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ABSTRACT 

 

 

 

 

 In recent years, power electronics equipments have been widely used in 

industry. These types of load create an intolerable power quality issues which is 

harmonic distortion at the main power. In order to overcome this problem, active 

power filtering with various topologies has been presented in previous studies. This 

project proposes a single-phase hybrid active power filtering using multilevel 

inverter topology. The proposed topology interconnects the passive filter with active 

power filter through point of common coupling (PCC). The topology chosen for 

active power filtering is the modular structured multilevel inverter which offers wide 

range of advantages over basic configuration of active power filter. The hybrid 

topology also provides advantages over non-hybrid active filter which is able to 

compensate both higher and lower order of harmonics. This project also proposes a 

nonlinear control scheme which is unified constant-frequency integration. This 

control scheme is able to avoid the complex calculation of current reference that is 

often used in most proposed hysteresis current control. Its simpler configuration 

utilizes one-cycle control theory which integrates the input voltage cycle-by-cycle 

which results in more precise current compensation. This report describes the high-

pass filter design, multilevel inverter circuit topology and its control scheme. The 

system is verified using MATLAB/Simulink simulation package that offers wide 

range of application in power system. Comparison analysis shows the performance 

evaluation of each compensation circuit from basic H-bridge inverter circuit to non-

hybrid multilevel inverter circuit and lastly the proposed hybrid configuration. 

Simulation results shows that the total harmonic distortion of the source current have 

been reduce abruptly from 124.54% to 6.61% after compensation using the proposed 

hybrid configuration. 
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ABSTRAK 

 

 

 

 

Sejak kebelakangan ini, peralatan elektronik tenaga telah digunakan dengan meluas 

dalam industri. Ia telah mewujudkan isu kualiti tenaga iaitu distorsi harmonik pada kuasa 

utama. Untuk mengatasi masalah ini, penapisan kuasa aktif dengan pelbagai topologi telah 

banyak disampaikan dalam beberapa kajian sebelumnya. Projek ini mencadangkan 

penapisan fasa-tunggal penapisan kuasa aktif hibrid menggunakan topologi penyongsang 

pelbagai aras. Topologi yang dicadangkan ini menyambungkan penapis pasif dengan 

penapis kuasa aktif melalui titik gandingan sepunya (TGS). Topologi yang dipilih untuk 

penapisan kuasa aktif ialah penyongsang pelbagai aras struktur bermodul (PPASB) yang 

menawarkan pelbagai kelebihan-kelebihan atas konfigurasi asas turas kuasa aktif. 

Berbanding penapis kuasa tidak-hibrid, topologi ini juga menawarkan kelebihan yang mana 

mampu memampas kedua-dua jenis harmonik iaitu dalam harmonik pada tahap frekuensi 

rendah dan juga pada tahap frekuensi tinggi. Projek ini juga mencadangkan satu skim 

kawalan tidak linear iaitu pengamilan disatukan berfrekuensi tetap (PDBT). Skim kawalan ini 

mampu mengelak pengiraan kompleks arus rujukan yang sering kali digunakan dalam paling 

kaedah histeresis. Konfigurasinya yang lebih mudah menggunakan teori kawalan satu-

kitaran yang mengintegrasikan satu persatu kitaran voltan masukan yang mengakibatkan 

pampasan arus yang lebih tepat. Laporan ini menerangkan tentang reka bentuk penapis 

pasif, topologi litar penyongsang pelbagai aras berserta sistem kawalannya. Sistem ini 

disimulasi menggunakan pakej MATLAB/Simulink  yang menawarkan pelbagai aplikasi 

dalam sistem kuasa. Analisis perbandingan menunjukkan penilaian pampasan bagi setiap 

litar bermula dari litar asas penyongsang H-bridge, litar penyongsang pelbagai aras 

sehinggalah kepada litar yang diusulkan iaitu konfigurasi hybrid bagi penapis kuasa aktif. 

Keputusan simulasi menunjukkan bahawa yang distorsi harmonik berjumlah bagi arus 

utama telah Berjaya dikurangkan dari 124.54% kepada 6.40% selepas menggunakan 

konfigurasi hibrid yang diusulkan. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background Study 

 

 

In recent years, there has been an increasing use of power electronics 

components in daily life which help people to improve their life quality whether in 

office or at home. Unfortunately, these power electronic components create a power 

quality issue that is harmonic distortions of the source current. Nonlinear loads such 

as electronic power supplies, fluorescent lamps, switching power supplies, electric 

furnace, high-voltage DC systems, adjustable speed drives and AC/DC converters or 

inverters are the primary source of these harmonic currents [1], [2]. The harmonic 

currents from the nonlinear loads flow from the load towards the power source 

through the least impedance path. The harmonic current cause additional heating in 

the power system components which in return cause voltage distortion and may 

excite resonance or cause unwanted interactions in the power system [3]. In addition, 

harmonic distortion also reduce system power factor. The harmonic distortion power 

factor cannot be compensated by simply adding power factor correction capacitors. 
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Figure 1.1 Current distortion caused by nonlinear resistance 

 

Fig. 1.1 shows the current distortion concept. The illustration shows that the 

voltage source supplied sinusoidal voltage to the nonlinear resistor where the current 

and voltage vary according to the curve shown above. However, the resulting current 

is distorted instead of following the source sinusoidal wave. These distorted 

harmonic currents have a number of undesirable effects on the distribution system. It 

increased the resistive losses and voltage stresses. In addition, this harmonic current 

can interact adversely with power system equipment such as capacitors, transformers 

and motors which lead to additional losses, overheating and overloading. It can also 

cause interferences with telecommunication lines and errors in metering devices 

[4],[5].  

