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ABSTRACT
 

Segmentation is a technique to partition a digital image into multiple segments for analysis. Task of 

segmenting an image with more noise and low pixel intensity is challenging. This paper addresses the segmentation 

problem by combining K-means clustering algorithm and K-Nearest Neighbor algorithm. The former algorithm 

partitions the digital image into number of smaller components called Super pixels according to some defined 

distance measure. The first algorithm results in over segmentation of the image. Then the K-Nearest Neighbor 

algorithm is deployed to reduce the over segmentation by merging the smaller components. This is done by drawing 

the similarity graph and merging the clusters which have very similar characteristics. This approach improves the 

quality of segmentation. 
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1. INTRODUCTION 

Feature extraction, analysis and making useful information from images is the core part of computer vision. 

It ensures the growth of a theoretical and algorithmic basis to attain machine visual understanding. The basic problem 

in computer vision is Object segmentation. It is the process of segmentation of an image with foreground and 

background. The foreground part contains the objects belonging to a class and the background part includes different 

characteristics like color, texture, etc. 

Basically, a digital image is an array with two dimensional square regions known as pixels. The intensity of 

every pixel is denoted by a numeric value in monochrome or gray-scale image. In digital form, it is depicted as a 

fixed set of values with two-dimensional image called pixel elements or pixels. Following are some of the input 

devices and techniques used in the formation of a digital image: Scanners, Digital cameras, Coordinate measuring 

machines. Digital images are of various types. Binary image, Grayscale image and Color image are the various types 

of digital image. 

 Pixels in a region will be similar to one other with respect to some characteristic or computed property, such 

as color, intensity, or texture. The method of partitioning an image into many parts, such that the image is depicted 

to express and easy to study is known as Image segmentation. For meaningful analysis and interpretation of medical 

images Image segmentation is very necessary. The perilous and important section of image exploration system is 

Segmentation. 

Using this advanced method, a digitalized image can be partitioned or segmented into numerous segments 

or parts based on the values of pixel. Image Segmentation divides an image into semantically interpretable regions 

with regard to a particular application. Then it helps to find homogeneous regions within the image as discrete and 

belonging to distinct objects.  

Supervised and unsupervised clustering are the two algorithms used in image segmentation. In supervised 

clustering grouping is done using user’s feedback. In unsupervised clustering grouping is done on its own. Since 

object recognition system handles classes and objects in larger quantity, unsupervised clustering is more suitable in 

practical life. Scientists and researchers have found many methods for segmenting an image. Such techniques are 

quite popular and are regularly used for image segmentation. Following are the techniques:  

 Region Based Segmentation 

 Edge Based Segmentation 

 Threshold Segmentation 

 Clustering Based Segmentation 

Image segmentation plays a vital role in the field of image processing. A good example for image 

segmentation application is robot navigation. Some of the areas where image segmentation is highly used includes 

robotics, object recognition, face recognition, medical imaging. Object segmentation plays a vital role in various 

applications. Few of such applications includes, biometrics, recognizing object, augmented reality, character 

recognition, face recognition, medical image analysis etc. 

The minimum spanning tree algorithm is also having its application in image segmentation. Every pixel is 

considered as a node in the graph. The distance between the pixels is calculated using Euclidean distance. Given 

image is represented using graph. The capacity of an edge represents the similar characteristics between the pixels. 

A threshold value is assigned for eliminating the edges which has higher dissimilarity from the group. Various 

Evolutionary algorithms are being used to automate the process of image segmentation. Since the solution of 

segmentation problems differs with respect to the problem domain, no generic solution is presented. For any new 
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image segmentation problems, knowledge to solve such problem is obtained by combining the Image segmentation 

algorithms. 

Related Work and Background: Thilagamani and Shanthi (2011), object recognition, under clustering method of 

image segmentation, former information about an image can be identified using two processes. The first step is 

detecting the image parts and merging it into several clusters. The next step is the over segmentation. The image is 

converted into super pixels and a larger sub region is formed based on Mid-level clustering algorithm. A similarity 

graph is drawn based on the results of the above two methods for object segmentation. Matrix representation is used 

to express the relationship between various attributes. This method is good at segmenting a single object from the 

input image.  

