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Abstract: Techniques like selective harmonic reduction are proposed in this project's proposal. The harmonic content of a single phase cascaded 

multilevel inverter was reduced using SHE. For inverters with five to eleven levels of levels, the firing instants for the electronic switches are 

computed off-line. Four independent voltage sources with voltage output levels in a certain ratio make up the novel module structure proposed 

in this concept. In recent years, multilevel inverters have been a hot topic because of their ability to handle high-power applications. This paper 

suggests. To minimise harmonic content in a single-phase cascaded multilevel inverter, this study uses the selective harmonic elimination 
approach . As output levels grow, so does the number of switching components required to perform the switch. There is a risk of power loss and 

a decrease in overall system efficiency due to the increased number of switches. Most notable is that the module may be utilised as a 

submultiple level structure and expanded for any number of levels with minimum increase in switching components (pho). MLI's superior 

power quality, decreased total harmonic distortion (THD), lower voltage stress across the switches, improved electromagnetic compatibility, and 
fewer switching losses are attracting a lot of attention. 
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I. INTRODUCTION 

 For many years, industries have relied on induction motor drives to provide precise control over speed. This is due to the 

induction motor's simple design and low maintenance requirements. For induction motor driving applications, multilayer 

inverters (MLI) are becoming more common [1-3]. Medium to high-voltage and high-current driving applications call for it in 

particular. Multilevel inverters provide several benefits over regular inverters. THD, switching losses, power quality, and 

decreased electromagnetic interference are the main benefits (EMI). Reduced voltage stress on each component is the primary 

benefit of a multilayer inverter [4-8]. Multilevel inverter topologies may be broken down into three sorts. They are flying 

capacitor, diode clamped, and H-bridgecascaded multi-level inverters. " 

 For medium voltage (MV) drives, the most common inverter architecture is the H-bridge multilevel inverter. Single-

phase H-bridge power cells make up the majority of the structure. In reality, the number of power cells in an H-Bridge inverter 

is controlled mostly by its operating voltage and manufacturing costs. For the same voltage level, the H-bridge multilevel 

inverter needs fewer components than any other form of inverter [9-11]. Various modulation strategies were developed as a 

result of the evolution of multilayer inverters [12]. Locomotive and track-side static converters [13] have been the most popular 

places to first see multilevel converters put to use. Active filtering, high-voltage motor control, high-voltage direct current (dc) 

transmission and, most recently, formedium voltage induction motor variable speed drives [12-15] are some of the most recent 

uses for power system converters. Flexible AC Transmission System (FACTS) and industrial medium-voltage motor drives are 

only a few of the many multilayer converter uses. As a result, multilayer inverters have become more popular in industrial 

applications, such as motor drives, static VAR compensators, and renewable energy systems. The stepwise output voltage of 

multilayer inverters is a big benefit over standard two-level voltage source inverters. A three-phase MLI design with the fewest 

switches is shown in this study. This research presents a novel multilayer inverter architecture with fewer switches than typical 

MLIs to alleviate the drawbacks. 

 

II. SELECTIVE HARMONIC ELIMINATION 

In this method, the number of harmonics to be removed is determined. Harmonics from the 3rd and 5th levels of a seven-level 

inverter, for example, must be removed. Figure 1 depicts an off-line determination of the multilevel inverter's switching instants. 

A mirror copy of 2 is created around the figure's 1 and 2 points, which is what we require for the inverter's positive cycle output. 

Then, the process repeats itself for the next cycle, which is negative. Figure 3.2 shows the estimated output voltage for each 

MOSFET switch based on these instants. Using a seven-level MLI, the MOSFET switches' states, periods of operation, and levels 

of output voltage are summarised in Table 3.1 and Figure 3.3. To get the triggering angles 1, 2, and 3, we must solve the 

nonlinear equation shown below. 
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A Newton Raphson method is used as a common numerical solver for nonlinear solution, which 

determines the values to be: α1 = 13.22 °, α2 = 38° and α3 = 82.9°. 

 

 

 

 
III. IMPLEMENTATION OF MULTILEVEL SINGLE-PHASE INVERTER 
To create voltage harmonics, ErsoyBeser offers a single-phase multilevel inverter. Using a PIC18F45 microprocessor, the 

switching signals are generated. An inverter with three H-bridge components may provide up to 14 levels of output voltage, 

according to Tapan Kumar's modelling and actual implementation. Arduino boards based on the ATmega 2560 microcontroller 

[9] are used to create MOSFET set signals. Using an SPWM cascaded full bridge single phase 7-level inverter, PouyaTarassadi 

and colleagues [10] present an improved shift modulation inverter. Cascaded multilayer inverter implementation for endless 

layers is the focus of this study.. The controller receives an off-line programme for each level of the cascaded MLI, and the 

corresponding triggering events are sent to the MOSFETs. It is contrasted to a Simulink model created specifically for this 

purpose. A single-phase multilevel inverter with cascaded three H-bridge units [11]-[17] may generate any multilayer output 

voltage. Improved use of dc power supply and lower harmonic distortion may be achieved using a new multi-level singlephase 

inverter adopting vector control. [18-20]. In cascaded H bridge inverters, low switching frequency management minimises power 

losses while increasing the THD factor [21]-[27]. 
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IV. SIMULATION RESULTS: 

