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Abstract 
 

Retinal fundus image is a crucial tool for ophthalmologists to diagnose eye-related diseases. These images provide visual information of 

the interior layer of the retina structures such as optic disc, optic cup, blood vessels and macula that can assist ophthalmologist in deter-

mining the health of an eye. Segmentation of blood vessels in fundus images is one of the most fundamental phase in detecting diseases 

such as diabetic retinopathy. However, the ambiguity of the retina structures in the retinal fundus images presents a challenge for re-

searcher to segment the blood vessels. Extensive pre-processing and training of the images is necessary for precise segmentation, which 

is very intricate and laborious. This paper proposes the implementation of object-oriented-based metadata (OOM) structures of each pixel 

in the retinal fundus images. These structures comprise of additional metadata towards the conventional red, green, and blue data for each 

pixel within the images. The segmentation of the blood vessels in the retinal fundus images are performed by considering these addition-

al metadata that enunciates the location, color spaces, and neighboring pixels of each individual pixel. From the results, it is shown that 

accurate segmentation of retinal fundus blood vessels can be achieved by purely employing straightforward thresholding method via the 

OOM structures without extensive pre-processing image processing technique or data training.      
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1. Introduction 

Visual information in retinal fundus image provide a crucial tool 

for ophthalmologists to diagnose eye-related diseases. Pathologi-

cal features of retinal fundus images such as optic disc, optic cup, 

blood vessels, and macula [9] are essential towards diagnosing 

eye-related diseases. Diabetic retinopathy [12-13, 17], an eye dis-

ease touted as one of the leading cause of blindness is one of the 

diagnosis that can be accomplished via segmenting the blood ves-

sels of the retinal fundus image.  

However, the ambiguity of the retinal fundus images presents a 

challenge for researcher to accurately segment the blood vessels in 

the image. The appearance of the blood vessels in terms of color 

intensity diverges from different region of the images. Hence, 

most researches emphasize on the either the extensive pre-

processing of the images [10, 12, 15] or the massive learning da-

tasets of the images [4-7, 19]. This resulted in the methods re-

quires intricate and laborious processing.    

This paper proposes an implementation of object-oriented metada-

ta (OOM) structures that provides additional description of each 

pixel within an image. Additional information regarding a pixel 

such as the location, neighboring pixels, and alternate color spaces 

can be utilized as a tool to determine which pixels belong to dif-

ferent pathological features in a retinal fundus images. Therefore, 

instead of relying on intensive preprocessing image processing 

operation and massive training datasets, this approach relies on the 

metadata of each pixel to produce an accurate segmentation. 

2. Related Works 

2.1. Image Pre-processing   

Segmentation of blood vessels in retinal fundus images conven-

tionally employs extensive image pre-processing to enhance the 

original images. This is done to increase the visibility of the patho-

logical features in retinal fundus images to allow more precise 

segmentation. The ambiguous appearance of the blood vessels 

[15] in the retinal fundus image necessitate different enhancement 

towards the original image. Despite the blood vessels features can 

be perceived via the human eye, the level of color intensity of red, 

green, and blue channel that describe the blood vessels features 

may also describe the background of the retinal fundus image. 

Examples of image pre-processing techniques applied to segment 

blood vessels in retinal fundus image includes low and high pass 

filtering [18] to sharpen or smoothen the image, histogram equali-

zation to adjust the contrast of the image and Gaussian filtering for 

noise elimination [19] are some of the image preprocessing that 

has been employed before the segmenting the blood vessels in 

retinal fundus image.  

These preprocessing requires intricate processing with each filters 

or enhancement may take even more time then the segmentation 

process itself. It can also be contended that different type of imag-

es may require different types of image preprocessing, hence mak-
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ing the process not robust enough for critical process such as seg-

mentation of blood vessels in retinal fundus image. 

2.2. Machine Learning  

Recent trends in image processing algorithm shows the advent of 

machine learning algorithm as the de-facto standard for providing 

accurate image segmentation. Numerous researches have em-

ployed machine learning of different types and methods to seg-

ment blood vessels in retinal fundus images. Machine learning 

methods such as artificial neural network (ANN) [3, 8], support 

vector machine (SVM) [14], and recently convolutional neural 

network (CNN) [7, 19] has shown to be a reliable method to pro-

vide an accurate segmentation towards the blood vessels in retinal 

fundus images. 

Nevertheless, employing machine learning requires massive 

amount of training datasets to allow the algorithm to learn differ-

ent pathological features in the retinal fundus images. This learn-

ing process can be very laborious depending on the size of the 

training datasets and the number of layers employed in the learn-

ing structures.  

The number of training datasets can be amounting from hundreds 

to thousands [5, 19] of data as increase in terms of the number of 

training data will allow the algorithm to produce more accurate 

results. Unless adequate learning datasets and layers employed, 

the machine learning algorithm will unable to accurately segment 

the blood vessels in retinal fundus images. 

