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Abstract- The paper develops an approach based on 
wavelet transform for the evaluation of harmonic 
contents of power system waveforms. The new 
algorithm can simultaneously identify all harmonics 
including integer, non-integer and sub harmonics. In 
the first step of the approach, the frequency spectrum 
of the waveform is decomposed into sub bands using 
discrete wavelet packet transform filter banks. In the 
second step continuous wavelet transform is applied 
to nonzero sub bands to evaluate the harmonic 
contents.  
 
IndexTerms- Discrete Fourier Transform, Fourier 
Series, Wavelet transform, Reliable Power Quality.  
 
I. INTRODUCTION  
 
Power systems, in the presence of electronic 
equipment can produce not only integer but also sub- 
and non -integer harmonics in the power signal 
waveforms. Moreover, harmonic studies also involve 
analysis of non stationary and transient waveforms 
that come from arc furnace operations, capacitor 
banks switching, starting of motors, and line 
energization among others. It is important to be able 
to determine the harmonic contents and to eliminate 
them to ensure high quality of power supply. Fourier 
series (FS) and Discrete Fourier transform (DFT) 
have been widely used for harmonic studies of 
periodic signals. However, the FS outputs often 
contain spurious components and spectral leakage 
due to the truncation of the signals. DFT uses window 
functions to mitigate the spectral leakage effect. 
However, with a fixed window length and frequency 
in DFT, it does not give accurate amplitude and phase 
values for harmonics with frequencies different from 
that of the window function frequency. To remedy 
these limitations, the parametric analysis Method was 
developed to provide a more accurate harmonic 
amplitude and phase values from DFT. In the method, 
a distorted waveform model expressed in terms of a 
sum of sinusoidal functions is first nominated based 
on the results of DFT analysis. The error between this 
models waveform and the actual one is minimized 
using conventional optimization methods.  
Optimization techniques, the accuracy of the results 
depends on whether an appropriate model can be 
nominated. 
 The computational requirement therefore can be very 
high. Above methods are not suitable for analyzing 
signals containing non stationary events or abrupt 
changes. 

To overcome the limitations in the existing methods, 
a new tool, wavelet transform (WT), is applied here 
for harmonic studies. Wavelets are oscillating 
waveforms of short duration with amplitudes 
decaying quickly to zero at both ends. In WT, the 
wavelet is dilated and shifted to vary the frequency of 
oscillation and time location,  and are superimposed 
onto the signal under analysis These dilating and 
shifting mechanism are desirable for analyzing 
waveforms containing non stationary events. The 
transform coefficient magnitude indicates the 
similarity in frequencies between the harmonic 
components in the signal and the dilated wavelets. By 
continuously dilating the wavelet, harmonics 
frequencies in the signal can be identified.  Moreover, 
a method can also be developed to accurately 
quantify the harmonic amplitudes and phases from 
the transform coefficients. 
 
For harmonic identification purposes however, it is 
more useful if the signal is decomposed into uniform 
frequency sub bands. This can be achieved using 
DWFT filter banks. In the decomposition process 
however, it is necessary to down-sample and up 
sample the signal. Owing to down- and up samplings, 
output components contain images. Although the 
filter banks are designed to eliminate these images, 
the images are not completely removed due to 
imperfect magnitude response of the filters, and can 
affect the analysis results. In this paper a method for 
eliminating the images will be developed.         
 
1.1   REDUCTION STRATEGIES 
Filter circuits are used in a wide variety of 
applications. In the field of telecommunication, band-
pass filters are used in the audio frequency range (0 
kHz to 20 kHz) for modems and speech processing. 
High-frequency band-pass filter are used for channel 
selection in telephone central offices. Data 
acquisition systems usually require anti-aliasing low-
pass filters as well as low-pass noise filters in their 
preceding signal conditioning stages. System power 
supplies often use band-rejection filters to sup- press 
the 60-Hz line frequency and high frequency 
transients. In addition, there are filters that do not 
filter any frequencies of a complex input signal, but 
just add a linear phase shift to each frequency 
component, thus contributing to a constant time 
delay. These are called all-pass filters 
 
1.2 Voltage THD and Fifth-Harmonic Voltages 
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Tables 1 and 2 show the maximum and minimum 
values of total harmonic distortion (THD) in voltage 
and the most dominant fifth-harmonic voltage in a 
typical power system 
 

Table 1 
Voltage THD and Fifth-Harmonic voltage in a 

High-voltage power transmission system. 
    

 
2.0  PC based active power filter controller 
Active power filters are usually controlled by a 
microcontroller or a digital signal processor (DSP) 
with very good results. However, here an alternative 
for the controller is proposed, based on a personal 
computer (PC)   with   a   general  purpose   
multifunction   data acquisition board included in the 
PCI bus.The major advantages of this approach are 
the relative low   cost   of   the   equipment,   the   
high   processing capabilities of the personal 
computer processor and its versatility, allowing many 
other tasks, such as data acquisition and logging, 
remote access and monitoring, integration with other 
systems, and many other possibilities. The personal 
computer used has a 733MHz Intel Pentium III 
processor with 512MByte memory. The data 
acquisition board is the model PCI-MIO-16E-4 
manufactured by National Instruments. Multifunction 
cards usually have several analogue inputs, which can 
be used to measure the voltages and currents values 
necessary to perform the control tasks, but they 
usually have only two analogue outputs, which can be 
used to generate the voltage compensation signals. 
So, it is important to analyze in what conditions the 
two compensation signals are enough for a three-
phase system, because the use of a second 
multifunction board. 
 
