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Abstract 

 The issue of DC to AC inverters has gained interest due to the growing use and investment in renewable energy sources as a 

competitive power source. This paper presents efficient technique for producing an AC sinusoidal signal from DC power. The primary 

objective is to create a highly effective inverter that generates a pure sinusoidal AC signal with the least amount of overall harmonic 

distortion. MATLAB Simulink was utilized to develop and simulate an inverter for this purpose. Four asymmetric DC voltage sources 

and sixteen power switches are included in the inverter design in a [ 1:2:7:11]Vdc ratio to create an inverter with 43 levels (-21 to 

21).The value output voltage  of the single-phase 43- Level  (THD-V)equal 0.70%,while a three-phase system's value are 0.63% .The 

main contribution is the establishment and demonstration of a sound methodology and model based on multilevel inverter with high 

power and reduce number of switch. 
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I. INTRODUCTION 

Utilizing limitless natural resources, renewable energy generates electricity. As one of the most significant forms of renewable energy, 

solar energy It is regarded as free energy and is accessible in most countries year-round at different intensities [1]. Its limitlessness and 

lack of contribution to global warming and pollution is among its greatest advantages. The PV system's appealing features enable it to 

provide power that meets peak-load requirements. Due to the fact that up to 20% of systems rely on this effective technology, solar 

energy systems are among the most widely used in the commercial sector [2]. The primary components of a PV system are dc to ac 

converters. In recent decades, the rating power of energy production and distribution networks has increased dramatically, making 

multilevel inverters (MLI) a very essential equipment for converting power in a wide variety of applications. [3]. That being said, a 

high-power system with a high-power consumption is necessary. (MLI) with the proper architecture to handle a high-power system 

[4], [5], in order to get around the power switches' voltage rating. A transformer-free construction, superior power quality signals, 

decreased switching losses, and less strain on power electronic switches are just a few benefits of the MLI. Though this technology 

has some uses and can be used in renewable energy, several researchers use techniques and upgraded new topologies in their work on 

MLI to improve THD. 

From the start of this century, solar energy has increased exponentially, necessitating the use of high voltage and high-power inverters 

to capitalize on this massive energy. The industry's utilization of two and three level inverters with medium voltage drivers is therefore 

insufficient. High voltage semiconductor devices, on the other hand, are highly costly [6]. Using medium voltage drivers, multilevel 

inverters provide a way to manage high power. Many uses for inverters are beginning to emerge, and each of these uses has unique 

requirements in addition to the advancements in the semiconductor sector [7]. 

In recent times, industrial medium-voltage applications have highly focused on Multilevel Inverters (MLI) [8]. While working with 

medium voltage grids, the MLI has shown to be the most advantageous choice because of the restrictions of 2-Level inverters with 

regard to semiconductor blockage voltage in this range. The MLI reduces the total harmonic distortion (THD) of the voltage and the 

dv/dt stress across the semiconductor switches to meet grid regulations. It has also been shown that they can create semiconductor 

switches with reduced electromagnetic interference (EMI) and power dissipation [9]. Based on its architecture, MLIs are often 
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classified into three fundamental topologies: Cascaded H-Bridge (CHB), Flying Capacitor (FC), and Neutral Point Clamped (NPC) 

[16]. Because of its versatility and easy modification to several levels, the CHB is widely used. It is built in a modular manner. 

Because there are more driving circuits and components in standard multilevel inverters, the design and control circuitry get more 

complicated as the number of levels rises. Moreover, as the number of discrete components increases, the system's dependability 

declines. Because of this, novel multilevel inverter topologies have recently been developed with the intention of improving the output 

voltage waveform and increasing component usage [10]. Current studies on this type of inverter focus on two main areas: first, 

developing topologies that use fewer dc link sources and power electronic switches; second, developing methods for modifying 

triggering angles to reduce harmonics generated during the inverter's operation. [11]-[12]. 

