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ABSTRACT 
This paper presents the method for detecting power quality disturbances using Stationary Wavelet Transform (SWT). The 
disturbance time information and level will be known from the frequency sub-bands of original signal. Lifting Wavelet 

Transform which eliminates the aliasing problem presents in conventional method such as Discrete Wavelet Transform (DWT) 

and that makes good reconstruction from the sub-bands of original signal. The absence of time invariance property in LWT can 

be eliminated by upsampling the filter coefficients in SWT. The output obtained from the Stationary Wavelet Transform, Lifting 

Wavelet Transform and conventional method of Discrete Wavelet Transform will be compared for various disturbances and 

Simulation results are given. 
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1. INTRODUCTION 
Nowadays, importance of power quality plays a major 

role in Power system networks. The power quality 

disturbance can be caused deviation in power system, such as 

harmonics, oscillations, quick disruptions, transients and it 

leads to faulty operation or letdown of concern equipment. 

The harmonic presents in power system distorts the power 

system signal which in turn creates various complications. 

Conventionally, for harmonic analysis, the discrete Fourier 
transform (DFT) is suggested which provides frequency 

information of the signal, but it will not give time information 

required [1]. Thus, DFT is only adoptable to stationary 

signals.  

 

Power quality can be improved by introducing proposed 

technique for various disturbances to overcome the 

disadvantages in the conventional methods. Wavelets are a 

set of functions which can be used to display the transient 

phenomena from the sub-bands of original signal. To analyze 

non–stationary signals, the Wavelet Technique is an efficient 
signal processing tool and also it has wide variety of 

applications [5]. 

  

     In power quality analysis using wavelet technique, the 

signal will be compared to wavelet function, and the 

coefficients which are obtained gives information of 

relationship of wavelet function with the original signal. At 

high frequencies, the Wavelet Transform (WT) provides 

decent time resolution but the frequency resolution is not 

good. Similarly at low frequencies, it gives decent frequency 

resolution but the time resolution is not good. It is useful 

specifically whenever the signal has high frequency 
quantities for small intervals and low frequency quantities for 

long intervals. 

 
  In order to eliminate the resolution difficulties obtained in 

Wavelet Transform, a different methodology called wavelet 
packet transform (WPT) is introduced to analyze any signal 
[8].  In WPT, the approximations and details can be divided 
and analyzes the input at various frequencies with various 
resolutions [2]. But in some cases, the information obtained 
from wavelet features is not enough for the certain ranges. 

In this paper, new algorithms are presented and applied to 

identify disturbance time and energy analysis from 
approximation/detail coefficients. Lifting Wavelet Transform 

which eliminates the aliasing problem presents in 

conventional method such as Discrete Wavelet Transform 

(DWT) and that ensures perfect reconstruction. The absence 

of time information in LWT can be eliminated by upsampling 

after the filter operation in SWT. Finally, the output obtained 

from different methods such as Wavelet Packet Transform 

(WPT), Lifting Wavelet Transform (LWT) and Stationary 

Wavelet Transform (SWT) will be analyzed and compared for 

various conditions. 

 

2. PARSEVAL'S THEOREM 
Parseval's theorem commonly states that the summation 

(or integration) of the function square is equal to the 

summation (or integration) of the transform square [3]. The 

succeeding equation that is Parseval's theorem helps to 

determine various level of energy from the details. 
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The approximations and details obtained from the original 

signal are denoted in the above equation (1) and those 

coefficients are used for analysis purpose and detection of 

power quality issues. The level of division depends on the 

disturbance occur in power system network. The method can 

be denoted mathematically by: 
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Where, Jd  is the norm of the extension coefficient Jd
,
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3. LIFTING WAVELET TRANSFORM 
The LWT is an improved methodology while compared to 

conventional method of wavelet transform. It compute the 

predict process and stores the details required which is called 
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lifting. It comprises of two interchanging lifting steps. In the 

first step, the low pass coefficient is stable and high pass 

coefficient is variable. In the second step, the high pass 

coefficient is stable and low pass coefficient is variable. There 

are three steps in LWT which are (i).split, (ii).predict and 

(iii).update which is displayed in Fig. 1. 

 
After completion of splitting, the information required will 

be analyzed from the coefficients. Then the process of 

reconstruction will begin and it is simple in lifting wavelet 

transform [4]. The reconstruction process is the reverse 

operation of decomposition to obtain the original signal. 

 

 
Fig. 1 Lifting Scheme 

 (1). Split 

It will split the given original signal Si into two 

coefficients, the approximations Aj,i and details Dj,i. The odd 

and even samples are divided in the split step from the 

original signal. 

 

                                            (4) 
(2). Predict 

After completion of split, based on approximation and the 

real data, the predict step adjusts the samples without 

disturbing the even samples. Here the odd samples are 

predicted from even sample and it is given by the equation: 

 

                                                                                              (5) 

 

 

                                                                                              (6) 

 

(3). Update 
In the update step, the signal obtained from the predict step 

will be changed by replacing the even sample based on 

average value. The odd sample presents in the signal signify 

the original signal approximation. 

