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Abstract—We propose a new approach for retinal 

haemorrhages detection in a retinal image.  Our approach is 

divided into three steps.  Pre-processing step which consists of 

green and V band extraction, histogram matching, contrast 

enhancement and morphological opening operation is needed to 

improve the image quality.  In the most important step, retinal 

haemorrhage which is a benchmark of diabetic retinopathy is 

extracted from colour retinal images using a two-dimensional 

matched filter.  Finally, a post-processing step is performed to 

reduce the false positive of detected haemorrhages.  Our 

approach is validated on 89 public retinal images from 

DIARETDB1 database.  Three validation parameters, namely 

sensitivity, specificity and accuracy are calculated by comparing 

our result to its corresponding hand labelled haemorrhages 

image.  The obtained average sensitivity, specificity and 

accuracy are 0.91, 0.98 and 0.98, respectively.  This achievement 

is much better than that of other published methods. 

 

Index Terms—Colour Retinal Image; Diabetic Retinopathy; 

Haemorrhages; Two-dimensional Matched Filter.  

 

I. INTRODUCTION 

 

Diabetic retinopathy (DR), one of the diabetes complications 

is the most leading causes of blindness [1].  Mostly, DR is 

recognized at its later stage, so that development of an 

automated tool for early screening of DR is required [2].  

Many benchmarks are used in DR detection including a 

retinal vessel, retinal pathology, and foveal avascular zone [3, 

4].  Nevertheless, to construct such tool can be a challenging 

task, particularly in dark lesion detection such as 

microaneurysms and retinal haemorrhages. 

Microaneurysms and retinal haemorrhages are the first 

observable benchmarks of diabetic retinopathy.  In colour 

fundus image, microaneurysms and retinal haemorrhages 

appear as dark reddish spots and flames.  The example of 

microaneurysms and retinal haemorrhages is depicted in 

Figure 1.  The appearance of dark lesion particularly retinal 

haemorrhages determines the grade of diabetic retinopathy. 

In addition, retinal haemorrhages occurring in the macula can 

cause serious visual impairment. 

Various algorithms for detection of retinal haemorrhages 

have been published. Shivaram et al. [5] employed 

arithmetical and mathematical morphology for detecting the 

retinal haemorrhages and suppress the retinal vessels. The 

result was compared to the ground truth obtained by an 

ophthalmologist.  The achieved sensitivity, specificity and 

accuracy were 0.89, 0.99 and 0.98, respectively. 

Zhang and Fan [6] used multi-scale morphological 

processing to detect retinal haemorrhages.  Overdetection 

objects such as retinal vessels were reduced using scale-based 

pathology validation.  The method was evaluated on 30 

colour fundus images and it yielded a sensitivity and 

predictive values of 0.84 and 0.89 respectively.  Recursive 

region growing was applied by Sinthanayothin et al. [7] to 

segment retinal haemorrhages.  The contrast of retinal 

haemorrhages was enhanced using moat operator. 

 

 
  

Figure 1: The example of dark lesion in Colour fundus image including 
microaneurysms and retinal haemorrhage 

 

Tang et al.  [8] presented a splats technique, a collection of 

pixels with similar colour and spatial location, for retinal 

haemorrhages segmentation.  The watershed algorithm was 

used for splats segmentation.  Having removed retinal 

vasculatures using automated vessels segmentation method, 

the k-NN classifier was applied in training and testing stage 

to distinguish the retinal haemorrhage and background.  

Training stage involved 20 fundus images from DRIVE 

database while 1200 images from MESSIDOR database were 

used in the testing stage. 

Several algorithms for detection of retinal haemorrhages 

have been presented above.  Unfortunately, most of them 

either involved complex method or yielded unsatisfactory 

results.  In this paper, a novel approach for the detection of 

retinal haemorrhages is proposed and validated.  It introduces 

a histogram matching of green and value (V) bands to 

enhance the fundus image quality.  It also employs a multi-

scale matched filter and double length filter for haemorrhages 

detection and noise reduction, respectively. 

 

II. METHODOLOGY 

 

Our approach for detection of retinal haemorrhages in 

colour fundus images is divided into three steps.  Those are 

pre-processing retinal haemorrhages candidate detection and 

post-processing.  Pre-processing consists of green and V band 

extraction, histogram matching, morphological opening 
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operation and contrast enhancement. The main step or retinal 

haemorrhage detection step is conducted using a matched 

filter.  Finally, post-processing step consists of retinal vessel 

elimination and length filtering is applied to reduce the false 

positive of detected retinal haemorrhages.  Detailed step 

conducted in this paper is depicted in Figure 2.  

