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Abstract 
This paper is mainly aims at comparing the reduced switch inverter with general switching and three PWM techniques. Reducing 
switch count helps to gets cost cut down of inverter by large scale. This also makes compact, logic easy and also easy control. These 
kinds of inverters are very useful for low power rating or medium power ratings[1]. But high power rating requirements we have to 
use normal inverters. Here in this paper we are testing the proposed model by 4 different techniques. Such as normal switching and 
3 of level shift PWM techniques. 
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INTRODUCTION 
We know that PWM techniques are widely used in H- Bridge 
inverters. In H- Bridge inverters we will have multiple DC 
sources depending on number of levels of switching. So that 
we will have DC offset obtained by switching of specified 
sources, which will not be present in reduced switch inverter 
model used in this paper because of its switching pattern. So, 
the switching pattern will make PWM output to touch zero at 
every instant of pulse.   

Reduced switch inverters are generally considered for small 
level or medium level voltage applications. They came to 
picture because of using it we can reduce number of switches 
in a multi-level inverter. And we can also reduce inverter size 
by a large scale not only because of reduction in switches but 
also reduction in a large size of cooling equipment or fan size. 
In the simulation the values used are voltage is 10 V for source 
1 and 30V for source 2 and 3, resistance of 10 Ohm, inductance 
of 0.03 Henry. And carrier frequency used in the simulation is 
2000Hz. 

Fig – 1: Switching Pattern Of Switches In Proposed MLI 

 

METHODOLOGY 
Here the switching sequence shown in fig is having only one 
switching pattern for each level. So that we will have repetitive 
or duplicate switching patterns for any level, which is  

beneficial.  

The results of the analysis of scientific research indicate that 
Here we are comparing a sine wave with its Ma  

 

Fig – 2: Simulated MLI Model 
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(amplitude modulation). So we have to split the Ma into 14, so 
we can compare with sine wave. But maximum Ma is 1, if we 
divide it the decimal point accuracy may miss. That is why, we 
have multiplied Ma by 7 because positive and negative cycles 
contains 7 levels each. So, we can compare every level with 1 
as a new Ma.  

We have made Ma multiplied by 7 and sine wave is compared 
with increased Ma value at instance of 1. So, we compare sine 
wave at all 7 top levels and 7 bottom levels to get the pulse 
generated to turn on respective switch by comparing it with 
switching table.  

 
Non PWM Switching: 

In inverters with PWM we generally use a carrier wave mostly 
triangular to compare with sine wave to produce PWM output. 
So in Simulink we have block called repeating sequence in 
which we can define our own carrier. We will define frequency 
of carrier wave to be very much higher than sine wave so that 
we can get fine PWM, as it compares with more points on sine 
wave. In the simulation described in the paper we defined the 
frequency of carrier wave frequency to be 2k Hz. Similar to 
non PWM switching described above we will multiply Ma of 
sine wave with 7 and we will compare each level with a carrier 
frequency which will be bounded between any two Ma’s like 
between Ma=1 and 2, or Ma=2 or 3. 

 

Fig – 3: Simulink Model Of MLI Without PWM Technique (General Switching) 
 

MLI’s are generally better than conventional square wave 
inverter of 3 levels because of they are generally having good 
control over harmonics, better wave form, and control[1]. 
They have many applications in renewable energy generation, 

HVDC applications, etc. Neutral point clamping, flying 
capacitor, cascaded H- bridge as basic kinds of MLI[1-4]. But 
here we are used a new methodology i.e., reduced switch MLI

.  

                                                                         Fig – 4: Switching Logic Of Non PWM Model 

                                                                          

This circuit carried by various techniques and current THD is 
observed. The FFT analysis (Fast Fourier Transformation) is 
carried to get to know about THD and harmonic profile[5]. 
This paper helps to analyse the PWM techniques of level shift 
and non PWM switching method by comparing their THD’s, 
harmonic profile, wave form etc. Matlab 2014 B version, intel 
i5 processor, 8 GB 64 Bot RAM is used for simulation. 

