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Abstract. This paper presents a new method to detect retinal microaneurysms, 

which are the first sign of diabetic retinopathy (DR). The methods of automatic 

microaneurysm detection can be generally classified into two groups: filtering 

based methods and supervised methods. The detection accuracy of the filtering 

based methods is affected by the background noises and the small vessels. The su-

pervised methods generally have better accuracy by feature sets extraction and 

training. But the computational cost of feature sets extraction is very high, which 

makes the supervised methods not suitable for large population screening. And the 

accuracy of supervised methods will affected by training samples. This paper 

presents a new method to detect retinal microaneurysms using Multi-orientation 

Sum of Matched Filter (MSMF), which can well suppress the affection of back-

ground noises and the small vessels. Experimental results show that our method is 

fast and effective in microaneurysm detection.  
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1 Introduction 

Diabetic retinopathy (DR) is a common and severe complication of long-term dia-

betes which damages the retina and cause blindness [1]. Color fundus camera is an 

easily operated tool to capture human retina so that the color retinal images are 

suitable for large population screen. The computer aided diagnosis (CAD) on reti-

nal images can help eye specialists to screen larger populations. Since microaneu-

rysms are regarded as the first signs of DR [2], the automatic detection of mi-

croaneurysms is very important. Generally, the methods of automatic 

microaneurysms detection can be classified into two groups: filtering based me-

thods and supervised methods.  

Microaneurysms can be regarded as local minimum in the greyscale image. 

Therefore they can be detected by different filters. In [5], Walter et al. proposed 

morphological diameter opening and closing filters to detect microaneurysms by 

defining the diameter of a connected region as its max extension. In [6], Sin-

thanayothin et al. proposed a modified morphological top-hat filter and segmented 

microaneurysms by region growing. In [3][4], Spencer et al. and Frame et al. first 

suppressed the vessels by morphological multi-orientation closing, then the mi-

croaneurysms are detected by  applying a 2D Gaussian matched filter on the Fluo-

rescein Angiography images. In [10], Niemeijer et al. extended this Spencer-

Frame scheme on color retinal images by a shade correction operation to first 

erase the bright lesions. In [7], Fleming et al. improved the 2D Gaussian matched 

filter by local contrast normalization. In [11], Fujita et al. proposed a modified 

double ring filter for microaneurysm detection. 

In color retinal images, the microaneurysms are not as clear as in Fluorescein 

Angiography images. The detection accuracy of the filtering based methods is af-

fected by the background noises. And, because microaneurysms are often sur-

rounded by small vessels, they could be “merged” into small vessels during filter-

ing operation. And, in color retinal images, the greyscale distribution along vessel 

orientation are often discontinuous so that the small vessels are easily mis-

classified as microaneurysms even the vessels are suppressed by morphological 

operation [3][4][10].  

 

 

Fig. 1 Examples of microaneurysms 
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The supervised methods generally have better accuracy by feature sets extrac-

tion and training. Other than local greyscale distribution, more features such as 

geometrical feature, color feature and statistical feature are extracted to improve 

the microaneurysm detection accuracy. In [8], Gardner et al. proposed an artificial 

neural network based scheme for microaneurysm detection. In [9], Zhang et al. ex-

tracted statistical feature using PCA and then detected microaneurysms using 

SVM classifier. In [12], Zhang et al. defined a feature sets using 31 different fea-

tures and then microaneurysms are classified by a discrimination table. 

However, the computational cost of feature sets extraction is very high, which 

makes the supervised methods not suitable for large population screening. And, 

the accuracy of supervised methods is highly related to the selection of training 

samples. Furthermore, the manually labelling of training sample is a very chal-

lenging work because microaneurysms have blurry edges and huge amount of mi-

croaneurysm samples have to be labelled to make the classifiers work well. 

This paper presents a new method to detect retinal microaneurysms using 

Multi-orientation Sum of Matched Filter (MSMF), which can well suppress the af-

fection of background noises and the small vessels. The rest of this paper is organ-

ized as following. Section 2 describes MSMF in details. Experimental results and 

conclusions are given in section 3 & 4 respectively. 

 

2 Method 

This section describes our method to detect retinal microaneurysms. First, the 

same with Niemeijer et al. [10], bright lesions and vessels are suppressed by shade 

correction and morphological operation. Then, the microaneurysms are enhanced 

by MSMF. 

In [10], Niemeijer et al. defined a 2D Gaussian matched filter as described in 

Equation (1) as 
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where   is the standard deviation of the Gaussian function. This is an isotropic 

filter. This filter is good at enhancing microaneurysms, but it enhances vessels as 

well. Even most of the vessels are well suppressed by the morphological opera-

tion, there are some small vessels can not be well suppressed. These small vessels 

generally have discontinuous greyscale distribution along vessel orientation and 

are easily mis-classified as microaneurysms. Furthermore, false negative detection 

could be caused by this filter because microaneurysms could be “merged” into 

surrounding small vessels during filtering operation. 

