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ABSTRACT 
This paper represents a new topology of asymmetrical variable frequency multilevel inverters using trapezoidal 

reference. Seven level output are achieved by the Binary DC sources. The asymmetric inverter is triggered by 

Variable Frequency Unipolar Pulse Width Modulation (VFUPWM) methods using Phase Disposition (PD) strategy, 

Alternate Phase Opposition Disposition (APOD) strategy, and Carrier Overlapping (CO) strategy. The 

Performances measure like Total Harmonic Distortion (THD), Fundamental VRMS, Crest Factor (CF), Distortion 

Factor (DF) and Form Factor (FF) are estimated for different modulation indices. Simulation is performed by using 

MATLAB-SIMUINK. It is observed that VFUPDPWM method provides lower THD, VFUCOPWM method provides 

higher fundamental VRMS output voltage and Form Factor, and VFUAPODPWM method provides lower Distortion 

Factor 
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1. INTRODUCTION  

Multilevel Inverter is developed to reduce the switching stress and to obtain the estimated output voltage 

with multiple steps without using a transformer and it achieved the lower Total Harmonic Distortion (THD) and 

increased fundamental VRMS. Multilevel inverters can operate at both fundamental switching frequency and high 

frequency switching PWM.  Taghizadeh and Tarafdar Hagh [1] analyzed harmonic elimination of cascade multilevel 

inverters with non equal DC sources using particle swarm optimization. Fei et al [2] introduced a generalized half-

wave symmetry SHE-pwm formulation for multilevel voltage inverters. Dixon et al [3] developed asymmetrical 

multilevel inverter for traction drives using only one DC supply. Khoucha et al [4] made a comparison of 

symmetrical and asymmetrical three-phase h-bridge multilevel inverter for DTC induction motor drives. Nguyen et 

al [5] introduced an optimized discontinuous pwm method to minimize switching loss for multilevel inverters. Li et 

al [6] analyzed a novel single-phase five-level inverter with coupled inductors. Roshankumar et al [7] developed a 

five-level inverter topology with single-DC supply by cascading a flying capacitor inverter and a h-bridge. Hinago et 

al [8] introduced a switched-capacitor inverter using series / parallel conversion with inductive load. Zhang and 

Spencer [9] developed study of multisampled multilevel inverters to improve control performance. Batschauer et al 

[10] developed hybrid multilevel inverter based on half bridge modules. Cage et al [11] developed a phase 

disposition technique for parallel multilevel inverters. Hamzeh [12] et al integrating hybrid power source into an 

islanded mv microgrid using cascaded H- bridge multilevel inverter under unbalanced and nonlinear load conditions. 
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Mekhilef et al [13] developed digital control for three stage multilevel inverters. Rathore et al [14] developed 

optimal pulse width modulation of multilevel inverters for low-switching-frequency control of medium-voltage 

high-power industrial ac drives. Sepahvand et al [15] made capacitor voltage regulation in single-dc-source cascaded 

h-bridge multilevel converters using phase-shift modulation techniques. Babaei et al [16] developed multilevel 

inverter with series connection of novel H- bridge units. Mokhberdoran and Ajami [17] developed symmetric and 

asymmetric voltage source cascaded multilevel inverter. Kaliamoorthy et al [18] proposed hybrid switching 

topology for single-phase modular multilevel inverter. Farakhor et al [19] developed Symmetric and asymmetric 

transformer based cascaded multilevel inverter with minimum number of components. PrakashGautam et al [20] 

developed symmetrical multilevel inverter using less number of power electronic devices. Taghvaie et al [21] 

developed step up multilevel inverter with single DC source. Cheng-Han et al [22] designed and implemented a 

novel multilevel DC–AC inverter. Sandeep et al [23] designed and implemented a  sensorless  multilevel  

inverter with reduced parts.This paper proposed a single phase asymmetrical 7 level inverter with various 

VFUPWM switching methods. Simulations were developed using MATLAB - SIMULINK. 

