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ABSTRACT

Diagnosis of power quality disturbances which include detection and classification of
the disturbance is important before any further action can be carried out by both utility
and customer. Fast and accurate techniques are required for detecting the disturbances
so that proper mitigation of power quality problems can be implemented. The
objective of this research is to classify two types of transient based on their unique
characteristics in power system. Transient is the common type of power quality
disturbance in the distribution system. Normally it can be caused by capacitor
switching or lightning. In this research, two test systems have been used which is
IEEE 13 bus system and IEEE 30 bus system for data generations. The simulations
will be done using the PSCAD/EMTDC software. Switching of capacitors was
simulated to generate oscillatory transients in a power distribution system. Lightning
strikes model as in PSCAD library have been adapted to generate impulsive transient
in this research. The disturbances waveforms obtained from the simulation are
decomposed by wavelet packet transform and used to extract the distinctive features
of the voltage signals. Combination of Discrete Wavelet Transform (DWT) and
Multiresolution Analysis (MRA) are used to decompose the signal of transient and to
extract it useful information. Deubechies 4 (db4) was selected as a mother wavelet for
the entire process in order to extract the features for the input of classifier. There are
three different features or input to classifier in this research which are the maximum
and minimum voltage, energy of the decomposed waveform and standard deviation
combined with maximum voltages. After the feature extraction stage, Support Vector
Machine (SVM) is used to classify the transient disturbance waveforms. In order to
find the best analysis, two different kernels are used which are Gaussian RBF and
Linear kernel. During classification, all the features are normalized to ensure it is
properly scaled. Cross validation is used to find the best parameters related to kernels
used followed by training and testing of the data sets. In this research, Multilayer
perception (MLP) of feedforward Artificial Neural Network (ANN) has also been
used as the classifier and comparison are made between the SVM and ANN method.
The SVM results show that RBF kernel is superior to linear kernel in classifying the
transient with average percentage of 83%. This research has also proved that SVM has
higher performance than the backpropagation algorithm of the ANN.



TABLE OF CONTENTS

page

AUTHOR’S DECLARATION i
ABSTRACT iii
ACKNOWLEDGEMENTS iv
TABLE OF CONTENTS v
LIST OF TABLES ix
LIST OF FIGURES xi
LIST OF SYMBOLS xiii
LIST OF NOMENCLATURE XV
CHAPTER ONE: INTRODUCTION
1.1  Introduction 1
1.2 Electrical Supply Interruptions and Power Quality In Malaysia 2
1.3 Problem Statement 5
1.4 Objectives of the Research 6
1.5 Scope of Study 6
1.6  Significant Contribution to New Knowledge

and Applied Value of Outcome of Research 7
CHAPTER TWO: LITERITURE RIVIEW
2.1 Introduction 8
2.2 Power Quality Issues 8

2.2.1 Power Quality Definitions 9

2.2.2 Types of Power Quality Disturbances 10



2.3 Transient
2.3.1 Transient Sources
2.3.2 Impact of Transients
2.4 Signal Processing and Power Quality
2.4.1 Wavelet Analysis
2.4.2 Wavelet Based Artificial Neural Network
2.4.3 Wavelet Based Support Vector Machine

2.5 Conclusion

CHAPTER THREE: METHODOLOGY

3.1 Introduction
3.2 Overall Procedure
3.2.1 Data Generation
3.2.2 Wavelet Transform
3.2.2.1 Implementation of Multiresolution Analysis
3.2.2.2 Selection of Mother Wavelet
3.2.2.3 Feature Extraction
3.2.3 Support Vector Machine
3.2.3.1 Selection of Kernels
3.2.3.2 Normalization of Input features
3.2.3.3 Cross Validation and Parameter Selection
3.2.3.4 SVM Training
3.2.3.5 SVM Testing
3.2.4 Feed Forward Neural Network
3.2.4.1 Training the Artificial Neural Network

3.3 Conclusion

CHAPTER FOUR: RESULTS AND DISCUSSION

4.1 Introduction

42 Test System
4.2.1 IEEE 13 Bus System
4.2.2 IEEE 30 Bus System

24
24
26
26
29
32
34
35
39
40
40
41
42
43
44
45

47
47
47
49

vi



	CLASSIFICATION OF TRANSIENT DISTURBANCE USING WAVELET BASED SUPPORT VECTOR MACHINE
	AUTHOR’S DECLARATION
	ABSTRACT
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF SYMBOLS
	LIST OF NOMENCLATURE
	CHAPTER ONE INTRODUCTION
	1.1 INTRODUCTION
	1.2 ELECTRICAL SUPPLY INTERRUPTIONS AND POWER QUALITY IN MALAYSIA
	1.3 PROBLEM STATEMENT
	1.4 OBJECTIVES OF THE RESEARCH
	1.5 SCOPE OF STUDY
	1.6 SIGNIFICANT CONTRIBUTION TO NEW KNOWLEDGE AND APPLIED VALUE OF OUTCOME OF RESEARCH

	CHAPTER TWO LITERATURE REVIEW
	2.1 INTRODUCTION
	2.2 POWER QUALITY ISSUES
	2.2.1 Power Quality Definitions
	2.2.2 Types Of Power Quality Disturbances

	2.3 TRANSIENT
	2.3.1 Transient Sources
	2.3.2 Impact Of Transients

	2.4 SIGNAL PROCESSING AND POWER QUALITY
	2.4.1 Wavelet Analysis
	2.4.2 Wavelet Based Artificial Neural Network
	2.4.3 Wavelet Based Support Vector Machine (SVM)

	2.5 CONCLUSION

	CHAPTER THREE METHODOLOGY
	3.1 INTRODUCTION
	3.2 OVERALL PROCEDURE
	3.2.1 Data Generation
	3.2.2 Wavelet Transform
	3.2.3 Support Vector Machine
	3.2.4 Feed Forward Neural Network

	3.3 CONCLUSION

	CHAPTER FOUR RESULT AND DISCUSSION
	4.1 INTRODUCTION
	4.2 TEST SYSTEM
	4.2.1 IEEE 13 Bus System
	4.2.2 IEEE 30 Bus System

	4.3 TEST SYSTEM RESULTS
	4.3.1 Results For 13 Bus Test System
	4.3.2 Results For 30 Bus Test System

	4.4 FEATURES EXTRACTION PROCESS
	4.4.1 Minimum And Maximum Value Of Voltage
	4.4.2 Wavelet Energy
	4.4.3 Standard Deviation

	4.5 SUPPORT VECTOR MACHINE CLASSIFICATION RESULTS
	4.5.1 Radial Basis Function (RBF) Classification Result
	4.5.2 Linear Classification

	4.6 ANN CLASSIFICATION RESULTS
	4.6.1 13 Bus System Results
	4.6.2 30 Bus System results

	4.7 DISCUSSION AND CONCLUSION

	CHAPTER FIVE CONCLUSSION AND FUTURE DEVELOPMENT
	5.1 CONCLUSSION
	5.2 RESEARCH MAIN CONTRIBUTION
	5.3 FUTURE DEVELOPMENTS

	REFERENCES
	APPENDICES