In 2018 [13], Using an inductive load and a modified absolute sinusoidal pulse width modulation (MASPWM) method, MATLAB 

was used to simulate a 27-level cascaded inverter with single and three phases with input voltages of 1 Vdc, 3 Vdc, and 9 Vdc. The 

three-phase circuit had THD values of 0.67% and 0.0857%, respectively, but the single-phase circuit's THD values were 0.238% and 

1.165% for the same current and voltage. In 2018[14], A solar photovoltaic (PV) module was used as the only DC source in the 

development and simulation of a nine-level converter. The control strategy maintains excellent power quality while reducing power 

loss and producing more accurate outcomes. By analyzing the data collected for the inverter and taking off the fundamental element at 

predetermined switching angles, the recommended approach eliminates specific harmonics. In 2019 [15], It was decided to develop a 

13-level inverter using DC voltage sources and low-power electrical gadgets. With a zero-level (ZL) inverter and without a zero-level 

(NZL) inverter, the output voltage THD was 9.5% and 12.5%, respectively. In same year 2019 [16], At carrier frequencies of 1 kHz 

and 2 kHz, a 15-level inverter multi-carrier SPWM approach was simulated and compared with traditional versions. In this method, a 

total of 28 switches are employed. In terms of output waveform distortion, the lowest value is 6.71% at 1 kHz and 6.59% at 2 kHz. In 

2021. [17], The phase shifted PWM approach was compared with level shifted multicarrier PWM based on phase disposition and 

opposition disposition using alternative phase opposition disposition techniques to generate an 11-level output voltage. In 2022 [18], 

In order to generate a 31-level output voltage at a modulation index of (m=1), a 12-power switch system with four separate DC 

sources was constructed. The total harmonic distortion value was 2.11%.  This study's main goal is to provide high output voltage with 

few switching components and minimal THD. In 2023 [ 19], Design single and three phase inverter to generate 25-level using a  12-

switches, and 4-PV sources was built  based on  MSPWM switching method. a single-phase system's output voltage total harmonic 

distortion obtained for the output voltage is 1.2% while a three-phase system's values are 1.07%. 

 

II. SOLAR PV SYSTEM 

 
               Solar energy is the globally most accessible renewable energy source [20]. The unlimited supply and environmental 

friendliness of the photovoltaic (PV) system are the reasons why it is becoming more and more popular. PV systems have a long 

lifetime with a little maintenance. Solar radiation and temperature can affect PV systems since they depend so much on certain 

atmospheric conditions. PV cells transform radiation energy into electrical energy. There is only one maximum power point (MPP) 

and tracking this point is very important, so that methods that used to track this point called MPP tracking (MPPT) techniques [21, 

22]. The DC sources used as input voltages of the multilevel inverters are set of photovoltaic systems. The model includes a PV array 

under the influence of solar radiation (Ir) and cell temperature (T). To ensure that the maximum power is obtained from the PV cell, 

the IGBT switch of the boost converter was controlled by the Maximum Power Point Tracking (MPPT) method. Figure (1) shows the 

designed PV cell with the DC /DC boost converter model. The MPPT algorithm is programmed depending on some codes and 

Simulink block, and this code is written based on Perturbation & Observation (P&O) algorithm which depends on the measured 

voltage and current of the PVs, The MATLAB Function of the MPPT using (P&O) algorithm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Design PV cell with DC /DC boost converter model. 
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III. TOPOLOGY 43-LEVEL INVERTER 

 
          One type of power electronic equipment utilized in electrical power conversion systems is the multilevel inverter. A 

multilevel inverter creates the output waveform by combining levels. This method has a number of benefits, such as 

improved power system quality and output waveform, reduced voltage stress, and increased efficiency [23]. MLIs are 

extensively utilized in high-power applications, including utility applications, renewable energy systems, and motor drives. In 

the past few years, a number of authors have investigated and searched for better solutions; some have focused on topologies 

derived from conventional structures [24]– [26]. Others have assembled multiple basic units to create modular structures, 

depending on the voltage rating of the semiconductor power switches and the desired output signal quality. There are two 

types of topologies for these multilevel solutions: those with intrinsically negative voltage levels and those with negative 

voltage levels using H-bridge. Each has advantages and disadvantages. [27, 28]. In this study, the asymmetric voltage 

supplies are arranged in Figure (2), as follows (V1 = 1VDC, V2 = 2VDC, V3 = 7VDC, V4 = 11VDC) for a 16-switch inverter 

circuit to generate 43-levels from four sources, giving voltage output waves Smoother current and improved Total Harmonic 

Distortion (THD). Table Ⅰ shows the switching patterns required to obtain an output voltage of 43-levels. Only the patterns 

of the positive part are mentioned, and to get the patterns of the negative part we reverse the state of switches S1 to S8 of the 

positive part. Based on the switching states in Table (1), Figure (3) shows a single-phase current and voltage waveform with 

43-levels of level shift at levels (9 to 43). Figure (4) shows the current path diagram in some operating modes at different 

levels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The proposed of the 43-level inverter circuit. 
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Figure 3. The single-phase current and voltage waveform with 43-levels  

of level change at levels from 9 to 43 levels. 

