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Abstract 

Wavelets are mathematical functions that split the data into various frequency components, and 

study each component with a resolution matched to its scale. They have advantages over 

traditional fourier methods in analyzing physical situations where the signal contains 

discontinuities and sharp spikes. Texture has been widely used in human life since it provides 

useful information that appeared on the surface of every object. This paper deals on texture 

classification, by using wavelet transform as the main feature extraction deals on classification 

method respectively. The results from various experiment shows that the developed texture 

classification system is able to achieve the highest classification rate at maximum accuracy. 
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Introduction 

A wavelet is a mathematical function which is useful in various applications. It has become a 

major new mathematical technique. Wavelet transforms are similar as fourier transform, it gives 

coefficients with respect to trigonometric functions. An important difference in the fourier 

transform is the decomposition of signals into sines and cosines that is the functions localized in 

fourier Space. The wavelet transform opened new avenues of applications such as compression 

of image, signal processing, financial, radiology, and many other important areas. The 

availability of wide range of wavelets is the one of the strength of wavelet analysis.  

Wavelet Transforms 

The word wavelets alludes to an oscillatory disappearing wave with their time constrained 

broaden, which can portray the time frequency plane, with atoms of different time supports. In 

the most part wavelets are created to have specific properties that makes valuable for signal 

processing. Wavelet speaks about the appropriate tool for the investigation of transient or non 

stationary wonders. 
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The scaling and shifting are the two important concepts in wavelet transform. Suppose      be a 

signal then, the process of stretching and shrinking the signal in time is scaling, which can be 

articulated in the equation  (
 

 
)    , where the scaling factor is `s' which is a positive value 

and corresponds how much the signal is scaled in time. Shifting a wavelet is nothing but, 

delaying or advancing the onset of the wavelet ahead the length of the signal. The notation used 

for the shifted wavelet is         which means that the wavelet is shifted and centered at k. 

Scientifically wavelet is a component of zero normal having the energy vitality in time. 

                             ∫         
  

  
                                                                                           (i) 

To make more adaptable in extracting frequency information and time, a group of wavelets can 

be evolved from a function     , known as the `mother wavelet'. By dilation with scale 

parameters and translation with a factor u, `Daughter Wavelets',         are shaped. That is 

                                
 

√ 
  (

   

 
)                                                                                           (ii) 

Analysis of wavelet accomplished by anticipating the signal is to be dissected on the wavelet 

function. It implies multiplication and integration: 

                  〈            〉   ∫                                                                             (iii) 

In view of the characteristics of the signal, one can assess the mother wavelet using different 

translations and scales.  

Continuous and Discrete wavelet transforms 

CWT( continuous wavelet transform ) and DWT ( discrete wavelet transform ) are the two types 

of wavelet transforms. Filtering of time localized frequency components and time frequency 

analysis are the key applications of the CWT and denoising, compression of signal and images 

are the key concepts of DWT. The CWT is generally considered redundant because it uses 

continuous signals and therefore needs to be made discrete before it can be used in an 

application. This make the CWT inefficient. This can be overcome by using the DWT. It is very 

efficient if it is applied through a filter bank, which is an important part of the DWT. The CWT 

is developed for overcoming resolution problem, and it is the alternate approach to the Short 
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Time Fourier Transform. Hence    L2
(R) has an average of zero, it is centered and normalized 

in the area of h = 0. The forward continuous wavelet transform of the signal x(h), using   (h) as 

mother wavelet can be composed as: 

                              〈      〉   ∫     
 

√ 
  (

   

 
)     

  

  
    

̅̅ ̅                          (iv) 

and the convolution product between the signal to be analyzed and    
̅̅ ̅    is: 

                      
̅̅ ̅̅      

 

√ 
   ( 

 

 
)                                                                                (v) 

where   
 is the complicated combination of function and the Fourier transform of s(h) is 

                         
̅̅̅̅       √                                                                                                (vi) 

Thus   is the shifting function of a band pass filter, because zero is the continuous component of 

this function. From the following theorem, if the mother wavelet satisfies a condition, called 

acceptability condition then a wavelet transform is invertible. 

Theorem 1: Let           be a real function such that 

                               ∫
|    | 

 

 

 
                                                                                   (vii) 

Any           satisfies 

                           
 

  
 ∫ ∫   
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)   

  

  
                                               (vii) 

    and              ∫ |    | 
  

  
    

 

  
∫ |       |

   
  

  

  

 
                                                   (viii) 

Above mentioned theorem states that the wavelet transform conserves the energy of the original 

signal, considering the satisfaction of the capable condition. Since CWT is very redundant the 

discretization of translation and scale variables are introduced.  

Theorem 2: If             
  is a frame of       then the frame bounds satisfy 

                               
  

        
                                                                                        ( ix) 

                                  { }     
 

  
 ∑ | (  

  )|      
                                                (x) 

The condition (vii) forces that the Fourier axis is entirely secured by wavelets dilated  {  
 }

   
 

The discrete wavelet transform is defined as for persistent to a continuous mother wavelet     

The wavelet transform maps continuous finite energy signals to a 2-D discrete grid of 

coefficients,       
            . The DWT of a signal x(h) is : 

                                   〈      〉   ∫     
 

√  
 

  

  
   (

       
 

  
 )                              (x) 

From a specific case of discretization, the resulting transform is called the ‘dyadic wavelet 
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transform’. Therefore the signal x(h) of the discrete wavelet transform can be written as: 

                               
      ∫     

 

√  

  

  
 (

   

  
)                                                 (xi) 

When the dyadic wavelet transform is discretized in time with a steady interval, u = 2
q
T, it 

prompts to the classic discrete wavelet transform. 

