

A. Microaneurysms Detection 

 
(a)   (b) 

 
(c)   (d) 

 
(e)   (f) 

 
(g)   (h) 
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(i)   (j) 

Fig. 4: (a) Original image, (b) Compliment image, (c) 

Adaptive histogram equalization, (d) adjusted image, (e) 

Compliment image, (f) Adjusted image, (g) Filtered image, 

(h) Top hat transform, (i) Detected MAs, (j) Counting of 

MAs 

B. Exudates detection 

 
(a)                                 (b) 

 
(c)                                (d) 

 
(e)                               (f) 

 
(g)             (h) 

Fig. 5: (a) Original image, (b) Filtered image, (c) Gray scale 

image, (d) integer value of 8-bit image (e) Binarization, (f) 

Dialation, (g) Optic disc detection, (h) Exudates detection 

VII. CONCLUSION 

The size and color of microaneurysms is similar to blood 

vessels. Its size is variable and often very small. So 

microaneurysms are very useful to detection of diabetes. 

Exudates are yellow or white structure in retina so it is also 

useful for detect the retina. Blood vessels and optic disc are 

also used for the detection the diabetes. By using the 

different features we also find the stages of the diabetes if it 

is mild, moderate or severe. In this paper, some existing 

methods are reviewed to give a complete view of the field. 

On the basis of this work, the researchers can get an idea 

about smart microaneurysm detection and can develop more 

effective and better method for microaneurysm detection to 

diagnose diabetic retinopathy.  
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