Xess and Agnes (2013), unsupervised clustering based algorithms K-means clustering and Fuzzy C-means 

(FCM) clustering are used for color image segmentation. The advantages of K-means algorithm over Fuzzy C-means 

algorithm is that former takes less computation time for segmentation. Every pixel in images can have a membership 

in more than one cluster in FCM algorithm where as in K-means algorithm a pixel belongs to only one cluster. Color 

images have dense information compared to gray scale images. Color images can be better segmented using novel 

approaches such as SFCM (Spatial FCM) and THFCM (Thresholding FCM). Spatial FCM focal point is on spatial 

details and image segmentation results for image analysis. SFCM adds spatial function with the existing FCM 

algorithm membership function. THFCM works on the principle of thresholding technique for image segmentation. 

Dong (2011), K-NN algorithm the formation of the K-Nearest Neighbor Graph is one of the essential function. K-

NN graph is used in variety of web fields for collaborative filtering, similarity search, and many others in data mining 

and machine learning. The available methods for K-NNG construction have problem with either growing the 

neighbor chain or specific to certain similarity measures. NN-Descent algorithm is efficient for K-NNG formation. 

Because of the minimal space overhead, this algorithm is suitable for large scale applications. Since the cost for 

making the graph representation is low, this algorithm supports problems involving large data points.  

Tapas Kanungo (2002), in k-means clustering algorithm, the goal is to determine the centroids to reduce the 

mean squared distance from every data point to its nearest center. The Lloyd's k-means clustering algorithm works 

as the filtering algorithm. The practical efficiency of the filtering algorithm is measured using data-sensitive analysis 

of the algorithm's running time. The result shows that the algorithm runs faster as the separation between clusters 

increases.  

2. MATERIALS AND METHODS 

Lack of precision in images increases the challenges in image segmentation. The quality of a digital image 

has direct impact on the quality of the segmentation. Simple images can be segmented easily, whereas images 

involving more textures and patterns are hard to cluster. This creates the need for unsupervised object segmentation. 

K-means algorithm is a completely unsupervised approach for creating super pixels. In computer vision most of the 

algorithms use the pixel-grid as the underlying representation. The pixel-grid is not a natural representation of images 

it is just an artifact in image processing. Super pixels are computationally efficient, perceptually meaningful and near 

complete because these are results of over segmentation. 

K-Means Algorithm: K-means is a simple machine learning algorithm, which solves the clustering problems. It 

categorizes the input data points into many groups based on their distance from each other. The value of ‘k’ is first 

initialized before the execution of the algorithm. ‘k’ variable represents the number of clusters to be created. Place 

the centroids cti randomly in the xy plane of the image. 

   

  
Figure.1. K-means cluster formation using Euclidean distance, where k=3 
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Algorithm: 

(a):Input: Image of nxn resolution 

Value for variable ‘k’ 

Set of data points: a1, a2…an. 

(b): cluster the points around centroids 𝜇𝑖∀𝑖= 1 … . 𝑘 by minimizing the following function 

𝑀 = ∑ ∑ (𝑎𝑗 − 𝜇𝑖)2

𝑎𝑖∈𝑁𝑖

𝑘

𝑖=0

 

Where Ni is set of all data points, 𝜇𝑖 is mean point for ∀𝑎𝑗 ∈ 𝑁𝑖 

(c): compute Euclidean distance for all the data points from the centroid, 

𝑐𝑡𝑖 = min
𝑗

||𝑎𝑖 − 𝜇𝑗||2 

(d): Discover new centroid for every cluster, 

𝜇𝑖 =
∑ 1 { (𝑡(𝑖) = 𝑗}𝑎𝑖𝑧

𝑖=1

∑ 1 { (𝐶(𝑖) = 𝑗}𝑚
𝑖=1

 

Where i continue for all intensities, 𝜇𝑖 is the centroid intensity, j continues for all intensities. 

(e): Repeat the step 4 & 5 until centroid convergence. 

As a result of K-means algorithm the image is fractured into thousands of small segments, which is more 

than sufficient. Now the clusters are typically equal in size and denoted as super pixels. 

 
Figure.2. Flowchart - K-means clustering 

K-NN Algorithm: The k-Nearest Neighbor is a classification algorithm which follows non-parametric method. The 

approximation of the K-NN for each point, can improve that approximation by discovering each point’s neighbors’ 

neighbors as defined by the current approximation. One of the problems of the nearest neighbor classification 

algorithm is high computation costs. High resolution pictures needs more processing and in the case of nearest 

neighbor process the number of comparisons equals to the size of the test set multiplied by the size of the training 

set. 