 
Fig 4 Simulink Diagram of Five level MLI with without PWM Technique 

 
Fig 5 Simulation Output Voltage waveform of five levels MLI with without PWM Technique 

 
(a)                                                                                                                 (b) 

Fig 6 Simulink Diagram of Seven levels MLI with Selective harmonic elimination technique (SHE) PWM Technique 

 
Fig 7 Simulation output voltage waveform of seven levels MLI with Selective harmonic elimination technique (SHE) PWM 

Technique 
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Fig 8  Simulink Diagram of Seven levels MLI with PWM Technique 

 
Fig 9 Simulation output voltage waveform of seven levels MLI PWM Technique 

 
Fig 10 Simulink Diagram of Nine levels MLI without PWM Technique 
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Fig 11 Simulation output voltage waveform of nine levels MLI without PWM Technique 

 
Fig 12 Simulink Diagram of Eleven levels MLI with PWM Technique 
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Fig 13 Simulation output voltage waveform of eleven levels MLI with PWM Technique 

 
Fig 14 Simulink Diagram of A new eleven levels with reduced switches MLI with PWM Technique 

 
Fig 15 Simulation Output Voltage Waveform of A new eleven levels with reduced switches MLI with PWM Technique 

 

 

 

 
V. CONCLUSION 

There is less total harmonic distortion (THD) and fewer hardware components when a cascaded multilevel single-phase inverter is 

implemented utilising selective harmonic elimination. From the five-level inverter, the implementation assures any required range 

of levels. There are fewer switches, diodes, DC voltage sources and capacitors in the suggested topologies compared to tradit ional 

ones and other newly proposed topologies. The suggested topology is compared to various recently published topologies in a 

broad variety of ways. It is clear from this comparison that the least amount of IGBTs, capacitors, diodes, and blocking voltages 

of switches is needed to achieve the greatest number of output voltage levels possible Finally, Matlab Simulation Simulink was 

used to simulate and verify the suggested topologies. 

 

http://www.ijcrt.org/


www.ijcrt.org                                           © 2022 IJCRT | Volume 10, Issue 11 November 2022 | ISSN: 2320-2882 

IJCRT2211435 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org d793 
 

REFERENCES 

[1] TAHA A. HUSSEIN, “MULTILEVEL LEVEL SINGLE PHASE INVERTER IMPLEMENTATION FOR REDUCED HARMONIC CONTENTS”, 

INTERNATIONAL JOURNAL OF POWER ELECTRONICS AND DRIVE SYSTEM, VOL.12,NO. 1,MAR 2021. 

[2] T. Sreekanth, J. D. M. Deivanayagam, S. Raju and N. Mohan, "A Coupled Inductor based Single Phase Five Level Inverter 

with Capacitor Voltage Balancing," 2020 IEEE Texas Power and Energy Conference (TPEC), 2020, pp. 1-5, doi: 

10.1109/TPEC48276.2020.9042506.  

[3] Jose Rodrguez. Jih-sheng lai and fang Zheng Peng, “Multilevel inverters: A survey of topologies, controls, and applications”. 

IEEE Transactions on Industrial Electronics, vol. 49. no. 4, August 2002. 

[4] Najafi E Yatim, AHM, “Design and implementation of a new multilevel inverter topology,” Industrial electronics IEEE 

Transactions, vol. 59, no. 2, pp. 4148-4154, 2012. 

[5] Sung-Jum Park, Feel-Son Kange, “A new single phase five-level PWM inverter employing a deadbeat control scheme,” IEEE 

Transaction on power electronics, vol. 18, no. 3, May 2003. 

 [6] M. D. Siddique, S. Mekhilef, N. M. Shah, A. Sarwar, A. Iqbal and M. A. Memon, "A New Multilevel Inverter Topology with 

Reduce Switch Count," in IEEE Access, vol. 7, pp. 58584-58594, 2019, doi: 10.1109/ACCESS.2019.2914430. 

[7] S. K. Saketi, P. Chaturvedi and D. Yadeo, "A New Fault Tolerant Single Phase 5-Level Inverter Topology," 2018 8th IEEE 

India International Conference on Power Electronics (IICPE), 2018, pp. 1-5, doi: 10.1109/IICPE.2018.8709480. 

[8] Muhammad H. Rashid, “Power Electronics, Devices, Circuits, and Applications,” Fourth Edition, Pearson Education Limited 

2014. 

[9] Gerald. C. Diyolce, Candidw.U. Eya, “Modeling and simulation of five-phase induction motor fed with pulse modulated five-

phase multilevel voltage source inverter topologies,” Journal of Advances in Electrical Drives, vol. 4, no. 2, pp. 6-22, Mat 

Journals 2019. 

