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ABSTRACT 
Image segmentation plays a vital role in medical image analysis for diagnosis of diseases. The treatment methodology can be 
suggested by a doctor most of the times based on the result of medical image segmentation. Retinal blood vessel segmentation is 
one of the leading methodologies in diagnosis of retinal diseases. The primary objective of this work is the application of image 
segmentation for retinal blood vessels segmentation from an iris image. This analysis is highly used in the detection of eye diseases 
such as glaucoma and diabetic retinopathy. Automating this process allows consistency and minimize the time that a skilled 
technician or doctor would usually use for manual screening. For segmentation, the k-Means clustering technique is adopted. The 
particle swarm optimization, genetic algorithm, and Invasive weed optimization techniques are used for optimization of cluster 
centers, and their performance was compared with their convergence time. The results from the above were compared with k-
Means clustering without optimization algorithm to prove the importance of optimization algorithm. Borsotti measure and 
convergence time are calculated in our work to prove the increased efficiency of our work. It is practically determined that the 
convergence time using genetic algorithm is 100s and Borsotti measure is 0.00732. This shows that the Genetic algorithm based 
optimization algorithm has the best result comparative to other algorithms. 
 
KEYWORDS: Particle swarm optimization, Genetic algorithm, Invasive weed optimization, k-Means, Median filter, Histogram 
equalization  

 

INTRODUCTION 

 

Image segmentation is splitting the image in a meaningful way. [1] For many applications, segmentation is 

used to find an object in a picture. Images can be segmented as background and objects.  We are experts on 

detecting patterns, lines, edges and shapes, and making decisions based upon the visual information. [2] At the 

same time, we are overwhelmed by the amount of image information that can be captured by today's 

technology. It is complicated to process all the images manually. Instead, we design algorithms which look for 

certain patterns and objects of interest and put them to our attention. [3] An attractive source of images is the 

medical field. Here, imaging modalities such as CT (Computed Tomography), MRI (Magnetic Resonance 

Imaging), PET (Positron Emission Tomography), etc. generate an enormous amount of image information. Not 

only the size and resolution of the images grow with improved technology, but also increases the number 

dimensions. Previously, medical staff studied two-dimensional images produced by X-ray. Now, three-

dimensional image volumes are common in everyday practice. This aspect will enhance the image segmentation 

process in medical images. We proposed a k-Means clustering segmentation method with three different 
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optimization algorithms particle swarm optimization, invasive weed optimization, and genetic algorithm. In 

earlier research median filter and Gobar filters are used for removing the presence of noise in medical images. 

[4][5]. A frame work based on sequence of image processing operations is widely followed in segmenting the 

medical images. [6] 

 

2. Proposed Method: 

Out of frequently used algorithm, a trial has been done to device a robust and fast method to segment retinal 

images. [7]  In our work, the retinal vessels are segmented by using clustering. Clustering means the grouping of 

similar pixels. A favorite technique for clustering is based on k-Means such that the data is partitioned into k-

clusters. In this work, we use adaptive K-Means clustering. [8] 

 

 
Fig. 1: Schematic view of proposed method 

 

To optimize the cluster centers in clustering, three optimization algorithms are implemented. They are 

Genetic algorithm, Invasive weed optimization algorithm, and Particle swarm optimization algorithm. A 

preprocessing stage is adopted to improve the image quality. We used a median filter in noise elimination 

process and histogram equalization in contrast enhancement. 

 

3. Median filter: 

The median filter considers each pixel along its surrounding pixels for noise elimination. Each pixel value 

in the image is replaced by a median value after stacking the pixels in ascending order.  The algorithm for the 

median filter is described as shown below. [9] 

 

1. Let the input matrix is of size m x n. 

2. Assume a zero matrix of size m+2 x n+2.  

3. Transform the input matrix into the assumed matrix in step 2. 

4. Find the central element & Place the median element of the output matrix. 

5. Execute the above step continuously for all the pixels. 

 

4. Histogram Equalization: 

Histogram equalization is a conventional, simple and efficient image enhancement technique. In this 

method, the image intensities are adjusted to enhance the image. [10] Histogram equalization mapping is applied 

to all pixels in a region of surrounding pixels. That is each pixel is mapped to intensity proportional to its rank in 

the pixels surrounding. 

 

 

5. Particle Swarm Optimization: 
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PSO algorithm is a metaheuristic algorithm based on the population of bird flocking. In the algorithm 

starting from a random solution, we can navigate towards optimum solution. For this, an objective function to 

measure the cost of optimization is used. Each particle maintains its position, composed of the candidate 

solution and its evaluated fitness, and its velocity.[11] Always in this search optimization, the previous history is 

remembered.  Based on personal best and global best results the excellent solution is obtained.    

