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Abstract — This document gives a brief description of a system 

developed for retrieving images similar to a query image from a 

large set of distinct images. It follows an image segmentation 

based approach to extract the different features present in an 

image. These features are stored in vectors called feature vectors 

and compared to the feature vectors of query image and thus, the 

image database is sorted in decreasing order of similarity.  
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I. INTRODUCTION 

In recent years, with large scale storing of images the need to 

have an efficient method of image searching and retrieval has 

increased. It can simplify many tasks in many application 

areas such as biomedicine, forensics, artificial intelligence, 

military, education, web image searching. 

 

Most of the image retrieval systems present today are text-

based, in which images are manually annotated by text-based 

keywords and when we query by a keyword, instead of 

looking into the contents of the image, this system matches 

the query to the keywords present in the database. This 

technique has its own disadvantages because firstly, 

considering the huge collection of images present, it’s not 

feasible to manually annotate them and secondly, the rich 

features present in an image cannot be described by keywords 

completely. 

 

These disadvantages of text-based image retrieval techniques 

call for another relatively new technique known as Content-

Based Image Retrieval (CBIR). CBIR is a technology that in 

principle helps organize digital image archives according to 

their visual content. This system distinguishes the different 

regions present in an image based on their similarity in colour, 

pattern, texture, shape, etc. and decides the similarity between 

two images by reckoning the closeness of these different 

regions. The CBIR approach is much closer to how we 

humans distinguish images. Thus, we overcome the 

difficulties present in text-based image retrieval because low-

level image features can be automatically extracted from the 

images by using CBIR and to some extent they describe the 

image in more detail compared to the text-based approach. 

II. OVERVIEW OF THE DEVELOPED IMAGE 

RETRIEVAL SYSTEM 

The set of techniques used in developing this image retrieval 

system are purely mathematical. A mathematical tool called 

discrete wavelet transform [3] has been used that provides an 

easy and effective way of extracting the variations in pattern 

present in an image. (This tool is well known for image 

compression without much loss of quality.) Thus, the different 

features present in an image such as colour, pattern, shape and 

texture have been extracted by using the above tool and have 

been represented by vectors, called feature vectors. The 

computer is then made to distinguish different regions present 

in an image with the help of Statistical Clustering of these 

feature vectors by using K-Means Clustering Algorithm [2]. 

These clusters are collection of feature vectors and within a 

cluster these feature vectors are almost similar to each other 

because a cluster represents one region of the image having 

similar content. The distance between the mean feature 

vectors of each of these clusters of one image to that of query 

image is calculated by simple Euclidean Distance formula for 

distance between two vectors. The weighted sum of these 

distances according to the significance of the pair of clusters 

considered (all combinations from one image to the query 

image) is used as a measure of closeness or similarity between 

two images. 

III. THE METHOD IN BRIEF 

A. Feature extraction 

 

The common ground for Content-Based Image Retrieval 

(CBIR) is to extract a signature for the images. For this, each 

image has been partitioned into blocks of 4×4 pixels and a 

feature vector for each block consisting of 6 elements has 

been extracted. The LUV colour space has been used where L 

stands for luminance, U for hue and V for saturation, U and V 

contains colour information (chrominance). The first three of 

them are average of the values of the Luminance, Hue and 

Saturation, respectively of the 16 pixels present in the 4×4 

blocks.  

 

For the other three features Haar (wavelet) transform [3] has 

been used to L component of image. After a one-level wavelet 

transform, a 4×4 block is decomposed into 4 frequency bands 

of  2×2 block as shown in figure :-  

 
Fig. 1  Wavelet transformation of  a 4 x 4 block of the original image into         

4 nos. 2x2 blocks. 

 



The other three components of each feature vector are square 

root of second order moment of wavelet coefficients of the HL, 

LH and HH band, respectively because each of these bands 

provide the variations present in different directions 

 

B. Segmentation of the Image 

 

The k-means algorithm has been used to cluster the feature 

vectors into several classes with every class corresponding to 

one region in the segmented image. 

 

The basic step of k-means clustering is simple. In the 

beginning we determine number of cluster K and we assume 

the centroid or centre of these clusters. We can take any 

random objects as the initial centroids or the first K objects in 

sequence can also serve as the initial centroids. 

 

Then the K-means algorithm will do the three steps below 

until convergence – 

 

Iterate until stable (= set of centroids from the previous 

iteration equals the present set of centroids):  

a) Determine the centroid coordinate. 

b) Determine the distance of each object to the centroids. 

c) Group the object based on minimum distance. 

 

An algorithm has been developed that determines the value of 

K (number of regions) required for the segmentation of the 

image, based on the variety of content present in the image. 

 

a) First we start segmentation of feature vectors with K=2. 

b) Then we find out the sum of the distances of each feature 

vector within a cluster from its centroid and then compare 

them to a experimentally determined critical value.  

c) If there is more variety present, which means within a 

cluster the feature vectors differ considerably, then the value 

of this sum will be larger than the critical value. 

d) If the value of the sum for each cluster present in the image 

is relatively higher than the critical value then we segment the 

feature vectors again by incrementing K by 1. 

e) Steps 2 to 4 iterate until the sum becomes less than or equal 

to the critical value. 

 

This technique has improved the search results considerably 

and it is also consistent with the human perception of an 

image. For example, when we see an image we perceive in 

our mind the different regions having similar features present 

in the image. We can tell how many easily distinguishable 

regions are there. 

 

B. Deciding Similarity between two images 

 

If two images have region sets R1 ={r 1, r 2} and R2={r’1, r’2, 

r’3}, first the significance of each region is calculated using 

the area percentage scheme. Significance of a region depends 

on the fraction of image occupied by the cluster.  

The distance between all the regions present in R1 to each 

region present in R2 is calculated and represented in matrix 

form. 

 

We then apply the Most Significant Highest priority [1] 

algorithm to get the priority of the significance of all the 

combinations of components from R1 to R2. Then we get the 

final distance between the images by calculating the weighted 

sum of the components of the distance matrix where the 

weights are the components of the matrix obtained from Most 

Significant Highest priority algorithm. 

Thus, using these techniques we can match the query image 

with each image in the database and sort the images present in 

the database according to the distance in increasing order of 

distance and hence decreasing order of similarity. 

 IV RESULTS AND CONCLUSIONS 

 

  
Fig. 2 Query Image (left) and its segmented image showing regions (right) 

The system has been developed in MATLAB and tested by 

retrieving images similar to the query image from the COREL 

database of 1000 images comprising of 10 different categories 

of images (100 each). The first 16 results for the above query 

image are given here:- 

 
Fig. 2 Retrieved results from a database of 1000 different images. 
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