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ABSTRACT: In this paper a comparative study has been done for the classification of power quality events using
wavelet coefficients and wavelet based energy distribution. So for the feature extraction the parameters considered
were wavelet coefficients and wavelet energy distribution up to 10 levels. The classification was done using Artificial
Neural Network algorithm in both the cases since it is very effective in classification and pattern recognition
applications.
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I.LINTRODUCTION

There has been an enormous growth in the converter based power conversion techniques in the past decade. All these
devices are capable of introducing some disturbances in to the system which can affect the quality of voltage or current.
Therefore Power Quality is considered as an important term in power system. The monitoring and analysis of voltage
waveforms or current waveforms is of great importance because then only the appropriate mitigation methods for the
disturbances can be suggested.

FT is still an effective tool for analysing the power quality disturbances in frequency domain. But the main drawback
with FT is it is a frequency domain analysis and no time based information can be extracted from signals. It gives a
clear picture of the frequency spectra of signals but no information regarding where in time axis the frequency
components exist.Eventhough Short Time Fourier Transform (STFT) can be used for the time frequency analysis of
signals, itis not effective for short duration transient signals since the transform uses a fixed window for the
computation. To improve the limitations of FT the Wavelet Transform has been proposed which makes use of a
varying window so that transient disturbance analysis can be done in a better way. Precise time features can be
extracted like starting and Ending time of disturbances along with frequency informations regarding the signals.

Power Quality disturbances can be simulated using MATLAB and SIMULINK][5] Transient disturbance, sag and swell
can be detected and analysed effectively even in the presence of noise using wavelet decomposition and de noising
techniques. These disturbances can be [6].A wavelet norm entropy based feature extraction method is proposed in
[7]for power quality disturbance classification using wavelet neural network.Daubechies wavelet db4 was used for the
feature extraction using wavelet coefficients and wavelet based energy distribution. And the Artificial Neural Network
was trained with these parameters for effective classification and a comparative study has been done based on the
acuuracy of classification.
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Il. WAVELET DECOMPOSITION

Usually in Short Time Fourier Transform the computation will be performed using a kernel using which the
convolution with the signals will be done for finding the coefficients. This kernel is known as a window which is of
fixed width in case of STFT.So to analyze a signal consists of multiple frequency STFT can be used so a time
frequency analysis can be achieved.Here time and frequency resolution that we can obtain is of great importance. This is
a criteria based on which an effective method can be suggested for the analysis of the signal.But when coming to
transient signals which may have a sudden change in its magnitude within a short duration of time,analysis using STFT
may not be very effective.

Wavelet is the basic entity of wavelet transform. Wavelets are basically short duration transient signals having irregular
shapes. Wavelet transform has an advantage in this aspect. In wavelet transform the window width can vary depending
upon the frequency of the signal. For example if we have a signal consists of a low frequency part and high frequency
part we need good frequency resolution for low frequency part and good time resolution for high frequency part. The
WT at low frequency provides accurate frequency resolution and poor time resolution, and at high frequency, WT gives
accurate time resolution and bad frequency resolution [8].In another way good time resolution can be achieved by
narrow windows and good frequency resolution can be achieved by wide windows. Using wavelet analysis signal
compression, edge or spike detection can be done effectively.

Multi Resolution Analysis (MRA) is the basic principle behind wavelet transform. In MRA analysis the signals are
analysed at different frequencies at different resolutions. Signal analysis can be done using different wavelets each

having its own advantages and disadvantages. Usuallypower quality signal analysis can be done effectively with
Daubechies wavelets especially in case of transient disturbance analysis.

V(s 1)=[ f(E) W *s. (1) dt (1)

The first equation represents the class of functions that we get from different values of r and s. These class of functions
are known as wavelet functions and z are integers where s is known as scaling parameter and z is known as shifting
parameter.

Y(X)=Zsh,(N)V2(2x—N) (2)

This equation gives the relationship between wavelet function and scaling function. So a wavelet function can be
derived using shifted version of scaling functions of next higher order of half the width. A Function f(x) can be realized
using the equation

f(x):Zs Aro,s bro,s(x) +Z$'o=r0 Zs br,s 1‘IJr,s (x) (3)

This is known as wavelet series. Where the function is expressed in terms of scaling functions ¢, s () and wavelet
functions ¥, ;(x)

The wavelet coefficients a,., ;and b, ;can be found by the following equations

aro,s = ff(x)mro,s(x)dx (4)
brs = [ f()¥s(x)dx ()

Wavelet Transform can be continuous (CWT) or Discrete (DWT). If the continuous variable x is replaced by n it will
become discrete.
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Approximate and detail coefficients:

In Discrete Wavelet Transform the signal can be written in terms of two coefficients coefficients. The first coefficient
which is associated with the scaling function is known as approximation coefficient and the second one, which is
associated with wavelet function, is known as detail coefficient. Approximation and detail coefficients are the low pass
and high pass representation of the signal respectively. Multi Resolution Analysis means the signal is decomposed in to
desired levels of these two coefficients. After N’ levels of decomposition there will be N number of detailed
coefficients and one approximate coefficient. Because at each level, only the approximate coefficient will be divided in
to next levels of these coefficients. The figure shows this division of any signal into these two coefficientsFig. 1. cA
and cD represent the approximation and detail coefficients. The numbers 1,2,3,4 represent the levels of decomposition.
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Fig. 1. Decomposition of a signal into approximation and detail coefficients
Simulation of power quality disturbances and wavelet Analysis using MATLAB:

Total 9 common power quality disturbances were simulated using standard equations [8].The sampling frequency of
simulated disturbances was 10kHz and the RMS value considered was 230 V.

