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Abstract- Power quality (PQ) issue has attained considerable attention in the last decade due to large penetration of power 
electronics based loads and/or microprocessor based controlled loads. An electrical power system is expected to deliver 
undistorted sinusoidal rated voltage and current continuously at rated frequency to the end users. To minimize power quality 
disturbances and to devise suitable corrective and preventive measures, efficient detection and classification techniques are 
required in the emerging power systems.  Through effective power monitoring, system errors can be classified at an earlier 
stage and thus the safety and reliability can be improved. This paper presents an approach that is able to provide the 
detection and location in time as well as the identification of power quality problems present in both transient and steady 
stable signals.The method was developed by using the discrete wavelet transform (DWT) analysis.   By using this technique, 
the  time information and frequency information can be unified as a visualization scheme,   facilitating  the control of electric 
power signals. To improve its computation performance, the design has first implemented in Matlab/Simulink TM 
environment.   
 
Keywords- Disturbances, Wavelet transform, Matlab/SimulinkTM 
 

 
I. INTRODUCTION 
 
The issue of Power Quality is very important to both 
the consumers and the distributors of electric power. 
There are many facets of power quality disturbances 
and each has its own source and mitigation 
techniques. Conventional methods for recognition of 
a power quality disturbance consists of collecting 
operating data, inspecting the wave forms visually 
and then identifying any disturbance that may be 
present in the data. Although the available measuring 
and recording devices offer substantial help, the 
process is mainly very slow. Several approaches for 
automatic detection and classification of PQ 
disturbances have been proposed in a number of 
papers. The process is often based on time–frequency 
representations such as wavelet transform or the 
short-time Fourier transform. The signals encountered 
in the process may be of time-varying characteristics.  
 
For such signals, the conventional Fourier transform-
based method was found unsatisfactory, which 
resulted from the requirement of numerical 
integration performed in a whole time interval; 
therefore, the outcome of this procedure occasionally 
becomes difficult to understand. A novel method of 
higher efficiency in signal-processing applications 
becomes crucially important in addition to traditional 
methods. Through the use of this WT technique, both 
time and frequency information can be obtained. In 
other words, the wavelet transform is much more 
local. Instead of transforming a pure “time 
description” into a pure “frequency description,” the 
wavelet transform finds a good promise—a time-
frequency description. In this work, an efficient short  
 

 
cycle design flow has been proposed. With this 
design flow, the designer could implement his design 
models originally written as Matlab codes or 
Simulink blocks. 
 
Some useful features of the new approach are listed 
in the following: 

1)  The method provides a systematic approach   
for hardware realization, facilitating the rapid 
prototyping of wavelet transform for power system 
applications. 
2)  It is effective for visualizing the disturbance-
generated signals as time varies. For time intervals 
where the function changes rapidly, the method can 
zoom the area of interest for better visualization of 
signal features.  
3) The approach is capable of presenting the 
frequency and time information simultaneously. It 
can be developed as a didactic tool to help students 
acquaint themselves with electric power signals. 
4) The method owns the potential of being 

extended to detect other kinds of disturbances. 
 

II. POWER QUALITY AND TYPES OF 
POWER QUALITY DISTURBANCES  

 
Power quality (PQ) issue has attained considerable 
attention in the last decade due to large penetration of 
power electronics based loads and/or microprocessor 
based controlled loads. The electric power quality is 
also defined as a term that refers to maintaining the 
near sinusoidal waveform of power system bus 
voltages and currents at rated magnitude and 
frequency. Thus electric power quality is often used 
to express voltage quality, current quality, reliability 
of service, quality of power supply etc. Power quality 
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issue is also important for the utility companies. They 
are required to supply consumers with electrical 
power of acceptable quality. 
 
The most common types of power quality 
disturbances are Voltage sag is a reduction of AC 
voltage at a given frequency for the duration of 0.5 
cycles to 1 minute of time. Sag are usually caused by 
system faults, and result of switching on loads with 
heavy start-up currents.  

 
Voltage swell is the reverse form of a sag, having an 
increase in AC voltage for a duration of 0.5 cycles to 
1 minute of time. Swell are usually caused by high 
impedance neutral, sudden load. 
 
Interruption is defined as the complete loss of supply 
voltage or load current. Depending on its duration, an 
interruption is categorized as instantaneous, 
momentary, temporary or sustained.  
 
