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SOLVING LINE VOLTAGE THD MINIMIZATION PROBLEM 

IN MULTILEVEL INVERTER’S WITH CONSTANT DC 

VOLTAGE SOURCES USING TEACHING-LEARNING-

BASED OPTIMIZATION 

Javad OLAMAEI1, Masoumeh KARIMI2, Tohid FARHOUDI3 

Total Harmonic Distortion (THD) is a very important factor to examine 

harmonic contents of waveforms. In this paper, THD of the line output voltage of 

multilevel inverters can be drastically minimized with an appropriate switching 

scheme. Phase voltage THD minimization has simple computation but the same 

method cannot be useful for line voltage THD minimization. So, line voltage THD 

minimization is one of the most important requirements from the load point of view. 

In order to obtain best switching angles to descend output line voltage THD, 

Teaching-Learning-Based Optimization (TLBO) algorithm is applied. The obtained 

results from TLBO which shows the efficiency of this method, are compared with the 

recently published article using GA. Simulation and experimental results are clear 

represented for a test case seven-level inverter to validate the studies. 

Keywords: THD Minimization, Teaching-Learning-Based Optimization, Line-

To-Line voltage  

1. Introduction 

Recently, a tendency to multilevel inverters as new kind of converter is 

increased from power electronic engineering point of view. Switches and 

capacitor voltage sources provide the arrangement of the multilevel inverters 

structure. Multilevel inverters have capability to provide staircase output voltage 

with a low harmonic distortion while the switching strategy is correctly controlled 

[1]. There are many DC voltage sources to generate the staircase output voltage 

waveform of multilevel inverters [2]. According to multilevel inverter topologies, 

the inverter output voltage waveform can reach quite close to sinusoidal 

waveform if the number of steps are increased while a fundamental frequency 

scheme is applied [3]. For most of applications, multilevel inverters are emerging 

as a viable alternative because of their higher power quality, more electromagnetic 

capability, lower switching losses, voltage capability, higher efficiency, lower 
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dv/dt, and lower THD [4-6]. Multilevel Inverters are one of the most popular and 

useful inverters which are applied to applications such as: Distributed Generation 

(DG) [7], micro grids [8-9] and Flexible Alternating Current Transmission System 

(FACTS) equipment [10-11]. Three basic classifications of multilevel inverters 

are: Cascaded H-Bridge Multi-level Inverters (CHML) [12], Diode Clamped 

Multilevel inverters [13] and flying capacitor multilevel inverters [14]. If efficient 

modulation strategies apply, the inverter’s efficiency and quality of output voltage 

waveform will be improved.  So, because of many different switching strategies, 

multilevel inverters are being used in many applications [15-16]. There is many 

research in the field of modular multi-level inverters to improve the quality of 

output waveform. Several common modulation techniques are Sinusoidal Pulse 

Width Modulation (SPWM) [17], Selective Harmonic Elimination (SHE) [18], 

Minimization of the Total Harmonic Distortion [19-21] and space vector 

modulation [22]. Main comparison between THD and SHE strategies shows the 

removing of some low-order harmonic components in SHE strategy while the 

fundamental frequency is remained, but in minimization of THD strategy, all of 

the harmonic components are minimized while the fundamental component is 

prepared. The possible minimum THD value is achieved when the desired 

amplitude of the fundamental component is obtained. THD minimization strategy 

is more effective in decreasing the THD between the above-mentioned strategies. 

For THD minimization and SHE methods, the output voltage waveform of the 

inverter is supposed as a stepwise waveform with fundamental frequency. In order 

to decrease THD and improved the output voltage quality, various carrier pulse 

width modulation strategies are introduced [23]. Because of unique and simple 

form of phase voltage waveform of multilevel inverters, it has simpler comparing 

than its line voltage waveform. So, usually THD minimization methods are 

implemented to phase voltage. In other words, minimizing phase voltage of the 

inverter cannot lead to a minimum value for line voltage minimization. Line 

voltage is vitally important requirement from the load point of view. In [20, 24] 

line to line voltage THD minimization has been studied. Since, the THD is 

exclusively relevant data to the voltage, a lot of studies are concentrated on line 

voltage THD. In the present paper, recently developed metaheuristics called 

teaching-learning-based optimization (TLBO) algorithm is used to deal with the 

problem of minimizing THD. The efficiency of the offered method is proved by 

simulation and experimental results which are prepared for a test case seven level 

inverter. TLBO shows the best and more efficient results than other approaches 

compared with the results given in the recently published paper using GA. The 

remaining of the paper is organized as follows: Section 2 discusses the output 

voltage waveform of multi-level inverters. Section 3 deals with THD 

minimization more detailed. In section 4, TLBO Algorithm is described. 

Implementation of TLBO for optimization is explained in section 5. In Sections 6 
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and 7 simulation and experimental results are presented, respectively. And at last 

section 8 is specified to the conclusion.  