2. VARIABLE FREQUENCY ASYMENTRIC MULTILEVEL INVERTER 
 

Fig. 1 shows proposed seven level asymmetrical multilevel inverter. The two half of the H-bridges are 

connected in series with different voltage ratings, in order to get the seven level output. The voltage levels are 0Vdc, 

Vdc, 2Vdc, 3Vdc, -Vdc, -2Vdc, -3Vdc. The switches S1, S2, S3 and S4 have the higher frequencies to get the 

positive polarity output levels. The switches A1, A2 and B1, B2 operate at the main fundamental frequency. The 

excepted output voltage levels become sum of the voltage in two half of the H-bridges. Here IGBT switches are 

used for simulation. 

Excepted Output Voltage is calculated by the following formula: 

 Vn = 2 
n+1

-1, n = 1, 2, 4... n=number of dc sources. 

 

 
Fig -1: Proposed 7 level Asymmetrical Multilevel Inverter 

 

 

 

3. VARIABLE FREQUENCY UNIPOLAR PWM METHODS 
 In this proposed work a unipolar trapezoidal reference with triangle carrier is used to generate firing pulses 

for a 7 level asymmetrical multilevel inverter. For that 7-level inverter, 3 carriers with the different frequencies (fc1, 

f c2) and same peak to peak amplitude Ac are used. The reference waveform has amplitude Am and frequency fm 
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and it is placed at the zero reference. The reference wave is sequentially compared with each of the carrier signals. If 

the reference wave is more than a carrier signal, then the active devices corresponding to that carrier are turned on. 

Otherwise, the device turned off. 

 

There are many alternative strategies are available, some of them are worked in this paper and they are: 

 Variable Frequency Unipolar Phase Disposition PWM method (VFUPDPWM). 

 Variable Frequency Unipolar Alternative Phase Opposition Disposition PWM strategy 

(VFUAPODPWM). 

 . Variable Frequency Unipolar Carrier Overlapping PWM strategy (VFUCOPWM). 

 

The frequency ratio mf is as follows: 

mf = fc / fm 

 

The formula to be finds the amplitude modulation indices for UVFPD and UVFAPOD as follows: 

 

ma= 2Am/ (m-1)Ac 

 

3.1 Variable Frequency Unipolar Phase Disposition PWM (VFUPDPWM) 

 In VFUPDPWM strategy for a 7 level inverter, 3 carriers with the different frequency (2000Hz and 

1000Hz) and same amplitude are arranged contiguous. The carrier arrangement for trapezoidal reference is shown in 

figures 2.  

 

 
 

Fig 2: Carrier arrangement for VFUPDPWM method (ma = 0.9 and mf1=40, mf2=20) 
 

3.2. Variable Frequency Unipolar  Alternative Phase Opposition Disposition PWM (VFUAPODPWM) 

 

In VFUAPODPWM method, the carriers of same amplitude are arranging in such a manner that each 

carriers is in out of phase with its neighbor by 180 degree. The carrier arrangement for trapezoidal reference which 

is shown in figures 3. 
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Fig 3: Carrier arrangement for VFUAPODPWM method (ma = 0.9 and mf1=40, mf2=20) 

3.3. Variable Frequency Unipolar Carrier Overlapping PWM (VFUCOPWM) 

 
The carriers are disposed such that the bands they occupy overlap each other, the overlapping vertical 

distance between each carrier is half of the peak to peak amplitude (AC/2). The carrier arrangement for trapezoidal 

reference which is shown in figures 4. The formula to find the amplitude modulation indices as follow: 

ma= Am/ (2*Ac) 

 

 
 

Fig 4: Carrier Arrangement for VFUCOPWM method (ma=0.9 and mf1=40, mf2=20) 

 

4. SIMULATION RESULT 

 
A single phase asymmetrical seven level inverter is simulated in SIMULINK using MATLAB software. 

Switching signals for asymmetrical multilevel inverter Variable Frequency Unipolar Pulse Width Modulation 

methods are simulated. Fig. 5 and 6 respectively represents the seven level output voltage generated by VFUPD 

method and its FFT plot. Fig. 7 and 8 respectively shows the 7 level output generated by VFUAPOD method and its 

FFT Plot. Fig. 9 and 10 deals the seven level output voltage generated by COUPWM method and its FFT plot. 

