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Abstract – This paper investigates multi-carrier 

PWM methods in multi-level inverters. Two new 

MCPWM methods are introduced. This study proposes 

a new optimized MCPWM method to improve the 

output voltage characteristics like THD and LOH. The 

proposed method is based on variable frequency with a 

specific range. It means each carrier wave has a 

determined frequency. It is calling Variable Frequency 

Triangular Carrier-PWM. MOPSO algorithm is used 

to optimize the answers. This work considers some 

different levels of inverters like five, seven and nine 

levels. The results are compared with SPWM method.  
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1. Introduction 

 

Inverters are devices, which convert DC current to 

AC with specific range of voltage and frequency. 

These converters are utilized in many applications, 

like uninterruptible power supply (UPS), high 

voltage direct current (HVDC), variable frequency 

driver (VFD) and renewable energies [1]. 
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    According to the behavior of output voltage, 

inverters are divided into two categories: voltage 

source inverter (VSI) and current source inverter 

(CSI). In VSIs, the output of the inverter is treated 

like a voltage source, and in CSIs the output of the 

inverter is treated like a current source. In this paper, 

a VSI inverter is employed. Inverters produce the 

output voltage in several levels. So, according to the 

number of these levels, inverters are divided into two 

categories: two or three levels and multi-level 

inverters. In inverters with two levels of output 

voltage, two polarities are considered. In three level 

inverters, in addition to those two polarities, zero 

level is considered too [2].  

Multi-level inverters are a kind of inverters, which 

produce staircase output voltage waveform. These 

kinds of inverters are very useful because of their 

output voltage quality. As the number of levels in 

output voltage increases, the output voltage 

waveform becomes closer to sinusoidal waveform. 

Multi-level inverters are divided into five categories: 

diode clamped multi-level inverter (DC-MLI), flying 

capacitor multi-level inverter (FC-MLI), cascade H-

bridge multi-level inverter (CHB-MLI), asymmetric 

hybrid multi-level inverter (AH-MLI) and reduced 

device count multi-level inverter (RDC-MLI). CHB-

MLIs are very usable because of the simple structure, 

employing elements less than FC-MLI and DC-MLI 

topologies, and also containing some separated DC 

sources, cascade H-bridge inverters are very usable 

in renewable energies [2-4]. This paper employed 

CHB-MLI in various levels. In Figure 1 a CHB n-

level inverter is presented. 
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There are two kinds of modulation strategies for 

multi-level inverters; pulse width modulation and 

fundamental switching frequency. In fundamental 

switching frequency method, each of the switching 

devices are required to be switched on and off just 

once per cycle of the fundamental frequency output. 

Pulse width modulation strategy is divided into two 

branches; Sinusoidal pulse width modulation 

(SPWM) and space vector pulse width modulation 

(SVPWM). In multi-level inverters, if the carrier 

waves are examined, so PWM method is named 

multi-carrier PWM (MCPWM) [5]. 

There are many MCPWM switching methods in 

multi-level inverters. These switching methods are 

divided into two groups. The first group produces 

DC term in output voltage, because of their 

asymmetrical arrangement of carrier waveforms. 

This DC term in output voltage is inappropriate like 

phase disposition pulse width modulation (PD-

PWM). The second group does not produce DC term 

in output voltage. This group has symmetrical 

arrangement in carrier waveforms like phase 

opposition disposition pulse width modulation (POD-

PWM). In this paper two symmetrical arrangement of 

MCPWM methods; carrier overlapping opposition 

disposition PWM (COOD-PWM) and variable 

frequency carrier bands opposition disposition PWM 

(VFCBOD-PWM) are introduced [6-8].  

There are two ways to achieve improved results in 

output signal in inverters. The first is improving the 

structure of the inverter, by making some changes in 

the number or the position of switches and sources. 

The second is improving the switching method, to 

make better the output voltage characteristics. These 

improved switching techniques can reduce the 

harmonics in output voltage.  This paper works on 

the switching methods. 

There are two waveforms in MCPWM switching 

method, carrier and reference waves. The 

characteristics of these two waves are usually 

introduced as controllable parameters, for example 

the switching frequency of carrier wave and the 

amplitude of sine wave of reference wave can be 

used variable. In [9], the variable parameter is 

reference wave. Carrier wave is a parameter to 

improve the output voltage quality [10]. In [11], both 

carrier and reference wave are the controllable 

parameters. The carrier wave is modulated in 

frequency. The reference wave has some harmonics, 

which are added to fundamental term. 

