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Abstract— The growth of diabetics’ worldwide increased drastically. Diabetic can cause blindness due to retinopathy diabetic. Often 
the patients of retinopathy diabetic do not experience the sign and the symptoms at early stage of their symptoms, even in the severe 
stages where the bleeding start to occur. One indicator of patients that has diabetic retinopathy can be seen from the blood vessel that 
experienced microaneurysm and hemorrhage due to a swelling blood vessels in the retina. The study in this paper will implement the 
Maximally Stable External Region (MSER) algorithm to detect microaneursym.  Microaneursym is one of the main indicators that 
causes retinopathy diabetic. This study uses HRF dataset. The results are expected to improve the accuracy microaneursym detection. 
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I. INTRODUCTION 

There is no official data for the patients with retinopathy 
diabetic in Indonesia yet. In a survey conducted by 
Household Health Ministry of Health of Indonesian 
Republic in 1995, this disease has not been defined and still 
registered in Indonesian blindness database (with around 
28% of data regarding the blindness). From all the data of 
the patients that visit the Eye Polyclinic of RSCM (One of 
the largest central hospital in Indonesia), the number of the 
patients with diabetic retinopathy increased from 2.4 percent 
in 2005 to 3.9 percent in 2006. The World Health 
Organization (WHO) in 2004 reported 4.8 percent of people 
worldwide become blind due to diabetic retinopathy. 
Diabetic retinopathy informed in 4th position after cataract, 
glaucoma, and macular degeneration (AMD = age-related 
macular degeneration) [1]. One indicator of a person 
suffering from diabetic retinopathy can be seen from the 
occurrence of microaneursym on the retina. Microaneursym 
can be seen and detected through the examination with 
fundus camera (ophthalmoscope). It is wide-ranging of 
retina focal point and the capillaries appear as small round 
dark red dots. The increased number of microaneurysms 
indicates the degree of disease (staging). 

The difficulties to see microaneurysms in retina are due to 
the similarity of color composition of diabetic retinopathy 
symptom with the color located around the retina [2]. 

Previous study classified some diabetic retinopathy symptom 
by using Bayesian method for the symptoms classification 
[3].  The training set of the data contain segmented images 
that prepared by the specialists. The training was executed 
using a random subset of the image pixels. Only a small part 
(window) from sample image that were manually segmented. 
The labeled pixel are used to train the classifier which will 
be applied for the same image segmentation. This strategy 
can be developed into fundus semi-automatic segmentation 
software, in which the operator only draw a small portion of 
the vessel or select a small section of the image as a vessel. 
Then the system (software) will segmented the pixels of all 
the images [3].  

The research conducted in [4] employing adaptive 
histogram equalization method to detect and clarify 
mikroaneurisym which are located near blood vessels. This 
study exploit edge detection of the fundus image by 
morphological closing techniques. A threshold value is set to 
remove the optic disc. KNN clustering is performed by 
computing the distance of the whole microaneursym that 
were detected, then take K value closest to its vector values. 
The next step is to calculate the average value of the pixels 
that are detected as microaneursym for classification purpose.  
This study had some stages to locate the position of the optic 
disc and then cutting (cropping) this disc. At this stage, 
blood vessels are removed from the eyes using 
morphological operations. The selection for edge candidates 
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of optic disc were conducted by watershed transformation 
[4]. Another study evaluated the trace of blood vessels 
network trace in fundus image to find the indicator 
symptoms of diabetic retinopathy. Morphological operations 
were employed to extract the blood vessels. The data images 
for the experiments were obtained from DIARETDB1 
Database. The initial estimation of the results showed there 
are a lot of noises in blood vessels network. Moreover, there 
are still many faults in retina edge detection. Image 
enhancement operations were carried out to eliminate retinal 
boundaries. This process is conducted by performing edge 
detection on the green channel image using morphological 
operations of erosion and closing. Edge detection was 
performed to obtain the retinal boundaries [5]. 

The patients of retinopathy often do not experience the 
signs and symptoms even in the stage of bleeding in the 
retina that causes the patient complained of seeing floaters 
(the shadow hovering black objects that follow the 
movement of the eyes) or to complain about clogged vision 
suddenly [1]. A direct medical examination and observation 
of patients with diabetic retinopathy is done by a doctor via 
ophthalmoscope examination. The imaging results will 
produce retinal fundus image in which the retinal image has 
many blood vessels in many areas, making it difficult to 
distinguish between normal and abnormal regions of the 
retina. The requirement to set the appropriate threshold 
values for edge detection in microaneursym is important. 
Since the threshold can clarify and eliminate the drawbacks 
of the optic disc that were used in some previous studies. 
The experiments in this study proposed Maximally Stable 
External Region (MSER) algorithms to detect and segment 
microaneursym. Microaneursym is one of many 
characteristics that indicate the symptoms of diabetic 
retinopathy. This algorithm is expected to help the doctor to 
detect microaneusym rapidly and accurately. 