 
 
 
 

Phase disposition PWM technique used inverter 
This is the simulation diagram of phase disposition PWM used 
inverter. In phase disposition technique we will have the level 
of PWM carrier pulse as shown above. They will be parallel to 
each other and every level will be in phase with each other. So, 
we made a triangular pulse with repeating sequence and then 
we will add 1 to both upper and lower limits to get higher 
wave forms and add -1 to get lower triangular waveforms. 
Then it is compared with sine wave of Ma of 7 to obtain PWM. 
Then we will give the pulse to respective switches to turn on 
inverter. 
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We have generated a triangular pulse of positive half with 
lower limit as zero and upper limit as one. Then we have taken 
it and added one to both upper and lower limits to get positive 
levels and added -1 to get negative levels. Then it is compared 
to sine and the result will be generation of PWM pulses. Then 
we have to see at that particular level which switches are 
turned on. By that we will add all PWM pulses required for a 

switch to turn on with a gate. As there were no repeating 
voltage levels or duplicate voltage levels we have no problem. 
 
Phase opposition disposition PWM technique used 
inverter 
This is the simulation diagram of phase opposition disposition  

 

 
 
 
PWM used inverter. In phase opposition disposition technique 
we will have the level of PWM carrier pulse as shown above. 
They will be parallel to each other and every level will be in 
phase with each other. But, the positive and negative cycles 
have opposite wave forms. So, we made a triangular pulse with 
repeating sequence and then we will add 1 to both upper and 
lower limits to get higher wave forms and multiply  -1 to get 
lower triangular waveforms of negative cycle. Then it is 
compared with sine wave of Ma of 7 to obtain PWM. Then we 
will give the pulse to respective switches to turn on inverter. 
We have generated a triangular pulse of positive half with 
lower limit as zero and upper limit as one. 

 
Then we have taken it and added one to both upper and lower 
limits to get positive levels and multiplied -1 to get negative 
first level. Then we have to add -1 to upper and lower limits to 
get negative sequence levels. Then it is compared to sine and 
the result will be generation of PWM pulses. Then we have to 
see at that particular level which switches are turned on. By 
that we will add all PWM pulses required for a switch to turn 
on with a or gate. As there were no repeating voltage levels or 
duplicate voltage levels we have no problem. 
 

 
Alternate opposition disposition PWM technique used inverter 

 

 

This is the simulation diagram of alternate opposition 

disposition PWM used inverter. In alternate opposition 

disposition technique we will have the level of PWM carrier 

pulse as shown above. The alternate levels will be parallel and 

every immediate level will be in opposite with each other. But, 

the positive and negative cycles have opposite wave forms. So, 

Fig – 5: Simulink Model Of MLI With Phase Disposition PWM Technique 

           Fig – 6: Simulink Model Of MLI With Phase Opposition Disposition PWM Technique 

Fig – 7: Alternate Opposition Disposition PWM logic 
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we made 2 triangular pulse with repeating sequence and then 

we will add 2 to both to get upper and lower limits to get all 

other. Then it is compared with sine wave of Ma of 7 to obtain 

PWM. Then we will give the pulse to respective switches to 

turn on inverter. 

Then it is compared to sine and the result will be generation of 

PWM pulses. Then we have to see at that particular level which 

switches are turned on. By that we will add all PWM pulses 

required for a switch to turn on with a or gate. As there were 

no repeating voltage levels or duplicate voltage levels we have 

no problem. 

RESULTS 

With PWM 

The load is RL, so we will have inductor effect which is 

opposing sudden change in current. So that current is not 

touching zero. If the load is RC we will have good voltage 

profile and waveform of voltage is almost sinusoidal. But 

current profile will be bad as DC offset is not present and 

inductor is absent. But most of the are RL, so the change of 

having very bad current profile is very low.  

Alternate opposition disposition: 

 

 

 

In alternate opposition disposition we have every level 
oppositeto each other. This means by using this method we 
have already eliminated even harmonics. By using this method  

 

at carrier frequency of 2000 Hz we will have the THD of 
21.39%. So, we will have only dominant odd harmonics and 
lightly shown even harmonics are present because of absence 
of DC offset

. 

