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Abstract—This paper introduces, and reports on the 

performance of hybrid algorithms for automated 

microaneurysms (MAs) detection in retinal images. The presence 

of MAs in retinal images is an early sign of Diabetic Retinopathy 

(DR) which is one of the leading causes of blindness amongst the 

diabetes population. An extensive survey of the literature is 

presented and current techniques in the field are summarised. 

The proposed technique first detects an initial set of candidates 

using a pinpointing pixel, pixel exploration, region growing, 

region padding and region well foundedness on images from the 

Indian Eye dataset. Results show that the proposed classifier is 

superior in terms of sensitivity and specificity. The proposed 

method achieves an computation time 0.19seconds achieved by 

the best available technique.   

Keywords—Fundus image, Diabetic retinopathy, Diabetes, 

Microaneurysms, Multi-agent approach 

I.  INTRODUCTION  

Diabetic retinopathy (DR) is reported to be the most 
frequent cause of blindness worldwide in individuals aged 20–
74 years. The occurrence of DR is related to the duration of 
diabetes. During the first two decades of diabetes, nearly all 
patients with type 1 diabetes and over 60% of patients with 
type 2 diabetes have DR [1]. According to the World Health 
Organization (WHO), in 2012 diabetes approximately caused 
1.5 million deaths. From 2005 to 2008, 28.5% of diabetic 
patients above the age of 40 years were diagnosed with DR. 
The WHO has estimated that DR is responsible for 4.8% of 
the blindness globally [3]. DR is a sight-threatening 
consequence of diabetes which affects the small blood vessels 
in the retina, the nerve layer that lines the back of your eye. 
The early stages of DR are often symptomless. Early diagnosis 

and timely treatment to prevent vision loss is a highly 
desirable goal. It would significantly reduce the workload of 
ophthalmologist. There are two major types of DR; they are 
Non-Proliferate DR (NPDR) and Proliferative DR (PDR). The 
presence of signs like Microaneurysms(MAs), 
Hemorrhages(HAs) and Exudates(EXs) are the symptoms of 
NPDR [5-9]. Retinal Image Analysis (RIA) is an active area of 
research due to its application in screening programs for DR. 
During the screening process, fundus images of the retina are 
captured for the purpose of detection of DR. The presence of 
MAs in retinal images is an early indicator of DR (Figure. 1). 
The automated detection of MAs from retinal images can aid 
in screening programs for DR diagnosis. Several algorithms 
have been proposed for the detection of MA, however, MA 
detection is still a challenging problem due to the variance in 
appearance of MAs in retinal images [10].  

 

Figure 1: Presence of microaneurysms in Retinal image. 

II. EASE OF LITERATURE SURVEY 

Seoud et al. (2016) have extracted dynamic shape features 
to segment MAs. First, the ROI is selected and spatial 
calibration is applied to support image with various 
resolutions. Second, the retinal image is preprocessed with 
illumination equalization, denoising, adaptive contrast 
equalization and color normalization. Third, OD is detected 
and removed. Fourth, MA is detected by its intensity and 
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contrast. Fifth, dynamic shape features are extracted like 
relative area, elongation, eccentricity, circularity, 
rectangularity and solidity. Finally, RF is used to classify red 
lesions. The performance of the proposed method is evaluated 
on the MESSIDOR database with area under ROC of 0.899 
[11]. 

Rosas-Romero et al. (2015) have applied various image 
processing algorithms to extract MAs. The image is 
preprocessed with non-uniform illumination and 
normalization. The suppression of bright object is done by 
bottom-hat transformation and the red object is performed by 
binarization. The removal of BVs is done by hit-or-miss 
transformation. The applications of PCA and Radon transform 
are involved to extract features, and perceptron is used to 
classify red lesions. This method has yielded an SE, SPE, 
ACC of 92.32%, 93.87% and 95.93% in DIARETDB1 
database and 88.06%, 97.47% and 92.19% for Retinopathy 
Online Challenges (ROC) database respectively [12]. 

 Adal et al. (2014) have detected the red lesions by 
scale-adapted blob analysis and semi-supervised learning. The 
singular value decomposition-based contrast enhanced 
technique is used to improve contrast, and Hessian matrix is 
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Figure 2: Pre-processing scheme for MA detection in 
retinal images 

used to extract the candidate. The size of MAs ranges from 

20-500m. The scale of MAs is estimated by computing local-
maxima of scale-normalized Hessian response. The scale-
space features and Radon transform features are extracted and 
fed to SVM, k-NN, NB and RB, and any one among the 
classifier is selected for further processing. The performance 
of the proposed method is evaluated on ROC databases with 
competition performance measure of 0.364 respectively [13]. 