 

Table Ⅰ. Switches states of the 43-level output voltage 

Mode 
Conducting switches: 1 =ON; 0= OFF 

VOut 
Q1 Q2 Q3 Q4 S1 S2 S3 S4 S5 S6 S7 S8 

1 0 0 0 0 1 0 1 0 1 0 1 0 0 Vdc 

2 1 0 0 0 1 1 0 0 1 0 1 0 1 Vdc 

3 0 1 0 0 1 1 0 0 1 0 1 0 2 Vdc 

4 1 1 0 0 1 1 0 0 1 0 1 0 3 Vdc 

5 1 1 1 0 0 0 1 1 1 1 0 0 4 Vdc 

6 0 1 1 0 0 0 1 1 1 1 0 0 5 Vdc 

7 1 0 1 0 0 0 1 1 1 1 0 0 6 Vdc 

8 0 0 1 0 1 0 1 0 1 1 0 0 7 Vdc 

9 1 0 1 0 1 1 0 0 1 1 0 0 8 Vdc 

10 0 1 1 0 1 1 0 0 1 1 0 0 9 Vdc 

11 1 1 1 0 1 1 0 0 1 1 0 0 10 Vdc 

12 0 0 0 1 1 0 1 0 1 1 0 0 11 Vdc 

13 1 0 0 1 1 1 0 0 1 1 0 0 12Vdc 

14 0 1 0 1 1 1 0 0 1 1 0 0 13Vdc 

15 1 1 0 1 1 1 0 0 1 1 0 0 14Vdc 

16 1 1 1 1 0 0 1 1 1 1 0 0 15 Vdc 

17 0 1 1 1 0 0 1 1 1 1 0 0 16 Vdc 

18 1 0 1 1 0 0 1 1 1 1 0 0 17 Vdc 

19 0 0 1 1 1 0 1 0 1 1 0 0 18 Vdc 

20 1 0 1 1 1 1 0 0 1 1 0 0 19Vdc 

21 0 1 1 1 1 1 0 0 1 1 0 0 20Vdc 

22 1 1 1 1 1 1 0 0 1 1 0 0 21Vdc 

 



            Al-Iraqia Journal for Scientific Engineering Research, Volume 3, Issue 1, March 2024         38 of 64 

            ISSN: 2710-2165 

http://doi.org/10.58564/IJSER.3.1.2024.144                                                                                                      https://ijser.aliraqia.edu.iq 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The current path diagram Topology in some operating modes at different levels. 

IV. MULTICARRIER SINUSOIDAL PULSE WIDTH MODULATION (MCSPWM) TECHNIQUE 

The SPWM is a technique used to produce a sinusoidal waveform by varying the width of series pulses [29]. One of the advantages of 

SPWM is generating a nearly sinusoidal output waveform, which reduces harmonic distortion and produces a cleaner signal. 

Multicarrier PWM is a technique used to modulate multiple carrier signals to control the output voltage of an inverter. In multicarrier 

modulation, the data is split into several subcarriers, and each subcarrier is modulated independently. Sinusoidal pulse width 

modulation based on multicarrier (MCSPWM) is a combination of these two modulation techniques. An m-level inverter needs (m-1) 

triangle carrier signal. Based on the arrangement of the carrier signals, the MCSPWM control technique can be split into level-shifted 

and phase-shifted [30]. In this study, the control circuit is designed and modeling according MCSPWM algorithm based on phase 

disposition technique (PDMCSPWM) as explained in Figure (5). The generation of pulses has been made by comparing every carrier 

wave with the sine wave and the resultant pulses has been given to the appropriate switches to produce the 43-level staircase 

waveform. The basic logic gates (AND, OR, NOT) are used to compare these carrier signals to trig switches and produce the desired 

output levels. 
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Figure 5. PDMCSPWM algorithm. 

