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ABSTRACT 

 

 

 

A brief overview of sources of harmonic distortion and their impact on 

electrical power distribution system is described in this thesis. The operation of 

common harmonic mitigation schemes namely passive power filters and shunt active 

power filter are presented and analysed. A new reference current generation scheme 

based on instantaneous Reactive power theory suitable for three-phase shunt active 

power filter control circuit under balanced and unbalanced load condition is 

developed. The developed control circuit is based on the Multi-Variable Filter 

(MVF) which is used to remove the harmonic components of the load current 

(Harmonic) and gives the fundamental part. The effectiveness of the proposed 

scheme is mathematically calculated and verified by MATLAB/Simulink simulation. 
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ABSTRAK 

 

 

 

Satu gambaran ringkas mengenai sumber herotan harmonik dan kesannya 

terhadap sistem pengagihan kuasa electkik taleh dinyatakan di dalam tesis ini. Skim 

operasi yang biasa digunakan untuk mengurangkan harmonic iaitu  penapis kuasa 

pasif dan penapis kuasa aktif pirau telah dibentangkan dan dianalisis. Skim arus 

janaan rujukan baru berdasarkan pada teori kuasa reaktif serta-merta yang sesuai 

untuk litar kawalan tiga fasa penapis kuasa aktif pirau di bawah keadaan beban yang 

seimbang dan tidak seimbang telah dibargunkan. Litar kawalan yang dibangunkan 

adalah berdasarkan pada Multi-variable Filter (MVF) yang digunakan untuk 

mengeluarkan komponen-komponen harmonik daripada arus beban dan memberikan 

arus asas. Keberkesanan skim yang taleh dicadangkan dikira menggunakan kiraan 

matemmatik dan disahkan menggunakan simulasi MATLAB/Simulink. 
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CHAPTER 1 

INTRODUCTION 

1.1 Problem Background 

Power system harmonics becomes a topic of concern due to the advent of 

power electronics and breed of non-linear loads in residential, commercial and 

industrial power applications. The usage of non-linear loads on electrical power 

systems increases rapidly causing greater distortion for current wave form even 

though the supply voltage is sinusoidal which can increase the operating temperature 

of the equipment, increase the power losses and reduce the life expectancy of the 

equipment and this can lead permanent damage to the electrical power equipment 

such as transformers and other sensitive electronic loads.  

To limit these disturbances, effective harmonic compensation technique has 

become essential for the utilities and the consumer end. Various topologies of 

harmonic filtering such as passive filters (Single Turned and Double Turned) and 

active filter (Shunt and Series) have been presented in [1]. The passive filters are 

simplest scheme to reduce the harmonic currents. Conversely they have many 

weaknesses such as resonance with the source inductance, fixed compensation 

performance and bulk in size. However the Active filter can solve the problems of 

harmonic currents, reactive power and excessive neutral current simultaneously, 

besides due their small size, flexibility and superior filtering performance provides 

much better solution than conventional passive filter. The active filter performance 
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essentially depends on the reference current generation scheme. Akagi[2] introduces 

Instantaneous Reactive Power theory for designing and control of the shunt active 

power filter for three-phase balanced system. Stephan and Arede [3] developed this 

theory by including when the power system is unbalanced (three-phase 4-wire 

system) assuming AC voltage condition sinusoidal. On the other hand if the main 

voltages are distorted the p-q theory performance is poor for controlling shunt active 

filter. However to improve the SAPF performance under distorted voltages new 

control schemes are proposed by [4, 5].  

1.2 Motivation of the Project Work  

The SAPF performance mostly depends on the reference current generation 

scheme. Under three-phase balanced loads, Instantaneous Reactive Power Theory 

(IRPT) and Synchronous Reference Frame (SRF) strategies offer similar filtering 

performances. Differences arise when worked under unbalanced condition. In this 

case IRPT performances are poor while the best results are obtained with SRF. 

However a phase-locked loop (PLL) for each phase must be used in SRF theory that 

makes the control system more complex. In addition IRPT control strategies 

conventionally use HPF for extracting the harmonic components of the voltage and 

the current signals. But this method is not satisfactory due to high error in phase and 

magnitude of the harmonics. These difficulties of IRPT can be overcome by adopting 

modified version of IRPT using Multi-Variable Filters (MVF) to extract DC 

components of voltage and current signals.   

1.3 Objectives of the project  

The objective of this study is as follows: 

1. To demonstrate the concept of harmonics, investigate the sources and effect of 

harmonics.  
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2. To propose a improved version of instantaneous Reactive power theory using 

Multi-variable filter. 

3. To Model and simulate SAPF using MATLAB/Simulink for the minimization of 

the harmonics and the compensation of reactive power generated by non-linear 

loads 

1.4 Scope of the Work 

This project investigates and analyzes the SAPF with digital reference current 

generation for harmonic mitigation and power factor correction in a three-phase four-

wire power system that is feeding a non-linear load. The non-linear load is 

represented by a three-phase rectifier that is connected to a load of either a balanced 

or unbalanced. SAPF with Multi-variable filter, fixed reference current generation 

with hysteresis controller are proposed as part of its control system. 

1.5 Methodology 

 

The work has started with the discussion of project title, objective and scope 

followed by collecting the information for literature review and the time schedule 

arrangement.  The simulation of shunt active filter is done using 

MATLAB/Simulink. 

The time schedule is arranged based on the number of weeks for two 

semesters.  For the first semester, the project has focused on understanding the 

literature review and run the initial simulation of shunt active filter.  In the second 

semester, the work has continued with the simulation and to develop a new reference 

current generation that is applicable for controlling of SAPF by using MVF for the 
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reference current generation and improved form of the conventional IRPT. 

Simulation results were analyzed and discussed.  Finally, suggestions for further 

work and improvement were made. 

1.6 Thesis Organization 

Chapter 1:  This chapter labels the introduction about sources, effects and 

harmonic filtering with their historical background. It also provides exploratory 

details about motivation of the work, project objectives, scope and methodology. 

Chapter 2:  A review of the topic literature in the previous researches is 

explained in this chapter that includes harmonic definitions, harmonic standards, 

sources and effects of harmonic in the power system. The conventional harmonic 

elimination approaches using PF are explained, and then the improved mitigation 

approaches using SAPF are presented. It followed by the reviewing different types of 

reference signal approximation methods. An overview of the control strategies for 

SAPF is finally presented. 

Chapter 3:  This chapter describes the modeling process of each subsystem 

and how the various components of the system will be connected to form the overall 

Modelling of SAPF.   

Chapter 4:  This chapter discusses the results that have been achieved from 

MATLAB/Simulink that includes results filtering of harmonic current; reactive 

power compensation and elimination of the neutral current.   

  

Chapter 5:  This chapter gives the conclusion of the whole work, and some 

additional work has been suggested for future development. 
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