 

2. Multi level inverter’s output voltage 

 

The output staircase waveform of the reference phase voltage of seven 

level inverter provided by three DC links is illustrated in Fig. 1. 
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Fig. 1 Typical reference phase voltage of a seven level inverter 

 

It can be shown that the three switching angles, (α1, α2, α3), are required 

to determine the full-cycle switching pattern. Concerning Fig.1, the voltage 

waveforms, Va, can be defined in terms of step function u(ωt): 
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Fourier analysis is applied to specify instantaneous values of reference 

phase voltage. Thus, Fourier analysis is used to calculate Va and the following 

term is carried out. The presented periodic waveform of  Va is an odd function and 

it has odd order harmonics only ( 2 1n k  ). 
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In spite of the phase voltage, there is no straight procedure for line voltage 

of multilevel inverters to access the RMS value of the waveform because its form 

is not unique when switching angles vary.  So, in practice this is not desirable to 
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acquire a unique formula for RMS value of line voltage THD for all switching 

angles. Measurement of instantaneous values is only method to specify RMS 

value of line voltage which is essential for THD calculation. The waveform of all 

three phase voltages of multilevel inverter is similar with a phase shift of one third 

cycle (2pi/3), so the staircase waveform of line voltage can be obtained by 

subtracting any phase voltage from another one: 
 

     ab a bV t V t V t   
                                         (3)

 

 

2
( t) ( t) ( t )

3
ab a aV V V


    

                                     (4)
 

 

Now, a special waveform for line voltage is specified for each value of 

switching angles. Therefore, the line voltage RMS value can be easily determined 

by integrating the waveforms rectangular part. The amplitude of fundamental 

component of phase voltages is equal and there is a 2pi/3 difference in their 

phases. This leads to the RMS value of the line voltage fundamental component to 

be  3  times that of the fundamental component of the phase voltage. The 

normalized amplitude of Line voltage fundamental component is given as follows: 
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THD can be determined as the ratio of the aggregate of the powers of all 

the harmonic components to the power of the fundamental frequency. In other 

words, it is described as the ratio of the RMS amplitude of the higher order 

harmonic frequencies to the RMS amplitude of the fundamental frequency. 

Finally, the line THD is computed using the following equation: 
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3. THD minimization 

The main aim of the objective function is minimization of THD value that 

is one of the most important requirements for multilevel inverters while 

the amplitude of fundamental component reaches to the desired value. Objective 

function is minimized to obtain the minimum THD while proper DC source 

values and switching angles must be obtained. So, in this study TLBO algorithm 

is applied to solve the aforementioned problem. Because of high efficiency of 
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TLBO algorithm, which is a new evolutionary optimization strategy, it is 

employed in several applications to solve the specific problem, good convergence 

and global minimum achievement. According to the above descriptions, the 

objective function can be defined as follows: 

Objective:   
*

1 1| |l l lineV V THD 
                                       (7)

 

 

where, modulation index is Vl1
* and varies between 0 to 4 3



.  In simple words, the 

efforts are to generate the output line voltage which its fundamental component be 

equal to the modulation index. Vl1 and THDline are substituted from the related 

equations obtained in the previous section. The first section of the declared 

objective function 
*

1 1l lV V  is the absolute value of error in adjusting the 

fundamental harmonic. Based on stated before achievement switching angles 

which are the solutions of objective function, can satisfy the following basic 

constraint: 
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Since phase voltage is formulated in noncomplex, the THD minimization 

can extensively employed to phase voltage more than the line voltage. 

Nevertheless, this study with constant and alterable DC sources, THD 

minimization is used to line voltage of a multilevel inverter. 

 

4. Teaching-Learning-Based Optimization (TLBO) 

The objective function aims satisfying the desired value of fundamental 

component (~Modulation index) with possible minimum THD. Proper switching 

angles must be obtained to meet objective function. In this paper TLBO is adopted 

to solve the defined problem.  TLBO is a novel efficient optimization algorithm, 

which its initial version has been enhanced [25-27]. It is employed in many 

applications to solve the defined problem due to its high efficiency, means good 

convergence and global minimum achievement. This algorithm is based on the 

effect of a teacher on learners that simulates the teaching–learning phenomenon of 

a classroom in order to solve multi-dimensional, linear and nonlinear problems 

with sensible efficiency. TLBO, like other nature-inspired algorithms, is a 

population-based method where the population is considered as a group of 

learners or a class of learners and the different subjects offered to the learners are 

analogous with the different design variables of the optimization problem. Any 

algorithm-specific control parameters are not required in the algorithm of TLBO. 
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It need only common controlling parameters like population size and number of 

generations (and elite size, if considered), thus, it could be considered as an 

algorithm-specific parameter-less algorithm. THD minimization is an 

optimization problem and thus TLBO is found to be an appropriate way to be 

utilized in this field. The defined objective function in the TLBO is optimized 

through the concept of imperialistic competition. The flowchart of TLBO is 

depicted in Fig. 2. Defining the principle of TLBO is out of this papers scope but 

the complete review is given in several papers for instance in [25-27]. According 

to THD minimization, variables are the switching angles of a 7-level inverter and 

TLBO tries to minimize the equation (7), considering the limitations. 

