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Abstract- Vessel extraction in retinal image is a primary step in segmentation of the vasculature for diagnosis, screening, treatment 
and evaluation of various cardiovascular such as diabetes, hypertension and choroidal neovascularization. Diabetic retinopathy is a 
deadly form of disease of diabetes and a leading cause of blindness. It occurs only when diabetes damages the blood vessel inside the 
retinal, the light-sensitive tissue at the back of the eye. Early detection of diabetic retinopathy is not possible as patients. These 
methods are noise presence, low contrast, uneven illumination and color variation. Therefore, in order to overcome the above stated 
issues computer aided diagnosis for exudates segmentation is needed. A retinal image blood vessel segmentation using in hybrid 
clustering based ant colony and particle swarm optimization method is proposed in this paper. This proposed system first 
preprocesses the fundus image of human retinal which is followed by image segmentation in which exudates are segmented. Proposed 
study segments the exudates using ant colony optimization method. The proposed method is used for feature extraction from 
preprocessed retinal image for the purpose of defining the movement of ants in the ACO method. Experiments, carried out on the 
DRIVE and STARE database shows that the proposed method outperforms other existing methods in terms of standard accuracy 
metrics.  

Keywords: Ant Colony Optimization, Retinal Blood Vessel, Feature Extraction, Diabetic Retinopathy Segmentation 

I. INTRODUCTION 

Diabetic Retinopathy (DR) is an eye disease related with long-standing diabetes which causes variations from the abnormal 
in the retinal images. The main source of new visual impairment and vision defects in working age people. Early detection of 
DR is crucial for preventing vision impairment and for effective treatment. Exudates are one of the most punctual indications of 
diabetic retinopathy [1]. They expanded vessel penetrability in fundus images exudates show up as glossy yellow, white spots 
with sharp outskirts. The issues in precisely recognizing exudates in fundus images are clamor nearness, low complexity, 
uneven light and shading variety. It is necessary to separate the segmentation of blood vessel and determining the characteristics 
that indicate the medical condition of the patient. Manual segmentation of blood vessel of the retinal fundus image and their 
extraction from medical images is a tedious and long process [2]. It requires a lot of skills and training of retinal fundus is the 
first and one of the most important steps in automating the assessment of the medical condition of a patient.  

There are several methods that have been proposed in literature for blood vessel segmentation in digital retinal images. They 
are capable of using structures without initial knowledge while making a decision on the input data class. In matched filtering, 
image filtering is performed using a mask designed to represent the characteristics [4]. The matched filter is designed using 
curvature and may be approximated by piecewise linear segments. Blood vessel segmentation in digital retinal images using Ant 
Colony Optimization (ACO) methods. ACO methods perform a simulation of an ant colony in nature [10]. In the morphological 
operation is used to minimize the impact of background and optical disc. The ACO method is used to extract features to define 
the movement of the ants. An ant decides which way to travel through the image based on heuristics and the amount of 
pheromone found at adjacent pixels. Both heuristics and pheromone amount are determined from the extracted features.  

The main objective of the line detector with an orthogonal line is to make a clear distinction between the boundary pixels, 
i.e. pixels between the blood vessel and the background. The basic line detector, search for the line with the largest average 
value. Calculate the line strength of the pixel by subtracting the average gray level in the square window, centered on the pixel, 
from the average value of the orthogonal line. The PSO is providing to be very efficient for feature extraction due to its ability 
of rarely falling into local optimal [3]. The PSO methods need to be resolved a meta-heuristic nature inspired technique that 
simulates the bird flocking behavior. The paper is organized as follows: Section 2 provides Literature survey. Section 3 explains 
the Methodology. Section 4 explains the results and discussion and Section 5 presents the conclusions on this work. 