 

 

Phase disposition: 

 

Fig – 8: Output Current Waveform Of Alternate 

Opposition Disposition PWM 

Fig – 10: Output Current Waveform Of Phase 

Disposition PWM 

 

Fig – 9: FFT Analysis of Alternate Opposition 

Disposition PWM 
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In Phase disposition we will have every level similar and 
parallel to each other. By using this method to inverter we 
have THD of 21.60%. In this method even harmonics will not 

get eliminated as alternate opposition disposition or phase 
opposition disposition technique. So we can see more 
dominant 2nd, 4th  ,6th harmonics.  

 

Phase opposition disposition: 

 

 

 

In this phase opposition disposition we have same levels 

parallel to each other in positive side and opposite to them we 

will have negative side pulses. In this method we got THD of 

22.83% . We can see the even harmonics getting eliminated as 

the PWM pulses are opposite for positive and negative levels. 

But THD profile may not be good as the DC offset is not 

present. 

 

 

 

Fig – 12: Output Current Waveform Of Phase 

Opposition Disposition PWM 

 

Fig – 13: FFT Analysis of Phase Opposition 

Disposition PWM 

 

 

Fig – 11: FFT Analysis of Phase Disposition PWM 
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Without PWM Switching: 

 

 

 

 

 

 

In this method we will have no PWM and we will switch the 

respective switches described in the switching table to obtain 

respective voltage levels. We will trigger between the switches 

based on comparing the sine wave with Ma which is described 

above. We can see less THD than PWM techniques because of 

absence of DC offset in circuit switching sequence. But we can 

notice the lower order harmonics in the output which are both 

even and odd harmonics. Current profile in this output is good 

as RL load is considered. RL load is considered because it is the 

maximum seen load in the real time scenario. 

 

CONCLUSION 

The reduced switch inverter is not widely used in general 

purpose application. Basically the higher level inverters are 

not generally preferred in industries. But using this switch 

reduction will become advantage by reducing size and cooling 

equipment. But by the simulation it is concluded that the 

reduced switch inverter with no DC offset it is preferable to 

use general switching than PWM techniques. 

REFERENCES 

1. A New Multilevel Inverter Topology With Reduce Switch 

Count. Digital Object Identifier 

10.1109/ACCESS.2019.2914430 

2. H. Akagi, ``Multilevel converters: Fundamental circuits 
and systems,''Proc. IEEE, vol. 105, no. 11, pp. 2048-2065, 
Nov. 2017. 

3. J. I. Leon, S. Vazquez, and L. G. Franquelo, ``Multilevel 
converters: Control and modulation techniques for their 
operation and industrial applications,''Proc. IEEE, vol. 
105, no. 11, pp. 2066-2081, Nov. 2017. 

4. S. Kouro et al., ``Recent advances and industrial 
applications of multilevel converters,'' IEEE Trans. Ind. 
Electron., vol. 57, no. 8, pp. 2553-2580,Aug. 2010. 

5. J. Rodríguez, J.-S. Lai, and F. Z. Peng, ``Multilevel inverters: 
A survey of topologies, controls, and applications,'' IEEE 

Trans. Ind. Electron., vol. 49, no. 4, pp. 724-738, Aug. 
2002. 

6. S.Sai Keerthi, J. Somlal, “Role of PI/Fuzzy Logic Controlled 
Transformerless Shunt Hybrid Power Filter using 6-
Switch 2-Leg Inverter to Ease Harmonics in Distribution 
System”, Indian Journal of Science and Technology, 
Vol.9,issue.23, pp.1-7, June-2016.  

7. Kumar, A. N., Joji, S., Tangirala, A., & Sujith, M. (2018). A 
31-level MLI Topology with Various Level-Shift PWM 
Techniques and its Comparative Analysis. 2018 3rd 
International Conference on Communication and 
Electronics Systems (ICCES). 
doi:10.1109/cesys.2018.8724067 

8. Somlal Jarupula, Venu Gopala Rao Mannam, “Fuzzy 
Tuned PI based Shunt Hybrid Power Filter for Power 
Quality Improvement”, Indian Journal of Science and 
Technology, Vol.9, Issue.40, pp.1-7, October-2016. 

