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Abstract 
 
   In this paper, an asymmetric source configuration of Multilevel Inverter (MLI) topology has been proposed. It consists of eight 
unidirectional switches, two bidirectional switches and four isolated DC sources. By considering 1:5 and 1:4 source 
configurations, the inverter produces 25-level and 21-level outputs respectively with the same switching action. For producing 
negative voltage levels, there is no requirement of separate backend H-bridge and inherently produces both positive and negative 
voltage levels. The main advantage of this topology is that in every state, only four switches are in ON mode and else are in OFF 
state. It also gives less per unit Total Standing Voltage (TSV) and thereby cost requirement of semiconductor devices can 
become decreases. For generating gate pulses, the simple Nearest Level Control (NLC) has been used by considering the round 
function. This technique is basically a fundamental switching frequency technique thereby switching losses are greatly reduces 
as compared with high switching frequency Pulse Width Modulation (PWM) techniques and it is particularly suitable for large 
number of levels. With this control technique, there is no inrush current has been developed at the input of DC sources. Finally, 
with step change in Modulation Index (MI) values the proposed topology with two different source configurations have been 
validated through MATLAB/Simulink platform.  
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1. Introduction 
 
   In recent years in the view of current research trend of medium voltage and high-power energy control, the multilevel inverter 
technology has been used very extensively as an important alternative (Rodriguez et al., 2002). The most widely used multi-level 
inverters are Diode clamped, Capacitor clamped and Cascaded H-bridge MLIs described in Rodriguez et al. (2002). Generally, in 
all multilevel inverters, the major losses are switching losses and the cost of the inverter depends on number of switching 
components. Hence it is a challenging task to the researchers to reduce the component count (Gupta et al., 2016). The Multi-level 
inverters with reduced switch count can also be used in the application of renewable energy integration to the grid and drives 
application. The recent topologies developed for these applications are described in Bana et al. (2019). Many different topologies 
of multilevel inverters exist but it is to be noted that some submodules (SMs) exist very commonly in all the topologies (Vijeh et 
al., 2019). In the present research trend of reducing number of switches in a multi-level inverter, even if one switch is reduced, the 
gate driver and few assembly parts are eliminated which reduce the cost of equipment. A newer version of multi-level inverter 
with a DC link MLDCL inverter described in Su (2005), which reduces almost half the number of switches. There are many Pulse 
width modulation techniques which are introduced for the switching control strategy of multi-level inverters such as PD (Phase 
disposition), UPD (Uni-polar phase disposition) and sinusoidal. The UPD PWM technique for a 7 level MLDCL inverter is 
described in Kumar et al. (2021) with %THD as 19.31%. Generally, an LCL filter is used to reduce the %THD below 5% 
according to IEEE standards. A switched capacitor based MLI using UPD technique is described in Bhanuchandar and Murthy 
(2021), which uses LCL filter for connecting MLI to the grid.  

The other technique called Nearest level Control (NLC) technique is most widely used in multilevel inverters for high levels. 
The NLC technique is not preferred for low level MLIs as they generate lower order harmonics. In Meshram and Borghate (2015), 
the nearest level control (NLC) voltage balancing method is applied to modular multilevel converter. The new topology consisting 
of Multilevel modules and full bridge converter generating 125 level output is proposed in Ebrahimi et al. (2012). Multilevel 
inverters can be classified as Symmetrical, Asymmetrical and Modified MLIs. Generally, cascaded H-bridge (CHB) multilevel 
inverter gives better result with less %THD, but requires many DC sources and generates only positive voltage levels. In Pereda 
and Dixon (2012), an asymmetrical CHB MLI is proposed which uses only one DC source and can be applied in Electric vehicle 
applications. A crisscross MLI with reduced number of components is proposed in Khosroshahi (2014), which has very advanced 
features. A cascaded MLI with added H-Bridge in series connection can generate all voltage levels (Babaei et al., 2015). An 
attempt to reduce the number of individual DC sources for cascaded MLI has been done in Babaei et al. (2014). A new 53 level 
multilevel converter is proposed in Babaei (2008), which includes reduction in switches, losses and installation area using 22 
IGBTs. A new cross connected sources (CCS) based MLI is proposed in Gupta and Jain (2014) and analyzed for both 
asymmetrical and symmetrical source configurations. A new topology called switch-ladder and stacked multicell converter 
topology for MLI has been proposed in Alishah et al. (2017), Hosseinzadeh et al. (2012) and Sharma and Kapoor (2016) for power 
quality applications. In this paper a new topology of an asymmetrical MLI is proposed using NLC technique with 1:5 and 1:4 
source configurations with a slight change in modulation index.  