In MCPWM switching method, there are some 

carrier waves. These carrier waves are usually 

triangular waves. For example, in a five level 

inverter, there are four carrier waves. In each level, a 

specific switching frequency is determined. By 

considering the switching frequencies as variable 

parameters, it is possible to obtain better quality in 

the output voltage. This method is called Variable 

Frequency Triangular Carrier (VFTC). In this paper, 

the switching frequency of each carrier wave is 

considered as variable parameter, which is output of 

multi-objective algorithm. 

This paper used multi-objective algorithms and 

makes it possible to have a good convergence and 

distribution of solutions in a little computational 

time. These algorithms increase the accuracy of 

solutions too. These algorithms are divided into two 

categories; one objective and multi-objective 

algorithms. 

2. The proposed switching method 
 

Selecting an appropriate switching method is a way 

to reduce the output harmonics. The harmonics, 

which are nearer to fundamental term, are hard to 

filter. So it is better to shift them to high orders.  

VFTC-PWM switching method is one of the 

MCPWM switching methods, which are usable to 

control output signal in multi-level inverters. This 

method employs some carrier waves and a reference 

wave.  

In this method, the amplitude of reference wave is 

the magnitude of sine wave. The amplitude of carrier 

wave is the total magnitude of carrier waves in each 

level. By dividing the amplitude of reference wave 

on the amplitude of carrier wave, the modulation 

index is obtained as following: 

 

    
  

  
                             (1) 

 

Where    is the modulation index,    is the 

amplitude of reference wave, and    is the amplitude 

of carrier wave. 

Figure 1. Cascade H-Bridge n-level inverter 
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The frequency modulation index is another 

important index, which is usable in inverters. It is 

achieved form the division of the frequency 

magnitude of sinusoidal wave on the frequency 

magnitude of carrier wave, as following: 

     
  

  
        (2) 

Where    is the frequency modulation index,    is 

the frequency magnitude of sinusoidal wave and    
is the frequency magnitude of carrier wave. 

In many common MCPWM switching methods, 

the frequency magnitude of each carrier wave in 

multi-carrier technique is fixed. So it is possible to 

define the frequency modulation index. In this paper, 

the frequency magnitude of each carrier is considered 

as controllable parameter. It means, by selecting 

different frequency magnitude in each carrier wave, 

it is possible to improve the output voltage 

specifications. 

3. Multi-carrier PWM techniques 

In this paper, several modulation and control 

techniques of multi-level inverters are investigated. 

Also, two new MCPWM methods are introduced, 

which do not produce DC term and even harmonic 

orders in output voltage. These multi-carrier methods 

are as follows: 
 

Phase Disposition PWM technique (PD-PWM) 
 

In PD-PWM technique, all triangular carrier signals 

have the same phase and frequency. They have been 

located in levels with the same amplitudes. Figure 2 

(a) presents PD-PWM technique in a seven level 

inverter. There are six carrier waves in a seven level 

inverter. 
 

Phase Opposition Disposition PWM technique (POD-

PWM) 
 

In POD-PWM technique, all triangular carrier 

signals have the same frequency and amplitudes. The 

waves, which are above the zero level, have the same 

phase. The signals, which are below the zero level, 

are shifted by 180°. In figure 2 (b), POD-PWM 

technique is implemented in a seven level inverter. In 

this method, there is no DC term in the output 

voltage. 
 

Alternate Phase Opposition Disposition PWM technique 

(APOD-PWM) 
 

In APOD-PWM technique, all carrier signals are 

alternately disposed in phase by 180°. And also, they 

have the same frequency and amplitudes. Figure 2 (c) 

shows APOD-PWM technique in a seven level 

inverter. 

Carrier Overlapping PWM technique (CO-PWM) 

In CO-PWM technique, all carrier signals have the 

same frequency and phase. Their amplitudes are 

more than one, so they overlap each other. In figure 2 

(d), CO-PWM technique is presented in a seven level 

inverter. 

Carrier Overlapping Opposition Disposition PWM 

technique (COOD-PWM) 

COOD-PWM technique is like CO-PWM 

technique, but carrier signals below the zero level are 

shifted by 180°. Figure 2 (e) presents COOD-PWM 

technique in a seven level inverter. 

Variable Frequency Carrier Bands PWM technique 

(VFCB¬PWM) 

In VFCB-PWM technique, the switching frequency 

in every two symmetrical carrier waves is similar. 

And also they have the same amplitudes. Figure 2 (f) 

presents VFCB-PWM technique in a seven level 

inverter. 