9. Nair, R., Mahalakshmi, R. and KC, S.T., 2015, June. 
Performance of three phase 11-level inverter with 
reduced number of switches using different PWM 
techniques. In Advancements in Power and Energy (TAP 
Energy), 2015 International Conference on (pp. 375-
380). IEEE. 

10. T Vijay Muni, S V N L Lalitha, “Fast Acting MPPT 
Controller for Solar PV with Energy Management for DC 
Microgrid”, International Journal of Engineering and 
Advanced Technology, Volume 8, Issue 5, pp-1539-1544. 

11. Ravi Teja, S., Moulali, S., Nikhil, M., Ventaka Srinivas, B. “A 
dual wireless power transfer-based battery charging 
system for electric vehicles”. International Journal of 
Engineering and Advanced Technology 8 (4) ,pp.1211, 
2019. 

12. D. Ravi Kishore, and T. Vijay Muni, “Efficient energy 
management control strategy by model predictive 
control for standalone dc micro grids”,  AIP Conference 
Proceedings 1992, 030012 (2018); doi: 
10.1063/1.5047963 

13. K Venkata Kishore, T Vijay Muni, P Bala Krishna, “Fuzzy 
Control Based iUPQ Controller to Improve the Network of 

Fig – 14: Output Waveform Of Normal Switching 

Without PWM 

 

Fig – 15: FFT Analysis of General Switching 

 

 



A MULTILEVEL INVERTER WITH REDUCED SWITCH COUNT ANALYSED BY VARIOUS SWITCHING TECHNIQUES 

 
 

                Journal of critical reviews                                                                                                                                                    659 

 

 

a Grid Organization”, Int. J. Modern Trends Sci. Technol. 
2019, 5(11), 40-44. 

14. T Vijay Muni; Kishore, K.V. Experimental Setup of Solar–
Wind Hybrid Power System Interface to Grid System. Int. 
J. Modern Trends Sci. Technol. 2016, 2, 1–6. 

15. Sudharshan Reddy, K., Sai Priyanka, A., Dusarlapudi, 
K., Vijay Muni, T., “Fuzzy logic based iUPQC for grid 
voltage regulation at critical load bus”, International 
Journal of Innovative Technology and Exploring 
Engineering, 8(5), pp. 721-725 

16. Swapna Sai, P., Rajasekhar, G.G., Vijay Muni, T., Sai Chand, 
M., “Power quality and custom power improvement using 
UPQC”, International Journal of Engineering and 
Technology(UAE) 7(2), pp. 41-43. 

17. T. Vijay Muni, S V N L Lalitha, B Rajasekhar Reddy, T 
Shiva Prasad, K Sai Mahesh,  “Power Management System 
in PV Systems with Dual Battery”, International Journal of 
Applied Engineering Research ISSN 0973-4562 Volume 
12, Number 1 (2017), pp.:523-529. 

18. T. Vijay Muni, G Sai Sri Vidya, N Rini Susan, “Dynamic 
Modeling of Hybrid Power System with MPPT under Fast 
Varying of Solar Radiation”, International Journal of 
Applied Engineering Research ISSN 0973-4562 Volume 
12, Number 1 (2017), pp.:530-537. 

19. Enit Beena Devanesan, Arumugam Vijaya Anand, 
Palanisamy Sampath Kumar, Puthamohan 
Vinayagamoorthy, Preethi Basavaraju. "Phytochemistry 
and Pharmacology of Ficus religiosa." Systematic Reviews 
in Pharmacy 9.1 (2018), 45-48. 
Print. doi:10.5530/srp.2018.1.9 
 

 

https://www.scopus.com/sourceid/21100889409?origin=resultslist
https://www.scopus.com/sourceid/21100889409?origin=resultslist
https://www.scopus.com/sourceid/21100889409?origin=resultslist
https://www.scopus.com/sourceid/21100805731?origin=resultslist
https://www.scopus.com/sourceid/21100805731?origin=resultslist
http://dx.doi.org/10.5530/srp.2018.1.9

