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Abstract—Power quality disturbance is an issue that is gaining 

the attention of researchers, electrical utilities and customers. 

For developing tools for power quality (PQ) analysis and 

diagnosis PQ data is required.  Therefore the generation of the 

typical power quality disturbances by using the mathematical 

equations is presented in this paper. PQ signal analysis carried 

out using transformation techniques that have its own 

advantages and limitations. Wavelet transform is particularly 

useful in detecting discontinuities in signals, and this makes it 

appropriate for detection of disturbances in power quality. In 

this work, Mathematical models for various PQ signal 

disturbances are developed with the goal of detecting and 

localization them using wavelet transform. Various types of 

mother wavelets were used to process different power quality 

disturbance signals. The comparison results show clearly that PQ 

disturbances are detected and the exact location of the 

disturbance can also be found on the time scale. 
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I. INTRODUCTION 

The quality of electric power has become an important 

issue and wide spread use of sensitive electronic equipment, 

customers have become much more aware and sensitive to 

transient and other power abnormalities. In order to improve 

the power quality, the power disturbances should be 

monitored continuously [3].  
Voltage levels, Harmonics, Flickering, and distortion of 

wave are the key parameters which decide the power quality. 

If these parameters are not healthy, then it is considered as 

poor quality of power supply. In order to improve electric 

power quality, the sources and causes of disturbances must be 

known before appropriate mitigating action can be taken and 

continuous recording of disturbance waveforms is necessary. 

Wavelet Transform (WT) is a mathematical tool, which 

provides an automatic detection of Power Quality Disturbance 

(PQD) waveforms, especially using Daubechies family. 

Several types of Wavelets Network algorithms have been 
considered for detection of power quality problems [1].  

The wavelet function is localized in time and frequency 

yielding wavelet coefficients at different scales. This gives the 

wavelet transform much greater compact support for analysis 

of signals with localized transient components arising in 

power quality disturbances manifested in voltage, current, or 

frequency deviations. Several types of wavelets have been 

considered [4] for detection, and localization of power quality 

problems as both time and frequency information are available 

by multiresolution analysis.  

Wavelet Transform provides the time-scale analysis of the 

non-stationary signal[1][2]. It decomposes the signal to time 

scale representation rather than time-frequency representation. 
Wavelet transform (WT) expands a signal into several scales 

belonging to different frequency regions by using translation 

(shift in time) and dilation (compression in time) of a fixed 

wavelet function known as Mother Wavelet. Wavelet based 

signal processing technique is one of the new tools for power 

system transient analysis and power quality disturbance 

classification and also transmission line protection. 

In this paper, the effectiveness of wavelet transform 

methods for analyzing different power quality events has been 

investigated. The starting time, end time and duration of 

power quality problem has been obtained. With the help of 
MATLAB the disturbances were introduced for analysis. With 

the aid of mother Wavelet such as Daubechies and haar, 

decomposition was done using MATLAB Wavelet Toolbox 

up to fourth level, according to the accuracy of information 

obtained. Finally the detection of all six types of disturbances 

was done. 

II. POWER QUALITY DISTURBANCE CLASSES 

There are various types of events that can degrade power 

quality, which makes the identification problems often elusive 

and difficult. In this paper detection algorithm was developed 

based on disturbance events from six major categories, which 

are as follow: 
1.  Sag / Undervoltage  

2.  Swell / Overvoltage  

3.  Waveform distortion 

 (a) Harmonic 

 (b) Harmonic with sag 

 (c) Harmonic with swell 

 (d) Notching 

4.  Transients  

 (a) Oscillatory Transient 

 (b) Impulsive Transient or Spike 

5.  Interruptions 
6.   Voltage fluctuations/Flicker 

III. POWER QUALITY DISTURBANCE SIGNALS GENERATION 

This section describes the mathematical model of 

generation of Power Quality Disturbance signals (PQD) in 

MATLAB environment. The  primary  objective  of  the  

system  is  to  provide reference  phase  voltage  waveforms,  
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including  special functions  for generation of every possible 

PQD problem.  

 
TABLE I 

SIGNAL MODELS AND THEIR PARAMETERS [10] 
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The system can be applied as a part of the procedures for 

verification testing and calibration of the instruments. This 

can also be applied as equipment developed for monitoring, 

measurement and software based processing of the basic PQ 

parameters, prescribed by the relevant quality standards. 