II. MATERIAL AND METHODS 

Microaneursym is an area shaped as small pockets 
bulging in the blood vessels in the retina. Because of its 
small size, microaneurysms is difficult to see directly. The 
growth of microaneursym occurs continuously causes 
blockage of the blood vessels that nourish the retina. 
Partially blocked blood vessels rupture resulting in the 
emergence of other characteristics; (i) dot and (ii) blot 
hemorrhages. 

A. Retinal Fundus Dataset 

In this study the images from the High-Resolution Fundus 
(HRF) Image Database are used. The images are taken using 
a fundus camera Canon Cr-1 with the angle of 45 ° field of 
view (FOV). The sizes of the images are 768 × 584 pixels 
with the composition [6]: 

1. 15 normal retinal images 
2. 15 images with diabetic retinopathy disorders 

Figure 1 shows an example of the ideals fundus images 
used in this study [7]: 
 

 
 

Fig. 1. Fundus Image [6] 
 

B. Gaussian Filter 

In general, the process to detect microaneursym retinal 
fundus image begins with reading the fundus image and then 
perform grayscale image. Fundus image is a color image, 
therefore for detecting microaneursym, a grayscale image 
detection method is carried out to obtain the gray-level 
image I (x, y) by dividing the image into components R 
(Red), G (Green) and B (Blue) by the equation: 
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Filtration is done to avoid the noise in the process of 
levelling the histogram. In this study, a Gaussian filter [8] is 
used to categorize the image using Equation (2) 

)2/)(exp(
2

1
),( 222

2
σ

πσ
yxyxG +−=      (2) 

 
where: 

σ  = standard distribution deviation function, 
where the center of the distribution lies on x arsis  
x =0 (mean=0) 

C. Equalization Histogram 

Equalization of histogram is carried out to achieve an 
image that has a histogram with grayish level. This greyish 
level is spread evenly in the image. The distributions of 
greyish level image of the initial histogram are accomplished 
by mapping each of the pixel value in initial histogram into 
new pixel value [9]. Redistribution can be written with 
equations as in Equation 3. 
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where : 
nk  = pixel value with greyish scale k 
n  = the number of pixel in fundus  

 
The histogram of image components that are bright will 

concentrated on the right side (high scale of gray level), 
while the component of dark image of the histogram will 
concentrated on the left (low scale of gray level) of the 
image. A low contrast image will have narrow histogram and 
located in the middle of the greyish level. The low contrasts 
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in grayscale image resulting the color object image faded 
away. On the contrary, the high contrasted image will have 
histogram components that distributed evenly throughout the 
range of grey level image. The images that have more 
detailed greyish level will have wider dynamic range. 
Moreover, these images occupied almost all the possibility 
of the image grey level.  Their pixels are distributed evenly 
in all the images. Thus these images will make the 
interpretation process run smoothly.   

Histogram equalization is a technique to adjust the pixel 
values in order to create images with better contrast. This 
technique is totally dependent on the histogram. The 
histogram can be a continuous function, with r is a variable 
that stated the gray level image and has been normalized on 
the interval [0, 1]. The example can be seen in Figure 2 with 
r = 0 is black and r = 1 is white. Finally a discrete histogram 
function is sought and pixel values will fall on the interval 
[0-L-1]. L is the number of the intensity possibility. For 8-bit 
image, the grayscale L = 28 = 256. For all r value that 
qualified, a s transformation can be found as in the equation 
below to generate a histogram that has been equated 
averaged (equalize) with the boundary condition 0 ≤ r ≤ 1.  
 

 
Fig. 2. Fundus Image Equalitation  Histogram 

 

D. Binarization 

Finding the microaneursym in fundus image is a very 
important task. This step is carried out after performing 
histogram equalization of fundus image. It is important since 
microaneursym is one of diabetic retinopathy characteristics. 
To address the problems of finding microaneursym, it is 
necessary to get back on the results of the original fundus 
images where microaneursym has a very low intensity or 
black, while the objects that are in the fundus image has 
higher intensity than microaneursym. This shows that binary 
image process can be applied in retinal fundus image. Binary 
algorithm for fundus image that are obtained from histogram 
equalization derived from these following steps: 

1. Determining the value of threshold T to distinguish the 
intensity between other objects in retina with 
microaneursym. 

