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Abstract 

One of the complications due to the long-term of diabetes is retinal vessels damaging called diabetic retinopathy. It is characterised by 
appearing the bleeding spots in the large size (haemorrhages) on the surface of retina. Early detection of haemorrhages is needed for 
preventing the worst effect which leads to vision loss. This study aims to detect haemorrhages by eliminating other dark lesion objects that 
have similar characteristics with haemorrhages based on three features, i.e. area, eccentricity and extent features. This study uses 43 retinal 
fundus images taken from DIARETDB1 database. Based on the validation process, the average level of sensitivity gained is 80.5%. These 
results indicate that the proposed method is quite capable of detecting haemorrhages which appear in the retinal surface. 
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1. Introduction  

Diabetes is one of the major health problems in developing 

countries. World Health Organisation (WHO) has reported 

that around 171 million people lived with diabetes in 2000 

and it is predicted will be increased to 366 million diagnosed 

diabetics worldwide by 2030. Moreover, International 

Diabetes Federation (IDF) has predicted that more than 400 

million people by 2030 will be threatened by glucose 

disorders. 

Diabetes is classified into two types, i.e. type-1 and type-2. 

When the pancreas merely capable to produce insulin in 

slightly, it is called type-1 diabetes, while type-2 diabetes is 

commonly caused by unhealthy life such as obesity [1]. One 

of the impacts of diabetes is diabetic retinopathy which 

damaging the retinal vessels and causing of blindness [1, 2]. 

The bleeding spots will appear in the surface of retina in 

small size (microaneurysms) and the large one 

(haemorrhages). Sometimes, these bleeding spots disappear 

by themselves. However, without treatment immediately, it 

often recurs and gets worst. Therefore, early detection and 

diagnose are needed in order to reduce the eye damage and 

prevent the blindness [3]. 

Some research works related to haemorrhages detection for 

early diagnosing of diabetic retinopathy have been conducted. 

Bharaly, et al. detected haemorrhages based on thresholding 

algorithm on the green channel. Contrast limited adaptive 

histogram equalisation (CLAHE) was applied in the pre-

processing step followed by median and mean filtering. 

Retinal vessels was detected by using region growing method 

and then eliminated from the image to obtain final area of 

haemorrhages [4]. 

Mane, et al. used matched filter algorithm which has 

modified for detecting retinal vessels. A total of 11 features 

were extracted from filtered image. These features include 

area, aspect ratio, circumference, eccentricity, average 

intensity, standard deviation, the length of main axis, the 

length of minor axis, density, equivalent diameter and 

roundness. Afterwards, these extracted features were used as 

input in the classification process based on support vector 

machine (SVM) classifier. This approach was tested on 89 

retinal images from DIARETDB1 database. The classification 

results achieved the accuracy, sensitivity and specificity of 

96.62%, 96.42% and 100%, respectively [5].  

Sreng, et al. [6] extracted the reddish dark lesions based on 

some features to facilitate haemorrhages detection. Foveal 

area was extracted based on density feature, while that of 

retinal vessels based on eccentricity feature. Microaneurysms 

which has similar characteristics with haemorrhages was 

extracted based on area feature. This study was conducted on 

579 fundus images taken from Bhumibol Adulyadej Hospital. 

The accuracy achieved is 90% with the processing time of 

6.23 seconds/ image. 

To complete the study of haemorrhages detection, this 

paper proposes an approach to detect haemorrhages by 

eliminating dark lesion objects based on area, eccentricity and 

extent feature. The structure of this paper is organised as 

follows. Section II explains materials and method used. The 

results and discussion are presented in Section III followed by 

conclusion in Section IV.  
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2. Materials and Methods 

A number of 43 retinal fundus images taken from 

DIARETDB1 were used in this study [7]. These images are 

available in RGB (*.png) format with the resolution of 

1500x1152 pixels. The images were captured by using digital 

fundus camera from an angle of 500 field-of-view with a 

variety of settings (flash intensity, shutter speed, aperture, 

gain) controlled by the system. Moreover, this database also 

provides the ground truth images for facilitating the validation 

at the end process. Therefore, this database was chosen to be 

processed in this study.  The sample of original and ground 

truth images are shown in Fig. 1. 

 

 

 

Fig. 1. The examples of: (a) RGB original image; (b) ground truth image 

 

This study proposed two schemes process, namely 

haemorrhages detection and retinal vessels detection as 

depicted in the Fig. 2. The original image was getting some 

ways in pre-processing step. After that, pre-processed image 

undergoes parallel process for detecting the candidates of 

haemorrhage and retinal vessels as well. By involving 

subtraction operation, final haemorrhages were detected. 

2.1. Pre-processing 

 

Firstly, the retinal image was resized to 0.6x of the original 

size or equal to 900x692 pixels. Afterwards, channels 

extraction was conducted to separate green channels from the 

two others channel. Green channel was chosen since it has the 

best contrast than others as described in Fig. 3. 