Variable Frequency Carrier Bands Opposition 

Disposition PWM technique (VFCBOD-PWM) 

VFCBOD-PWM technique is as like as VFCB-

PWM technique, but carrier signals below the zero 

level are shifted by 180°. Figure 2 (g) presents 

VFCBOD-PWM technique in a seven level inverter. 

Level Phase Shifted PWM technique (LPS-PWM) 

In LPS-PWM technique, every two consecutive 

carrier signals are phase shifted at the same level, by 

180°. Their amplitudes have doubled, but they have 

the same frequency. Figure 2 (h) shows LPS-PWM 

technique in a seven level inverter. 

 

 (a) 

 

Figure 2. Some multi-carrier PWM techniques in a 

seven level inverter 

(a). PD-PWM technique 
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(b) 

 

(c) 

 

(d) 

 

(e) 

 

      (f) 

 

          (g) 

 

     (h) 

 

Figure 2. Some multi-carrier PWM technique 

in a seven level inverter (continuation) 

(b). POD-PWM technique 

(c). APOD-PWM technique 

(d). CO-PWM technique 

(e). COOD-PWM technique 

(f). VFCB-PWM technique 

(g). VFCBOD-PWM technique 

(h). LPS-PWM technique 
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4. Define the phase output voltage function 

In inverters, to recognize the behaviour of the 

output signal, the performance of switching in the 

output voltage is very important. In this work, the 

function of the output phase voltage is a useful 

instrument. 

This paper discusses the properties of the output 

voltage signal. So it is obvious that the objective 

function should depend on the behaviour of the 

output voltage signal. To define the output voltage 

function, it is necessary to use Fourier series. The 

Fourier series mathematical expression is defined as 

an intermittent function f(t+T) =f (t), and it is 

expressed as follows: 

 ( )     ∑ ,     (   )       (   )-
 
             

(3) 

Where  ( ) is Fourier series function,    is the 

magnitude of DC term,    and    are the 

magnitudes of sine waves, and T is periodicity of 

Fourier series. 

To achieve the Fourier series of the output voltage, 

according to the mathematical expression should 

form the output equation that is based on sine 

functions. In MLIs with n-level voltage, it is possible 

to define the output voltage function with different 

levels as follows: 

{
 
 
 
 

 
 
 
     ∑

 

  
 *                               +

 

   

    ∑
 

  
 *                               +

 

     

    ∑
 

  
 *                               +

 

   

 

        (4) 

                                    (5) 

Where     is the vector of each level of the output 

phase voltage,       is the vector of the output phase 

voltage,        and     are the angles that the 

reference and carrier waves are collided in phase 

voltage     . Likewise, it is logical that the 

magnitude of the angles increase as the order of each 

angle increase. So                  
                     

 

 

 

5. Objective function 

To use multi-objective algorithm, it is necessary to 

have an objective function. Objective function is a 

function that describes the behavior of a system. 

Making an objective function, can help to recognize 

the behavior of system as well as use system’s self. 

As the variable parameters increase, the computation 

time and the complexity of calculation increase too. 

Therefore, it is wisely to find a way to make our 

system simpler or introduce a similar system.  

Some parameters of the output signal are very 

important. According to what the duties of these 

parameters are, should be improved. There are 

diverse applications in inverters, and some of them 

are more important and practical, such as small 

induction motor speed regulation. In such 

applications, some specific characteristics of the 

output signal may be required. To evaluate the 

quality of a signal, two following objective functions 

are selected. 

THD 

Total harmonic distortion is a measure of how 

much the output signal is similar with a perfect sine 

wave. Therefore, the lower value of THD is proper 

for the output signal to look like a perfect sine wave. 

Attention to this parameter in standard dealing is 

very important. The mathematical equation of THD 

is as following: 

    
√  

    
      

 

  
                 (6)       

Where    is the magnitude of voltage in each 

harmonic order. 

LOH 

Low order harmonic expresses the nearest order 

harmonic to fundamental component. This harmonic 

has specific characteristics; the value of division 

harmonic order to fundamental component should 

equal or up to 3% greater. The LOH is a measure that 

attempts to select the harmonic that will be caused to 

the greatest signal distortion. The LOH equation is as 

follow: 

    
  

  
                      (7) 
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   is the magnitude of determined harmonic order 

and    is the magnitude of fundamental term. 

In this paper the LOH and THD functions are 

considered as objective functions, to use multi-

objective algorithm. 

