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ABSTRACT

Segmentation is a process of partitioning the digital image into multiple regions that are similar. In this project we have implemented k-means segmentation algorithm on the gray scale images which was further extended to the color images. This involves a simple and easy way to classify the image pixels through a certain number of clusters fixed a priori. We represented each pixel of the image in a 5-d vector space formed by the spatial and the color (RGB) attributes. The objective of this type segmentation is to minimize the total intra-cluster variance. Merging algorithm is also used to combine the over segmented regions that are similar.
INTRODUCTION
Partitioning of a digital image into similar regions is called segmentation. Pixels in the region are similar to each other with respect to some characteristic property like color, intensity or texture. The goal of segmentation is to simplify the image representation into something that is more meaningful and easier to analyze.
       For intensity images i.e. those represented with point-wise intensity levels, four popular approaches used are: threshold techniques, edge-based technique, region based techniques.
Threshold based techniques are often called as histogram-based methods. Threshold techniques, which make decision on local pixel information are effective only when the intensity levels are far outside the range of levels in the background. Edge based methods centre around contour detection. In the presence blurring these method often tend to fail because of their weakness in connecting together the broken contour lines.
In region based method the image is partitioned into connected regions by grouping neighboring pixels of similar characteristics like color, intensity or texture. 

Adjacent regions are then merged under some criteria involving homogeneity or sharpness of region 
boundaries. In general these methods take set of points as inputs along with the image. Thus the segmentation results are often dependent on the initial choice of seed points.

K-means algorithm is one such region based method used to segment the image. K-means is one of the simplest algorithm used to solve the well-known clustering problem. In the following sections we study the k means algorithm and the factors affecting it.
METHODOLOGY
K means is a fast and simple algorithm which has been used in many applications. The main idea of  k means clustering is to define k centroids one for each cluster. These centroids should be placed carefully because different locations can cause different results. The next step is to take each pixel in the image and associate it to the nearest centroid. Thus the pixels are grouped into k clusters in the first step. At this point, we calculate k new centroids of the clusters resulting from the previous step. After finding the k new centroids, all the pixels in the image are assigned to their nearest centroid. The above steps are repeated until the centroids converge i.e. the centroids do not move anymore. The main objective of this algorithm is to minimize the squared error function V,
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where k is the number of clusters 
µi    is the mean of the all the points in a cluster.

Assume n sample feature vectors x1, x2……xn all from the same class. Assume k clusters. Let mi be the mean of the vectors in cluster i.  
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In the above example, the means m1 and m2 move into the centers of the two clusters.
ALGORITHM:

1. Place k points into the space represented by the objects that are being clustered. These points represent initial group centroids.

2. Assign each object to the group that has the closest centroid.
3. When all objects have been assigned, recalculate the positions of the k centroids.

4. Repeat steps 2 and 3 until the centroids no longer move. 
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In this project, the initial k centroids were chosen randomly . The value of k that was chosen is twelve.  These twelve centroids are placed such that they are as far as possible from each other.  

For the gray scale images, each pixel is represented as a 3 dimensional feature vector. This three dimensional vector was formed using the spatial and the gray level intensity attributes. For the color images a five dimensional feature vector is chosen which is formed by using the spatial and the color (red, blue and green) attributes.

Now each pixel is assigned to one of the twelve centroids based the minimization criteria. For this, the Euclidean distance between feature vectors is used. 
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Where X is [x, y, gray level intensity], for the gray scale images. 
For the color images, X is [x,y,red,green,blue]

Using the given cluster assignments each cluster centroid is replaced by the mean of the feature vectors in that cluster.  This procedure is repeated until no points are moved. 
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                            Colored holes image
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               Image after applying the k means  

                                  algorithm
                                   K=12
In the above results, after applying the k means segmentation, there exist many meaningless small regions in the final result generated. Moreover, the region boundaries are often not smooth enough. In this project, an enhanced region merging method that takes advantage of both color similarity and edge pixel information is used. Compared to traditional region merging method only based on color similarity, this method has the following two enhancements: 

1) The color similarity between the clusters 

2) Edge information is considered when two regions are merged or not.
MERGING ALGORITHM:
1. Merge two regions only if they are adjacent and similar.

2. The similarity criteria can be similar average values.

3. Repeat the above steps until no similar regions are adjacent.

In this project, the similarity criteria considered was the average color similarity between two clusters.
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               Segmented image after the merging   

                                     algorithm
                                        k=12
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    Final image after overlapping the segmented 

                       image on the original one.
                                    K=12

One major drawback of the k means algorithm is that a method to initialize the cluster centers and the number of centers that are to be considered for a particular image is not specified. One popular way to start is to randomly select k initial clusters. 
Factors Affecting K-Means Algorithm:
Several factors affect the k means segmentation algorithm. The factors that have great impact on the final segmented image are:

1. Number of cluster centers.

2. The location of the cluster centers.

3. Noise or blurring in the image

The results of the k means algorithm are very sensitive to the number of clusters initially chosen. While for a particular image the selected number of clusters gives desired results, the same number of clusters may not yield good results for the other images. 
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           Segmented image for k=12.
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               Segmented image for k=20
The results in the image with k=12 clusters were degraded because of the presence of noise in the back ground. The presence of noise or blurring in a measurement dataset can have a negative effect on the classification of clusters. Also, due to the insufficient number of clusters, the undesired points in the background are included in the foreground region. When the cluster number is increased from k=12 to k=20, the results obtained were much better. 
The initial location of the cluster centers greatly affects the results of the segmentation. Initial clusters are to be carefully selected so that all the regions are properly segmented. This can be achieved by selecting the centroids such that they are as far as possible from each other.
Results:
  Original Image               Image after Merging
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            Final image after segmentation
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               Original image
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        Image after merging
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Final image after segmentation
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            Original image
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        Image after merging     
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   Final image after segmentation
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Segmented image overlapped on the 

              original image
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Conclusion
K means is the simplest segmentation algorithm. In this project, k-means algorithm has been successfully implemented on various color and gray scale images. However the output depends largely on the initial cluster centroids and the number of clusters selected. In order to get the desired results, the choice of initial clusters should be made carefully. The main disadvantage with the k means algorithm is that there is no guarantee that the algorithm would converge. This algorithm works well when the average color of the two adjacent regions is quite different. 
Future work:
Many algorithms are developed to make the k means algorithm more robust. Another development over the k means algorithm is the mean shift algorithm which is a nonparametric clustering technique that does not require prior knowledge of the number of clusters, and does not constrain the shape of the clusters. This project uses five feature vectors (spatial co ordinates, color information r, g, and b). However, this can be made more robust by including an additional feature vectors like texture.
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