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Abstract:  

In this research article modulation scheme of multilevel inverter (MLI) is presented. This focuses on factors affecting 

switching criterion and selection of reference signal and carrier waveform. 2-Level PWM is taken to know the 

mathematical modelling for selection of modulation technique. 

Introduction:  

Multilevel inverters are used for the smoother output power, with this capability research were carried out by scholars 

to enhance the capability of two-level multilevel modulation to multilevel. Modulation scheme formulation depends 

on input electrical parameters and change in output parameters to be derived i.e. voltage/ frequency control. With 

increase in number of operational level, inverters working become more complex and this complexity open a new era 

of designing for problem specific inverter topologies. These new topologies are unique in operation and working figure 

1, shows classification of modulation schemes. 
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Figure 1 Classification of multilevel modulation methods 

 

Modulation Schemes Popularly Used: 

Commonly used Modulation schemes as per literature review are as follows: 

1. Carrier on PWM based  

2. Selective Harmonic Elimination (SHEV) 

3. Space Vector PWM (SVM) 

 Carrier based PWM:  

With this technique output harmonic distortion is reduced via comparing reference sinusoidal signal 

with triangular carrier signals. 
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 Selective Harmonic Elimination (SHE):  

In this Fourier analysis is used for low switching frequency so that switching angels to be adjusted 

for the reduction of harmonics in the output.  

  

 Space Vector PWM (SVM):  

In Space Vector Modulation (SVM) algorithm, space vector of three phase control the switching of 

inverter.  

 

2-LEVEL PWM 

This research utilised 2-level PWM technique for multilevel modulation. Where figure 2 shows 2-level PWM where 

sinusoidal reference waveform is compared with carrier signal usually triangular waveform.  
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Figure 2. Basics of 2-level PWM 

Based on this figure, if we assume that the average output voltage in switching cycle Ts is Vavg we have: 

                                             T1V1 + T2V2 =  TSVavg     (4.1) 

And,              T1 + T2 =  TSVavg   (4.2) 

Where  

T1: switching time where the reference signal is lower than the carrier.  

V1: minimum voltage and is generated by subtraction of reference and carrier signals when the reference is 

lower than carrier.  

T2: switching time where the reference signal is higher than the carrier and 

V2: maximum voltage and is generated by subtraction of reference and carrier signals when the reference is 

higher than carrier. 

There are different methods of modulation for this selection there are some salient points to be taken care 

while selection of signal and carrier. 
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 Carrier signal is usually a symmetric triangular wave, but a saw tooth wave can be used either. 

Important fact is that the symmetric signal generates fewer harmonic. 

 The reference signal can be continuous or sampled synchronous with carrier signal. The second 

method usually generates fewer harmonics. Since today digital controllers are used, this method is 

preferred.  
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Figure 3. Carrier and reference waveform of 2-level PWM 

 

Conclusion: In this research work modulation topology of MLI is discussed. Along with this essential steps to generate 

switching signal were also taken. 2-level PWM technique and its carrier reference waveform plot is mentioned. This 

research is utilized for understanding of the selection of reference waveform in modulation technique of MLI.  
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