Avrtificial Neural Network based Power Quality Disturbance Classification system using wavelet coefficients:

For pattern recognition purpose Artificial Neural Network is an effective tool and they are very good at recognizing a
particular pattern. A total of 250 new waveforms were generated for training the Neural Network, 50 for each
disturbance. Then Discrete Wavelet Transform (DWT) coefficients of 10th level decomposition were used as an input
to the Artificial Neural Network (ANN).The same data is used for Training, Validation and Test purposes. Number of
Neurons in Hidden layer is 17.There are 9 neurons in the output because of 9
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target output classes. We can test the performance of Neural Network by changing the number of neurons in hidden
Layer and thus can find the best performance of designed network. An overall accuracy of 97.1 % could be achieved
using the designed neural system.

Energy contents in simulated power quality events during 10 Levels of decomposition using Parsevals theorem:

The energy of the signal at each level of the wavelet transform coefficients can be separated in time and frequency in
Discrete Wavelet Transform (DWT). So the energy in disturbance waveforms in each scale of the wavelet coefficients
can be calculated using the Parsevals theorem [9] by the following expression.

1NZ'X(t)? = zlj\‘:l(Ai,j)z +21\‘ (Di,i)z;

1=0,1.2..1

The first term on Right Hand Side is the average power of the approximated version of the decomposed signal and the
second term is that of the detailed version of the decomposed signal.The second term in the equation contains
maximum required information so it can be used to extract features from distorted PQ signals. The Parsevals theorem
in the DWT application can be implemented by separating the total energy of the discrete time domain signal.

(6)

Dlsturbance EDl ED2 EDS ED4 EDS EDG ED7 ED8 ED9 EDlO
DC Offset [0 |0 0 0 0 0.0002 | 0.0032 {0.0004 |0 0
Flicker 0 |0 0 0 0.0005 [0.0572 |0.8076 {0.1107 |0.0020 |0.0029
Outage 0 |0 0.0001 |0 0.0003 |0.0001 | 0.0013 |0.0004 |0.0063 |0.0222
Sine 0 |0 0 0 0.0005 [0.0545|0.8111 {0.1047 |0.0019 |0.0035
Harmonic 0 ]0.0002 |0.0119 |0.0379 |0.3979 (0.4113|0.0003 |0.0005 |0.0009 |0.0019
Sag 0 |0 0 0 0.0005 |0.0548 |0.8073 |0.1063 |0.0023 |0.0035
Swell 0 |0 0 0 0.0005 |0.0542 |0.8166 {0.1028 |0.0020 |0.0036
Sag 0 ]0.0012 |0.0756 |0.1792 |0.4820 (0.0006 |0.0004 |0.0008 |0.0016 |0.0032
Harmonics

Swell 0 ]0.0012 |0.0793 |0.189 [0.5081 [0.0005 |0.0004 |0.0007 |0.0013 |0.0027
Harmonics

Table 1: Energy contents in power quality Signals for 10 levels of decomposition

Each disturbance has a unique detailed energy distribution. Energy contents of detail coefficients were found using
MATLAB.It is shown in Table 1.

Avrtificial Neural Network(ANN) based power quality disturbance classification system using energy contents of
detailed coefficients:

Number of neurons in hidden layer is 11 and there are 9 neurons in the output because of a total of 9 target

values.Algorithm used for training was Levenberg-Marquardt algorithm.Using this method now an overall accuracy of
88.4 % was achieved when tested with simulated waveforms other than those in training set.
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Accuracy of classification system using Wavelet coefficients:

The accuracy of the system is given below in the table 2.

SI No | Disturbance Accuracy(%)
1 DC offset 100
2 Flicker 96.5
3 Outage 94.6
4 Pure Sine 100
5 Sag 95.4
6 Swell 95

7 Harmonics 100
8 Sag with Harmonics 95

9 Swell with Harmonics 98
Overall accuracy 97.61

Table 2: Accuracy of the signal classification system using wavelet coefficients

The accuracy of the system is given below in the table 3.

Accuracy of classification system using Energy distribution of detailed coefficients:

SI No | Disturbance Accuracy(%)
1 DC offset 100

2 Flicker 88

3 Outage 84

4 Pure Sine 100

5 Sag 84

6 Swell 80

7 Harmonics 88

8 Sag with Harmonics 88

9 Swell with Harmonics 84
Overall accuracy 88.44

Table 3: Accuracy of the signal classification system using energy distribution of detailed coefficients
111. CONCLUSION

The accuracy for the classification system in using wavelet coefficients was 97.61%.The other one, using energy
content of detailed coefficients yielded an accuracy of 88.4% only. So the energy content of detailed coefficients alone
is not sufficient for an accurate classification system using artificial neural network.

The wavelet used for the complete analysis was db4 since it yields better results than other wavelets of Daubechies
family. The accuracy of classification system can be improved by training the neural network with a large input vector
set with more number of samples of waveforms. For the latter method more parameters has to be considered along with
energy contents for better accuracy.
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IV. FUTURE WORK

The accuracy for the classification system using wavelet coefficients is a proved one but for the other system to
improve the accuracy, more parameters have to be included together with energy content of detailed coefficients, which
can be done as a future work and the accuracy can be checked again. The accuracy for these two methods can also be
compared for an algorithm other than a neural network based one. The systems can be tested again for other wavelets
also.
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