 

5. Simulation Results 

 

THD Minimization method is implemented to the seven-level inverter and 

the results are obtained. A seven-level inverter is simulated using 

MATLAB/SIMULINK software to check the accuracy of obtained results for 

optimum switching angles. First, the TLBO is employed to search the optimal 

parameters of the TLBO problem in (7), subject to its limitations. It must be noted 

that TLBO is run for many times until optimal parameters is achieved. The steps 

of modulation index is considered 0.005. The aim is to satisfy the modulation 

index following by possible minimum THDline. The cost value of fitness function 

with the modulation index consideration is illustrated in Fig. 3. TLBO is 

potentially an effective approach to find the optimum switching angles to suppress 

the undesired harmonics.  
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Fig.2. Flow chart for Teaching–Learning-Based Optimization (TLBO). 

 

 
Fig.3. The optimum value  of cost function versus Modulation index 
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Optimal switching angles are achieved when TLBO is used to minimize 

the Eq. (7). The relation between modulation index and optimal switching angles 

is demonstrated in Fig. 4. 

 
Fig. 4 The obtained switching angles per modulation index 

This paper focuses on THD minimization aims to satisfy the fundamental 

component and minimize the existing harmonics, concurrently. Fig. 4 validates 

capability of TLBO through the fundamental harmonic versus the modulation 

index. It can be seen from Fig. 5 that the fundamental component is mostly 

maintained close to the modulation index.  

 
Fig. 5. The fundamental component versus Modulation index 

 

As explained before, the line voltage is the most important parameter 

because of its harmonic spectrum from the load point of view. Fig. 6 clearly 

displays the THD values of line voltage and phase voltage. The variance 

concludes that there is no particular respect between phase voltage THD and line 

voltage THD and there is no necessity to phase voltage lead to lower THD value 

while minimum value of the line voltage THD is obtained. Tripled harmonics are 

absent in line voltage. So, if the THD minimization method is employed to line 

voltage, optimal state and performance can be specified for the line voltage. In 
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other words, when the accurate value of THD is obtained, accurate optimal angles 

are extracted. 
 

 
(a) 

 

(b) 

Fig. 6 THD values versus modulation index 

In order to achieve optimum condition for the line voltage, the harmonic 

components appearing at the line voltage are considered during the line voltage 

THD minimization. In order to show the efficiency of applied algorithm, the value 

of switching angles on the basis of obtained minimum value of line voltage THD 

are given in Table I. 
Table I 

A list of switching angles for Phase THD and Line THD 

 

From the above table, it can be inferred that the least line voltage THD value is 

achieved by applying TLBO, which is lower than the THD values given in [24] 

using GA to solve THD minimization problem. So, it validates the sufficiency of 

TLBO. As a case study the related phase and line voltages for the  value, given 

1

*

LV
 

   Phase THD% Line-To-Line THD% 

2.05 4.70 16.40 34.00 18.89 5.98 
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in Table I, and also harmonic content of them are presented in Fig. 7. 
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Fig. 7 Phase voltage, Line voltage and the harmonic spectra of Line voltage 
 

The correct generation form of the phase and line voltage which are shown 

in Fig. 7, validates the accuracy and suitability of the proposed scheme.  

 

6. Experimental Results  
 

An experimental prototype of a two phase seven-level inverter has been 
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tested and applied to validate the effectiveness of presented method in this paper. 

Fig. 8 shows the photograph of the one phase of two phase implemented inverter.  
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Fig. 8 single phase of implemented two phase 7-level inverter 
 

The MOSFET’s used for the prototype are IRF 840 with internal anti-

parallel diodes and voltage and current ratings equal to 500V and 8 A, 

respectively. The TLP 250 is used as gate derives. The switching angles that listed 

in Table I, are used in the implemented prototype. Selected experimental results 

have been provided. Furthermore, matching the results prominently with 

simulation results makes the efficiency of the proposed approach in THD 
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minimization obvious. Figs. 8(a) and 8(b) show the output phase and line voltages 

of implemented seven-level multilevel inverter for 
1

* 2.05LV  . According to these 

figures, it is clear that the experimental results have a near conformity to the 

theoretical and simulation results. The waveforms displayed in Fig. 8 as 

experimental results affirm the simulation results that validate the feasibility of 

obtained results and capability of the study. Partial difference between simulation 

and experimental results are due to voltage drops on switches. Because TLBO 

gave the least value for the line voltage THD minimization in comparison with 

[24], this paper claims that TLBO is the best choice to solve the phase and line 

THD minimization problem. 

 

7. Conclusion 

Because of simple and rapid formulation, commonly THD minimization 

methods are implemented to phase voltage. Line to line voltage is significant 

concern from the load point of view and it is the vital issue in power system 

engineering. Hence reducing the line voltage THD is a very important problem in 

three phase applications. In this work, a modern plan of action is presented to 

minimize THD of line voltage in multilevel inverters. TLBO has a very important 

role to solve the aforementioned problem to achieve a desirable THD value. 

Eventually, selected simulation and experimental results have been provided. 

Then, the accuracy of obtained simulation and practical results are presented and 

the prepared comparison with previous research demonstrated the efficiency of 

the proposed approach in THD minimization. 
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