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Abstract-Image segmentation is one of the major tasks in image processing. It is a process of 

subdividing a digital image into its constituent parts/regions so as to analyze the minute 

details of an image or to bring some important information out of the image. This paper 

presents an overview of image segmentation methods based on the use of Particle Swarm 

Optimization (PSO).This paper presents some issues involved in the process of image 

segmentation using Particle Swarm Optimization 
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I. Introduction 

The process of partitioning a digital image into multiple segments is known as Image 

segmentation. It is a complex process. This process of segmenting an image can be performed 

to represent the image in a better and clear way. It is often used to partition an image into 

separate regions, which corresponds to some different real-world objects. Understanding and 

analysis of an image becomes easier when it is segmented. The result of image segmentation 

process is a collection of segments which can be combined to form the full image.  

The real world image segmentation problems have some multiple objectives such as : 

1. minimizing the features 

2.  minimizing an overall deviation 

3.  minimizing the error rate of the classifier 

4.  maximizing connectivity etc.  

Image segmentation is a process of partitioning a digital image into multiple segments. The 

main aim of image segmentation is to simplify the representation of an image into something 

more meaningful and easier to analyze. Image segmentation is used to locate the objects and 

lines, curves in the images. It is a process of assigning a label to every pixel in an image in 

such a way that pixels with the same label share certain characteristics. The end outcome of 

image segmentation process is a set of segments that collectively cover the entire image. 

The technique of segmentation works in following three steps: 

1. Input- The input of the segmentation process is an image, which is a complex input, made up 

of pixels. 

2. Segmentation Process- The segmentation process takes place. 

3. Output- Output is a segmented image, which is simple in nature. 

 

 

 

 

 

 

Image 

(Complex) 

Segmentation 

Technique 

http://en.wikipedia.org/wiki/Digital_image


 

 

 

 

 

 

 

 

 

 

                        Figure: Process of Image Segmentation 

 

II. Particle swarm optimization (PSO) algorithm 

Particle swarm optimization (PSO) is a population-based stochastic approach for solving 

continuous and discrete optimization problems. PSO is an evolutionary computation 

technique[1]. In particle swarm optimization, particles move in the search space of an 

optimization problem. The position of a particle denotes a candidate solution to an 

optimization problem. Each particle searches for some better position in the search space by 

changing its velocity. 

pbest- Each particle keeps track of its coordinates in the solution space. This position is 

associated with the best solution ,called fitness, which has been achieved so far by that 

particle. This value is called the personal best (pbest).  

gbest- It is the best value obtained by a particle so far in its neighborhood. This value is 

called global best (gbest).  

Each particle tries to modify its position by using its:  

1.  current positions 

2.  current velocities,  

3.  distance between the current position and pbest,  

4. distance between the current position and the gbest.  

 

A. Steps in PSO Algorithm 

Step 1: Initialization- The position and velocity of all particles are randomly set to some pre-

defined values. 

Step 2: Velocity Updating-  During each iteration, the velocities of all particles are updated 

according to:  

v(t+1) = (w * v(t)) + (c1 * r1 * (p(t) – x(t)) + (c2 * r2 * (g(t) – x(t))  , where v(t) is the velocity 

vector  

Step 3: Position Updating- The positions of all particles are updated according to:  

x(t+1) = x(t) + v(t+1), where x(t) is the position vector 

Step 4: Memory updating- The values of pbest and gbest are updated. 

Step 5: Termination Checking- The algorithm runs until certain termination conditions are 

achieved, such as- 

1. a pre-defined number of iterations are attained 

2.  failure to make progress for a certain number of iterations.  
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Particle candidate solution to a problem 

Velocity rate of position change 

Fitness the best solution achieved 
 

Pbest  

best value obtained in previous 

particle 
 

Gbest best value obtained so far by any 

particle in the population 

Table- Parameters of PSO 

 

III. Image Segmentation Techniques 

Based on different technologies, image segmentation approaches can be divided into two 

categories, which are based on two properties of  an image: 

1.  Detecting Discontinuities- It means partitioning of  an image based on some changes in 

intensity [2], this includes image segmentation algorithms like: edge detection. 

2. Detecting Similarities- It means partitioning of an image into regions which are similar to a 

set of some predefined criterion [2]. This includes image segmentation algorithms like: 

thresholding. 

 

A. Techiques of Image Segmentationn 

1. Segmentation Based on Edge Detection 

This method resolves the image segmentation by detecting edges or pixels between the 

different regions that have a rapid transition in intensity and are linked to form a closed object 

boundaries. Two main edge based segmentation methods- grayhistogram and gradient based 

method [3]. 

a.  Gray Histogram Technique- The result of edge detection technique depends on the selection 

of threshold T. It is quite difficult to search for maximum and minimum gray level intensity 

because gray histogram is uneven to the impact of noise. 

b.  Gradient Based Method- Gradient is the first derivative for the image f(x, y), when there is 

an abrupt change in the intensity near an edge and there is a little image noise. 