 

V.  SIMULATION AND RESULTS 

Figure (6) shows the result of the PV voltage and current characteristics. Also, it shows the way the energy follows around the extreme 

point until it reaches that point. Figure (7) shows the value of the maximum voltage, current, and power of the PV. Figure (8) shows 

the I-V and P-V characteristics of the four PVs that used in this study. While Figure (4) shows the output voltage and current 

waveforms with single-phase FFT analysis at different levels. While Figure (9) shows the THD for single-phase output voltages 43-

levels of topology with respect to voltage levels. This system was built as a three-phase system. Figure (10) shows the three-phase 

voltages and currents of 43- level with their FFT analysis. While Figure (11) shows the THD of the Topology with 43-level three-

phase output voltages with respect to the voltage levels. 
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(c) 

Figure 6. Characteristics of PV at MPPT controller. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Voltage, current, and power of the selected PV. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 9-Level output voltage and current with their FFT analysis. 
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(b)15-Level output voltage and current with their FFT analysis. 
 

 

 

 

 

 

 

 

 

 

 

(c)25-Level output voltage and current with their FFT analysis 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d)31-Level output voltage and current with their FFT analysis 
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(e)43-Level output voltage and current with their FFT analysis. 

Figure 8. The output voltage and current waveforms with FFT analysis at different levels. 

 

Figure 9.THD of the single phase 43-level output voltages with respect to voltage levels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 9-Level output voltage and current with their FFT analysis. 
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(b)15-Level output voltage and current with their FFT analysis. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c)25-Level output voltage and current with their FFT analysis 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d)31-Level output voltage and current with their FFT analysis 

V
o
lt

a
g
e 

) 
V

(&
C

u
rr

en
t 

(A
) 

Time(sec) 

V
o
lt

a
g
e 

) 
V

(&
C

u
rr

en
t 

(A
) 

Time(sec) 

V
o
lt

a
g
e 

) 
V

(&
C

u
rr

en
t 

(A
) 

Time(sec) 



            Al-Iraqia Journal for Scientific Engineering Research, Volume 3, Issue 1, March 2024         44 of 64 

            ISSN: 2710-2165 

http://doi.org/10.58564/IJSER.3.1.2024.144                                                                                                      https://ijser.aliraqia.edu.iq 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(e)43-Level output voltage and current with their FFT analysis. 

Figure 10. Line voltage and current of the three-phase 43-Level with their FFT analysis. 

 

Figure 11.THD of the three phase 43-level output voltages with respect to voltage levels. 

 

VI. CONCLUSION 

        Based on the simulation results obtained for all cases, it appears that the MC-SPWM algorithm based on the phase-disposition 

(PD-PWM) technique and improving the power quality by enhancing the voltage and current THD% has proven its efficiency. THD 

has been attained at levels that are appropriate by world standards. In order to get a high output voltage, lower the THD, and boost 

reliability, a multilevel inverter is required. Table Ⅱ shows the results of the single-phase and three-phase inverter. can suggest for 

Future Work used reducing harmonics in output voltage when using hybrid renewable energy as supply such as wind and solar energy. 

 

Table Ⅱ the results of the single-phase and three-phase inverter. 
N .of 

Level 

THD-V(%) 

1  

THD-V(%) 

3  

9- Level 2.51 1.95 

15- Level 1.50 1.10 

25- Level 1.09 1.97 

31- Level 1.06 0.93 

V
o
lt

a
g
e 

) 
V

(&
C

u
rr

en
t 

(A
) 

Time(sec) 



            Al-Iraqia Journal for Scientific Engineering Research, Volume 3, Issue 1, March 2024         45 of 64 

            ISSN: 2710-2165 

http://doi.org/10.58564/IJSER.3.1.2024.144                                                                                                      https://ijser.aliraqia.edu.iq 

 

43- Level 0.70 0.63 

 

 

REFERENCES 

 

[1] Ana Gabriela Guerra Vega, “Designing a Solar PV System to Power a Single-Phase Distribution System”, thesis for the degree     
of  Bachelor of Science in Electrical Engineering, University of Arkansas, May 2019. 

[2] Leon Freris, David Infield (2008),’’ Renewable Energy in Power Systems’’. WILEY, pp 240. 