In order to produce better microaneurysm enhancement, we designed the Multi-

orientation Sum of Matched Filter (MSMF) where the matched filter is defined on 

the anisotropic Gaussian function defined in Equation (2) as 
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where   is the standard deviation of the Gaussian function, L is the length of the 

neighborhood along y-axis to smooth noise. This smoothing can help to enhance 

the continuity of vessels so that small vessels are not mis-classified as microaneu-

rysms. And, in order to produce strong response at the centre of a microaneurysm, 

we will rotate  ,m x y to different orientations as defined by Equation (3) where 

 represents orientation. Then the MSMF is defined in Equation (4) where 

 ,f x y  represents the green channel of the original retinal image and * repre-

sents convolution. Fig.2(a) shows the matched filter in 3D view and Fig.2(b) 

shows the matched filter with different  and orientations.  

 

 

(a) 
 

(b) 

Fig. 2 Proposed matched filter. 
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Without lost of the generality, we analyze the matched filter in 1-D case. Both 

the cross-sections of a microaneurysm and of a vessel can be defined by Equation 

(5) where w is the width of the cross-section. Then the convolution result of the 

matched filter can be derived by Equation (6). 
'g  and 

''g  represent the first and 

second derivative of Gaussian function respectively. 
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Then the centre response can be derived by Equation (7).  
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Because the shape of a microaneurysm is a circle, its cross-sections are the 

same at all orientations. But cross-sections of the vessels are different at different 

orientations. The convolution results are close to zero at the orientations near the 

vessel orientation. Therefore the centre response of a microaneurysm is enhanced 

and the vessel response is suppressed.  

 

 

 
(a) 

 
(b) 

 

(c) 

 
(d) 

Fig. 3 MSMF demonstration. (a) the original signal; (b) the convolution result of MSMF;      

(c) the convolution result of the traditional matched filtering; (d) (a)~(c) in 3D view. 
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(a) 

 

(b) 

Fig. 4 (a) A retinal image from ROC database [11]; (b) the convolution result of MSMF. 

 

   

   

Fig. 5 MSMF examples: the dark dots insides red circles are microaneurysms  

Fig. 3 demonstrates the performance of the MSMF using a simulated retinal 

image. Fig. 3(a) shows the original signal; Fig. 3(b) shows the convolution result 

of MSMF; Fig. 3(c) shows the convolution result of the traditional matched filter-

ing [10]; Fig. 3(d) shows (a)~(c) in 3D view. The centre response of a microaneu-

rysm is well enhanced as shown in Fig. 3(b) & (d). And, from Fig. 3(c), we can 

see that the false negative detection could be caused by this filter because mi-

croaneurysms could be “merged” into surrounding small vessels during filtering 

operation. This false negative detection can be avoided by MSMF as shown in 

Fig. 3(b). Fig. 4 shows the performance of MSMF using an image from ROC da-

tabase [11]. To allow a better view, we cropped and zoomed-in part of the images, 

as in Fig. 5. From Fig. 4 & 5, we can see that the microaneurysms are well en-

hanced while the vessels are suppressed. 
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3 Experimental results 

The proposed method is tested on a publicly available database ROC [11]. ROC 

database provides 50 retinal images with manually labeled ground truth. We com-

pare MSMF with the traditional matched filter [10] and a supervised method [12].  

Fig. 6 is the FROC produced by plotting lesion sensitivity against average false 

positives per image. Table 1 lists the sensitivity of 1, 2, 3, 4, 5, 7 and 8 false posi-

tives per image. Table 2 records the execution time of different methods on an In-

tel core i5 computer.  

 

 

Fig. 6 Plot of FROC. 

Table 1 Per lesion sensitivity of different false positives per image 

FPs/Scan 1 2 3 4 5 6 7 8 

MSMF 0.04 0.04 0.05 0.12 0.17 0.18 0.19 0.21 

Matched filter [10] 0.03 0.06 0.07 0.10 0.11 0.12 0.12 0.13 

Supervised [12] 0.19 0.27 0.28 0.31 0.31 0.32 0.33 0.35 

Table 2 Execution time 

MSMF 9 seconds 

Matched filter [10] 4 seconds 

Supervised [12] 273 seconds 

4 Conclusions and future works 

This paper presents a new method to detect retinal microaneurysms using MSMF, 

which can well suppress the affection of background noises and the small vessels. 

Experimental results show that our method is fast and effective in microaneurysm 

detection.  
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However, the accuracy of MSMF is not as good as the supervised method [12]. 

In the future, we will do more research on fast feature extraction to save the time 

consuming of the supervised method. And, we will do more research on semi-

supervised learning to make the training sample labeling more efficient. 
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