 

 
Figure 2: The block diagram for detection of retinal haemorrhage in 

colour fundus images 

 

A. Pre-processing 

Pre-processing step aims to enhance the colour fundus 

image quality.  Colour image is known for having three bands 

including red (R), green (G) and blue (B). Colour image can 

also be represented using a hue (H), saturation (S) and value 

(V) system.  The relations of RGB and HSV colour image 

representations are expressed in Equation (1) until Equation 

(3) [9]. 

The green and V bands are then used in histogram matching 

[10], followed by morphological opening operation and 

contrast enhancement. 

 

B. Retinal Haemorrhages Candidate Detection 

The retinal haemorrhages candidate detection step plays a 

key role in this paper.  Therefore, applying a robust method 

in this step is beneficial to obtain a great result.  The matched 

filter has been extremely used both in the one and two-

dimensional signal detection.  In colour fundus image 

processing, the two-dimensional matched filter has been used 

to detect retinal vessels.  In this paper, the two-dimensional 

matched filter is used to match the retinal haemorrhages 

intensity profile which is similar to that of retinal vessels’.  

Two-dimensional matched filter equations are given in 

Equation (4) until Equation (6). 

 

 (1) 

 (2) 

 (3) 

 (4) 

 
(5) 

 (6) 

 

L, T, σ and θ represent the length, width, standard deviation 

and orientation of matched filter window, respectively. 

Twelve matched filter windows for 𝜃 = 0 − 175° are 

convolved to the enhanced fundus image.  The retinal 

haemorrhages candidate is defined as the maximum response 

of all matched filter responses. 

 

C. Post Processing 

The objective of post-processing step is to reduce over-

detection objects which cause false positive invalidation 

process.  This step consists of retinal vessels elimination and 

length filtering.  Retinal vessels are detected using a matched 

filter and morphological reconstruction.  Detail explanation 

of retinal vessels detection using morphological 

reconstruction can be found in [11].  Retinal vessels are then 

eliminated by subtracting the vessel image from the 

haemorrhage candidate image.  Finally, double length filters 

are used to remove the remaining noise.  The length filters 

apply up and bottom threshold to ensure that only 

haemorrhage appearing in the final result.  The up threshold 

is designated to remove any object larger than haemorrhages 

while the bottom threshold is aimed to eliminate any object 

having a smaller area than the average area of haemorrhages. 

 

D. Validation of Our Approach 

To validate our approach, 89 retinal images from public 

database DIARETDB1 are used.  The hand labelled detection 

of retinal haemorrhage is included. DIARETDB1 contains 89 

colour fundus images in BMP format.  On each colour fundus 

image, all steps mentioned above are applied.  Thereafter, 

four classification parameters including true positive (TP), 

false positive (FP), true negative (TN) and false negative 

(FN) are calculated.  A detail description of those parameters 

is presented in Table 1.  Having obtained those parameters’ 

values, three validation parameters such as sensitivity (SN), 

specificity (SP) and accuracy (ACC) are determined.  Table 
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2 represents the equations to determine those parameters’ 

values. 

 
Table 1 

Classification Parameters 
 

 
Ground truth image 

Haemorrhages Present Haemorrhages Absent 

Haemorrhages 

detected 
True positive (TP) False positive (FP) 

Haemorrhages 

not detected 
False negative (FN) True negative (TN) 

 
Table 2 

Validation Parameters 
 

Parameter Definition 

Sensitivity (SN) TP/(TP + FN) 

Specificity (SP) TN/(TN + FP) 

Accuracy (ACC) (TP + TN)/(TP + FN + TN + FP) 

 

III. RESULT AND DISCUSSION 

 

A. Pre-processing 

Pre-processing step is started by extracting the green and V 

bands of each colour fundus image.  Extracting the red, green 

and blue bands from colour fundus image is done by taking 

the matrix represented the green band.  Further, the H, S and 

V band can be obtained using Equation (1) and Equation (3).  

The examples of colour fundus image in RGB and HSV 

formats are depicted in Figure 3.  As shown in Figure 3 (b), 

green bands have the best contrast among other bands.  

Whereas, V band (Figure 3 (f)) represents the largest 

component colour among of R, G and B intensities.  In other 

words, green band estimates the dark lesion while V band 

corresponds to the background so that joining them together 

is beneficial to obtain high contrast fundus image. 