6. Multi-objective algorithm 

 

Many engineering optimization problems are 

usually solved by multi-objective functions. In multi-

objective (MO) functions, there is more than one 

objective. The result of MO algorithm sometimes is 

multi-responses. So a set of non-dominated solutions 

are usually produced instead of single recommended 

solution [12]. In this paper the MOPSO algorithm is 

employed and some of its features are explained in 

the next part. 

Multi Objective Particle Swarm Optimization 

(MOPSO) 

 The multi-objective particle swarm optimization 

(MOPSO) algorithm handles problems with several 

objective functions. The MOPSO algorithm 

determines the first particle positions. After a cycle 

some parameters like current position, best position 

and global position are determined according to their 

values. Then the algorithm begins to determine the 

velocity for movement. The best answers are located 

in a pack, which is named repository. The judgment 

in this algorithm is based on comparing the answers. 

It means that an answer is selected then the others are 

compared with it and finally the best one is 

determined. Also, this algorithm incorporates a 

special mutation operator that prepares required 

exploratory capabilities. This also makes it 

unnecessary to perform a fine-tuning on the inertia 

weights. This inertia weight is used by the expression 

adopted to compute the velocity of each particle. 

Additionally, the exceptionally low computational 

time is required by this algorithm [13]. 

In this paper the number of outputs in each multi-

level is different. For example in a five level inverter, 

there are four output values. These values are the 

frequency magnitude of carrier waves. 

 

 

 

 

 

Following flowchart presents the stages of solving 

the problem. This flowchart is made for an n-level 

inverter. At the first step of this flowchart, the 

variable values are given such as    (carrier 

frequency in each level). And then the flowchart 

calculates Fourier series of the output voltage in an 

n-level inverter. THD and LOH are the objective 

functions of this algorithm. After calculating the 

values of objective functions for each particle, the 

turn is to determine the best position (BP) from all 

particle positions (PP), which has more optimized 

objective functions. Then according to best particle, 

the carrier frequencies are determined. 

 

 

 
7. Results and discussions 

The results in this paper are divided into two parts. 

The first part investigates some popular MCPWM 

methods. The second part employs multi-objective 

algorithm to optimize the output voltage 

characteristics.  

According to the behavior of the output voltage, 

MCPWM switching methods are divided into two 

groups. The first group does not have any DC term of 

even harmonics in their output voltage. This 

condition is created because of the symmetrical 

carrier waves. It means that each two carrier waves 

above the zero level and below the zero level have 

the same disposition. For example in a seven level 

 

 

 

 

Figure 3. Flowchart of an n-level inverter 
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inverter, the first and the sixth, the second and the 

fifth, and the third and the fourth level have the same 

condition.  

On the other hand, the second group has DC term 

and harmonics with various orders. Existing DC term 

and even harmonic orders in output voltage are not 

appropriate. 

In this paper, two new MCPWM methods are 

introduced. Because these methods do not produce 

any DC term and even harmonic, so they are the 

members of the first group. These methods are 

VFCBOD-PWM and COOD-PWM. Each two carrier 

waves of these methods have the same disposition. In 

fact, these methods originated from VFCB-PWM and 

CO-PWM methods. By making their carrier waves in 

symmetrical disposition, it is impossible to obtain 

better results in the output voltage characteristics. 

MCPWM switching methods 

In this part, eight types of switching methods are 

compared and investigated in different modulation 

indexes and switching frequencies. The simulation 

results are obtained by MATLAB software.  

In Table 1, eight MCPWM switching methods are 

compared together. The frequency of each carrier 

wave is 1 KHz and the modulation index is equal to 

0.9. These results are for a seven level inverter. THD 

parameter of COOD-PWM and POD-PWM methods 

are better than the others. 

 

 

In Table 2 eight MCPWM switching methods are 

compared. THD parameters of VFCBOD-PWM and 

POD-PWM methods are better than the others. The 

frequency of each carrier wave is 1 KHz and the 

modulation index is equal to 1. These results are for a 

seven level inverter. 

 

 

 

 

 

 

The results of Table3 present that THD parameter 

of APOD-PWM and POD-PWM methods are better 

than the others. The frequency of each carrier wave is 

1 KHz and the modulation index is equal to 

1.1.These results are for a seven level inverter. 

 

 

 

In Table 4, THD parameter of all methods is near 

each other. But LOH parameter of CO-PWM, 

COOD-PWM and LPS-PWM are not appropriate. 