Then, extracted green channel was processed by contrast 

limited adaptive histogram equalisation (CLAHE) followed 

by contrast adjustment for improving the contrast image and 

make the target object more clearly. The results of pre-

processing step are shown in Fig. 4. From the adjusted image, 

we can see that retinal vessels and haemorrhages tend to be 

equally prominent. So, before step across to the next step, the 

enhanced image was applied by median filtering. Two scales 

of median filtering used are s1=10 and s2=35 (Fig. 5). It was 

conducted in parallel process.  The chosen of two scales is 

based on the experiment result with several different scales. 
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Fig. 2. Flowchart of the proposed approach 
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Fig. 3 The images results of channel extraction: (a) red;  

(b) green; and (c) blue channels 

 

 

 

 

Fig. 4. The results of pre-processing: (a) CLAHE; (b) contrast adjustment 

 

 

 

 

Fig. 5. The results of median filtering: (a) s1=10; (b) s2=35 

 

Next, the adjusted and filtered images were denoted by IA 

and IB, respectively. Here, we intended by subtracting IA from 

IB (1) to make the dark area such as retinal vessels, 

microaneurysms and haemorrhages be brighter than 

background area. Moreover, we also can see that the fovea 

area is removed from the image as presented in Fig. 6. 

 

𝐼𝑆𝑢𝑏 = 𝐼𝐵 − 𝐼𝐴 (1) 

 

 

Fig. 6. The image result of subtraction process (ISub) 

2.2.  Haemorrhages Detection 

The image result of subtraction process was then applied 

by Otsu thresholding in order to over separate the object and 

the background area. As shown in Fig. 7 (a), there are still 

contain retinal vessels, microaneurysms and others object that 

having similar character as dark areas. So, to eliminate these 

unwanted objects (non-haemorrhages), three features namely 

area, eccentricity and extent were involved in this process 

because these features represent the shape of object.  

In shape, haemorrhages have the difference from the retinal 

vessels. While in size, haemorrhages are bigger than 

microaneurysms. If the object area is less than 50μm, it was 

eliminated due to denoted as noises or microaneurysms. The 

area that should be eliminated ones is the object having the 

eccentricity value approaches to 1, since it was denoted as line 

objects or retinal vessels. Also, the object with the extent 

value approaches to 0 (zero), it was eliminated and denoted as 

retinal vessels as well. So, the candidates of haemorrhages 

were obtained as shown in Fig. 7 (b). 

 

 

 

Fig. 7. The image results of:  

(a) Otsu thresholding; (b) candidates of haemorrhages 
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2.3. Retinal Vessels Detection  

Although the retinal vessels had eliminated from the 

image, there are still left small pieces of retinal vessels as 

shown in Fig. 7 (b).  Therefore, it is important to detect the 

whole area of the retinal vessels and then remove them for 

getting the final area of haemorrhages. Here, we used the 

image result of subtraction process (ISub) to be applied by 

thresholding method with the threshold value of 0.04. 

 Afterwards, other objects (non-retinal vessels) detected 

were eliminated by considering the eccentricity and extent 

features. The objects with eccentricity value more than 0.95 

and extent value less than 0.3 will be eliminated from the 

image. The result of retinal vessels detection is depicted in 

Fig. 8. Lastly, to obtain the final area of haemorrhages, 

subtraction process was applied between candidates 

haemorrhages (Fig. 7 (b)) to the detected retinal vessels (Fig. 

8). 

 

 

Fig. 8. The result of retinal vessels detection 

2.4. Validation Process 

To find out the performance of the proposed method, we 

calculated the sensitivity value by using (2). This formulation 

involves two statistical parameters, namely true positive (TP) 

and false negative (FN).  

 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =  
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
 𝑥 100% (2) 

3. Results and Discussion 

Having obtained the images result of two schemes 

proposed, i.e. the candidate area of haemorrhages and detected 

retinal vessels, the next process to do is subtracting both 

images for gaining the final result of haemorrhages detection. 

Here, there are no more retinal vessels, microaneurysms and 

others unwanted object as shown in Fig. 9 (a). However, 

haemorrhages which coincide the retinal vessels will be 

eliminated while the subtracting process (see Fig. 9 (b)).  

Final haemorrhages obtained were then validated to the 

ground truth image (Fig. 9 (c)) which labelled by several 

experts. This process was done in order to ascertain the truth 

of haemorrhages detected. Since the labelled haemorrhages in 

the ground truth image is not a definite position (merely the 

area which is estimated containing haemorrhages), so each 

detected haemorrhages is in labelled area in the ground truth 

image, it is defined as true positive (TP).  False negative (FN) 

defines when there is no detected haemorrhages in the labelled 

area. Validation process is illustrated in Fig. 9 (d). 

 

 

 

 

 

Fig. 9. (a) Final detected haemorrhages; (b) Haemorrhages coincide with 

retinal vessels; (c) ground truth image; (d) validation process 

 

Having gained the value of TP, and FN, the next process 

conducted is calculated the sensitivity value. The results of 

sensitivity are presented in Fig. 10. As shown in Fig. 10, we 

can see that the highest sensitivity value is 100.0%, while the 

lowest one is 16.7%. From the whole number of images, the 

average value of sensitivity achieved is 80.5%.   

10 

a 

b 

c 

d 



Yulyanti et al.  / Communications in  Science and Technology 4(1) (2019) 7–11  

 

 

Fig. 10. The results of sensitivity 

4. Conclusion 

An approach for detecting haemorrhages in retinal fundus 

image has been proposed. Three features, i.e. area, 

eccentricity and extent features are involved in order 

obtaining the final result of haemorrhages detection. In this 

study, the average value of sensitivity gained is 80.5%. This 

result indicates that the proposed method is able to detect the 

presence of haemorrhages. However, it still needs to be 

improved due to the percentage results are not maximized yet. 

There are several areas of detected haemorrhages lost due to 

coinciding with retinal vessels, which have also an impact on 

the validation results.  
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