[10] SINDHURA NUNNA, Sai Divya et al. A single-phase simplified DC-AC converter using DC-link capacitors and an H-

bridge. Bulletin of Electrical Engineering and Informatics, [S.l.], v. 10, n. 6, p. 2964-2971, dec. 2021. ISSN 2302-9285.  Date 

accessed: 24 nov. 2022.  

[11] Tapan Kumar Chakraborty, AshiqueAnane.t.l. “Generation of 13-level output voltage from single-phase multilevel inverter 

consisting of cascaded three H-bridge units,” 2nd IEEE International Conference on Power Electronics, Intelligent Control and 

Energy Systems (ICPEICES) 2018. 

[12] PouyaTarassodi, AlirezaSiadatan, MiladKeshani, “Single-Phase Multi-Level Inverter Suitable for Symmetrical and 

Asymmetrical Photovoltaic (PV) Applications,” IEEE 28th International Symposium on Industrial Electronics (ISIE), 2019. 

[13] M. M. Hasan, S. Mekhilef and M. Ahmed, "Three-phase hybrid multilevel inverter with less power electronic components 

using space vector modulation," in IET Power Electronics, vol. 7, no. 5, pp. 1256-1265, May 2014, doi: 10.1049/iet-

pel.2013.0237. 

[14] Masaoud, H. W. Ping, S. Mekhilef and A. Taallah, "Novel configuration for multilevel DC link three-phase fivelevel 

inverter," in IET Power Electronics, vol. 7, no. 12, pp. 3052-3061, 12 2014, doi: 10.1049/iet-pel.2013.0812. 

[15] N. Prabaharan and K. Palanisamy, “A comprehensive review on reduced switch multilevel inverter topologies, modulation 

techniques and applications,” Renew. Sustain. Energy Rev., vol. 76, pp. 1248-1282, Sep. 2017. 

[16] H. Akagi, “Multilevel converters: Fundamental circuits and systems,” Proc. IEEE, vol. 105, no. 11, pp. 2048-2065, Nov. 

2017. 

[17] 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. 

[18] Ammar Masaoud, Hew Wooi Ping, SaadMekhilef& Hamza Omar Belkamel, “A New Five-level Single-phase Inverter 

Employing a Space Vector Current Control,” Electric Power Components and Systems, vol. 42, no. 11, pp. 1121-1130, 2014, 

DOI: 10.1080/15325008.2014.921946. 

[19] Saithulasi, K., Raj kumar, P., Mukesh kumar, K.C., RamBabu, K. (2021). Performance Analysis of Single-Phase VSI Using 

Variable and Multi-pulse-Width Modulation Techniques. In: Borah, S., Pradhan, R., Dey, N., Gupta, P. (eds) Soft Computing 

Techniques and Applications. Advances in Intelligent Systems and Computing, vol 1248. Springer, Singapore. 

[20] S. Mekhilef and M. N. Abdul Kadir, "Novel Vector Control Method for Three-Stage Hybrid Cascaded Multilevel Inverter," 

in IEEE Transactions on Industrial Electronics, vol. 58, no. 4, pp. 1339-1349, April 2011, doi: 10.1109/TIE.2010.2049716. 

[21] M. D. Siddique et al., "Low Switching Frequency Based Asymmetrical Multilevel Inverter Topology with Reduced Switch 

Count," in IEEE Access, vol. 7, pp. 86374-86383, 2019, doi: 10.1109/ACCESS.2019.2925277. 

[22] M. D. Siddique, S. Mekhilef, N. M. Shah, A. Sarwar, A. Iqbal and M. A. Memon, "A New Multilevel Inverter Topology with 

Reduce Switch Count," in IEEE Access, vol. 7, pp. 58584-58594, 2019, doi: 10.1109/ACCESS.2019.2914430. 

[23] N. Prabaharan and K. Palanisamy, “A comprehensive review on reduced switch multilevel inverter topologies, modulation 

techniques and applications,” Renew. Sustain. Energy Rev., vol. 76, pp. 1248-1282, Sep. 2017. 

[24] G. Konstantinou, J. Pou, S. Ceballos, R. Darus, and V. G. Agelidis, “Switching frequency analysis of staircasemodulated 

modular multilevel converters and equivalent PWM techniques,” IEEE Trans. Power Del., vol. 31, no.1, pp. 28-36, Feb. 2016. 

[25] K. K. Gupta, A. Ranjan, P. Bhatnagar, L. K. Sahu, and S. Jain, “Multilevel inverter topologies with reduced device count: A 

review,” IEEE Trans. Power Electron., vol. 31, no. 1, pp. 135-151, Jan. 2016. 

[26] F. Z. Dekhandji, et. al., “Harmonic Reduction and Elimination in Three Phase PWM Inverters using a SpiralInspired 

Optimization Technique,” Algerian Journal of Environmental Science and Technology, vol. 6, no. 3, 2020. 

[27] YasminaAzzougui and AbdelmadjidRecioui, “Application of the moth flame optimisation to the selective harmonic 

elimination in multilevel converters,” Int. J. Smart Grid and Green Communications, Inderscience, vol. 2, no. 1, pp. 1-18, 2020. 

 

 

http://www.ijcrt.org/