 

   
(a) (b) (c) 

   
(d) (e) (f) 

 

Figure 3: The examples of colour fundus image in RGB (a-c)  
and HSV (d-f) formats 

 

The green and V bands become the inputs of the histogram 

matching.  In Figure 4 (a), the histogram matching joins the 

retinal vessel and dark lesion profiles from the green band 

together with the background of the V band to construct the 

desired image.  Further, the opening operation is applied to 

remove small artefact as depicted in Figure 4 (b).  Afterwards, 

opening operation is employed to obtain an image in Figure 

4 (c).  As shown in Figure 4 (c), the dark lesion is clearly 

distinguished with the background, making the haemorrhages 

candidate detection step can be done successfully. 

 

   
(a) (b) (c) 

 

Figure 4: The results of pre-processing step 
 

B. Retinal Haemorrhage Candidate Detection 

This step is the most important step in retinal haemorrhage 

detection method.  In this step, a two-dimensional matched 

filter is used.  Twelve matched filter windows for 𝜃 = 0 −
175°calculated using Equation (6) are convolved to the 

enhanced fundus image. L, T and σ are set equal to 16, 12 and 

3; so that the filter has a large enough window to match the 

retinal haemorrhages profile.  Then the retinal haemorrhages 

candidate is obtained by taking the maximum response of 

twelve matched filter responses.  The results of this step can 

be seen in Figure 5.  As shown in Figure 5 (b) till Figure 5 

(e), the matched filter successfully detects the retinal 

haemorrhages at θ = 0, 45, 90 and 135o.  Further, the 

maximum response of all possible θ values forms the retinal 

haemorrhages candidates. The result is then converted into 

binary image using threshold equals to 0.3 as depicted in 

Figure 5 (f). 

 

   
(a) (b) (c) 

   
(d) (e) (f) 

 

Figure 5: The results of retinal haemorrhages detection step 

 

C. Post Processing 

As mentioned above that matched filter successfully 

detects retinal haemorrhages candidate.  Nevertheless, there 

are many undesired objects appear in Figure 5 (f).  To 

overcome this problem, retinal vessels elimination and length 

filtering are applied. Retinal vessels are firstly segmented 

using a matched filter and morphological reconstruction. 

Having converted the vessels image into a binary image, 

retinal vessels are then eliminated, followed by applying, up-

down length filters.  Up and down thresholds are set equal to 

600 and 30, respectively.  The results of this step are shown 

in Figure 6. As shown in Figure 6 (b), the retinal vessel and 

the border disappear.  Furthermore, the undesired objects are 

also removed as can be seen in Figure 6 (c), indicating that 

the subsequent steps are efficient for retinal haemorrhages 

detection. 

 

D. Validation of Our Approach 

Our approach is validated on 89 retinal images from public 

database DIARETDB1.  The hand labelled detection of 

retinal haemorrhage is included. DIARETDB1 contains 89 

colour fundus images in PNG format.  On each colour fundus 

image, all steps mentioned above are applied.  Four 
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classification parameters (TP, FP, TN and FN) and three 

validation parameters (SN, SP and ACC) are determined.  

Our approach achieves the average sensitivity, specificity and 

accuracy of 0.91, 0.98 and 0.98, respectively. 

To ensure the readers, the comparison of our result to that 

of other published methods is presented in Table 3.  As shown 

in Table 3, we achieve the highest sensitivity, indicating that 

our approach is more reliable to be used in the automated tool 

for early screening of DR compared to other existing 

methods. 

 
Table 3 

Our Result Compared to Other Methods 

 

Authors 
Performance Measurement 

SN SP ACC 

Shivaram et al. [5] 0.89 0.99 Not Reported 

Sinthanayothin et al. [7] 0.78 0.89 Not Reported 

Marwan and Eswaran [12] 0.88 0.95 Not Reported 
Proposed approach 0.91 0.98 0.98 

 

IV. CONCLUSION 

 

A novel approach for the detection of retinal haemorrhages 

in colour fundus images has been presented.  It introduces 

histogram matching of green` and V bands to enhance the 

fundus image quality, employs multi-scale matched filter for 

haemorrhages detection and applies double length filter for 

noise reduction, respectively.  Our satisfying result 

demonstrates that our approach is reliable to be implemented 

in the automated tool for early screening of DR. 
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Figure 6: The results of post-processing step 
 