3. Methodology 

This paper proposes the employment of object-oriented metadata 

(OOM) structures for describing each individual pixel within the 

retinal fundus images. Object-oriented programming (OOP) is a 

method employed in computer science that can describe an entity 

as an “object”. OOP has become a ubiquitous method in pro-

gramming different type of applications as its ability to encapsu-

late the data belonging to an object allow different types of pro-

cessing to be executed on the object [16, 20]. In this paper, the 

employment of OOP to provide an OOM for individual pixels in 

the retinal fundus images will be discussed. The process that ac-

companies the OOM structures will also be deliberated on how 

OOM can contribute to accurate segmentation of blood vessels in 

retinal fundus images. 

There are four phases that have been instigated in producing this 

paper. The phases are data collection, object-oriented metadata 

structures design, image segmentation algorithm design, and final-

ly testing and evaluation. 

 

 

 

 

 

 

 

 

 

 

 

 

    

   

 

 

 
Fig. 1: Methodology Phases Flow 

 

Figure 1 illustrates the phases of methodology in this paper. Each 

subsequent subtopic will further deliberate each phase in details. 

3.1. Data Collection 

The data collection phase gathers retinal fundus image datasets 

from internet sources. Varieties of different internet sources can be 

visited for complete retinal fundus image datasets complete with 

ground truth data (manual annotation) [1, 11, 19]. In this paper, 

DRIVE retinal fundus dataset [11] is preferred as the data to be 

used in this research. This is due to its high-quality retinal fundus 

image and its specific ground truth data emphasizes on the seg-

mentation of the blood vessels. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 
Fig. 2: Sample DRIVE Retinal Fundus Image Data 

 

Figure 2 illustrates examples of DRIVE retinal fundus image da-

taset, with the figure in (a) represents the original image while the 

image in figure (b) is the corresponding ground truth (manually 

annotated blood vessels segmentation). There are 20 training and 

20 test data available in the dataset. The amount of data is consid-

erably smaller than other available dataset. Though, this comple-

ments the dispute of this paper whereas the algorithm ought to be 

able to accurately segment the data without the necessity to train 

the algorithm as most research that employ machine learning algo-

rithm advocates. 

3.2. Object-Oriented Metadata (OOM) Structures De-

sign 

In this phase, the design process of the OOM structures to describe 

the retinal fundus image is reflected. The OOM structures is de-

signed to augment additional information regarding each pixel 

within the retinal fundus image. Conventional algorithm usually 

treats the image data as simply a collection of pixels in the form of 

red, green, and blue color intensity value. These combinations in 

the end will decide the appearance of the pixel within the image.  

It can be contended however, each pixel in the image can be de-

scribed with more detailed information.  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

Fig. 3: Pixel’s Object-Oriented Metadata (OOM) Structures 
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Convert bitmap data into OOM 

structures 

Individual pixels are divided into 

specified kernel  

Thresholding process using 

different color spaces 

Reconstruction of the processed 

image using the location data 
stored in OOM 

Figure 3 explicates the OOM structures that can be accommodated 

to each individual pixel. Instead of storing each pixel purely with 

its RGB intensity values, they can be described with more infor-

mation such as location, color spaces, and neighboring pixels. This 

description creates a new set of metadata that can accommodate 

different valuable information regarding each individual pixel that 

can be utilized for segmentation purposes. For example, different 

information on color spaces allow each pixel to behave differently 

according to respective color spaces. HSL color spaces for exam-

ple, provide the hue, saturation, and luminosity of the pixel com-

pared to the red, green, and blue intensity by conventional RGB 

color spaces. These different criteria allow different thresholding 

values to be incorporated for more accurate segmentation. 

 

 

 

 

 

 

 

 

 
 

Fig. 4: 3x3 Pixel’s Neighbors 

 

Pointers to neighbouring pixels will also be accommodated to 

allow interaction between different pixels. Neighbouring pixels 

are crucial especially when connectivity of each pixels is being 

considered. This OOM structures is designed to accommodate 

crucial information that can be utilized for segmentation of blood 

vessels in retinal fundus images.  

3.3. Image Segmentation Algorithm Design 

Manipulating image data using the OOM structures is more flexi-

ble when being compared with conventional RGB bitmap data. 