The frequency of each carrier wave is 4 KHz and the 

modulation index is equal to 1. These results are for a 

seven level inverter. 

 

 

 

Switching 
technique 

      PD 
    POD 
   APOD 
      CO 
   COOD 
   VFCB 

    VFCBOD 
    LPS 

Output voltage characteristics 

       THD 
     22.48% 
     21.16% 
     22.40% 
     24.71% 
     20.93% 
     22.47% 
     22.66% 
     24.45% 

     LOH 
      20 
      7 
      11 
      3 
      7 
      18 
      17 
      3 

Switching 
technique 

      PD 
     POD 
   APOD 
     CO 
   COOD 
   VFCB 

    VFCBOD 
    LPS 

Output voltage characteristics 

       THD 
     17.89% 
     16.00% 
     18.48% 
     19.83% 
     20.93% 
     18.30% 
     17.94% 
     21.81% 

     LOH 
      20 
      17 
      11 
      9 
      7 
      14 
      15 
      3 

Switching 
technique 

        PD 
       POD 
      APOD 
        CO 
      COOD 
      VFCB 

       VFCBOD 
       LPS 

Output voltage characteristics 

       THD 
    14.47% 
    13.42% 
    14.17% 
    17.86% 
    20.93% 
    15.63% 
    14.61% 
    20.31% 

     LOH 
       2 
       5 
       9 
       5 
       7 
      16 
      15 
      5 

Switching 
technique 

         PD 
        POD 
      APOD 
        CO 
     COOD 
     VFCB 

       VFCBOD 
       LPS 

Output voltage characteristics 

THD 
18.21% 
18.15% 
18.13% 
20.02% 
20.93% 
18.18% 
18.20% 
20.93% 

     LOH 
      80 
      73 
      71 
      7 
      7 
      74 
      75 
      7 

Table 1. The output voltage characteristics with 

modulation index 0.9 

Table 2. The output voltage characteristics with  

modulation index1 

Table 3. The output voltage characteristics with  

modulation index1.1 

Table 4. The output voltage characteristics with  

modulation index1 
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From the previous tables some prominent results 

could be archived. One of them is that the MCPWM 

methods, which do not produce DC term and even 

harmonic orders, have better output parameters. 

Because of using multi-objective algorithm, it is 

important to consider two objective functions 

simultaneously. So it is obvious that POD-PWM 

method has better results in output voltage 

characteristics. 

VFTC-PWM switching method 

In this part, the proposed method is employed to 

control the output voltage by multi-objective 

algorithm. The proposed method is a carrier based 

PWM switching method. The innovation of this 

method is that the frequency of each carrier is 

different. In most MCPWM methods, the switching 

frequencies (carrier wave frequency) in each carrier 

wave are equal.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In VFTC-PWM switching method, the frequency 

magnitude of each carrier wave is considered as a 

variable in multi-objective algorithm. 

In all simulations the carrier frequencies are 

variable from 500 Hz to 5000 Hz and the modulation 

index is equal to 1. The pattern of locating carrier 

wave is the same with POD-PWM method, so the 

frequencies of each two symmetric levels are the 

same. MOPSO algorithm is used to solve multi-

objective problems.  

The following tables present a comparison between 

SPWM and VFTC-PWM methods. In SPWM 

method the frequency of each carrier wave is the 

same. The results of SPWM method are investigated 

in two 1 KHz and 4 KHz carrier frequency. In 

VFTC-PWM method, the carrier frequencies are 

different. The modulation index magnitude is equal 

to 1 for  Table 5, Table 6 and Table 7.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Switching technique 
The determined carrier wave frequencies 

Output voltage 

characteristics 

 1
st
 and 4

th
  

    1000 

    4000 

    1300 

    1900 

    2
nd

 and 3
rd

  

        1000 

        4000 

         900 

        1000 

  THD 

26.29% 

26.88% 

23.89% 

25.79% 

LOH 

11 

71 

9 

13 

SPWM 

VFTC-PWM 

Switching technique 
The determined carrier wave frequencies 

Output voltage   

characteristics 

1
st
 and 6

th
  

   1000 

   4000 

   2500 

   5000 

2
nd

 and 5
th

 

   1000 

   4000 

500 

3700 

 

 

 

 

 

3
rd

 and 4
th

  

1000 

4000 

1200 

1300 

 

  THD 

21.16% 

18.15% 

15.65% 

16.97% 

  LOH 

7 

73 

17 

77 

SPWM 

VFTC-PWM 

Switching technique 
The determined carrier wave frequencies 

Output voltage 

characteristics 

1
st
 and 8

th
 

1000 

4000 

2600 

3200 

2
nd

 and 7
th

 