In this paper, Section-2 describes proposed asymmetrical MLI topology. In Section-3, the NLC scheme is described. In Section- 
4 the simulation results are discussed and finally Section-5 gives conclusion. 
 
2.  Proposed Asymmetrical MLI Topology 
 

 

Figure 1. Proposed Asymmetrical MLI topology  

The proposed asymmetrical MLI topology is shown in Figure 1. The proposed circuit consists of eight uni-directional switches 
and two bi-directional switches with four DC sources. With source configuration of 1:5, the peak voltage obtained as +12Vdc and 
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with source configuration of 1:4, the peak voltage obtained is +10Vdc. The switching table for all the voltage levels is shown in 
Table 1.  
 

The proposed topology is simulated in MATLAB/SIMULINK platform and 25-level output has been generated with 1:5 source 
configuration.  Similarly, using the source configuration as 1:4 with same switching action, the 21-level output can be generated. 
To generate peak output voltage of +12Vdc in 1:5 source configuration topology (i.e V1= Vdc and V2= 5V1) the switches I1, I5,  I7, I8 
are turned ON and remaining switches are OFF, which includes all the DC sources. Similarly, to generate the voltage level of 
+6Vdc in 1:5 source configuration topology (i.e V1= Vdc and V2= 5V1) the switches I2, I5,  I7, I9 are turned ON and remaining 
switches are OFF, which includes only two DC sources. The entire switching action is shown in Table 1, which includes all the 
voltage levels positive and negative levels from +12VDC to -12VDC.  
 

Table 1. Switching Table 1:5 source configuration 

 
 
3. NLC scheme  
 
  Generally, in any inverter the control scheme plays a vital role and these schemes control the gating signals of the switches. In 
this paper, the technique called Nearest level Control technique (NLC) is used to generate an output voltage of 25-levels. The 
scheme is explained with the control diagram and waveform synthesis shown in Figure 2. From the control diagram, it is clear that 
the reference signal Vref (Sinusoidal) is given to the gain block of the value Vdc. The ratio Vref / Vdc is given to the round function 
which determines the nearest voltage level from which the switching logic of the inverter is derived and given as gating signals to 
switches. A nearest level control technique is one of important technique preferably used for high level inverters. If the NLC 
technique is used for low level inverters then it generates lower order harmonics which are quite difficult to eliminate. The 
waveform synthesis proves that the reference voltage cuts exactly at the midpoint of the staircase waveform as the round0.5 {} 
function is applied. 
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Figure 2. NLC Scheme 