This structure allow independent processing of each pixel as every 

pixel is accommodated with crucial information that can be uti-

lized for image segmentation. Therefore, before segmentation 

process is executed, the algorithm will first convert the bitmap 

data into OOM structures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5: Segmentation Algorithm Flow 

 

After conversion, the segmentation process will begin where dif-

ferent thresholding values are applied towards six different color 

spaces in the OOM structures. The thresholding value utilized in 

this research are calculated based on the basic statistical operation 

such as average, median, max, and min. This is done since the 

blood vessels while ambiguous in terms of its color intensity, can 

be visibly conceived via human eyes. Therefore, employing basic 

statistical operation mentioned earlier hypothetically can distin-

guish the blood vessels features from other features such as back-

ground, optic disc, optic cup, and macula. This technique is touted 

as “adaptive thresholding” where the thresholding value will on be 

applied to corresponding kernel in the OOM. 

The neighbouring pixels stored in different kernel size of 3x3, 5x5, 

10x10, and 15x15 according to suitability of the image. Images 

with more ambiguous color will employ smaller kernel size to 

avoid uneven thresholding. It is also worth noting that employing 

larger kernel may create the “square effect” where the end results 

appear in the form of squares across the segmented image. This 

can be eliminated during the reconstruction process of the final 

segmented image by considering the connectivity of one kernel 

towards the next.  

Without essential information provided by the OOM structures, 

the segmentation and reconstruction process cannot be achieved as 

employing the conventional bitmap image data only provide the 

RGB intensity value of each pixel. Providing each pixel with addi-

tional metadata enables more comprehensive processing without 

the intensive pre-processing of image or extensive learning pro-

cess via machine learning algorithms.  

3.4. Testing and Evaluation 

In this paper, the algorithm proposed are tested using receiver 

operating characteristics (ROC) [5, 19], where the sensitivity and 

specificity of each results are recorded to determine whether the 

algorithm performs according to the theory proposed. 

 

 
 

In (1) and (2) explicates the calculation utilized to determine the 

accuracy of the segmented blood vessels images. True positive is 

the case where the segmented region complements the manually 

annotated blood vessels done by experts. The true negative other-

wise denotes the case where the non-segmented region comple-

ments the experts’ non-segmented region. The false positive and 

false negative are the reverse of the earlier whereas the segmented 

and non-segmented results does not correspond with the experts’ 

manual annotated results.  

The sensitivity (true positive rate) suggests how sensitive is the 

algorithm in determining the correct features for segmentation. In 

this case, this calculation presents how well the algorithm pro-

posed able to accurately segment the blood vessels features of 

retinal fundus images. On the other hand, the specificity (true 

negative rate) states how well the algorithm can distinguish unre-

lated results from the desired segmentation. In this case, this cal-

culation describes how the algorithm can assimilate other features 

other than blood vessels in the retinal fundus images. In the next 

section, the results of blood vessels retinal fundus image segmen-

tation via OOM structures will be further deliberated. 

4. Results and Discussion 

The results are obtained by overlaying the segmented images with 

the ground truth image, obtaining the count of overlapped pixels 

in both images. The proposed algorithm is tested using 40 DRIVE 

retinal fundus image dataset.  

Each execution of the algorithm utilizes similar thresholding oper-

ation stated in previous section. However, the size of neighboring 

pixels or the kernel are adjusted according to the appearance of the 

retinal fundus images. Brighter images with ambiguous color uti-

lize smaller kernel values while clearer images with even color 

utilizes larger kernel values to optimize each cases’ segmentation. 

 

n n n 

n x n 

n n n 



International Journal of Engineering & Technology 113 

 
Table 1: Sample Blood Vessels Segmentation Results 

 
 

Table 1 depicts example of 5 segmentation results from the 40 

images employed. The result in terms of sensitivity is considera-

bly lower than specificity. The maximum value of specificity for 

the overall image tested peaks consistently at more than 0.9 while 

the maximum sensitivity value can only reach maximum of less 

than 0.9. This result suggest that the algorithm manages to distin-

guish background from the intended segmentation features.  

However, there are still plenty amount of blood vessels features 

that are missed by the segmentation as illustrated by the result 

with minimum sensitivity number of less than 0.8. While employ-

ing OOM structures such as neighboring pixels and alternate color 

spaces proves to allow accurate segmentation of the blood vessels 

features in retinal fundus image, this result suggest there are plen-

ty of room for the algorithm to be improved. 

5. Conclusion  

From the results gathered, it can be verified that OOM structures 

provide a robust tool for segmentation of blood vessels in retinal 

fundus images by purely employing straightforward thresholding 

operation. This is accomplished without prior extensive image 

pre-processing and any machine learning training procedure. Nev-

ertheless, the OOM can be further improved especially in terms of 

its sensitivity of the segmentation. While it shows that the ap-

proach manages to successfully distinguishes the features intended 

for segmentation than the background, its value in terms of sensi-

tivity leaves additional room for improvement. The potential of 

employing OOM however persist as a very stimulating approach 

as these metadata can also be further optimized techniques such 

via evolutionary computing for example. These metadata can also 

be executed with machine learning approach to provide an even 

more powerful segmentation approach. 
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