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Abstract 
 
Due to the escalated utilization of digital images, it is difficult to access or 

retrieve the required digital image from a voluminous image database. This 

issue is handled by a Content Based Image Retrieval (CBIR) system, which 

prompts the user to pass an image as query and the CBIR system searches for 

the images that look similar to the query image. The CBIR system matches 

the query images with the images in the database by employing image 

processing algorithms. The proposed work presents a CBIR system based on 

Local Binary Pattern (LBP), gabor filter and zernike moment. All the 

extracted features are clubbed together after the application of Discrete 

Wavelet Transform (DWT). Finally, the Support Vector Machine (SVM) 

classifier discriminates between the images. The efficacy of the proposed 

work is tested with sensitivity, specificity, time consumption and so on. The 

energy consumption of the work is less, as the time consumption is reduced 

considerably. 
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1 Introduction 

 
Digital images are inevitable in our daily life, as it plays a vital role right 

from healthcare to security domain. For image analysis and future reference, 

the digital images are stored in a database. The advancement of imaging and 

internet technology results in the increased collection of images and the 

image storage is done in remote databases. For instance, the medical images 
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are stored in remote database, such that different healthcare professionals can 

access the data, in order to arrive at a decision. Additionally, the degree of 

availability is increased, when the invaluable information are stored in the 

remote database server.  

As it becomes a trend to store large volume of images in the image 

database, accessing the required information at a specific time remains a 

crucial challenge. At this point of time, there arises a strong need for Image 

Retrieval Systems (IRS). The principle of IRSs is to locate and retrieve the 

required image. The traditional IRSs work on text based queries, which when 

passed by the users the suitable images are retrieved and returned back to the 

user. However, text query based image retrieval is inefficient and returns 

several unrelated images. 

This drawback is addressed by the CBIR system, which processes the 

image based query in place of text query. When the user passes the image 

based query, the CBIR system analyses the entire database for the images 

with similar appearance and extracts those images. Database images are 

compared to query images with regular sets of colour, shape and texture 

features. The CBIR program uses advanced techniques of image processing 

to retrieve identical images from a database. 

Generally, the image processing applications focus more on 

classification, segmentation, image quality enhancement, compression and so 

on. The CBIR framework is therefore programmed to compare the query 

image with other images in the database and respond to the user. The 

applicability of CBIR system is vast, as it is required by all the applications 

that deal with numerous sets of images. Hence, the main component of a 

CBIR system is the feature extraction and different CBIR systems are 

developed by considering the performance enhancement with maximized 

accuracy rates. The basic features of a CBIR system are the pixel value, 

local, global and low level features.  

The pixel value is the most fundamental property of any image and the 

CBIR compares the query reference point of the image pixel with the pixel 

value of the images in the database. However, this work does not render 

better results and the pixel value comparison is a tedious task. Local features 

of an image represent the pixel blocks, which is obtained after the process of 

image segmentation. The local features focus more on the minute details 

being available in an image, unlike global features. Hence, the utilization of 

local features results in better results[1,2]. 

The global features are computed by considering the complete image and 

usually several image processing applications employ global features for 

calculating the colour histogram of the image. The color histograms of the 

images can be compared with each other for detecting the image similarity. 

Hence, the global features provide an overview of the image but not the 

detailed description of images. Yet, these features are beneficial  
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because of its processing speed [3]. The image’s low level features consider 

the ocular image features such as color, texture and shape.  

A basic CBIR system is based on three phases such as feature extraction 

from query image, images in database and analysis. The image features in the 

database are collected and saved in the feature database. The query image’s 

features are also obtained for comparison. The last phase performs 

comparative analysis between the query image and the feature database for 

image retrieval. A general CBIR system is depicted in figure 1. 

 

 
Figure 1 Process of CBIR 

 

The components of the diagram are explained as follows. 

• Image database - The images are uploaded into database from 

which the relevant images are to be retrieved. 

• Feature extraction - All the images in the database are treated for 

extracting features. Generally low level features are employed as features. 

• Feature indexing - The features extracted are further indexed for 

easy comparison. 

• Feature database - The indexed features are stored in a feature 

database. Any new image included in the database is processed and its 

feature is indexed in the feature database. 

• Query image - When images are to be obtained from the image 

database concerning the content of image, a query image for which similar 

images are required is given as input.  

• Comparison - The query image’s features are matched with the 

features indexed in the feature database. The similarity is compared using 

distance metrics, decision tree and Neural Networks. 