2.1 Simulated Set up 
 

 
Fig 1 circuit diagram of power system producing 
harmonics 

 
 
Fig 2 output waveform of  power system with 
harmoni 
 

 
Fig 3 Distorted load Waveform 

 
3.0 Real-time control 
The   proposed   PC   based   solution   presents   
some difficulties since the control of a power active 
filter requires a fast controller which does not miss 
samples and where all real time deadlines must 
always be met, or the system doesn’t operate 
properly. This means that the application needs “hard 
real-time” control. 
The testing programs built for Microsoft Windows, 
using manufacturer’s device driver and function 
libraries, and for Linux, using real-time module 
RTAI, packages were programmed in C++ language. 

 
3.1 Developed Program 
function [a,d] = dwt(x,varargin) 
%DWT Single-level discrete 1-D wavelet transform. 
%   DWT performs a single-level 1-D wavelet 
decomposition 
%   with respect to either a particular wavelet 
(‘wname’, 
%   see WFILTERS for more information) or 
particular wavelet filters 
%   (Lo_D and Hi_D) that you specify. 
% 
%   [CA,CD] = DWT(X,’wname’) computes the 
approximation 
%   coefficients vector CA and detail coefficients 
vector CD, 
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%   obtained by a wavelet decomposition of the 
vector X. 
%   ‘wname’ is a string containing the wavelet name. 
% 
%   [CA,CD] = DWT(X,Lo_D,Hi_D) computes the 
wavelet decomposition 
%   as above given these filters as input: 
%   Lo_D is the decomposition low-pass filter. 
%   Hi_D is the decomposition high-pass filter. 
%   Lo_D and Hi_D must be the same length. 
% 
%   Let LX = length(X) and LF = the length of filters; 
then 
%   length(CA) = length(CD) = LA where LA = 
CEIL(LX/2), 
%   if the DWT extension mode is set to 
periodization. 
%   LA = FLOOR((LX+LF-1)/2) for the other 
extension modes.   
%   For the different signal extension modes, see 
DWTMODE.  
% 
%   [CA,CD] = DWT(...,’mode’,MODE) computes 
the wavelet  
%   decomposition with the extension mode MODE 
you specify. 
%   MODE is a string containing the extension mode. 
%   Example:  
%     [ca,cd] = dwt(x,’db1’,’mode’,’sym’); 
% 
%   See also DWTMODE, IDWT, WAVEDEC, 
WAVEINFO. 
  
%   M. Misiti, Y. Misiti, G. Oppenheim, J.M. Poggi 
12-Mar-96. 
%   Last Revision: 19-May-2003. 
%   Copyright 1995-2004 The MathWorks, Inc. 
%   $Revision: 1.15.4.2 $ 
  
% Check arguments. 
nbIn = nargin; 
if nbIn < 2 
  error(‘Not enough input arguments.’); 
elseif nbIn > 7 
  error(‘Too many input arguments.’); 
end 
if ischar(varargin{1}) 
    [Lo_D,Hi_D] = wfilters(varargin{1},’d’); next = 2; 
else 
    Lo_D = varargin{1}; Hi_D = varargin{2};  next = 
3; 
end 
  
% Check arguments for Extension and Shift. 
global DWT_Attribute 
if isempty(DWT_Attribute) 
DWT_Attribute = dwtmode(‘get’); 
end 
dwtEXTM = DWT_Attribute.extMode; % Default: 
Extension. 

shift   = DWT_Attribute.shift1D; % Default: Shift. 
for k = next:2:nbIn-1 
switch varargin{k} 
case ‘mode’  , dwtEXTM = varargin{k+1}; 
case ‘shift’ , shift   = mod(varargin{k+1},2); 
end 
end 
% Compute sizes and shape. 
lf = length(Lo_D); 
lx = length(x); 
  
% Extend, Decompose &  Extract coefficients. 
first = 2-shift; 
flagPer = isequal(dwtEXTM,’per’); 
if ~flagPer 
lenEXT = lf-1; last = lx+lf-1; 
else 
lenEXT = lf/2; last = 2*ceil(lx/2); 
end 
y = wextend(‘1D’,dwtEXTM,x,lenEXT); 
  
% Compute coefficients of approximation. 
z = wconv1(y,Lo_D,’valid’);  
a = z(first:2:last); 
  
% Compute coefficients of detail. 
z = wconv1(y,Hi_D,’valid’);  
d = z(first:2:last); 
 

 
 

Fig 4 Output waveform of power system 
without harmonics 

                           
3.2 Advantages: 
Space and cost penalties becomes especially 
significant in situation where redundant equipment is 
required for plant operation.The active harmonic 
filters is installed on the distribution bus feeding the 
drives and cancels the harmonics for all operating 
units. 
It provides protection and control of power delivery 
for specific loads and the use of selective filters 
reduces the harmonics in a controlled way in order to 
adjust exactly to the regulation.Reduction in 
harmonic voltage distribution occurs because the 
harmonic current flowing through the source 
impedance are reduced. 
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CONCLUSION 
 
The system proves the analysis of voltage events in 
power systems using advanced digital signal 
processing tools. The laboratory permits the 
simulation and the analysis of real voltage events, 
showing the performance of different methods in the 
detection and characterization of voltage events.  
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