 

 Due to the adverse effects of harmonics current distortion in power quality, 

several techniques have been developed for harmonics control. It is necessary to treat 

harmonics in order to optimize the power quality in buildings or facilities. Harmonic 

treatment can be performed by two methods either by filtering or cancellation. A 

harmonic filter basically consists of a capacitor bank and an induction coil. The filter 

is designed or tuned to the predetermined non-linear load and to filter a 

predetermined harmonic frequency range. Usually this frequency range only 

accounts for one harmonic frequency [3]. The harmonic mitigation can be done by 

using passive or active filters. A more advance approach involves the combination of 

active and passive filters in order to eliminate both lower and higher order 

harmonics. 
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Passive filters consist of passive elements such as inductors, resistors and 

capacitors. The simple circuit makes it easier to design for harmonic filtering. 

However, passive filters have several drawbacks such as larger size and weight, 

higher cost of production, fixed compensation and resonance problems [1]. These 

have led to the increase use of active filters in harmonics treatment.  

 

Active Power Filter (APF) technology is rapidly growing in the market now. 

APF is a viable and effective solution to compensate current harmonics and reactive 

power in power distribution systems.  Its capability to improve power quality in wide 

range of frequency and voltage requirements has made it popular in the industry. 

APF consist of active elements such as operational amplifiers, IGBT, MOSFET, 

transistors, and other type of switches. Compared to the passive filter, APFs are 

known to be able to adapt concurrently to changing loads and can be expanded easily 

while not affecting the neighborhood. Generally, the APFs are smaller in size and 

cost effective compared to passive filters. 

 

There are three types of active power filter which are shunt APF, series APF 

and hybrid APF which is the combination of active filter with passive filter. This 

project is focusing on the application of APF in treating the harmonics distortion in 

power system by determining low Total Harmonics Distortion (THD) value and 

improving the system’s power factor. 

 

 

 

 

1.2 Problem Statement 

 

 

 The poor quality of voltage and current of a conventional inverter is due to 

the presence of harmonics and significant level of energy losses.  The inverters with 

a large number of steps can generate high quality voltage waveforms and reduce the 

harmonics. An active harmonic elimination method can be applied to eliminate any 

number of specific higher order harmonics of multilevel converters with unequal dc 

voltages. However, this may leave the lower order harmonics to remain in the 
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system. The implementation of passive filter will increase the system capability to 

eliminate both lower and higher order of harmonics and thus, increase the power 

quality. The combination of active and passive filter is called Hybrid Active Power 

Filter. As for the APF control scheme, most existing scheme requires fast and precise 

calculation of the current and voltage references. A simpler control scheme is 

developed to overcome this problem and reduce the complexity of the circuit which 

is UCI control scheme. 

 

 

 

 

1.3 Objectives of Research 

 

 

The objectives that should be accomplished at the end of this project are: 

i. To understand on the multilevel inverter as an APF and its application 

ii. To design a hybrid Multilevel Inverter (MLI) by integrating aModular 

Structured Multilevel Inverter (MSMI) topology with passive filter. 

iii. To design a control scheme for APF which is Unified Constant Frequency 

Integration (UCFI) control scheme. 

iv. To simulate the system, verify its performance and compare with 

conventional non-hybrid APF method 

v. To analyze the harmonic spectrum of the system and achieve low total 

harmonic distortion. 

 

 

 

 

1.4 Scope of Project 

 

 

Study in active power filtering using MLI which focus more on the proposed 

MSMI topology. The proposed hybrid configuration requires the design and tuning 

of passive filter which in this case is 2nd order high pass filter. Thorough research 
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through books and journals is done to get a system that can give optimum output 

with minimum losses and THD. The system is chosen, designed, constructed and 

simulated using Matlabsimulink. The output is then compared with the conventional 

non-hybrid system’s output. 

 

 

 

 

1.5  Methodology of Research 

 

 

In analyzing the research, a harmonic spectrum analysis of the source current 

distortion is carried out. It features a nonlinear full-bridge diode rectifier RC load 

with DC smoothing capacitor as the harmonic current source. The 

MATLAB/Simulink simulation package is utilized to perform the analysis using time 

domain. Afterwards, an extensive simulation involving basic H-bridge APF, 

multilevel inverter and hybrid multilevel inverter configuration is performed to 

obtain the comparison of each compensation circuit. In the meantime, the UCI 

controller is integrated with the APFs configuration. Each harmonic spectrum is 

analyzed and listed in a table to compare the performance of each circuit. A 

conclusion is then made accordingly. 

 

 

 

 

1.6 Thesis Organization 

 

 

This thesis consists of this introductory chapter and five other chapters arranged 

as follows: 

 

Chapter 2 consists of literature review on harmonics, passive filtering, active power 

filtering and multilevel inverter. Theadvantages and advantages of APFs 

configuration is studied and the integration of passive filter and multilevel inverter as 
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a hybrid APF is revised. The proposed control technique for APF which is UCI 

control scheme that utilizes one-cycle control theory is also explained in this chapter. 

 

Chapter 3 is the methodology part where the development phase of the project is 

described. The proposed circuitry is also included and its operating principle is 

described in detail. 

 

Chapter 4 describes the configuration of the proposed system in 

MATLAB/Simulink. The calculation of several important components of the circuit 

is also included. 

Chapter 5 shows the results and analysis of the systems performances. The 

waveforms for the proposed circuitry obtained from the simulation is discussed and 

compared with conventional APF results. 

 

Chapter 6 provides conclusion for all the results and analysis of the project. 

Recommendation for future works is also included in this chapter. 
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