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Abstract 

 

 Fuzzy c-means (FCM) clustering algorithm has been widely used in image segmentation. In this paper, 

a modified FCM algorithm is presented by utilising local contextual information and structure 

information. Establish a novel similarity measure model based on image patches and local statistics, and 

then define the neighbourhood-weighted distance to replace the Euclidean distance in the objective 

function of FCM. Further we will have look at the neighbourhood weighted FCM algorithm and 

experimental results are shown for segmentation using the same algorithm. 
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1. Introduction 

 

Image segmentation is a key task in image processing and the purpose of segmentation is to partition a 

given image to different regions based on certain criteria. Fuzzy c-means clustering have been widely used 

for data clustering and image segmentation. Many techniques are available in FCM for image 

segmentation, author Zhao ziaxin et al. came up with a robust FCM framework based on the NW distance, 

which can perform denoising and clustering simultaneously, minimising the computational time and pre-

processing step. This Neighbourhood Weighted FCM retains fine structure of original image.  

 

An image can be represented in various feature spaces, and the FCM algorithm classifies the image by 

grouping similar data points in the feature space into clusters. This clustering is achieved by iteratively 

minimising a cost Function, which is dependent on the distance of the pixels to the cluster centre’s in the 

feature space. FCM clustering methods employ fuzzy partitioning and allow one pixel to belong to different 

clusters with different membership graded between 0 and 1. 

2. Objective 

 

The objective is to present a paper on modified clustering algorithm, Neighbourhood weighted fuzzy c 

means clustering algorithm. The goal of this algorithm is to segment an image, which borrows similar ideas 
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from existing FCM methods and image denoising methods. To measure the pixel similarity, we introduce a 

new weight function incorporating both image patch difference and local statistics. Based on the weight 

function, a neighbourhood weighted (NW) distance is presented to substitute the Euclidean distance in the 

objective function of the FCM method. 

 

3. Background 

 

 
Segmentation separates an image into its component regions or objects. There are many image 

segmentation methods have been proposed. We have very wide scope and many methods available for 

image segmentation. Such as Edge Detection, Active contour, Region Growth, Graph cut, Neural network, 

Markov Random Field and spatial clustering. 

 

 

[1] Neighbourhood weighted fuzzy c means algorithm for image segmentation requires a basic information 

of fuzzy c means clustering methods which is widely used for data clustering and image segmentation. 

Author Bezdek at el, in his paper, ‘A possibilistic fuzzy c means clustering algorithm’ published in the year 

2005 introduced FCM for image segmentation. Problem faced is that every iteration the value that is going 

to update. 

 

 

[2] In order to improve the performance of FCM Author Ahmed et al, in his paper, ‘A Modified Fuzzy  

Means  algorithm for Bias Field Estimation and segmentation of MRI data’, Published in year 2002, 

proposed a modified FCM with spatial constraints which allows the labelling of a pixel to be influenced by 

its immediate neighbourhood. One drawback of modified FCM is Heavy computation time. 

 

 

[3] Szilagyi at el, in his paper ‘MR brain image segmentation using an enhanced fuzzy c means algorithm’ 

published in year 2003 proposed the enhanced FCM (EnFCM) to accelerate the cluster process improving 

the computation speed. Motivated by EnFCM, Cai at el, in his paper, ‘Fast and robust fuzzy c means 

clustering algorithm incorporating local information for image segmentation’ published in the year 2007, 

proposed a very successful method named fast generalised FCM (FgFCM). 

 

 

  

An image can be represented in various feature spaces, and the FCM algorithm classifies the image by 

grouping similar data points in the feature space into clusters. This clustering is achieved by iteratively 

minimising a cost Function, which is dependent on the distance of the pixels to the cluster centres in the 

feature space. FCM clustering methods employ fuzzy partitioning and allow one pixel to belong to different 

clusters with different membership graded between 0 and 1. Compared with the crisp or hard segmentation 

methods, FCM can retain more information from the original image. 

 

4. Proposed system 

 

 

Different from ordinary data set, real images possess intrinsic structure, that is, the pixels in the immediate 

neighbourhood usually have similar features, and the pixels with similar features have high probability of 

belonging to the same cluster. Therefore spatial relationship of neighbouring pixels is an important 

characteristic for image segmentation.  

 

A robust image segmentation method is presented, which borrows similar ideas from existing FCM 

methods and image denoising methods, such as non-local methods. To measure the pixel similarity, 

introducing a new weight function incorporating both image patch difference and local statistics.  
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Based on the weight function, a neighbourhood weighted (NW) distance is presented to substitute the 

Euclidean distance in the objective function of the FCM method. Compared with the Euclidean distance, 

the neighbourhood weighted FCM could give a more accurate and more robust distance measure even 

without any prior knowledge of the noise. The NWFCM algorithm can be summarised in the 

following steps. 

 

ALGORITHM: NWFCM algorithm 

 

(1) Set the number c of the clusters and the fuzzy parameter m. 

(2) Compute the weights in terms of and the weighted image ξ. 

(3) Initialisation: perform the fast FCM on the weighted image ξ to achieve initialised membership U0 and      

cluster centre V0. 

(4) Update the partition matrix U and the centre V using and, respectively. 

(5) Go to step (4) and repeat until convergence. 

 

System architecture is the conceptual design that defines the structure and behaviour of a system. An 

architecture description is a formal description of a system, organized in a way that supports reasoning 

about the structural properties of the system. It defines the system components or building blocks and 

provides a plan from which products can be procured, and systems developed, that will work together to 

implement the overall system. 

 

 

The System architecture is shown below. 
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Fig 1: System Architecture for NWFCM 

 

                                     

 

 

 

There are four modules in this system.  
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Weighted image computation: The input to this module is the image and the number of clusters. Based on 

the number of clusters we compute the weighted image. 

 

Fuzzy c-means: This module takes the input of resultant weighted image. Convert this weighted image 

into membership pixels. In FCM, it will check for cluster centres converged. If not, go to cluster revision. 

 

Cluster revision: This module takes input of membership pixels and cluster centres. It will calculate the 

membership of the pixels 

 

Segmented Image: This module is the output of our project which gives a segmented image. 

  

 

Algorithm used for segmentation is neighbourhood weighted fuzzy c means clustering, Pseudo code is 

given below for the same. 

  

Pseudo code for NWFCM 

 

1. Set the number of cluster c, fuzzy parameter M and end condition N. 

2. Compute the Weight of the image Wi. 

3. Initialize the Fuzzy partition matrix. 

4. Set the loop counter k=0. 

5. Calculate the cluster centroid for the weighted image, calculate objective value j. 

6. For each pixel, for each cluster, compute the membership value of the matrix. 

7. If j<N, then stop.  

8. Else K=K+1, go to step 5. 

9. Cluster membership of pixels, segmented image. 

 

An experimental result of proposed neighbourhood weighted fuzzy c means algorithm is shown below 

where a gray scale image (fig 2) is segmented (fig 3) using our proposed system. 

 

 

 

 

 

   
 

 

                      Fig 2: Gray Scale image                  Fig 3: resultant segmented image 
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4. Conclusion 

 

The main contribution of this algorithm is to incorporate both the spatial neighbourhood information and 

structure information into the standard FCM algorithm. To overcome the sensitiveness to noise of the 

conventional FCM algorithm while preserving more fine structures, this paper presents a modified FCM 

algorithm based on the NW distance. The results are shown obtained by NWFCM algorithm. 
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