Simulations were carried out for different values of ma ranging from 0.8 to 1 and the corresponding %THD is 

measured using the FFT block and their values are shown in the Table 1. In that the VFUPDPWM method provides 

lower %THD. Next Table 2 represents the VRMS of the asymmetric inverter output for same modulation indices. In 

that VFUCOPWM method is found to perform better since it provides relatively higher fundamental RMS output 

voltage. Table 3 and Table 4 shows respectively the corresponding Crest Factor (CF) and Form Factor (FF) of the 

asymmetric inverter output voltage CF should be same for all PWM methods with different modulation indices and 
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VFUCOPWM method is found to higher Form Factor. Table 5 shows the Distortion Factor (DF) of the asymmetric 

inverter output voltage. In that VFUAPODPWM method provides less DF.  

 The following parameters values are used for simulation: VDC=100, R (load) = 100, fc1=2000 Hz,                   

fc2 =1000 Hz and fm=50 Hz. 

 

 

 
 

Fig 5: Output voltage generated by VFUPDPWM method  

 

 
 

Fig 6: FFT plot for output voltage of VFUPDPWM method  

 

 
 

Fig 7: Output voltage generated by VFUAPODPWM method  
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Fig 8: FFT plot for output voltage of VFUAPODPWM method  

 

 
 

Fig 9: Output voltage generated by VFUCOPWM method  
 

 
 

Fig 10: FFT plot for output voltage of VFUCOPWM method  
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Table 1. %THD for different modulation indices 

ma VFUPDPWM VFUAPODPWM VFUCOPWM 

1 14.51 16.71 20.89 

0.95 17.96 20.34 25.83 

0.9 20.16 22.41 29.55 

0.85 23.18 23.99 31.32 

0.8 25.26 24.45 32.29 

 
Table 2. VRMS  for different modulation indices 

ma VFUPDPWM VFUAPODPWM VFUCOPWM 

1 222.8 223.2 225.7 

0.95 212.4 211.1 213.3 

0.9 202 199.8 201.6 

0.85 190.5 188.8 192.1 

0.8 178.5 178.2 184.4 

 
Table 3. Crest factor  for different modulation indices 

 
ma VFUPDPWM VFUAPODPWM VFUCOPWM 

1 1.414273 1.415247 1.414267 

0.95 1.414313 1.414495 1.413971 

0.9 1.414356 1.413914 1.414187 

0.85 1.414173 1.414195 1.414368 

0.8 1.414566 1.414141 1.414317 
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Table 4. Form factor   for different modulation indices 

ma VFUPDPWM VFUAPODPWM VFUCOPWM 

1 1.381E+09 9.184E+03 1.397E+09 

0.95 1.364E+09 1.365E+09 1.416E+09 

0.9 1.364E+09 8.307E+03 1.455E+09 

0.85 1.361E+09 1.362E+09 5.198E+05 

0.8 1.367E+09 1.366E+09 1.411E+09 

 
Table 5. Distortion factor for different modulation indices 

ma VFUPDPWM VFUAPODPWM VFUCOPWM 

1 0.002333229 0.00152 0.003391 

0.95 0.002118568 0.001462 0.004295 

0.9 0.002091908 0.00157 0.006623 

0.85 0.001891779 0.001791 0.008771 

0.8 0.001540165 0.002295 0.009445 

 

For ma=0.9 it is observed from the figures [6, 8 and 10] the harmonic energy is dominant in:  (a) 5th, 7th, 

17th, 21st, 27th, 31st, 33rd and 39th orders in VFUPD method. (b) 5th, 7th, 11th, 17th, 19th, 23rd, 25th, 29th, 33rd, 

35th and 39th orders in VFUAPOD method. (c) 3rd, 5th, 13th, 17th, 19th, 21st, 23rd, 27th, 33rd, 35th and 39th 

orders in VFUCO method. 

 

5. CONCLUSIONS  

In this paper, VFUPWM methods for asymmetrical seven level inverter have been presented. This multilevel 

inverter gives higher output voltage with reduced switch count and low harmonics.  Performance factors like 

VRMS, %THD, DF, FF and CF have been estimated presented and analyzed. It is found that the VFUPDPWM 

method provides lower %THD.  VFUCOPWM method is found to perform better since it provides relatively higher 

fundamental RMS output voltage and higher Form Factor. VFUAPODPWM method provides less DF.  
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