[3] Mohammed Shihab Ibne Tarek, Asad Siam, Muhammad Zia, Md. Mizanur Rahman (2018),” A Novel Five-Level Inverter 
Topology with Reactive Power Control for Grid-Connected PV System”. IEEE,pp101-105. 

[4] S. Kouro et al., "Recent Advances and Industrial Applications of Multilevel Converters," in IEEE Transactions on Industrial 
Electronics, vol. 57, no. 8, pp. 2553-2580, Aug. 2010.  

[5]  J. Rodriguez, S. Bernet, B. Wu, J. O. Pontt and S. Kouro, "Multilevel Voltage-Source-Converter Topologies for Industrial 
Medium-Voltage Drives," in IEEE Transactions on Industrial Electronics, vol. 54, no. 6, pp. 2930-2945, Dec. 2007. 

[6] R. Kh. Antar, N. S. Sultan, and A. J. Ali, “Speed Control of Three-Phase Induction Motor Fed by Renewable Energy Source,” 
2019 2nd International Conference on Electrical, Communication, Computer, Power and Control Engineering (ICECCPCE), Feb. 
2019, doi: 10.1109/iceccpce46549.2019.203739. 

[7] H. Al-Badrani, “Modeling of 81-Level Inverter Based on a Novel Control Technique,” PRZEGLĄD ELEKTROTECHNICZNY, 
vol. 1, no. 3, pp. 56–61, Mar. 2022, doi: 10.15199/48.2022.03.13. 

[8] H. P. Vemuganti, D. Sreenivasarao, S. K. Ganjikunta, H. M. Suryawanshi, and H. Abu-Rub, “A Survey on Reduced Switch Count 
Multilevel Inverters,” IEEE Open Journal of the Industrial Electronics Society, vol. 2, pp. 80–111, 2021, doi: 
10.1109/ojies.2021.3050214. 

[9] R. Agrawal and S. Jain, “Comparison of reduced part count multilevel inverters (RPC-MLIs) for integration to the grid,” 
International Journal of Electrical Power &amp; Energy Systems, vol. 84, pp. 214–224, Jan. 2017, doi: 
10.1016/j.ijepes.2016.05.011. 

[10] K. K. Gupta, A. Ranjan, P. Bhatnagar, L. K. Sahu, and S. Jain, “Multilevel Inverter Topologies With Reduced Device Count: A 
Review,” IEEE Transactions on Power Electronics, vol. 31, no. 1, pp. 135–151, Jan. 2016, doi: 10.1109/tpel.2015.2405012. 

[11] R. Agrawal and S. Jain, “Comparison of reduced part count multilevel inverters (RPC-MLIs) for integration to the grid,” 
International Journal of Electrical Power &amp; Energy Systems, vol. 84, pp. 214–224, Jan. 2017, doi: 
10.1016/j.ijepes.2016.05.011. 

[12] L. M. Akram Alsaqal, A. M. T. Ibraheem Alnaib, and O. T. Mahmood, “Compression of multiple modulation techniques for 
various topologies of multilevel converters for single-phase ac motor drive,” Int. J. Power Electron. Drive Syst., vol. 10, no. 2, pp. 
662–671, 2019, doi: 10.11591/ijpeds.v10.i2.662-671 

[13] Rakan Khalil ANTAR, “Multilevel Inverter with Unequal and Selected DC Voltage Sources Using Modified Absolute Sinusoidal 
PWM Technique”, 1st International Scientific Conference of Engineering Sciences - 3rd Scientific Conference of Engineering 
Science (ISCES), IEEE, pp: 62-67, January, 2018. 

[14] Premkumar Manoharan, Sumithira Rameshkumar, Sowmya Ravichandran, “Modelling and Implementation of Cascaded 
Multilevel Inverter as Solar PV Based Microinverter Using FPGA”, International Journal of Intelligent Engineering and Systems, 
Vol.11, No.2, 2018. 

[15] H. M. Bassi and Z. Salam, "A New Hybrid Multilevel Inverter Topology with Reduced Switch Count and dc Voltage Sources," 
Energies, vol. 12, no. 977, p. 977, March 2019, doi: 10.3390/en12060977. 