Power Quality disturbances (PQD) are studied in comparison 

to the normal sinusoidal signal. Each type of PQ disturbance 

is generated in MATLAB software using different parametric 

equations [7] [8] [9] [10]. Table 1 gives the signal generation 

models and their controlled parameters 

Sag and swell events are modeled using step functions 

defined for periods between t1 and t2. Amplitude of step 

function  is  used  to  control  the  intensity  of  voltages  for 
defining  sag  and  swell. Harmonic signal consists of 

frequency components that are multiples of 1 KHz. In a PQ 

signal the  disturbances  in  terms  of  harmonics  will  have  

more  than  three  frequency  components  and  are  odd  

multiples  of fundamental  component.  The  odd  harmonics  

also  have  voltage variations  and  thus  affect  the  

fundamental  signal.  

Parameters that define amplitudes of harmonic 

components given by α1, α2, α3 and α4 have variations from 

0.02 to 0.6 and  the  square  sum  of  all  components  should  

not  exceed  unit magnitude.  These parameters are used to 
control the harmonic variation in a pure sine wave signal.   

In signal disturbances that create exponential variations 

within a short duration of time interval are transients. 

Parameters  such  as  α, w  and K  control  the  variations  in  

transients  in  a  given  pure  sine wave as shown in Table 1.  

Transients occur for a short time interval, controlled by t1 

and t2. During this time interval, the signal behaviours consists 

an exponential variation controlled by τ. Flicker is due to 

randomness in sag and swell affecting pure sine wave. 

Mathematical models for flicker are similar to sag and swell, 

but the duration of sag and swell is randomly added to the 
pure sine wave signal.   

 

IV. DISCRETE WAVELET TRANSFORM  

The Discrete Wavelet Transform (DWT), which is based 

on sub-band coding is found to yield a fast computation of 

Wavelet Transform. It is easy to implement and reduces the 

computation time and resources required. In the case of DWT, 
a time-scale representation of the digital signal is obtained 

using digital filtering techniques. The signal to be analyzed is 

passed through filters with different cutoff frequencies at 

different scales. 

Filters are one of the most widely used signal processing 

functions. Wavelets can be realized by iteration of filters with 

rescaling. The resolution of the signal, which is a measure of 

the amount of detail information in the signal, is determined 

by the filtering operations, and the scale is determined by 

upsampling and downsampling (subsampling) operations[6].  

The DWT is computed by successive lowpass and 

highpass filtering of the discrete time-domain signal as shown 
in Fig. 1. This is called the Mallat algorithm or Mallat-tree 

decomposition. Its significance is to connect the continuous-

time mutiresolution to discrete-time filters. In the figure, the 

signal is denoted by the sequence x[n], where n is an integer. 
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The low pass filter is denoted by G
0 
while the high pass filter 

is denoted by H
0
. At each level, the high pass filter produces 

detail information, d[n], while the low pass filter associated 

with scaling function produces coarse approximations, a[n]. 

 

 
 

Fig. 1. Three-level Wavelet Decomposition Tree 

 

At each decomposition level, the half band filters produce 

signals spanning only half the frequency band. This doubles 

the frequency resolution as the uncertainity in frequency is 

reduced by half.  

In accordance with Nyquist’s rule if the original signal has 

a highest frequency of ω, which requires a sampling frequency 

of 2ω radians, then it now has a highest frequency of ω/2 

radians. It can now be sampled at a frequency of ω radians 

thus discarding half the samples with no loss of information. 
This decimation by 2 halves the time resolution as the entire 

signal is now represented by only half the number of samples. 

Thus, while the half band lowpass filtering removes half of 

the frequencies and halves the resolution, the decimation by 2 

doubles the scale. 

With this approach, the time resolution becomes arbitrarily 

good at high frequencies, while the frequency resolution 

becomes arbitrarily good at low frequencies. The time-

frequency plane is thus resolved. The filtering and decimation 

process is continued until the desired level is reached. The 

maximum number of levels depends on the length of the 

signal. The DWT of the original signal is then obtained by 
concatenating all the coefficients, a[n] and d[n], starting from 

the last level of decomposition. 

In this paper the wavelet-multi-resolution analysis is 

presented as a new tool for extracting the distortion features. 

