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Abstract: This paper exploited the various mother wavelets for fault detection. A different value of fault resistances 

analyzed on different types of mother wavelets. Comparisons are made based on the sum of coefficients in multi resolution 

signal decomposition (MSD) using Discrete Wavelet Transform (DWT).  Based on the extensive investigations on different 

value of fault resistance in Line-Ground (L-G) fault, optimal mother wavelet is proposed. 
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I INTRODUCTION 

Recently wavelet applications are extended to electrical engineering field especially in terms of faults detection and 

discrimination. An internationally recognized tool wavelet analyzed from theory point of view that it can be formulated via 

a family of basis functions such that the signals can be described in a localized time and frequency format. Hence, by 

employing the long windows at low frequency and short windows at high frequencies, the wavelet transform will be 

capable of comprehending the time and frequency information simultaneously. For those transients in time-varying signals, 

they would be supervised more effectively, thereby encouraging the application of such method to enhance the detection 

capabilities.  

In the area of fault detection capability, still limited numbers of wavelet-based research papers are reported [1-5]. CWT-

based approach is proposed in [1] for the enhancement of damage detection of wind turbine blades. Wavelet-based ARMA 

model is presented in [2] for the short-term wind speed forecasting. Comparative analysis of the approaches, MCSA, EPVA 

and DWT are made in [3] to detect the interturn fault in Doubly-Fed Induction Generator (DFIG). Based on Discrete 

Wavelet Transform (DWT), Fault Indicator and Fault Criteria, Detection of   High Impedance Fault (HIF) is proposed in 

[4]. A solution to the problem of protecting aerial lines from high impedance fault in distribution systems is proposed in [5]. 

Transmission line faulty phase analysis is done in [6] by detailed coefficients. Based on the energy of differential-current 

signal, transformer fault’s detection is proposed in [7]. Magnetizing in-rush current and fault current of transformer is 

discriminated in [8]. A new diagnostic method based on grid modulating signals is proposed in [9] to detect asymmetrical 

fault.  Coefficients of wavelet used as a input for training back propagation neural network in high impedance fault 

detection is analyzed in [10]. Technique based on sensitive fault detection parameter from multi resolution decomposition 

of three phase currents is proposed in [11]. However, each of the paper improves fault detection capabilities to certain 

extent, but each has its drawbacks as well. In those papers authors have used different mother wavelets, but they did not 

predict the optimal mother wavelet which actually affects the accuracy of detection capabilities. In this paper, comparisons 

are made among different mother wavelet, based on the sum of coefficients in multi resolution signal decomposition (MSD) 

using Discrete Wavelet Transform (DWT).  After the extensive investigations on different value of fault resistance, an 

optimal mother wavelet is proposed for the accurate fault detection.  

II WAVELET TRANSFORM 

Wavelet transform is of two types Discrete Wavelet Transform (DWT) and Continuous Wavelet Transform (CWT). Their 

brief explanations are as under. 
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A. Discrete Wavelet Transform (DWT) 

The ability to provide variable time-frequency resolution is hallmarks of wavelet transform [12-14]. Wavelet transform is 

relatively new mathematical technique which is used to analyze signal in nature. It is becoming the focus point of much 

science, and is fondly delighted tool by scientists. It plays a very important role in signal and information processing.  

The wavelet transformation is processes of determining how well a series of wavelet functions represent the signal being 

analyzed. The goodness of fitting of the function to the signal is described by the wavelet coefficients. The result is a bank 

of coefficients associated with two independent variables, dilation and translation. Translation typically represents time, 

while scale is a way of viewing the frequency content. Larger scale corresponds to lower frequency meaning thereby better 

resolution. The most efficient and compact form of the wavelet analysis is accomplished by the decomposing a signal into a 

subset of translated and dilated parent wavelets, where these various scales and shifts in the parent wavelet are related based 

on powers of two. Full representation of a signal can be achieved using a vector coefficients the same length as the original 

signal.  