• Image retrieval - The features of images that are comparable to 

the query image features are obtained from the image database. 
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The objective of the paper is to present an efficient CBIR with system 

that is faster and accurate. CBIR system accuracy depends on the set of 

features extracted. Thus, this work combines three different feature 

extraction techniques for arriving at a standard feature set. Accurate and 

effective image retrieval is made possible with these extracted set of features. 

The paper is arranged in the following way. Section 2 addresses the 

literature analysis of relevant works and Section 3 outlines the method 

suggested. The feasibility of the strategy suggested is evaluated in section 4. 

Finally, section 5 outlines the final remarks. 

 
2  Review of Literature 
 

Numerous CBIR systems exist in the literature, which are based on the 

rotation-invariant texture features of images. For instance, the recent 

prominent works of this are presented by Han J. and Ma K.K. (2007), Kokare 

M. et.al. (2006), Krishnamoorthi R. et.al. (2012), Rallabandi et.al. (2008), 

Zhang et.al. (2012) [4-8]. 

 In most of the existing works, the feature extraction techniques are 

performed in the frequency domain for obtaining the rotation-invariant 

features by Han J. and Ma K.K. (2007), Kokare M. et.al. (2006), Rallabandi 

et.al. (2008).  

 Kokare et.al. (2006) merges a Dual-Tree Rotated Complex Wavelet 

Filter (DT-RCWF) and Dual-Tree Complex Wavelet Transform (DT-CWT) 

for extracting the rotation-invariant texture features from 12 varied angles. 

Yet, the resemblance comparison formula is unoptimized. Hence, this 

approach cannot compare two different images in a better way.  

 Tzagkarakis proposes a technique to extract texture features on the basis 

of Kullback-Leibler-Divergence (KLD) [9], which incorporates the 

Gaussianized steerable pyramids. Similarly, the rotation invariant texture 

features are extracted from the images by combining the gabor filters 

involving similar scales but with varying angles. 

 A Wavelet-Based Hidden Markov Tree (WBHMT) is developed by 

Rallabandi et.al. (2008). In this work, the wavelet transformation is merged 

with the hidden Markov tree, in order to obtain the rotation invariant texture 

features of images. However, the feature extraction process of this work 

incurs greater computational complexity[10]. 

 Sim proposed the Modified Zernike Moments (MZM) for extracting the 

rotation-invariant features. This is accomplished by combining the Discrete  
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Fourier Transformation (DFT) and Zernike moments. Though, this approach 

does not employ an optimized similarity computation formula and so, this 

approach cannot produce optimal results[8]. 

 Numerous existing approaches have tackled the issue of combining the 

words to images and the image semantic understanding is claimed as a multi-

label issue. Here, each and every image can be assigned to more than a single 

class. Here, the classes are considered to be independent and mutually 

exclusive. 

 The multi-class approaches are tackled by including a mutual exclusive 

constraint, where Desai et al. proposed a scheme for designing the interaction 

pattern between the objects [11]. The         inter-relationship between the 

labels is studied by the Support Vector Machine (SVM) and Latent Dirichlet 

Allocation (LDA) techniques, in order to enhance the performance of 

multilabel classification [12,13]. In these techniques, the objects are detected 

by employing a sliding window and a training set is provided with prior 

knowledge. This problem of image classification is solved by effective class 

localization.  

Motivated by the above works, the proposed work aims to present a novel 

CBIR system with better accuracy rates. 
 

3 Proposed Approach 
 

CBIR is at its limelight because of its vast requirement of efficient image 

retrieval. Every CBIR system comprises four different phases namely data 

collection, feature database extraction, searching the database and process 

and ordering the results. The proposed system focuses on three features 

namely colour, shape and texture.  

Discrete wavelet transform is employed because of its degree of 

directionality, near shift invariance and minimal redundancy. Local Binary 

Pattern (LBP) and gabor filter are employed for extracting texture features 

and shape feature is extracted by using Zernike moment.  

The LBP, gabor filter and zernike moment are applied on the image’s 

approximation band. Finally, SVM classifier is deployed to distinguish 

between the images. This work obtains the similar images from the database 

with the accuracy and sensitivity rate of cent percent. 

 

3.1 Phases of the Work 

 
The proposed work relies on image acquisition, training and testing 

phases. Image acquisition aims at acquiring images to perform information 

retrieval. The images can be acquired from the real time photography or from 

the existing dataset. There are several datasets available for images.  
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The training phase trains the system by taking the extracted features into 

account. The training phase aims at extracting the LBP, Gabor and Zernike 

moment features from the images. The DWT is then applied and the feature 

set is employed for learning process [14-16]. 