4. Simulation Results 
 
   Figure 3 shows the inverter input DC source currents with 1:5 source configuration. The peak value of the current is reduced 
suddenly if the modulation index is shifted at 0.06s. It is clear from the figure 3 that there are no huge inrush currents at the input 
of the inverter. Figure 4 shows the inverter output voltage and current. The generated 25- level output with peak value as 12Vdc 
(with Vdc = 20V) = 240V is shown in figure 4. After the modulation index has been shifted from 1 to 0.4 the inverter generates 11-
level output with peak value as 5Vdc = 100V. The peak inverter output current at modulation index as unity is 2.398 A and at 0.06s 
the peak value has been reduced to 0.9953 A.  The voltage and current stresses of all switches for 1:5 source configuration is 
shown in figure 5. The 21-level output voltage of the inverter with 1:4 source configuration is shown in figure 6. The peak voltage 
value of the inverter is +10 Vdc = 200V at modulation index as unity.  The output levels of the same inverter configuration are 
reduced to 9 levels at 0.06s when the modulation index is shifted to 0.4 from unity. Now, the peak voltage value of the inverter is 
+4Vdc = 80 V.  Similarly, by referring to the inverter output current waveform from the figure 6, the peak value of the current 
before 0.06s is 1.996A and after 0.06s the peak current is reduced to 0.7986 A as modulation index is reduced to 0.4. The 
Simulation parameters are given in Table 3. 
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Figure 3. Inverter Input DC source currents for 1:5 source configuration with modulation index shifted from 1 to 0.4 at 0.06s 

The Comparison of different asymmetrical MLI topologies is shown in Table 2, where ‘p’ indicates, number of levels. In 
Hosseinzadeh et al. (2012), the number of IGBTs required is   where ‘p’ is considered as 17 levels only. The harmonic 
analysis is shown in figure 7, here at the fundamental frequency the inverter peak output voltage is 240.6V and %THD is 3.26% 
then it finally meets the IEEE1547 standards 

 

Figure 4. Inverter Output voltage and Inverter output current for 1:5 source configuration with modulation index shifted from 1 to 0.4 at 0.06s 
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Figure 5. Voltage and current stresses of all power semiconductor switches for 1:5 source configuration.  

 

 

Figure 6. Inverter output voltage and Inverter output current for 1:4 source configuration with modulation index shifted from 1 to 0.4 at 0.06sec 
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Table 2. Comparison of different asymmetrical MLI topologies: Generalized Equations 
Topologies 

   
TSV*(VDC) Negative Levels 

Ebrahimi et al. (2012) 
   

2.75(P-1) With H-Bridge 

Khosroshahi (2014) 
   

3.667(P-1) With H-Bridge 

Babaei et al. (2015) -9 -9 -8 (3.5P-4.5) With H-Bridge 

Babaei et al. (2014) 

  
 

3(P-1) With H-Bridge 

Babaei (2008) 

   

4.5(P-1) With H-Bridge 

Gupta and Jain (2014) 
  

0.5  2(P-1) Inherent 

Alishah et al. (2017) 
   

2.5(P-1) With H-Bridge 

Hosseinzadeh et al. (2012) 
   

2.5(P-1) With H-Bridge 

Sharma and Kapoor 
(2016)    

2.5(P-1) With H-Bridge 

Proposed 
   

2.5(P-1) Inherent 

 
 

 

Figure 7. Harmonic Spectrum of Inverter Output Voltage-25 level output with 1:5 Source Configuration: MI=1.0 

Table 3. Simulation Parameters 
S. No Description Value 

1 VDC 20V 
2 R 100 ohms 
3 L 30mH 
4 Output Frequency 50Hz 
5 Voltage gain 1.0 
6 Source Configurations 1:5 and 1:4 
7 Modulation Index 1 to 0.4 
8 TSV (p.u) 5.0 
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5. Conclusion 
 
   In this paper, a new asymmetrical MLI topology with two types of source configurations has been proposed and which requires 
less switch count when compared with other conventional topologies. The cost requirement of the switching devices can become 
reduces since less per unit TSV value is obtained. Basically, the reduction of switch count indicates that the respective reduction in 
gate drive circuits, heat sink and protection circuits. The NLC technique is used to provide the gate pulses to the switches which 
reduces switching losses and %THD value greatly reduces as compared with other conventional PWM control techniques. The 
change in peak value of the inverter output voltage and output current is observed with the step change of modulation index values 
from 1 to 0.4.  The %THD value obtained for 25-level inverter output voltage with 1:5 source configuration is 3.26% and finally it 
meets the requirement of IEEE standards. The drawback of this topology is that it does not provide any boosting ability since 
voltage gain as unity. This topology is well suitable for grid connected applications. 
 