 Sopharak et al. (2013) have implemented hybrid 
method to detect MAs for non-dilated DR affected retinal 
images. The median filtering, CLAHE and shade correction 
are used as preprocessing steps to remove noise and improve 
contrast. The coarse and fine segmentation of MAs are 
performed using mathematical morphology and NB classifier. 
This methodology has yielded an SE of 85.68%, SPE of 
99.9%, precision of 83.34% and ACC of 99.99% respectively 
[14].Lazar et al. (2013) have developed the local rotating 
cross-section profile analysis to segment MAs in retinal 
image. The image is preprocessed, and local maximum 
regions are extracted. The peak detection is applied on each 
profile and the attributes like size, height, shape are extracted 
on each peak. The statistical features are extracted, and NB 
classifier is used to classify MAs and non-MAs [15]. 

 Zhang et al. (2010) have developed multi-scale 
correlation coefficient and dynamic thresholding for fine and 
coarse segmentation of MAs [16]. Akram et al. (2013) have 

proposed a three-stage system to detect MAs. The morphology 
operations, contrast normalization and filter banks are used to 
extract MAs. The features like shape-based, statistical, gray-
level and colors are extracted efficiently. The hybrid classifier 
which combines Gaussian mixture model and SVM is used to 
classify MAs and non-MAs. The performance of the proposed 
method is evaluated on DIARETDB0 and DIARETDB1 
databases with an SE of 98.64%, SPE of 99.69% and ACC of 
99.40% respectively [17]. 

 Tavakoil et al. (2013) have developed a 
complementary method to segment MAs in fluorescein 
angiography images. The top hat transformation and averaging 
filter are used as preprocessing steps to remove background. 
The multi-overlapping window is applied to convert an image 
into sub-image. The Radon transform is applied on sub-image 
to detect and mask the BVs and OD. The MAs are detected 
and numbered by appropriate thresholding and Radon 
transform. The performance of the proposed method is 
evaluated on Mashhad and local databases with an SE of 94%, 
100% and SPE of 75%, 70% respectively [18]. 

III. PROPOSED METHOD 

Image enhancement techniques like median filter, shade 
correction, Gaussian filter and modified Kirsch filter are used 
to suppress the noise and to highlight the image features. 
Pinpointing pixel, pixel exploration, region padding, region 
growing and region well-founded techniques are used to 
segment MAs efficiently. Figure 2 shows the pre-processing 
scheme for MA detection. The following steps are used to 
segment MAs efficiently: 

Step 1: Median filter is used to enhance retinal image, 
reducing noise and preserving edges. 

Step 2: Add median filtered image with green channel 
image to get shade-corrected image 

Step 3: Gaussian filter which includes G (σ) its mean at 
two orientations Gx'(σ), Gy'(σ), its   variance at three 
different orientations Gxx''(σ), Gxy''(σ), Gyy''(σ) at scales 
σ=1, 2, 4,8,16 is applied to the green channel image.  

Step 4: Apply steerable filter in an orientation-selective 
convolution kernel used to detect the  edges clearly 

Step 5: Rotate the Kirsch operator at 45 degree increments 
in all eight directions like North,  North-West, West, South-
west, South, South- East, East and North-East directions for 
detecting the initial brightest regions in MAs 

North North-west West South-west 

5 5 5 5 5 -3 5 -3 -3 -3 -3 -3 

-3 0 -3 5 0 -3 5 0 -3 5 0 -3 

-3 -3 -3 -3 -3 -3 5 -3 -3 5 5 -3 

South South-East East North-East 

-3 -3 -3 -3 -3 -3 -3 -3 5 -3 5 5 

-3 0 -3 -3 0 5 -3 0 5 -3 0 5 

5 5 5 -3 5 5 -3 -3 5 -3 -3 -3 
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Figure 3: Block diagram for MAs detection 
 

Step 6: To select seed points dynamically, pinpointing 
pixels, look for small circular dark  structures, i.e. the objects 
with highest intensity that contain MAs. 

Step 7:Search for white points in 8-neighborhood and red 
points in 4-neighborhood to establish  possible pixel 
exploration. 

Step 8:Pad the pixels with highest intensity by using region 
padding algorithm 

Step 9:Region growing is applied with the starting point 
with maximum intensity and appending  neighborhood 
pixel based on predefined criteria. The resultant region is the 
output of region well foundedness [19]. 

Step 10: This process is applied while there exists a proper 
neighboring pixel. 