Edge detection methods requires a balance between detecting accuracy and noise 

immunity[3]. Edge detection algorithms are suitable for images that are simple and noise-free 

as well often produce missing edges or extra edges on complex and noisy images [4]. 

 

2. Thresholding Method 

Image segmentation by thresholding is a powerful approach for segmenting the images 

having light objects on a dark background [2]. Thresholding technique is based on the 

characteristics of  an image [3]. Thresholding operation converts a multilevel image into a 

binary image, it means to choose a proper threshold T, to divide the image pixels into several 

regions and separates the objects from the background.  

 

3.  Region Based Segmentation Methods 

Segmentation algorithms based on region are relatively simple and more immune to noise 

than edge detection method. These algorithms include the following methods: 

a.  Region Growing- Region growing is a process in which the group’s pixels form the whole 

image into the sub regions or larger regions based on some predefined criterion [6]. Region 

growing process is as follows: 

1.  Select a group of seed pixels in the original image [5]. 



2. Select a set of similarity criterion such as grey level intensity or color and define a stopping 

rule. 

3. Grow regions by appending to each seed those neighbouring pixels that have predefined 

properties similar to seed pixels. 

4. Stop region growing when no more pixels met the criterion for inclusion in that region (i.e. 

Size, likeness between a candidate pixel etc). 

b. Region Splitting and Merging- In region splitting and merging, rather than choosing the 

seed points, the image can be divided into a set of arbitrary unconnected regions and then 

merge the regions to satisfy the conditions of reasonable image segmentation. 

 

4.  Segmentation Based on Artificial Neural Network 

In Neural Network based segmentation, an image is firstly mapped into a Neural Network. 

Here, every Neuron is a pixel. The image segmentation problem is converted into an energy 

minimization problem. The neural network was trained A sample set is defined to determine 

the weights between the nodes. Then the new images are segmented with a neural network. 

Neural network based segmentation have the following characteristics:  

1.  Highly parallel ability  

2. Fast computing capability  

3. Suitable for real time application. 

4. Improving segmentation results if data deviates from the normal situation  

5.  Robust, making it insensitive to noise. 

6. Less requirement of expert intervention during the process. 

 

IV. Issues in Image Segmentation 

Image segmentation is a simple yet powerful process. Some issues involved during the 

process include: 

1.  Applying PSO to the process of image segmentation successfully in order to use it to solve 

difficult problems in pattern recognition and image processing.  

2. Developing an efficient clustering algorithm which is based on PSO.  

3.  Developing a tool which can be helpful in unsupervised image classification. 

4. Generating the benchmarks and algorithms. 

5.  Developing an efficient dynamic clustering algorithm which can find the "optimum" number 

of clusters in a data set , with the minimum user interference.  

6. Developing a PSO-based approach which can tackle color image quantization problem.  

7.  Developing a selection method which is based on the PSO , for the spectral unmixing of 

multispectral imagery data.  

  

V.  Measuring Performance of Image Segmentation 

The performance of medical image segmentation algorithms is can be evaluated in terms of 

coefficients of:  

1. Similarity 

2. Sensitivity 

3.  Specificity 

4.  Segmentation accuracy. 

a. Noise- The robustness of the algorithms can be tested in the presence of various types of 

noise.  

b. Accuracy- The most important performance criterion is accuracy i.e. the degree to which an 

algorithms segmentation matches the “gold standard” segmentation. 



c. Evaluation of Segmentation- To perform an evaluation of segmentation , it is necessary to 

verify against a known pixel  

 

VI. Applications of Image Segmentation 

Some applications of Image Segmentation include: 

1. Content-based image retrieval 

2. Machine vision 

3. Medical imaging- Locate tumors and other pathologies.  
a. Measure tissue volumes 

b. Diagnosis, study of anatomical structure 

c. Surgery planning 

d. Virtual surgery simulation 

e. Intra-surgery navigation 

4. Object detection 

a. Pedestrian detection 

b. Face detection 

c. Brake light detection 

d. Locate objects in satellite images (roads, forests, crops, etc.) 

5. Recognition Tasks 

a. Face recognition 

b. Fingerprint recognition 

c. Iris recognition 

6. Traffic control systems 

7. Video surveillance 

 

VII. Conclusion 

Image segmentation is one of the major tasks in image processing. It is a process of 

subdividing a digital image into its constituent parts/regions so as to analyze the minute 

details of an image or to bring some important information out of the image. This paper 

presents an overview of image segmentation methods based on the use of Particle Swarm 

Optimization (PSO). Some issues involved in the process of image segmentation using 

Particle Swarm Optimization have been presented here. Many other available optimization 

problems can be used for the process of image segmentation, as a future work. 
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