The testing phase passes a query image and the images from databases 

are retrieved and ranked with respect to the relevance score. SVM is 

employed as the classifier for distinguishing between images. Finally, the 

proposed work is tested for its performance with respect to sensitivity, 

specificity and accuracy rate. The proposed work is compared with several 

wavelets and the comparative analysis is performed. 

 

3.2 Architectural Diagram 
 

The detailed flow of the proposed work is presented in figure 2. The 

major components of this work are LBP, Gabor filter and Zernike’s moment. 

This feature set is distinguishable by the classifier. This work employs SVM 

as its classifier. 

 

 
Figure 2 Architectural Diagram 

 

3.3 Proposed CBIR algorithm 
 
The proposed CBIR system is presented below. 

Step 1: Obtain an image dataset. 

Step 2: Apply Gabor filter and LBP in order to extract texture features. 

Step 3: Apply Zernike moment for extracting shape features. 
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Step 4: Apply discrete wavelet transform over the image. 

Step 5: Combine all the features and save them for classification purpose. 

Step 6: Pass the query image. 

Step 7: Repeat steps from 1 to 5. 

Step 8: Pass the train and test features to the SVM classifier for retrieving 

the images by taking the degree of relevancy into account. This is done by 

the below given equation. 

 

   (    )  ∑    (           )              (1) 

                    Where 

                             (      )  {

                                             
                                            

|      |                                        

           (2)             

      

       This system is compared with different wavelets such as Haar, DB1, 

DB3, Bio1.1, Bio1.5, symlets and coiflets. The performance of the proposed 

work is analysed with metrics such as accuracy, sensitivity and specificity. 

The proposed system proves better results than the existing techniques. 

4 Performance Analysis 
  
 The efficacy of the proposed approach is assessed in terms of accuracy, 

sensitivity and specificity. All the three performance measures are based on 

four important parameters, which are True Positive (TP), True Negative 

(TN), False Positive (FP) and False Negative (FN). The formulae for all 

these measures are discussed as follows. The above mentioned parameters 

are computed in the following way. 

 

4.1 TP Rates 
 

The TP rate is computed by the ratio of the total count correctly retrieved 

images that match with the query image out of the total count of retrieved 

images. 

                                           
                                    

                      
                                       (3)                                                                                                                                                          
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4.2 TN Rate 
  

TN rate is the value that indicates the total count of rejected images, 

which unmatch the query image from the total count of images. 

 

   
                                    

                      
                     (4)            

 

4.3 FP Rate                                                                                                                                                 
 

FP rate retrieves the unmatched image, which does not matches the query 

image; however due to the behaviour of the retrieval system unmatched 

images are retrieved. 

   
                                    

                      
                                  (5)      

 

4.4 FN Rate    

         FN rate is computed by considering the ratio of the total count of 

rejected images that actually match the query image by the system.   

                                                                                                                                

   
                                  

                      
                                  (6)       

 

From these four measures, the performance measures are 

computed by the following formulae.        

                                                                                                                     

4.5 Accuracy (A) 
 

Accuracy is the vital parameter that determines the system’s correctness. 

The superior the accuracy, the more perfect is the system. 
 

   
     

           
                                                            (7)            

 

4.6 Sensitivity Value                                                                                                          

Sensitivity and specificity are the most important measures that decide the 

reliability of the system. The sensitivity value is determined by the FN rates, 

which means that the lesser the FN rates the greater is the sensitivity rates. 
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                                                                       (8)             

 

4.7 Specificity Value 

Specificity rates are influenced by the FP rates. When the specificity 

value of a system is greater, then it indicates that the FP rate of the system is 

minimal. Both FP and FN rates are dangerous to any CBIR system, as it 

accepts the inappropriate image or rejects the appropriate image. 

     
  

     
                                                                         (9)         

The proposed work is assessed in terms of the above metrics and the 

graphical result is presented in figure 3.            

       

         Figure 3 Performance Results of The Proposed CBIR System 

    Thus, the proposed work proves its efficacy in terms of accuracy, 

sensitivity and specificity. The reason for the achievement is because of the 

consideration of all the low level features. Thus, the objective of the work is 

satisfied.                                                                    

5 Conclusion 
 

 This article proposes an IRS, which stems on shape, color and texture 

features. The aforementioned features are collected by exploiting LBP and 

Gabor filter and zernike moment. LBP and gabor filter are responsible for 

extracting texture and color features and the shape feature is extracted by 

using Zernike moment. This is followed by the application of DWT to every 

resultant image. The image’s approximation band is then extracted. The LBP, 

gabor filter and zernike moment are applied on the approximation band of 

the input image. This work retrieves the similar images from the database 

with better accuracy and sensitivity rates. 
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