Step 11: Repeat Step 9 until identifying the presence of all 
MAs. The overall block diagram of the proposed method is 
shown in Figure 3. 

IV. RESULTS AND DISCUSSION 

Table 1 shows the comparative analysis of segmentation of 
MAs with literature-reviewed methods. Figure 4 and 5 shows 
the sample results of the proposed algorithm, Extraction of 
relative area, elongation, eccentricity, circularity, 
rectangularity, and solidity features have been used to segment 
red lesions with an SE of 93.9%, an SPE of 50% with 
computation time of 98 seconds [11]. Bottom hat and hit-or-
miss transformations were performed to segment MAs and 
HAs followed by PCA for classification with execution time 
of 404.3s and 184.66s. Their methods have yielded SE of 
92.32%, SPE of 93.87% for DIARETDB1 database [12]. 
Mathematical morphology and NB classifier have been used 
for fine and coarse segmentation of MAs with SE of 85.68%, 
SPE of 99.99% and ACC of 99.99% [14]. Identification and 
classification of candidate region as MAs or non-MAs by 
hybrid approach have yielded SE of 98.64%, SPE of 99.69% 
and ACC of 99.40% [17]. Detection of MAs has been 
performed by local rotating cross section profile analysis in 
sixty retinal images with computation time of 2 seconds [15]. 
Scale adapted blob analysis [13] and complementary method 
have showed SE of 81.08%, 94% and SPE of 92.31%, 75% 

respectively [18]. A hierarchical approach based on multi-
scale correlation filtering to detect all MAs yielded SE of 
71.3% [16]. In the proposed work, MAs are detected with an 
ACC 99.67% in all sizes of images in Indian Eye Database 
with less computation time of 0.19s. 

V. CONCLUSION 

In this work a new approach for MA detection is proposed. 
The new approach is based on Multi-agent approach. The 
proposed method uses different combination of preprocessing 
steps for removal of noise and to enhance the image. The 
proposed method uses a sequence of steps in order to perform 
the segmentation. A set of 100 DR affected retinal images has 
been acquired with the dedicated fundus camera and digitized 
with a laser film scanner [Zeiss Stratus OCT, Modern 3000] in 
Bejan Singh Eye Hospital, Nagarcoil, India. The proposed 
method is evaluated using Indian dataset. The proposed 
method is compared to existing methods. Results show that 
the proposed method is superior in terms of sensitivity and 
specificity. 
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Figure 4: The results of MAs detection in DR images 
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Table 1: Comparison of algorithms for segmentation of MAs with the proposed method. 

 

  

 

 

 

 

 

 

Author name 

Cit

atio

n 

Year Algorithm Database 
No of 

images 

SE 

(%) 

SPE 

(%) 

ACC 

(%) 

Computation 

time(S) 

Seoud et al. [32] 2016 Dynamic shape features 

Messidor 

Erlangen 

CARA1006 

1200 

45 

1006 

93.9 50 - 98 

Rosas-Romero et al. [33] 2015 

Reduction of non-uniform illumination and 

normalization, Selection of candidate based on 

shape and intensity 

DIARETDB1 

ROC 

89 

100 

92.32 

88.06 

93.87 

97.47 
- 

404.3 

184.66 

Adal et al. [34] 2014 

Scale-adapted blob analysis, local scale 

estimation, Scale-space features, Speeded up 

robust features, Radon-transform features 

ROC 

UTHSC 

100 

380 
81.08 92.31 - - 

Sopharak et al. [35] 2013 
Mathematical morphology 

Naive bayes classifier 

Thammasat 

University 

Hospital 

80 85.68 99.99 99.99 60 

Lazar et al. [1] 2013 Local rotating cross-section profile analysis ROC 60 - - - 2 

Zhang et al. [36] 2010 Multi-scale correlation coefficients 
ROC 

DIARETDB1 

100 

89 
71.3 - - - 

Akram et al. [2] 2013 

Morphological operation, Contrast 

normalization and filter banks, GMM, SVM, 

m-Mediods 

DIARETDB0 

DIARETDB1 

130 

89 
98.64 99.69 99.40 

2.93e-004 

8.28e-004 

3.17e-004 

Tavakoli et al. [37] 2013 
Radon transform 

multi-overlapping windows 

Mashhad 

Tehran 

ROC 

120 

5 

22 

94 

100 

75 

70 
 

660 

665.20 80.368 

580.37 33.814 

41.66 9.128 

Proposed method Multi Agent approach 
Began singh eye 

hospital 
100 99.82 98.13 99.67 0.19 
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Figure 5. The sample results of MAs detection for various 

expert annotations from the database 
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