 

(7) 

 

 

(8) 

 

4. STATIONARY WAVELET TRANSFORM 
The SWT is the method which overcomes the drawbacks 

faced in the conventionally suggested methods. It gives the 

accurate time information and Redundancy will be achieved 

by upsampling the filtering sub-bands of original signal. The 

stationary wavelet transform is displayed in Fig. 2. 

 

 
Fig. 2 Stationary Wavelet Transform 

In DWT, the presence of downsampling will reduces the 

size of the coefficients. Due to reduced size, the process speed 

will get increased and it requires less storage. But it leads to 

the loss of required information for the analysis of the 

disturbances in the signal [6]. The SWT will be an alternative 

method for the identification of the power quality disturbances 

and locates the exact time of disturbance occur in power 

system in less computation time. 

 

4. SIMULATION RESULTS 
The algorithm proposed in this paper uses wavelet function 

of Daubechies 4 for the identification of numerous power 

quality issues. The fundamental frequency of 50 Hz and the 

sampling frequency of 1.6 kHz are used. The MATLAB 

simulation is used for identification of various disturbances 

occurs in power system. In our proposed system, the 

disturbances of harmonics, interruptions, voltage sag, voltage 
swell and oscillatory transients are taken for analysis purpose. 

The output obtained from the proposed system will be 

compared to the conventional methods available at various 

conditions. 

 

4.1 Voltage Sag 

For industry and commercial users, the voltage sag 

problem plays a major role and it creates many disturbances 

which lead to reduction of power quality. 

 

 
(a) 

 
     (b)                                         (c) 

 
Fig. 3. (a) Sag signal (b) Output of LWT (c) Output of SWT 
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4.2 Voltage Swell 

The amplitude of the signal raises upto 90% of the original 

that creates to many performance issues in power system. The 

considered voltage swell input and the concern results 

obtained from the proposed system are shown in Fig. 4. The 

time information of disturbance and time taken to compute the 

result with deviation level are displayed in Table I and Table 
II respectively and comparison graph is shown in Fig. 8. 

 

 
(a) 

 
(b)                                        (c) 

Fig. 4. (a) Swell signal (b) Output of LWT (c) Output of 

SWT 

 

4.3 Interruptions 

The voltage is suddenly drops to some percentage in power 
system network which is called interruptions. 

 
(a) 

 
                       (b)                                      (c) 

Fig. 5. (a) Interruptions (b) Output of LWT (c) Output of 

SWT 

The considered disturbance input and the concern results 

obtained from the proposed system are displayed in Fig. 5. 

The time information of disturbance is obtained from the 
signal decomposition of input signal and it will be compared 

with conventional methods which are displayed in Fig. 9. 

 

4.4 Harmonics 

The harmonics occurs in power system lead to inefficient 

operation resulting in increases of losses in the entire system 

and also there will be some misoperation in devices and 

equipments. 

 
(a) 

 

 
                           (b)                                       (c) 

 
Fig. 6. (a) Harmonics (b) Output of LWT (c) Output of SWT 

 

The considered harmonic input and the concern results 

obtained from the proposed system are shown in Fig. 6. The 

time information of disturbance and time taken to compute the 

result with deviation level is shown in Table I and it will be 

compared with conventional methods which are displayed in 
Fig. 8. 
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4.5 Oscillatory Transients 

 
(a) 

 
                               (b)                                      (c) 

       

Fig. 7. (a) Oscillatory Transients (b) Output of LWT 

(c) Output of SWT 

 

The oscillatory transients are the disturbances occur only 

for short duration when compared to voltage sag or swell. The 

considered disturbance input and the concern results obtained 
from the proposed system are shown in Fig. 7. The time 

information of disturbance and time taken to compute the 

result with deviation level are displayed in Table I and Table 

II respectively and it will be compared with conventional 

methods which are displayed in Fig. 8. 

 

Table I 

 Computation time for different conditions using 

db4 Wavelet Function 

 

 
 

 
Fig. 8 Computation Time graph 

 

From the Fig. 8, it is justified as SWT is an effective and 

time consuming tool for the analysis of disturbances in power 

system network. It provides the accurate information when 

compared to conventional methods and the errors calculated 

are compared which is displayed in Fig. 9. 

Table II 

 Percentage Deviation for different conditions using 

db4 Wavelet Function 

 

 

 
Fig. 9 Deviation comparison chart 

 

5. CONCLUSION 
The proposed paper suggests the stationary wavelet 

transform for the analysis of power quality issues occurs in 

power system. The results obtained from the various methods 

shows SWT is more precise in detecting disturbance time and 

consumes less time for computation. It is an alternating tool 

and efficient for the identification of power quality issues and 

the analysis gives the information required for mitigation of 

the disturbance occurs in power system. 
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