III. DISCRETE WAVELET TRANSFORMATION 
 
In order to detect the minor faults on the system, 
DWT is proposed due to its time and frequency 
localization property. The DWT is one of the three 
forms of WT .It moves a time domain discretized 
signal into its corresponding wavelet domain. This is 
carried out through a process called “sub-band 
decomposition” performed using digital filter banks. 
For a given electrical signal f(n) the spectral bands 
decomposition is carried out using successive 
decomposition of signal via pair of  High pass and 
Low pass filter as illustrated in Fig 1 

 

 
Fig.1: Sub-band codification scheme of a signal 

 
Basically, the dwt evaluation has two stages. The first 
consists on the wavelet coefficients determination. 
These coefficients represent the given signal in the 
wavelet domain. From these coefficients, the second 
stage is achieved with the calculation of both the 
approximated and the detailed version of the original 
signal, in different levels of resolutions, in the time 
domain. 
 
At the end of the first level of signal decomposition 
(as illustrated in Fig. 1), the resulting vectors yh(k) 
and yg(k) will be, respectively, the level 1 wavelet 
coefficients of approximation  and of detail. Actually, 
for the first level , these wavelet coefficients are 
called cA1(n) and cD1(n), respectively, 

cA1(n) = ∑ f(n).hd(-k+2n)                               (1) 
                k  
cD1(n) = ∑ f(n).gd(-k+2n)                               (2)  

k 
Next, in the same way, the calculation of the 
approximated (cA2(n)) and the detailed (cD2(n)) 
version associated to the level 2 is based on the level 
1 wavelet coefficient of approximation (cA1(n)). The 
process goes on, always adopting the “n-1” wavelet 
coefficient of approximation to calculate the “n” 
approximated and detailed wavelet coefficients. Once 
all the wavelet coefficients are known, the discrete 
wavelet transform in the time domain can be 
determined. This is achieved by “rebuilding” the 
corresponding wavelet coefficients, along the 
different resolution levels. This procedure will 
provide the approximated ( aj(n)) and the detailed ( 
dj(n)) version of the original signal as well as the 
corresponding wavelet spectrum. 
 
IV. ACTIVE POWER FILTERS:  
 
Primarily there are two types of active filters: the 
shunt type and the series type. It is possible to find 
active filters combined with passive filters as well as 
active filters of both types acting together. 
 
PQ THEORY: 
In 1983, Akagi et al. have proposed the "The 
Generalized Theory of the Instantaneous Reactive 
Power in Three-Phase Circuits", also well-known as 
p-q theory. It is based in instantaneous values in 
three-phase power systems with or without neutral 
wire, and is valid for steady-state or transitory 
operations, as well as for standard voltage and current 
waveforms. The p-q theory consists of an algebraic 
transformation (Clarke transformation) of the three-
phase voltages and currents in the a-b-c coordinates 
to α-ß-0 coordinates, followed by the computation of 
the p-q theory instantaneous power components: 
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Fig. 2 : Powers components of the p-q theory in �--0 

coordinates. 
THE PQ THEORY FOR ACTIVE POWER 
FILTERS: 
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From all the power components obtained through the 
p-q theory, only p and   p0 are desirable, as they 
correspond to the energy transferred from the supply 
to the load. The other quantities can be compensated 
using a shunt active power filter (Fig. 3). Even p0, 
which is related to a load unbalance (an adverse 
operation condition), should be compensated 
whenever possible. Watanabe et al. presented a 
approach to compensate  p  without the need of using 
any power supply in the active filter. They showed 
that the value of  p  can be sent from   the power 
source to the active filter through the α − β 
coordinates, and then the active filter can supply this 
power to the load through the 0 coordinate. This 
means that the energy earlier transferred from the 
source to the load through the zero-sequence 
components of voltage and current, is now delivered 
from the source phases through the active filter, in a 
balanced way. 
 
It is also likely to see in Fig. 3 that the active filter 
capacitor is only essential to compensate p and  p , 
since these quantities must be stored in this 
component at one instant to be later delivered to the 
load. The instantaneous imaginary power (q), which 
includes the conventional reactive power, can be 
compensated without any capacitor. 
 

 
Fig. 3 : Compensation of power components  퐩,퐪,퐩ퟎ   퐚퐧퐝  퐩ퟎ  

in  훂 − 훃 − 0 coordinates. 
 