Considering a signal consisting of 2
M

 data points, where M is an integer. DWT requires 2M wavelet coefficients to fully 

describe the signal. DWT decomposes the signal into M+1 levels, where the level is denoted as 



j  and the levels are 

numbered 



i  =  -1, 0, 1, 2, 3…M-1. Each level 



i  consists of 



j  = 2
i
 wavelet translated and equally spaced 2

M
/



j  intervals 

apart. The 



j  2i wavelets at level 



i  are dilated such that an individual wavelet spans N-1 of that level interval, where N is 

the order of wavelet being applied. Each of the 



j  2i wavelets at level 



i  is scaled by a coefficient 



ai, j  determined by the 

convolution of the signal with the wavelet. Notation is such that 



i  corresponds to wavelet dilation and 



j  is the wavelet 

translation in level



i . The forward wavelet transform determines the wavelet coefficients 



ai, j  of 



j  wavelet at each level



i .  

For the signal f (n), the DWT is 



ai, j  a2 i  j  f (n)i, j

n

 (n)                 

Here, 



 is mother wavelet 

 

B  Continuous Wavelet Transform (CWT) 

While the DWT is most efficient and compact, its power of two relationships the scale fixes its frequency resolution. Often 

it is desired to differentiate between smaller frequency bands than DWT allows. This is possible by using scales that are 

more closely spaced together than the 



2i  relationship, and is the basis for the Continuous Wavelet Transform (CWT). 

For a signal f (t), CWT determines the coefficients as  



a(i, j)  f (t)(i, j,t)dt




         

Here, 



 is mother wavelet 

The number of coefficients necessary to describe the signal may be larger than the signal strength, as the CWT over 

samples the signal. 

C Characteristics of Wavelets 

The quality of various wavelet families vary according to the following criteria 

 The speed of convergence to zero  

 The number of vanishing moments 

 The symmetry 
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 The regularity 

 The othogonality/biorthogonality 

 The existence of scaling function 

The comparision of four mother wavelets are tabulated based on the qualities mentioned above. From this table it is found 

that the accuracy of Coiflets wavelet is better than remaining three. 

SN Characteristics Haar (db1) Daubechies(db4) Symlets4 Coiflets4 

1 Compact Support Yes Yes Yes Yes 

2 Orthogonal/Biorthogonal Yes Yes Yes Yes 

3 DWT/CWT Possible Possible Possible Possible 

4 Symmetry Yes Far from Near from Near from 

5 Regularity No 0.8 No No 

6 No. of vanishing moments 1 4 4 4 

7 Support width 1 7 7 23 

8 Filter length 2 8 8 24 

 

D Case Study 

To validate the accuracy of Coiflets mother wavelet is better, a case study is done on the following test system which is 

shown in Fig.1. 

 

 

Fig.1: Test System 

A 9MW Doubly Fed Induction Generator-Based Wind Turbine is connected to 120kV grid through transformers and 

transmission lines. Single Line-Ground (L-G) fault is created on 25kV bus transmission lines which is  shown in test system 

of Fig.1. 

III RESULTS ANALYSIS 

The sum of coefficients of currents signals using different mother wavelet for different values of fault resistances are shown 

in Fig.2, Fig.3, Fig.4 and Fig.5. The coefficients are obtained through multi resolution decomposition using one 

dimensional discrete wavelet wavelet transform.  
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Fig.2: Wavelet Coefficients for fault resistance of 0.1 Ohm 

 

 
Fig.3: Wavelet Coefficients for fault resistance of 10 Ohm 
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Fig.4: Wavelet Coefficients for fault resistance of 20 Ohm 

 

Fig.5: Wavelet Coefficients for fault resistance of 30 Ohm 

This is found from the bar chart that the the sum of coefficients of Coiflets wavelet is less for all values of fault resistances. 

Hence, Coiflets is an optimal mother wavelet for fault detection. 

IV CONCLUSION 

Based on the extensive investigations on different value of fault resistance, Coiflets wavelet is proposed as an optimal 

mother wavelet. 
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