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ABSTRACT 

 

 

 Inverter is a power electronics device which is used to convert Direct Current 

(DC) into Alternating Current (AC). The conventional inverter that produces two 

voltage levels are no longer fulfils the requirement of reducing harmonic distortions. 

Therefore, Multi-Level Inverter (MLI) is implemented to solve the problem of high 

harmonic distortion. Instead of two levels of output, the MLI are used to produce 

multiple steps/stages of voltages levels to obtain a smoother and almost sinusoidal 

waveform. In addition, Multi-Level Inverter is treated as the one who used frequently 

and mostly in power converter topologies especially in handling high power and 

medium voltage industries. However, three of the most commonly used multi-level 

inverters topologies are Cascaded H-bridge Multi-Level Inverters (CHMLI), Diode 

Clamped Multi-Level Inverters (DCMLI), and Flying Capacitor Multi-Level Inverters 

(FCMLI). This project proposed a single phase cascaded h-bridge multi-level inverter 

(CHMLI) topology in which requires lesser number of components and it is easier to 

control if compared to the other methods. Inverter of different voltage levels (up to 11-

Levels) are designed and simulated using MATLAB Simulink. Level Shifted Multi-

Carrier PWM control scheme is used to control the operation of power switches for 

CHMLI in this project. The results are compared in terms of THD. These results are 

analyzed and discussed at the end of this report.  The value of THD is found to be 

reduced as the number of voltage level of CHMLI increased. Besides, the hardware 

developing of single phase 5-Levels CHMLI is designed by using IGBTs that 

controlled by Field-Programmable Gate Array (FPGA) using the same PWM control 

scheme in simulation. Both the results from simulation and hardware are compared in 

the end of this project. 
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ABSTRAK 

 

 

Inverter adalah peranti elektronik kuasa yang digunakan untuk menukar arus 

terus (DC) ke dalam arus ulang-alik (AC). Penyongsang konvensional yang 

menghasilkan dua tahap voltan tidak lagi memenuhi kehendakan pasaran iaitu 

mengurangkan kekacauan harmonik. Oleh itu, Multi-Level Inverter (MLI) dilahirkan 

untuk menyelesaikan masalah herotan harmonik tinggi. MLI digunakan untuk 

menghasilkan arus dalam bentuk tingkatan yang mana gelombangnya lebih serupa 

dengan arus ulang-alik. Di samping itu, kerap Multi-Level Inverter digunakan dan 

kebanyakannya dipakaiguna dalam pengendalian kuasa tinggi dan industri voltan 

sederhana. Walau bagaimanapun, tiga topologi yang terutamanya merupakan 

Cascaded H-bridge Multi-Level Inverters (CHMLI), Diode Clamped Multi-Level 

Inverters (DCMLI), dan Flying Capacitor Multi-Level Inverters (FCMLI). Projek ini 

mencadangkan Cascaded H-Bridge Multi-Level Inverter (CHMLI) topologi satu fasa 

yang memerlukan bilangan yang komponen yang kecil dan lebih mudah untuk 

mengawal berbanding dengan kaedah lain. Inverter tahap voltan yang berbeza 

(sehingga 11-Level) direka dan simulasi dijalankan mengguna MATLAB Simulink. 

Tahap teranjak skim kawalan Multi-Carrier PWM digunakan untuk mengawal operasi 

suis kuasa untuk CHMLI dalam projek ini. Keputusan dibandingkan dari segi THD. 

Keputusan ini dianalisis dan dibincangkan pada akhir laporan ini. Nilai THD didapati 

semakin berkurang apabila tahap voltan CHMLI meningkat. Bagi kerja perkakasan 

membangunkan satu fasa 5-Levels CHMLI akan direka dengan menggunakan IGBT 

yang dikawal oleh Field-Programmable Gate Array (FPGA) menggunakan skim 

kawalan PWM yang sama dalam simulasi seperti report ini. Perbandingan kedua-dua 

dapatan daripada simulasi dan perkakasan akan dikonklusikan dalam bahagian tamat 

projek ini. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background 

 

 Inverter is an electronic device that converts direct current (DC) into 

alternating current (AC). Applications such as Uninterruptible Power Supplies (UPS), 

electric motor speed control, Power Grid, Solar and HVDC Power transmission are 

embedded with inverter in order to generate AC for their operation. The basic 

operation of an inverter is by switching on and/or off the transistors with Pulse Width 

Modulation (PWM) techniques. Transistors such as metal oxide semiconductor field 

effect transistors (MOSFET), thyristors and as integrated gate bipolar transistors 

(IGBT) are used for a more efficient output. 

 Efficiency of an inverter is very important in order to provide sufficient output 

for the entire system. Therefore, Total Harmonic Distortion (THD) is used to measure 

the quality of AC signal. The THD in an inverter is determined to prevent undesirable 

losses, malfunction of appliances hence increasing the efficiency of the inverter. While 

the conventional two-level inverter used today has drawback, where high harmonic 

distortions exist in its output [1]. The harmonics content or the quality of an AC signal 

can be determined in terms of total harmonic distortion (THD).  
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High level of harmonics can lead to undesirable losses, malfunctions of 

equipment, and some others critical consequences. To decrease the THD, the number 

of levels needs to be increased but it requires bulky hardware and it will be harder to 

control. However, the conventional two-level inverter has some disadvantages and 

restrictions to produce low THD and higher voltage level. Hence, the concept of multi-

level inverter (MLI) has been introduced to overcome the situation since 1975 [12]. 