The output of a k-NN classification is a class membership. The object is classified based on the vote of its k 

nearest neighbors. If the value of k = 1, then the object is assigned to the class of that single nearest neighbor. In this 

place, k is an invariable given by user, and at ag which is much similar in the group of k-training samples are implied 

to classify other unlabeled vectors nearest to query point.  

Euclidean distance function has been used for calculating the average for continuous variables. The accuracy 

of k-NN classification can be improved notably if the distance metric is learned with specific algorithms such as 

Large Margin Nearest Neighbor or Neighborhood components analysis. The best value for k depends on the data 

points of the image. Assigning larger values for variable k reduce the effect of noise on the classification but 

boundaries between classes are made less distinct. A good value for k can be selected using various heuristic 

approaches. The special case where the class is predicted to be the class of the closest training sample (i.e. when 

k=1) is called the nearest neighbor algorithm. 

The presence of noisy or irrelevant features severely degrades the accuracy of the k-NN algorithm. A lot of 

research effort has been put into selecting or scaling features to improve classification.  
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Graph G = (V, E) 

V is set of nodes (i.e. pixels) 

E is a set of undirected edges between pairs of pixels 

w(vi, vj) is the capacity of the edge between nodes vi and vj. 

S is a segmentation of a graph G such that G’ = (V, E’) where E’ ⊂ E. 

S divides the graph G into G’ such that it contains distinct components C.  

Graph weight is calculated using the following formulae 

𝑤(𝑣_𝑖, 𝑣_𝑗 ) = |𝐼(𝑝𝑖) − 𝐼(𝑝𝑗)| 
For color images, the algorithm runs three times using R values, then using G values and finally B values. 

They put two pixels in the same component only if they appear in the same component in all three colors. Predicate 

D determines whether there is a boundary for segmentation. 

Where Diff (Ct1, Ct2) is the difference between two components. 

𝐷𝑖𝑓𝑓(𝑐𝑡1, 𝑐𝑡2) =  {
𝑡𝑟𝑢𝑒𝑖𝑓𝐷𝑖𝑓𝑓(𝑐𝑡1, 𝑐𝑡2) > 𝑀𝐼𝑛(𝑐𝑡1, 𝑐𝑡2)

𝑓𝑎𝑙𝑠𝑒𝑜𝑡ℎ𝑒𝑟𝑠𝑖𝑠𝑒
 

In (N) is to the maximum weight edge that connects two nodes in the same component  

𝐼𝑛(𝑁) = max
𝑒𝑑∈𝑀𝑆𝑇(𝑁,𝐸)

𝑤(𝑒𝑑) 

MIn(ct1, ct2) is the internal difference in the components ct1 and ct2 

𝑀𝐼𝑛(𝑐𝑡1, 𝑐𝑡2) = min(𝐼𝑛(𝑐𝑡1) + 𝜏(𝑐𝑡1), (𝐼𝑛(𝑐𝑡2) + 𝜏(𝑐𝑡2))  
T(ct) sets the threshold by which the components need to be different from the internal nodes in a component. 

Properties of constant k includes, if k is large, it causes a preference of larger objects and k does not set a minimum 

size for components.  

 
Figure.3. Flowchart - K-NN classification 

 

3. RESULTS 

The experimental results of using K-means and K-NN algorithms are represented below. An input image 

given in Fig.4, is of resolution 448X326. Segmentation and classification of image is done using K-Means and K-

NN algorithms respectively. The k-means Algorithm initializes the k values and start partitioning the image. 

Depending upon the centroids the image is fractured into number of super pixels. The over segmentation in the image 

is reduced using K-NN algorithm. The similar grouped pixels are identified using the K-Nearest Neighbor algorithm. 

The clusters having maximum similarity characteristics are merged.  

  
Fig.4. Input Image 
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Fig.5. Output Image 

4. CONCLUSION 

In this study we discussed a methodology for segmenting the given object using the two different clustering 

and classification algorithms. Clustering algorithm fractures the image into super pixels. Then K-NN algorithm is 

applied to identify the single object from the input image. This can be further improved to detect more objects from 

the input image in the future. 
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