If the undesired power components 
(p , p , p, q, q) are compensated, and for a three-
phase system with balanced sinusoidal voltages, the 
supply currents are also sinusoidal balanced, and in 
phase with the voltages. In other words, the power 
supply “treates” the load as a purely resistive 
symmetrical  load. Since all the instantaneous zero-
sequence power will be compensated, the reference 
compensation current in the 
0 coordinate is  i  itself:  

i     ∗ = i  
 
To calculate the reference compensation currents in 
the α − β coordinates, the expression (3) is reversed 
and the powers to be compensated (px and qx) are 
used: 
i  ∗
i  ∗  = 

  
 • 

v −v
v v  • 

p
q  

p  = p−  ∆p          ∆p =  p               (4) 
q  = q = q +  q 
 
Control scheme of shunt active power filters:  
Fig. 4 presents the electrical scheme of a shunt active 
filter for a three-phase power system with neutral 
wire, which is able to compensate for both current 
harmonics and power factor. Furthermore, it allows 
load balancing, eliminating the current in the neutral 
wire. The power stage is, basically, a voltage-source 
inverter controlled in a way that it acts like a current-
source. From the measured values of the phase 
voltages (va, vb, vc) and load currents (ia, ib, ic), the 
controller calculates the reference currents (ica*, 
icb*, icc*, icn*) used by the inverter to produce the 
compensation currents (ica, icb, icc, icn). This 
solution requires 6 current sensors and 4 voltage 
sensors, and the inverter has 4 legs (8 power 
semiconductor switches). 

 

Fig. 4 :Shunt active filter in a three-phase power system with 
neutral wire. 

 

 
Fig.5:  Simulink model for shunt controller with non linear 

load 
 

Control scheme of series active power filters: 
Fig. 5 shows the scheme of a series active filter for a 
three-phase power system. It is the twin of the shunt 
active filter, and is able to compensate for distortion 
in the power line voltages, making the voltages 
applied to the load sinusoidal (compensating for 
voltage harmonics). The filter consists of a voltage-
source inverter (acting as a controlled voltage source) 
and requires 3 single-phase transformers to interface 
with the power system. 
The series active filter does not compensate for load 
current harmonics but it behaves as high-impedance 
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to the current harmonics approaching from the power 
source side. Therefore, it guarantees that passive 
filters eventually positioned at the load input will not 
draw off harmonic currents from the rest of the power 
system. 
 

 
Fig. 6 :Series active filter in a three-phase power system. 

 

 
Fig.7 :Simulink model for Series  controller with non linear 

load 
 
Another key to solve the load current harmonics is to 
use a shunt active filter simultaneously with the series 
active filter(Fig. 6), so that both load voltages and the 
supplied currents are assured to have sinusoidal 
waveforms. 
 
Control scheme of series and shunt active power 
filters:  
 

 
Fig. 8 : Series-shunt active filter in a three-phase power system. 

V. TEST RESULTS  
 
We designed a system of 230 volts as input and 
created different faults such as voltage sag, voltage 
swell, momentary interruption, harmonic and voltage 
flicker in matlab environment. 
 
1.a)  When we have applied 60% sag to the system 
then this is the output waveform  for voltage sag. 

 

Fig.9 : 60% voltage sag waveform 
 

      1.b) After applying the detailed  DWT coefficients 
then this is the output obtained . 

 

Fig.10: DWT detailed coefficients for voltage sag waveform 
 

       2.a)When we have applied 40% swell to the system 
then this is the output waveform for voltage swell 
 

Fig.11: 60% voltage swell waveform. 
 

2.b) After applying the detailed DWT coefficients 
then this is the output obtained 

 

Fig.12 :DWT detailed coefficients for voltage swell waveform 
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3.a) When we have applied 40% momentary 
interruption  to the system then this is the output 
waveform for momentary interruption. 
 

Fig.13: 40% voltage momentary interruption waveform 
 
3.b) After applying the detailed  DWT coefficients 
then this is the output obtained 
 

Fig.14: DWT detailed coefficients for voltage momentary 
interruption waveform 

4.a) When we have applied 40% harmonics to the 
system then  this is the output waveform for voltage   
harmonic  waveform. 
 

Fig.15 : 40% voltage harmonic waveform 
 
4.b) After applying the detailed  DWT coefficients 
then this is the output obtained 
 

 
Fig.16 :40% voltage harmonic waveform 

5) When we applied nonlinear load for series active 
filter the output waveform is 
 

 
Fig.17 :output waveform for series active filter with non liner 

road 
 
6) When we applied nonlinear load for shunt active 
filter the output waveform is 
 

 
Fig.18 :output waveform for shunt active filter with 

non linear load 
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CONCLUSION 
 
The problem of power quality has been discussed in 
this paper. This paper is of work published on power 
quality analysis and techniques for detection and 
mitigation of different electrical power disturbances. 
Dwt technique is proposed in this paper to detect and 
classify different types of PQ events accurately. 
Moreover, it gives a much higher percentage of event 
detection and classification. This wavelet-based 
approach offers further scope for PQ analysis. Active 
power filters played a main role for reduction of 
disturbances. The filter presents good dynamic and 
steady-state response and it can be an enhanced 
solution for power factor and current harmonics 
Simiulation results for different disturbances were 
shown and change in waveforms after applying 1st 
level Dwt coefficients were shown for all 
disturbances. 
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