[16] B. Youssef, N. Ahmed, H. Sanaa, and H. Mohamed, "Selective-Harmonic Elimination with an Optimized Multicarrier 
Modulation Techniques for Cascaded H-Bridge Multilevel Inverter," Journal of Applied Mathematics and Computation (JAMC), 
vol. 3, no. 1, pp. 574-582, 2019, doi: 10.26855/jamc.2019.01.001. 

[17] A. S. R. A. Subki, et al., “Analysis on three phase cascaded H-bridge multilevel inverter based on sinusoidal and third harmonic 
injected pulse width modulation via level shifted and phase shifted modulation technique,” International Journal of Power 
Electronics and Drive System (IJPEDS), vol. 12, no. 1, pp. 160-169, March 2021, doi: 10.11591/ijpeds.v12.i1.pp160-169. 

[18] M. J. Shah, K. S. Pandya, and P. Chauhan, “An MPPT-based 31-Level ADC Controlled Micro-Inverter,” Engineering, 
Technology &amp; Applied Science Research, vol. 12, no. 5, pp. 9149–9154, Oct. 2022, doi: 10.48084/etasr.5199. 

[19] A. R. Ali, A. A. Abdulghafoor, and R. K. Antar, “Design a 25-level inverter topology with less switching devices fed by PV 
systems,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 14, no. 3, p. 1816, Sep. 2023, doi: 
10.11591/ijpeds.v14.i3.pp1816-1824. 

[20] C. J. Mohtasham, “Review Article-Renewable Energies,” Energy Procedia, vol. 74, pp. 1289–1297, Aug. 2015, doi: 
10.1016/j.egypro.2015.07.774. 

[21] J.-S. Ko, J.-H. Huh, and J.-C. Kim, “Overview of Maximum Power Point Tracking Methods for PV System in Micro Grid,” 
Electronics, vol. 9, no. 5, p. 816, May 2020, doi: 10.3390/electronics9050816. 

[22] B. Subudhi and R. Pradhan, “A Comparative Study on Maximum Power Point Tracking Techniques for Photovoltaic Power 
Systems,” IEEE Transactions on Sustainable Energy, vol. 4, no. 1, pp. 89–98, Jan. 2013, doi: 10.1109/tste.2012.2202294. 

[23] Bkrishan Kumar Gupta and Pallavee Bhatnagar, “Multilevel Inverters conventional and emerging topologies and their control”, 
PP.40, 2018 Elsevier Inc. 

[24] Y. Liu, et al., “A Modular Multilevel Converter with Self Voltage Balancing,” 2019 IEEE Applied Power Electronics Conference 
and Exposition (APEC), Anaheim, CA, USA, 2019, pp. 97-111.  

[25] P. Barbosa, P. Steimer, L. Meysenc, M. Winkelnkemper, J. Steinke, and N. Celanovic “Active neutral-pointclamped multilevel 
converters,” in 2005 IEEE 36th Power Electronics Specialists Conference, Recife, 2005, pp. 2296-2301, doi: 
10.1109/PESC.2005.1581952.  



            Al-Iraqia Journal for Scientific Engineering Research, Volume 3, Issue 1, March 2024         46 of 64 

            ISSN: 2710-2165 

http://doi.org/10.58564/IJSER.3.1.2024.144                                                                                                      https://ijser.aliraqia.edu.iq 

 

[26] A. K. Sadigh, V. Dargahi, and K. A. Corzine, “Analytical determination of conduction and switching power losses in flying-
capacitor-based active neutral-point-clamped multilevel converter,” in IEEE Transactions on Power Electronics, vol. 31, no. 8, 
pp. 5473-5494, Aug. 2016, doi: 10.1109/TPEL.2015.2498107.  

[27]  R. Razani, M. H. Ravanji, and M. Parniani, “Enhanced hybrid modular multilevel converter with improved reliability and 
performance characteristics,” in IEEE Transactions on Power Electronics, vol. 34, no. 4, pp. 3139- 3149, April 2019, doi: 
10.1109/TPEL.2018.2853625.  

[28] M. Vijeh, M. Rezanejad, E. Samadaei, and K. Bertilsson “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, Oct. 2019, doi: 
10.1109/TPEL.2018.2890649. 