The MRA is a tool that utilizes the DWT to represent the time 

domain signal f (t). It can be mapped into the wavelet domain 

and represented at different resolution levels in terms of the 

following expansion coefficients:  

Csignal = [Cn| dn|| dn-1||dn-2|--- |d1| ]               (1) 

where, n is number of level, d represent the detail coefficients 

at different resolution levels, and Cn, represents the last 
approximate coefficients. Wavelet transform can be achieved 

by convolution and decimation. 

V. SIMULATION RESULTS 

In this paper, there are two portions of simulation results. 

They are power quality disturbance signals generation and 

detection of disturbance. Firstly, PQ disturbance signals are 

generated in MATLAB based on the mathematical model 

described in Table 1.  

One pure sine-wave signal (fundamental frequency = 50 

Hz, amplitude 1, sampling frequency 12.8 kHz) and eleven 

PQ disturbance signals are generated. Fig. 2 shows the 

generated PQ disturbance signals. 

  
  (a) Sine Wave    (b) Sag 

  
 (c) Swell (d) Harmonic 

  
  (e) Harmonic with sag (f) Harmonic with swell   

   
 (g) Notching (h) Impulsive Transient 

  
(i) Oscillatory Transient (j) Interruptions 
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 (k) Voltage fluctuations (l) Flicker 

Fig. 2. Generated PQ disturbance signals 

 

The generated PQ signals were simulated and processed 

with wavelet toolbox in MATLAB environment using wavelet 

db4 at level 4. A four-level decomposition of the distorted 

signal is carried out using mother wavelet db4. The following 

series of diagrams illustrate the first to fourth level details of 

application of wavelet transform in processing signals for 

different types of power quality disturbances. 

Fig. 3 shows the first four detailed versions of four-level 
decomposition of a voltage swell signal. Any changes in the 

pattern of signal can be detected and localized at the finer 

resolution levels. The detailed version of four-level is detected 

and localized at first finer resolution levels. The starting time 

of the swell is 0.2 s and the ending time is 0.4s. The duration 

of swell phenomenon can be detected and localized in the first 

detail level. 
 

 
(a)Voltage swell signal 

 
(b) Level 1 decomposition (D1)    

  
(c) Level 2 decomposition (D2) 

 
(d) Level 3 decomposition (D3) 

 
(e) Level 4 decomposition (D4) 

Fig. 3. Detection of Voltage Swell Disturbance 

 

Fig. 4 describes the voltage signal having harmonics with 

sag and four detail levels of MRA decomposition respectively.  
 

 
(a) Harmonic with Sag 
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(b) Level 1 decomposition (D1) 

  
(c) Level 2 decomposition (D2)  

 
(d) Level 3 decomposition (D3) 

 

  
(e) Level 4 decomposition (D4) 

Fig. 4. Detection of voltage harmonics with sag disturbance 

 

Fig. 5 illustrates the original signal, four-level decomposition of high 

frequency transient.  

 

   
Fig. 5. Detection of oscillatory transient disturbance 

 

An impulse case of signal with four-level decomposition is 
described in Fig.  6. 

 
Fig. 6. Detection of impulse disturbance 

 

Fig. 7 illustrates MRA decomposition and detailed levels 
of voltage Notching.  

 

 
Fig. 7. Detection of notching disturbance 
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Fig. 8. Detection of interruption disturbance  

 

In the above Fig. 8, the starting time of interruption can’t 

be detected in the detail level 1 to 3. The duration of 

disturbance can be detected and localized in the fourth detail 

level clearly. 

VI. CONCLUSION 

Various  forms  of electrical  power  quality  disturbances 

with  the  aim of  detecting  them  using  wavelet  transform 

approach has been generated.  Wavelet  transform  is  useful  

in  the identification  of  variation  or  discontinuities  in 

signals.  In this paper, wavelet transform is proposed to 

identify the power quality disturbance at its instance of 

occurrence. Power quality disturbances like sag, swell, 

harmonic, interruption, transience and harmonics are 

considered and are decomposed up to 4 levels using Db4 

wavelet. For some disturbances it is sufficient to have only 

second or third level of decomposition. The exact location of 

the disturbance can also be found on the time scale. The 

wavelet MRA can effectively detect any type of PQD at a 

faster rate. 
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