II. LITERATURE REVIEW 

A lot of research is going in image segmentation field of diabetic retinopathy exudates detection. Researches have been 
made from last few years which cover a wide range of computer vision and image processing techniques. The first paper is 
exudates segmentation in fundus images using as ant colony optimization approach. This paper first preprocesses the fundus 
image by using image preprocessing technique. Ant colony optimization based segmentation is applied for exudates 
segmentation [1]. Diabetic retinopathy is a complication of diabetes and a leading cause of blindness and it occurs when 
diabetes damages the tiny blood vessel inside the retinal [11]. These methods are noise presence, low contrast, uneven 
illumination, and color variation. In order to overcome the above stated issues computer aided diagnosis for exudates 
segmentation is needed. Segmentation is one of the important modules of any image processing technique. The Ant Colony 
Optimization Algorithm is used detecting exudates in color fundus images and the edge segment the exudates in retinal. 
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Blood vessel segmentation in digital retinal images using ant colony optimization (ACO) and vessel extraction in retinal 
images is a primary step in automatic detection and analysis of the vasculature for diagnosis [10]. The uses feature extraction 
from preprocessed retinal image for the purpose of defining the movement of ants in the ACO method. The line detector cannot 
find errors on border pixels between a blood vessel and background inside FOV. Manual detection of blood vessel of the retinal 
fundus and their extraction from medical images is a tedious and long process that requires a lot of skills and training. The 
retinal blood vessel using fuzzy logic is based on getting high pass filtered image at first and then applying high pass filtered 
image to segment the retinal blood vessel [18]. The segmentation task is performed fuzzy rules the color retinal images have to 
pass through different operations. The only drawback is that it misses to segment the very thin blood vessel but the blood vessel 
pixels with intensity values close to the intensity values of background pixels were missed.  

Blood vessel in retinal images are an important factor for many medical disorders and it can be easily identified by 
segmenting the retinal vessel [15]. An automatic blood vessel segmentation method starts with the extraction of blood vessel 
centerline pixels. An iterative region growing method merges the binary images resulting from centerline detection with the 
image resulting from fuzzy vessel segmentation. The matched filter is used in the area of retinal vessel segmentation and 
superior performance over single scale filters [19]. A major performance issue optimal filter parameters of the multiscale 
Gaussian matched filter for achieving improved accuracy of retinal vessel segmentation. Since the widths of the vessel are 
varying across the image matched filter with single scale does not provide acceptable performance. It introduce vessel 
morphology try to improve the vessel segmentation results for achieving improved performances. The main problems in vessel 
segmentation are poor quality images, local intensity contrast of vessel and variations in the width of the vessel. This makes the 
accurate segmentation a challenging problem.   

Blood-vessel segmentation that could deal with the problem of detecting vessel of varying diameters in high and low 
resolution fundus images [3]. The particle swarm optimization (PSO) method is to improve the multiscale line detection 
(MSLD) method. The PSO method is applied to find the best arrangement of scales in the MSLD method and to handle the 
problem of multiscale response recombination. The performance was evaluated qualitatively and quantitatively on the high-
resolution images according to two strategies: first, when the full vasculature was considered and second, by separating the 
large and the small vessel. Thus, blood-vessel segmentation from retinal images is still a challenging task, even if several line 
detection methods is try to resolve this problem. 

The threshold segmentation becomes more complex when the image is blurred or low contrast. Assessment of retinal vessel 
is a significant factor for the many medical syndromes [12]. The variations in the retinal vessel due to the pathologies can 
recognize by segmenting out the retinal vessel ant it has proved to be a valuable tool for the segmentation of the vascular 
network in retinal images. While avoiding false-edge pixel detection, the quantitative performance results of both segmentation 
and enhancement steps show that there is a need for a proper thresholding algorithm to find the small vessel. The simple 
threshold methods try to increase the accuracy and deal with the problem of the presence of retinal fundus images.   

III. PROPOSED METHODOLOGY 

Hybrid Ant Colony and Particle Swarm Optimization (HACPSO) Method 
The proposed image segmentation method HACPSO includes the equal probability of selecting noise and edge points. In 

order to suppress the noise, Gaussian filter is adopted in preprocessing, which eliminate the random noise effectively. After each 
update, it obtains a set of better parameters, which is sent to ACO for edge detection and fitness value is calculated the quality 
of the detected edge. Particles move to better directions based on the value, and update the location of next generation. New 
location parameters are used by PSO for segmentation, until reaches the iteration time. To improve efficiency and reduce 
iterations only updates local pheromone for segmentation.  

A. Ant Colony Optimization (ACO) Method 

Ants are social insects which are studied by researchers from different areas. One behavior studied is the search food. While 
walking from food source to their nest and vice-versa, real ants deposit a chemical substance called pheromone on the ground. 
High levels of pheromone remain on shorter paths because pheromone is laid down faster. This situation causes colony traverses 
shorter paths. ACO method inspired by the natural behavior of ants which find the shortest paths between their nest and food 
sources using the deposited pheromone on the ground in an iterative process. ACO method constructs the solution with a 
probabilistic mechanism from the components. The pheromone model is set of values representing a probability distribution 
over the search space and to increase the probability of constructing good solution from the components. An ant chooses the 
next pixel to visit based on the following probability. 