References 
 
Alishah R.S., Hosseini S.H., Babaei E. and Sabahi M., 2017, Optimal design of new cascaded switch-ladder multilevel inverter 

structure, in  IEEE Transactions on Industrial Electronics, Vol. 64, No. 3, pp. 2072-2080. 
https://doi.org/10.1109/TIE.2016.2627019. 

Babaei E., Laali S. and Bayat Z., 2015, A single-phase cascaded multilevel inverter based on a new basic unit with reduced 
number of power switches, in IEEE Transactions on Industrial Electronics, Vol. 62, No. 2, pp. 922-929. 
https://doi.org/10.1109/TIE.2014.2336601. 

Babaei E., Farhadi-Kangarlu M., Sabahi M., 2014, Extended multilevel converters: an attempt to reduce the number of 
independent DC voltage sources in cascaded multilevel converters. IET Power Electronics, Vol. 7, pp. 157-166. 
https://doi.org/10.1049/iet-pel.2013.0057 

Babaei E., 2008, A cascade multilevel converter topology with reduced number of switches, in IEEE Transactions on Power 
Electronics, Vol. 23, No. 6, pp. 2657-2664. https://doi.org/10.1109/TPEL.2008.2005192. 

Bana P.R., Panda K.P., Naayagi R.T., Siano P. and Panda G., 2019, Recently developed reduced switch multilevel inverter for 
renewable energy integration and drives application: topologies, comprehensive analysis and comparative evaluation, in IEEE 
Access, Vol. 7, pp. 54888-54909. https://doi.org/10.1109/ACCESS.2019.2913447. 

Bhanuchandar and Murthy B. K., 2021, Single phase nine level switched capacitor based grid connected inverter with LCL 
filter, 2020 3rd International Conference on Energy, Power and Environment: Towards Clean Energy Technologies, pp. 1-5, 
https://doi.org/10.1109/ICEPE50861.2021.9404491 

Ebrahimi J., Babaei E. and Gharehpetian G.B., 2012, A new multilevel converter topology with reduced number of power 
electronic components, in IEEE Transactions on Industrial Electronics, Vol. 59, No. 2, pp. 655-667. 
https://doi.org/10.1109/TIE.2011.2151813 

Gupta K.K. and Jain S. 2014, Comprehensive review of a recently proposed multilevel inverter. IET Power Electronics, Vol. 7, pp. 
467-479. https://doi.org/10.1049/iet-pel.2012.0438 

Gupta K. K., Ranjan A., Bhatnagar P., Sahu L.K. and Jain S., 2016, Multilevel inverter topologies with reduced device count: a 
review, in IEEE Transactions on Power Electronics, Vol. 31, No. 1, pp. 135-151. https://doi.org/10.1109/TPEL.2015.2405012. 

Hosseinzadeh M.A., Babaei E. and Sabahi M., 2012, Back-to-back stacked multicell converter, 2012 3rd Power Electronics and 
Drive Systems Technology (PEDSTC), pp. 410-415. https://doi.org/10.1109/PEDSTC.2012.6183365 

Khosroshahi, M.T. 2014, Crisscross cascade multilevel inverter with reduction in number of components. IET Power Electronics, 
Vol. 7, pp. 2914-2924. https://doi.org/10.1049/iet-pel.2013.0541 

Kumar K.B., Bhanuchandar A. and Mahesh C., 2021, A novel control scheme for symmetric seven level reduced device count 
multi-level DC link (MLDCL) inverter, 2021 International Conference on Sustainable Energy and Future Electric 
Transportation (SEFET), pp. 1-4. https://doi.org/10.1109/SeFet48154.2021.9375714. 