 Therefore, Multi-level Inverter (MLI) is introduced due to the need of low 

distortion in the output voltage. Multi-level inverter is the new generation of power 

converter which complies to the demands of high power and medium voltage 

applications in the industry [2]. MLI is capable in reducing the Total Harmonic 

Distortion (THD) content in the generated output waveform. This could be done by 

implementing multiple level of DC Voltages which then leads to the creation of 

sinusoidal waveform. In the meantime, substituting most of the distortions in the 

output. Thus, a higher number of DC levels will result in a lower THD. Nevertheless, 

this improvement will result in a bulkier product and increases the difficulties in 

controlling the device. 

 Generally, the switching techniques that used in a MLI is called as Pulse Width 

Modulation (PWM). PWM is a modulation technique that used to encode messages 

into pulses signals to control the switches in a circuit. These pulses will trigger the 

state of switches either on or off. The switches in an inverter are triggered with PWM 

pulses to perform effective conversion of voltage and current from DC to AC. The 

generation of PWM requires a drive to encode the pulses required for the switches. 

Conventionally, the most popular brand of PWM drive in the market such as Allen 

Bradley, Altera, and Intel. 
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1.2 Problem Statement 

 

 Conventional inverter has been used since the past decades in the field of 

industrial applications and power systems of lower power usage. Problems appeared 

when it comes to high power and medium voltages usage. Conventional inverters are 

found that no longer fulfill the requirement due to the incapable of reducing harmonic 

contents. It has high switching losses, lower efficiency and the lifespan of systems due 

to long term constraining. This lead to the growth of Multi-Level Inverter (MLI), the 

creation of multiple DC levels that combined into sinusoidal wave with reduced 

harmonic distortion. MLI topologies are introduced to be functioning under high 

frequency with lesser switching losses and higher efficiency. 

 The PWM generation for the pulses that to trigger the switches of inverter are 

said to be slightly complicated and time consumed to be enhance. The Altera Cyclone 

IV Field Programmable Gate Array (FPGA) is used due to its programmable 

advantages. The programmable pulses generation could help to improve the efficiency 

and ease the repair action. 

 Therefore, this thesis presents the design and development of single phase 

Cascaded H-bridge Multilevel Inverter (CHMLI) using FPGA (pulse generator) to 

produce a sinusoidal output waveform. 
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Table 1.1: Summary of Problem Statement 

PS Problem Statement 

PS1 Conventional inverter not capable when it comes to high power and 

medium voltages usage. 

PS2 Conventional inverters are found that no longer full fill the 

requirement due to the incapable of reducing harmonic contents. 

PS3 Conventional inverters have high switching losses, lower efficiency 

and the lifespan of systems due to long term constraining. 

 

 

1.3 Motivation 

 

With the invention of MLI topologies, it offers great advantages and imparts 

an alternative for high power applications over a conventional two-level inverter. 

However, there are few types of MLI topologies and several issues need to be 

concerned. As for a diode-clamped inverter, it needs voltage balance control and 

requires excessive amount of clamped diodes when the output voltage level increases 

which affects the structure of the circuit to become more complex. Similar to diode-

clamped inverter, a flying capacitor inverter needs huge amount of capacitors when it 

has high voltage level and therefore increases the cost.  

On the contrary, a h-bridge inverter does not require diodes and capacitors 

which reduces the complexity and cost of the circuit. On top of that, it solves voltage 

balancing problem by cascading several h-bridge inverters with separate DC sources 

[13]. On the other hand, analogue circuit is mostly used in MLI topology as pulse 

generator and controller for power switches in the circuit.  
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The micro-controller or field-programmable gate array (FPGA) is an 

alternative for the topology as it is capable of controlling complicated applications and 

it allows real-time operations [14]. Consequently, it gives faster response and 

simplicity in control as comparing to an analogue circuit. A micro-controller or FPGA 

also provides flexibility in controlling a system in which an analogue circuit does not 

offer advantage as it is a single purpose-built circuit to serve only single operation [15]. 

With FPGA, it can change to any controlling method by altering the coding of the 

program easily and even monitor the process. 

As illustrated in Figure 1.1, Field-programmable gate array (FPGA) is an 

alternative device for pulse generation and controller for power switches in the circuit 

of a MLI. 

 

Figure 1.1: Altera FPGA Cyclone IV Programmable Chip 

 

 

 Field-programmable gate array (FPGA) is an alternative device for pulse 

generation and controller for power switches in the circuit of a MLI. FPGA can control 

complicated applications and allows a real-time operation. FPGA has flexibility in 

modifying the states or conditions of power switches. Therefore, it can alter the 

program easily by programming the coding in it and even monitoring the process of 

device. 
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1.4 Objectives 

 

The objectives of this project are: 

a) To design a single phase cascaded h-bridge multi-level inverter up to 

eleven levels that provide nearly sinusoidal output voltage using 

MATLAB Simulink. 

b) To analyze the simulation results of different number of level of Multi-

Level Inverter and amplitude modulation in terms of Total Harmonic 

Distortions (THD). 

c) To develop a Single Phase five Levels Cascaded H-Bridge Multi-Level 

Inverter circuit using FPGA. 

d) To analyze the hardware result of Single Phase Seven Levels Cascaded H-

Bridge Multi-level inverter and compare with the simulation result. 

 

1.5 Scope 

 

The scopes of the project are: - 

a) This project focuses on the design of single phase h-bridge cascaded multi-

level inverter up to eleven levels to reduce harmonic content as well as 

THD. 

b) This multi-level inverter is built and tested with MATLAB Simulink to 

observe the changes in amplitude modulation with suitable level. 

c) The single phase five levels cascaded h-bridge multi-level inverter will be 

built using FPGA. 

d) The hardware results of single phase five levels CHMI will be compared 

to simulation results. 

 