[29] S. Singh, A. Agnihotri, S. Bind, and S. Kumar, “Matlab Simulation Study and Comparison of Different Multiple Carrier PWM 
Schemes For Multi Level CHB Inverter,” 2020 IEEE First International Conference on Smart Technologies for Power, Energy 
and Control (STPEC), Sep. 2020, doi: 10.1109/stpec49749.2020.9297693. 

[30] I. Colak, E. Kabalci, and R. Bayindir, “Review of multilevel voltage source inverter topologies and control schemes,” Energy 
Conversion and Management, vol. 52, no. 2, pp. 1114–1128, Feb. 2011, doi: 10.1016/j.enconman.2010.09.006. 

 

 

AUTHORS 

Ali Riyadh Ali     is a PhD researcher in the Department of Electrical Engineering, University of Mosul, Iraq, Mosul. He 

received his B.Sc., M.Sc. degrees in Electrical Engineering from Northern Technical University, University of Mosul, in 2011 and 

2018, respectively. His research interests include the field of, Power Electronic Converters, Electrical drives, Renewable Energy, 

Energy Storage Systems, power quality, intelligent control. He can be contacted at email: alipower76@gmail.com. 

 

Abdulghani Abdulrazzaq Abdulghafoor     got his BSc degree from University of Sala Aldeen, Iraq in 1980 and M.Sc. and 

PhD degrees from Polytechnic Institute, USSR in 1986, 1990 respectively. Now he is a lecturer at Engineering college, University of 

Mosul. He is concerned in Power, Electrical Stations and Renewable energies. He can be contacted at email: 

drabdulghani18@uomosul.edu.iq. 

 

Rakan Khalil Antar     got his B.Sc., M.Sc. and Ph. D. degrees from University of Mosul, Iraq in 2002, 2005 and 2013 

respectively. Now, he is a lecturer at Technical Engineering College, Northern Technical University, Iraq. He is concerned in power 

electronics, power quality, power converters and drives, and renewable energies. He can be contacted at email: rakan.antar@ntu.edu.iq 

or rakan.antar@gmail.com. 

 