Meshram P.M. and Borghate V.B., 2015, A simplified nearest level control (NLC) voltage balancing method for modular 
multilevel converter (MMC), in IEEE Transactions on Power Electronics, Vol. 30, No. 1, pp. 450-462. 
https://doi.org/10.1109/TPEL.2014.2317705 

Pereda J. and Dixon J., 2012, 23-level inverter for electric vehicles using a single battery pack and series active filters, in IEEE 
Transactions on Vehicular Technology, Vol. 61, No. 3, pp. 1043-1051. https://doi.org/10.1109/TVT.2012.2186599 

Rodriguez J., Lai J.-S. and Peng F.Z., 2002, Multilevel inverters: a survey of topologies, controls, and applications, in IEEE 
Transactions on Industrial Electronics, Vol. 49, No. 4, pp. 724-738. https://doi.org/10.1109/TIE.2002.801052. 

Sharma G. and Kapoor A.K., 2016, A dynamic voltage restorer based on voltage balanced back-to-back stacked multicell 
converter with equal voltage sources, 2016 IEEE Region 10 Conference (TENCON), pp. 2930-2934. 
https://doi.org/10.1109/TENCON.2016.7848581 

Su G.-J., 2005, Multilevel DC-link inverter, in IEEE Transactions on Industry Applications, Vol. 41, No. 3, pp. 848-854. 
https://doi.org/10.1109/TIA.2005.847306. 



Bharath Kumar et al./ International Journal of Engineering, Science and Technology, Vol. 14, No. 3, 2022, pp. 1-9 

 

9 

 

Vijeh M., Rezanejad M., Samadaei E. and Bertilsson K., 2019, A general review of multilevel inverters based on main 
submodules: structural point of view, in IEEE Transactions on Power Electronics, Vol. 34, No. 10, pp. 9479-9502. 
https://doi.org/10.1109/TPEL.2018.2890649. 

 
Biographical notes  
 
Kasoju Bharath Kumar received B. Tech. and M. Tech. from JNTU Hyderabad, India in 2015 and 2017 respectively. He is an Assistant Professor in the 
Department of Electrical and Electronics Engineering at Mahatma Gandhi Institute of Technology, Hyderabad, India. His research interests include Power 
Electronics and Electrical Drives. 
 
A. Bhanuchandar received B.Tech and M.Tech  degree from JNTU Kakinada in 2011 & 2014. Currently he is the Research Scholar in the Department of 
Electrical Engineering, NIT Warangal and Telangana State. 
 
Dongari Vamshy received B.Tech degree in EEE from J. N. T.U HYDERABAD in 2009. He received M.Tech degree in power Electronics from J. N. T. U. H in 
2013.  Presently  He is Working as Assistant Professor in the Department of EEE at Mahatma Gandhi Institute of Technology Institute of  Technology, Hyderabad . 
His research interests accumulate in the area of power Electronics, Drivers, Multilevel inverters DC-DC Converters, AC-DC Converters and Renewable energy 
sources and Electrical Machines 
 
H. Gurunath received B.Tech in VTU Belgaum and M.Tech  degree from JNTUH Hyderabad in 2011& 2015. Currently he is the Assistant Professor in the 
Department of Electrical and Electronics Engineering, Mahatma Gandhi Institute of Technology, Gandipet in Telangana State. 
 
Mohandas Audirala received B.E degree in EEE from A.U. Vishakhapatnam in 2005.He received M.Tech degree in power Electronics & Drivers from NIT 
Warangal in 2008.  Presently  He is Working as Assistant Professor in the Department of EEE at Vidya Jyothi Institute of  Technology, Hyderabad .He is Currently 
pursuing Ph.D from JNTU Hyderabad. His research interests accumulate in the area of power Electronics, Drivers, Multilevel inverters DC-DC Converters, AC-DC 
Converters and Renewable energy sources and Electrical Machines 
 
P. Kowstubha received her four-year B.Tech degree from Sri Venkateswara University in 1995,M..E from Bangalore University in 2003 and Ph.D. from JNTU 
Hyderabad in 2018. She has 16years of teaching experience. She is a recipient of Gold medal for her research paper by IE(I) published in Springer. She serves as a 
reviewer for IETE journal. Her fields of interest are Power Electronics, Integrated circuits, and Control systems 
 
 