Wavelet Families 

In the wavelet transform various basis functions are there which is used as the mother wavelet. 

The mother wavelet creates all wavelet function used in the transformation over scaling and 

translation. The certain regularly used wavelet transforms are haar wavelet, daubechies wavelet, 

Biorthogonal pairs, coiflet wavelet, symlet wavelet, Mexican hat,  morelet wavelet and meyer 

wavelet . Haar wavelet is the oldest and simplest wavelet basis, daubechies wavelet represents 

the foundation of the wavelet signal and it is the most popular wavelet. In maxflat wavelet the 

frequency possess maximum flatness at frequency 1 and 0. In some applications this is very 

desirable property. The wavelets such as haar, daubechies, symlet are capable of unblemished 

reconstruction along with meyer wavelet. The mexican hat, meyer and morlet are symmetric in 

shape. The wavelets are chosen on the basis of capability and shape to examine the demanding 

applications.      

Texture Analysis     

Shapes, patterns and coarseness that appear on the surface of an object is known as texture. The 

textures of objects can be observed artificially and naturally such as woods, plants, skin and 

other various materials. The main goal in texture classification is to assign an unknown object or 

image into any one of the predefined classes or categories. The fundamental problems in texture 

analysis are related to features. Training and classification are the two important steps involved 

in a supervised texture classification 

Texture Classification using Discrete Wavelet Transform 

The proposed texture classification method is based on DWT and K- Nearest Neighbour (KNN) 

Classifier. It consists of two stages that is feature extraction and classification. The process of 

extracting the proposed feature is as follows. At first, texture image is decomposed by DWT at 

various decomposition levels. The output of DWT based decomposition produces a collection of 

sub-images called subbands. The features are extracted around the selected coefficients from 

different types of wavelet families such as Haar wavelet (haar), Daubechies wavelet (db3), 

Symlets wavelet(sym1), Coiflets wavelet (coif1), and BiorSplines wavelet (bior1.5). The types of 

images taken for the texture classification is from Brodatz album which consists of different set 

of texture images, such as wood, marble, water and granite. Unser (1995) proposed that Texture 
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classification and segmentation using wavelet frames about the use of wavelet transform to 

characterize texture properties at multiple scales. The over complete decomposition of wavelet is 

used in the analysis to get description. The characterization of a texture is conducted by set of 

channel variances. The set is used by filter bank as output. 12 Brodatz textures are used for 

classification.[8] 

Experimentation 

In the proposed system, different experiments have been carried out for checking the different 

factors that will influence the performance of wavelet transform in texture classification. Hence 

the experiment is divided into two main parts that is wavelet transform and KNN. In wavelet 

transform experiment part, the tested factors include discrete wavelet transform approaches, 

wavelet families, and the number of decomposition levels. In KNN classifier, the texture is 

classified by a majority vote by its neighbors, with the texture being assigned to the class most 

common amongst its k nearest neighbors. The main objective of the experiment is to compare the 

performance of classification and accuracy using different types of wavelet basis in discrete 

wavelet transform. In this experiment, the performance is tested with DWT in terms of time and 

accuracy. The main objective of the experiment is to compare the performance of classification 

and accuracy using different types of wavelet basis in discrete wavelet transform.  

Wavelet 

basis 

Decomposition 

level 
Accuracy(%)  Sensitivity  Precision Specificity time(sec) 

Haar 

1 88 94 80 83 169.9 

2 90 94 85 86 170.76 

3 93 100 85 87 171.04 

db3 

1 88 94 80 83 168.64 

2 90 86 95 94 174.38 

3 100 100 100 100 179.24 

sym2 

1 85 89 80 82 172 

2 93 95 90 90 174.86 

3 95 97 100 95 176.56 

coif2 

1 72 71 75 74 170.93 

2 95 95 95 95 173.74 

3 98 100 98 98 177.86 

bior 2.6 

1 68 65 75 71 179.56 

2 85 85 85 85 182.24 

3 97 100 95 95 185.22 

 

The table shows the classification accuracy for the texture images of wood and marble. From the 

database 40 samples are chosen and split into two sets, one for training with 20 samples and 

another for testing with 20 samples per class. The performance of the proposed system is 
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evaluated by two parameters, decomposition level and selected wavelet basis. In the table the 

highest accuracy is achieved by daubechies wavelet basis with 100% at the decomposition level 

3 and the least accuracy achieved is the biorthogonal wavelet basis with 68% in the 

decomposition level 1. After going through a series of experiments on the developed texture 

classification system, it can be summed up that the application of wavelet transform together 

with KNN in texture classification is able to produce a promising classification rate in terms of 

accuracy and time. 

Conclusion                                                                                                                                        

It was found that texture analysis is worthy in implementing it in real life application. The 

present analysis has two main parts, wavelet transform and K- nearest neighbor classifier. The 

experiment was performed with discrete wavelet transform in terms of time and accuracy. In 

texture analysis using wavelets, KNN method is used to obtain the maximum accuracy using 

different types of wavelet basis. In the experiment, the classification of the texture image gave a 

promising result. In texture analysis the daubechies wavelet have almost maximum accuracy. 
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