2. Change the value of grayscale fundus image pixel to 
the image with a logic pixel value i '1' (white) or '0' 
(black) with Equation 4:  

 (4) 

The experiment in this study use T accordance with the 
maximum intensity value of microaneursym (i.e., T = 
15). 

 

E. Optic Disc Elimination Process 

One of the difficulties in microaneursym color intensity 
detection is the similarity between microaneursym colors 
with other parts of the retinal. Furthermore, the unwanted 
occurrence of optic disc inside retinal fundus image objects 
also interrupts retinal microaneursym detection. The 
appearances of optic disc pixels are considered as noise thus 
need to be removed from the fundus image.  

Optic disc or optic nerve head is the location to respond 
the stimulus of the light.  This leads to one point in the visual 
field of the fundus image so-called blind spot [10]. Normal 
cup to disc ratio (the diameter of cup divided by the overall 
diameter of the optic disc) is about 1/3 or 0.3 [11]. There are 
several variations of normal cup; (i) with some people hardly 
have a cup (i.e., having a cup to disc ratio is 1/10 or 0.1) and 
(ii) others that have a cup to disc ratio of 4/5 or 0.8 [11]. 
Optic disc of image can be seen in Figure 3. 

 

 
 

Fig. 3. Optic Disc of Fundus Image [11] 
 

The elimination of optic disc is done by examining pixels 
(P) by pixel (from left to right side and from top to the 
bottom of the fundus image) to identify the areas of 
connected pixels (conn). The connected area of pixel is an 
area of the pixel‘s borders that have the same intensity or the 
same intensity values within a set of V (in binary image V = 
{1}) [12]. 

F. Feature  Microaneursym Detection with  Maximally 
Stable External Region Approach 

The next step after performing fundus image histogram 
equalization is to determined microaneursym on fundus 
retinal images. The experiments in this paper detect the 
microaneursym using Maximally Stable External Region 
method. This method is a collection of different images 
regions that were detected from grey scales images. All 
regions in fundus image will be defined as an external 
property of the intensity function in the region and above the 
outer region limits. 

In general the process of microaneursym segmentation 
processes can be seen in Figure 4. This algorithm will detect 
microaneursym in continuous geometry transformation 
locally and invariant toward the changes in the pixels 
intensity of fundus image. The algorithms work as follow:  

1. Sort the pixels based on image  intensity 
2. Place the pixels in the image 
3. Update  the structure of related components 
4. Renew the areas for the connected component that 

occurs 
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5. For all the connected components, count the 
minimum local changes of the microaneursym 
threshold of the stable area that being detected. 
 
 
 
 

 
 
 
 
 
 
 
 

 
Fig. 4. Microaneursym Segmentation Process 

 

III.  RESULTS AND DISCUSSION 

The result from segmentation steps are compared with 
doctor’s observations. The images that being compared in 
segmentation step are the original retinal and the segmented 
retinal image. The next step is to compute the 
microaneurysms candidate of the original image manually 
and then the original image that already being segmented is 
checked. The ophthalmologists will verify the analysis of 
fundus retinal image conventionally.  The result of 
segmented microaneursym image can be seen in Table 1 
below. These results are based on maximally stable external 
region.  
 

TABLE I 
THE RESULT OF SEGMENTATION PROCESS USING MSER 

Mikroaneursym Detection Microaneursym 
Image 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

  

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 
 

 

 

 

 

 
 

 

 

 
As can be seen in Table 1, the experiments for 

microneursym detection using maximally stable external 
region successfully detect the microneursym of fundus image. 
One of the causes for illumination differences in fundus 
image detection is the emergence of noise. The noise will 
disturb the segmentation process thus it is very important to 
eliminate or at least to reduce the noise. . By removing the 
noise, the obtained retinal images consists not only images 
that have prominent image contours but also narrow image 
objects to detect microaneursym. 

 

Original Image 

 

Microaneusym Detection 

 

Microaneursym 
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IV.  CONCLUSIONS 

The implemented algorithms were able to detect small 
areas on the retinal blood vessels, especially in areas that 
experienced microaneursym. The experiments showed 
changes in the values of contrast will give effects to the 
precise degree of retinal image microaneursym detection’s 
result. The level of detection’s accuracy depends on the 
value changes. For example if the value of the contrast is 
small, the microaneursym that going to be segmented is less.  

For further research we plan to add some different 
symptoms related to diabetic retinopathy indications. One of 
the indications is to detect the blood vessel that experienced 
venous beading due to the abnormalities in intra retinal 
micro vascular. 
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