𝑃( , ) =
( ( , )) ( ( , ))

∑ ∑ ( ( , )) ( ( , ))
    ...(1) 

 
      where function Λ(σ)models the influence of pheromone σ on probability that an ant moves to pixel (i,j), and Ω(φ) models 
the influence of heuristics on that probability. At the algorithm start, every single ant has the same energy E.  

𝜎 =  𝜎 − 𝐶      ...(2) 

In each iteration the ant energy is decreased by some amount which is chosen in order to keep alive ants that follow optimal 
paths. Finally, at the end the pheromone level of all image pixels is decreased by some fixed amount.  
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B. Particle Swarm Optimization (PSO) Method 

The Particle Swarm Optimization (PSO) is based on swarm intelligence and can be visualized in a fish school or ant colony. 
Compared with some empirical methods such as genetic algorithms, the important general advantages of PSO are easy of its 
implementation, few operators a limited memory for each particle and high speed of convergence. It can simply say that PSO 
method for a normal variant takes place with the help of population known as swarm of a particular result known as particles. 
Particles over the space that is used for search based on few basic formulae. The best position in the space that is used for search 
and also the best position by the complete swarms are used to conduct the movements of the particles. It discovers the better and 
advanced position, which is then replaced by the older ones to conduct the swarm movements.  

Each individual particle i in a population have these properties: a current position in search space, xi, a current velocity vi, 
and a personal best position in search space yi. The personal best solution yi, corresponds to the position in search space where 
particle i had the smallest error of the objective function f. The position yielding the lowest error amongst all the yi is called the 
global best position and is denoted y′. Equations (3) and (4) define the personal and global best values are updated. It is assumed 
below that the swarm consists of s particles, thus i ∈ {1, ..., s}. 

𝑦 (𝑡 + 1) =
𝑦 (𝑡)          𝑖𝑓 𝑓(𝑥 (𝑡 + 1)) ≤ 𝑓(𝑦 (𝑡 + 1))

𝑥 (𝑡 + 1)  𝑖𝑓 𝑓(𝑥 (𝑡 + 1)) > 𝑓(𝑦 (𝑡 + 1))
   ...(3) 

𝑦 (t) ∈ {(𝑦 (𝑡), 𝑦 (𝑡), … , 𝑦 (𝑡)}, 
𝑓 𝑦(𝑡) = min {𝑓(𝑦 (𝑡)), 𝑓( 𝑦 (𝑡)), … , 𝑓(𝑦 (𝑡))}  ...(4) 

      Throughout every loop, every particle in the group is updated utilizing (9) and (10). The randomly generated, 𝑟1 and 𝑟2 used 
to influence the nature of the procedure. For all measurement, 𝑗 ∈ {1, . . . , 𝑛}, let 𝑥𝑖,𝑗 , 𝑦𝑖,𝑗 and 𝑣𝑖,𝑗 be the recent location, recent 
local best location and speed of the 𝑗𝑡ℎ dimension of 𝑖𝑡ℎ particle. The inertia weight w is utilized to control the convergence 
behavior of the PSO and the constants 𝑐1 and 𝑐2 control how far a particle will move in a single loop. The speed update step is: 

𝑣 , (𝑡 + 1)= w𝑣 , (𝑡) + 𝑐 𝑟 , (𝑡) − 𝑥 , (𝑡) 𝑦 , (𝑡) − 𝑥 , (𝑡) + 𝑐 𝑟 , (𝑡) − 𝑥 , (𝑡) 𝑦 (𝑡) − 𝑥 , (𝑡)   ...(5) 

      The next position of the particle xi (t+1) is decided by adding the new speed vi(t+1) to the particles recent position xi(t), 

𝑥 (𝑡 + 1) = 𝑥 (𝑡) + 𝑣 (𝑡 + 1)    ...(6) 

Each measurement value of speed vector vi is arranged to the range [−𝑣𝑚𝑎𝑥, 𝑣𝑚𝑎𝑥] to in order to decrease the probability of 
the particle leaves the inquest zone. Normally, executions of the PSO modify the value of 𝑤 throughout the training run and 
decreasing it from 1 to near 0 over the run. The acceleration coefficients, 𝑐1 and 𝑐2 control the maximum distance a particle will 
cover in one loop. 