 

5.1. Implementation of PSO: 

There are three major steps in PSO algorithm, which are repeated until some stopping condition is met. The 

first step is to evaluate the fitness of each particle. The second step is to update individual and global best fitness 

and positions, and the third step is to update velocity and position of each particle. The fitness evaluation is 

conducted by supplying the candidate solution to the objective function. The velocity and position update step 

are responsible for the optimization ability of the PSO algorithm. The rate of change of distance has updated 

using the following equation. [12]   

 

       1 11 –bestv t v t C r p t x t         2 2 –bestC r g t x t               
(1) 

     1 1x t x t v t                               (2) 

 

5.2. Pseudo code for PSO: 

Do 

Initialize a population of particles 

For each particle P with position xp   

If (xp is better than Pbest) then 

Pbest →  xp 

End_if 

End_for 

Define gbestp as the best position found so far by any of P`s neighbors 

For each particle P do 

Vp→compute velocity (xp ,Pbestp,gbestp) 

Xp →update position ( xp,vp) 

end_for 

While (a stop criterion is not satisfied) [13] 

 

6. Genetic Algorithm: 

It is a search heuristic that mimics the process of natural selection. This heuristic is routinely used to 

generate a useful solution to optimization and search problem. The algorithm creates a population of possible 

solutions to the problem and lets them evolve over multiple generations to find better and better solutions.[14] 

The fitness of an individual is a measure of how "good" the solution represented by the individual is. The better 

the resolution, the higher the fitness obviously, this is dependent on the problem to be solved. The fitness 

function is a function that measures the value of the individual about the rest of the population. Fitness function 

can be evaluated by the following equation, [15] 

 

                            (3) 

                (4) 

               (5) 

After the initial population is randomly generated, the algorithm evolves the through three operations. They 

are selection crossover and mutation. 

 

6.1.Pseudo code of Genetics Algorithm: 

1. Choose the initial population of individuals 

2. Evaluate the fitness of each in population 

3. Repeat until termination condition satisfied: 

4. Selection: Select the individuals with greater  fitness reproduction 

5. Crossover: Sort of new people with crossover.   
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6. Mutation: Form new population by applying probabilistic mutation 

7. Terminate. 

 

Invasive Weed Optimization: 

Invasive weed optimization (IWO) is a continuous, stochastic numerical algorithm inspired from weed 

colonization which is proposed by Mehrabian and Lucas. Colonization of invasive weeds is one of the new 

algorithms from a common phenomenon in the agricultural sector. It solves problems with multiple solutions. 

IWO is a method which is very easy to understand. In IWO seeds with lower fitness can also be used for 

reproduction. There are four main steps in IWO. They are Initialization of weeds, Reproduction, Dispersal of 

seeds Competitive exclusion. [16] 

 

8. k-Means Clustering: 

k-Means clustering segments the given set of data into k clusters in which each data belongs to a cluster 

with minimum mean.  The distance between the cluster centers and to each pixel plays important role in this 

algorithm. The distance measure used here is Euclidean distance. The Euclidean distance between the cluster 

centers and the pixels are calculated. The pixel is assigned to a cluster on the minimum value of Euclidean 

distance [26]. The optimum cluster centers are identified with a certain number of repetitive iteration. The 

process flow diagram for the k-Means clustering algorithm is shown in figure 8.  

 

8.1. Algorithm for k-Means Clustering: 

The algorithm for k-Means clustering is given below. 

  

1. By random selection choose c cluster centers.  

2. Find the Euclidean distance. 

3. Based on the Euclidean distance reassign the pixels into clusters which have minimum distance.  

4. Find new cluster centers using: 

                 (6) 

5. Repeat step 2 and 3. 

6. If no data point was reassigned then stop, otherwise repeat from step 3. 

 

RESULTS AND DISCUSSIONS 

 

Borsotti Measurement: 

Borsotti measure is given by, 

                                           (7) 

Where, I   - Image to be segmented. 

N   - Size of the image.  

R   - no. of the cluster  

Ak  - no. of the pixel of the kth cluster.   

ek   - Gray level error of the cluster k. 

 

 In the preprocessing state, we used a median filter to isolate the noise from an input image. The input and 

output an image of filtering is shown in figure 2. 

 
Fig. 2: Results of the median filter. A) Input image & B) Output image. 
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After noise removal, the image is subject to histogram equalization to increase the contrast which boosts the 

image appearance. The output after histogram equalization is shown in figure 3.  

 

 
Fig. 3: Results of Histogram equalization. C) Input image & D) Output image. 

 

The output images with PSO, GA and IWO and k-Means without optimization algorithms are shown in 

figure 4. 

 

 
Fig. 4: Results of Segmentation.  

A) k-Means Clustering B) Output using GA C) Output using IWO & D) Output image using PSO.  

In the optimization part, we made a comparative study with Borsotti measure and convergence time. The 

detailed study is shown in Table 1. 

 
Table 1: Comparative results of Optimization Algorithms 
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The variations in the Borsotti measure and convergence time can be clearly visualized in the figures 5 and 

6.  

 

 
 

Fig. 5: Graphical variations of Borsotti measure. 

 

 
 

Fig. 6: Graphical variations of convergence time 

 

Conclusion: 

This work proves that in the retinal blood vessels segmentation the genetic algorithm based k-Means 

segmentation has better results than the other algorithms PSO and IWO. From the practical results, it is shown 

that the Borsotti measure for the genetic algorithm is 0.00732 least value. For best optimization, it should be as 

far as low. On the analysis of convergence time, the genetic algorithm holds short span of time 100 seconds 

which is also flat one comparative to the other methods. In our work it has been clearly understood that the 

optimization algorithm plays vital role in attaining accurate results in short span of time. The k-Means algorithm 

without optimization yields poor result comparative to the other methods. 
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