1000 

4000 

800 

900 

3
rd

 and 6
th

  

1000 

4000 

1500 

1400 

4
th

 and 5
th

 

1000 

4000 

1800 

3100 

THD 

16.28% 

13.73% 

11.43% 

12.05% 

LOH 

13 

77 

23 

57 

SPWM 

VFTC-PWM 

      Table 5. A comparison of the output voltage characteristics for a five level inverter 

      Table 6. A comparison of the output voltage characteristics for a seven level inverter 

      Table 7. A comparison of the output voltage characteristics for a nine level inverter 
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In Table 5, the output voltage characteristics for a 

five level inverter by SPWM and VFTC-PWM 

methods are presented. It is obvious that THD 

parameter of the proposed method is better than the 

SPWM method. LOH parameter of SPWM is better 

than the proposed method. But it is important to 

consider that the employed carrier frequency in 

SPWM method is more than the proposed method. 

Increasing the carrier frequency causes to decrease 

the life-time of semi-conductors. One of the most 

important advantages of the proposed method is to 

apply in low switching frequency. 

In Table 6, the output voltage characteristics for a 

seven level inverter by SPWM and VFTC-PWM 

methods are presented. It is obvious that THD and 

LOH parameters of the proposed method are better 

than the SPWM method. Because of using multi-

objective algorithm, the answers contain multi-

responses. In a seven level inverter there are three 

input variables for MOPSO algorithm. 

In Table 7, the output voltage characteristics for a 

nine level inverter by SPWM and VFTC-PWM 

methods are presented too. It is obvious that the 

proposed method has better results in both THD and 

LOH parameters than the SPWM method. In a nine 

level inverter there are four variable parameters 

(carrier frequencies). 

The following figures present the output voltage 

waveform of five, seven and nine level inverters. 

Also, these figures show the carrier and reference 

waves with modulation index 1. The switching 

frequency (carrier frequency) of each carrier wave is 

different with the other one. In some carrier waves, 

MOPSO algorithm found the solution in low 

frequency, especially in low levels. And also in the 

other carrier waves, MOPSO algorithm found the 

solution in high frequency, especially in high levels. 

All these figures mention this point that the switching 

numbers in high levels are more than low levels. In 

following figures, the output voltage in high levels 

has more collision angles than low levels. 

Figure 4 (a) shows the carrier and reference waves 

of a five level inverter. The carrier frequencies in 

each level are nearly the same. In figure 10 (b), the 

output voltage is presented. 

 
           (a) 

 
   (b) 

 
Figure 5 (a) shows the carrier and reference waves 

of a seven level inverter. The carrier waves in low 

levels are in low frequencies. In this inverter, there 

are six levels of output voltage.  

 

 
    (a) 

 
 

 

 

 

Figure 4. The characteristics of a five level inverter 

(a). Carrier and reference waves 

 (b). The output voltage waveform 

 

Figure 5. The characteristics of a seven level inverter 

 (a). Carrier and reference waves 
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            (b) 

 
 

Figure 6 (a) shows the carrier and reference waves 

of a nine level inverter. The carrier frequencies in 

low levels are nearly the same. But the carrier wave 

in high level is more than the other levels. 

 

 
(a) 

 
(b) 

 
 

8. Conclusion  

 

Multi-level inverters have appropriate 

specifications in output voltage signal. This study 

investigated some popular MCPWM methods for 

various levels of CHB-MLIs. Two new MCPWM 

methods, which originated from popular methods, are 

introduced. In these two methods, the output voltage 

does not have any DC term and even harmonic 

orders. VFTC-PWM method is the proposed method 

in this paper. In this method, the carrier frequency is 

variable in multi-objective algorithm. The carrier 

frequencies are in symmetrical disposition. Switching 

in low frequency is one of the significant advantages. 

It decreases the switching losses. The results show 

that the proposed method in both THD and LOH 

parameters are better than the SPWM method. The 

proposed method has appropriate answers in 

inverters with low levels, like five, seven and nine. 

The results are achieved by MOPSO algorithm. This 

multi-objective algorithm has better accuracy to track 

objectives and low computation time. 
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Figure 5. The characteristics of a seven level inverter 

(continuation) 

 (b).The output voltage waveform 

Figure 6. The characteristics of a nine level inverter 

 (a). Carrier and reference waves 

 (b). The output voltage waveform 
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