Algorithm (HACPSO) 
 
 

 

 

 

 

 

 

 

 

 

 
 

IV. EXPERIMENTAL RESULTS AND DISCUSSION 

Step 1:  Read the color retinal image 
Step 2: Perform preprocessing on image using Gaussian filter 
Step 3: Extract the color Components 
Step 4: Segment image using following Hybrid Method 
Step 5:  For i = 1 to n         

      Update the pheromone of the pattern selected by the particle agents i using Equation (1),  
      Otherwise, decrease the pheromone in the pattern 
      For j = 1 to m  

Update the pheromone of all attributes trail, by increasing pheromone in the trails 
followed by agent i using Equation (2)  

      End for  
        End for  
Step 6: For k = 1 to the iterations Loop Count 

Update the particle velocity and position with equation (3) (4) 
Calculate edge quality of new particle group 

End For 
Step 7: Perform background subtraction 
Step 8: Perform morphological operation 
Step 9: Obtain segmented blood vessel image 
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The experiments use retinal blood vessel color images is taken as an input. The retinal blood vessel color images are taken 
from two different databases, such as DRIVE and STARE databases. The input color images have different types of dimensions. 
The experiment is implemented through MatLab R2013a. The evaluation results are given as the sensitivity, specificity, and 
accuracy of all the segmentation in comparison with ground truth, where sensitivity is a normalized measure of true positives, 
specificity measures the proportion of true negatives, and accuracy represents the proportion of the total number of correctly 
classified pixels relative to the total number of pixels.  

In the following equations, true positive (TP) is a number of blood vessel correctly detected, false positive (FP) is a number 
of non-blood vessel which are detected wrongly as blood vessel, false negative (FN) is a number of blood vessel that are not 
detected and true negative (TN) is a number of non-blood vessel which are correctly identified as non-blood vessel. Terms used 
in performance metrics are 

Sensitivity =
( )

      ...(7) 

Specificity =
( )

      ...(8) 

Accuracy =
(( ))

(( ))
      ...(9) 

The evaluation results of proposed method approaches used on the DRIVE and STARE databases, respectively. In DRIVE 
database test dataset contains 20 images and STARE database contains 397 images. Comparisons based on DRIVE database 
indicate that the proposed method has the highest accuracy, sensitivity and specificity compared to other existing methods. 
Comparing the existing methods on the STARE database illustrate that the proposed method has the highest accuracy, 
sensitivity and specificity.    

     
Original Image from 

DRIVE Database  
Ground Truth OTSU FCM Proposed HACPSO 

     
Original Image from 

STARE Database   
Ground Truth OTSU FCM Proposed HACPSO 

Fig.1 Segmentation of DRIVE and STARE Databases 

TABLE I 

COMPARISON OF DRIVE DATABASE IMAGES 

Methods Sensitivity Specificity Accuracy 

Otsu 72.3 82.4 95.6 

FCM 76.6 77.6 94.5 

HACPSO 92.7 98.9 98.4 

 
TABLE II 
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COMPARISON OF STARE DATABASE IMAGES 

Methods Sensitivity Specificity Accuracy 

Otsu 70.7 90.2 90.4 

FCM 75.1 93.6 91.2 

HACPSO 86.9 98.1 96.7 

V. CONCLUSION 

The proposed method of HACPSO is used to optimize the extracted features and vessel segmentation is presented. Ant 
colony optimization and particle swarm optimization are swarm intelligence methods and with their positive feedback, 
distributive and robustness. The combination of the fast convergence of ant colony optimization and global search ability of 
particle swarm optimization can improve the convergence time of the hybrid method and prevent local convergence. In the first 
step the image has been uploaded that will go through different pre-processing operations to smooth and enhance the retinal 
images and suppress the background. The DRIVE and STARE dataset is used to segment the blood vessel of the retinal image 
by using clustering based on the HACPSO optimization method and finally the blood vessel are extracted. The obtained results 
which obtained from the proposed method are compared with the existing segmentation methods. The obtained results shows 
that the proposed segmentation method is produce identical results as the ground truth and have a high accuracy ratio. A 
sensitivity of 92.7%, specificity of 98.9% and accuracy of 98.4% are obtained on DRIVE database and sensitivity of 86.9%, 
specificity of 98.1% and accuracy of 96.7% are obtained on STARE database.  
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