https://orcid.org/0000-0001-6960-218X
https://scholar.google.com/citations?hl=en&user=Ob7OZ90AAAAJ&view_op=list_works&gmla=AHoSzlVuGI6ZSBr9veQBBEixPXsZFzvrYYglDO_Gqppj2TI07at4LqRYiU-ZcjyXz6TNDpEY17shEWvq4JPornWx
https://orcid.org/0009-0008-7443-7674
https://scholar.google.com/citations?user=XMhd0aAAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/IAQ-3887-2023
https://orcid.org/0000-0001-8203-8579
https://scholar.google.com/citations?user=DpS2LQoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=24773309200
https://www.webofscience.com/wos/author/record/1811189
https://orcid.org/0000-0001-6960-218X
https://scholar.google.com/citations?hl=en&user=Ob7OZ90AAAAJ&view_op=list_works&gmla=AHoSzlVuGI6ZSBr9veQBBEixPXsZFzvrYYglDO_Gqppj2TI07at4LqRYiU-ZcjyXz6TNDpEY17shEWvq4JPornWx
https://orcid.org/0009-0008-7443-7674
https://scholar.google.com/citations?user=XMhd0aAAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/IAQ-3887-2023
https://orcid.org/0000-0001-8203-8579
https://scholar.google.com/citations?user=DpS2LQoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=24773309200
https://www.webofscience.com/wos/author/record/1811189
https://orcid.org/0000-0001-6960-218X
https://scholar.google.com/citations?hl=en&user=Ob7OZ90AAAAJ&view_op=list_works&gmla=AHoSzlVuGI6ZSBr9veQBBEixPXsZFzvrYYglDO_Gqppj2TI07at4LqRYiU-ZcjyXz6TNDpEY17shEWvq4JPornWx
https://orcid.org/0009-0008-7443-7674
https://scholar.google.com/citations?user=XMhd0aAAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/IAQ-3887-2023
https://orcid.org/0000-0001-8203-8579
https://scholar.google.com/citations?user=DpS2LQoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=24773309200
https://www.webofscience.com/wos/author/record/1811189
https://orcid.org/0000-0001-6960-218X
https://scholar.google.com/citations?hl=en&user=Ob7OZ90AAAAJ&view_op=list_works&gmla=AHoSzlVuGI6ZSBr9veQBBEixPXsZFzvrYYglDO_Gqppj2TI07at4LqRYiU-ZcjyXz6TNDpEY17shEWvq4JPornWx
https://orcid.org/0009-0008-7443-7674
https://scholar.google.com/citations?user=XMhd0aAAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/IAQ-3887-2023
https://orcid.org/0000-0001-8203-8579
https://scholar.google.com/citations?user=DpS2LQoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=24773309200
https://www.webofscience.com/wos/author/record/1811189
https://orcid.org/0000-0001-6960-218X
https://scholar.google.com/citations?hl=en&user=Ob7OZ90AAAAJ&view_op=list_works&gmla=AHoSzlVuGI6ZSBr9veQBBEixPXsZFzvrYYglDO_Gqppj2TI07at4LqRYiU-ZcjyXz6TNDpEY17shEWvq4JPornWx
https://orcid.org/0009-0008-7443-7674
https://scholar.google.com/citations?user=XMhd0aAAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/IAQ-3887-2023
https://orcid.org/0000-0001-8203-8579
https://scholar.google.com/citations?user=DpS2LQoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=24773309200
https://www.webofscience.com/wos/author/record/1811189
https://orcid.org/0000-0001-6960-218X
https://scholar.google.com/citations?hl=en&user=Ob7OZ90AAAAJ&view_op=list_works&gmla=AHoSzlVuGI6ZSBr9veQBBEixPXsZFzvrYYglDO_Gqppj2TI07at4LqRYiU-ZcjyXz6TNDpEY17shEWvq4JPornWx
https://orcid.org/0009-0008-7443-7674
https://scholar.google.com/citations?user=XMhd0aAAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/IAQ-3887-2023
https://orcid.org/0000-0001-8203-8579
https://scholar.google.com/citations?user=DpS2LQoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=24773309200
https://www.webofscience.com/wos/author/record/1811189
https://orcid.org/0000-0001-6960-218X
https://scholar.google.com/citations?hl=en&user=Ob7OZ90AAAAJ&view_op=list_works&gmla=AHoSzlVuGI6ZSBr9veQBBEixPXsZFzvrYYglDO_Gqppj2TI07at4LqRYiU-ZcjyXz6TNDpEY17shEWvq4JPornWx
https://orcid.org/0009-0008-7443-7674
https://scholar.google.com/citations?user=XMhd0aAAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/IAQ-3887-2023
https://orcid.org/0000-0001-8203-8579
https://scholar.google.com/citations?user=DpS2LQoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=24773309200
https://www.webofscience.com/wos/author/record/1811189
https://orcid.org/0000-0001-6960-218X
https://scholar.google.com/citations?hl=en&user=Ob7OZ90AAAAJ&view_op=list_works&gmla=AHoSzlVuGI6ZSBr9veQBBEixPXsZFzvrYYglDO_Gqppj2TI07at4LqRYiU-ZcjyXz6TNDpEY17shEWvq4JPornWx
https://orcid.org/0009-0008-7443-7674
https://scholar.google.com/citations?user=XMhd0aAAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/IAQ-3887-2023
https://orcid.org/0000-0001-8203-8579
https://scholar.google.com/citations?user=DpS2LQoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=24773309200
https://www.webofscience.com/wos/author/record/1811189
https://orcid.org/0000-0001-6960-218X
https://scholar.google.com/citations?hl=en&user=Ob7OZ90AAAAJ&view_op=list_works&gmla=AHoSzlVuGI6ZSBr9veQBBEixPXsZFzvrYYglDO_Gqppj2TI07at4LqRYiU-ZcjyXz6TNDpEY17shEWvq4JPornWx
https://orcid.org/0009-0008-7443-7674
https://scholar.google.com/citations?user=XMhd0aAAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/IAQ-3887-2023
https://orcid.org/0000-0001-8203-8579
https://scholar.google.com/citations?user=DpS2LQoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=24773309200
https://www.webofscience.com/wos/author/record/1811189
https://orcid.org/0000-0001-6960-218X
https://scholar.google.com/citations?hl=en&user=Ob7OZ90AAAAJ&view_op=list_works&gmla=AHoSzlVuGI6ZSBr9veQBBEixPXsZFzvrYYglDO_Gqppj2TI07at4LqRYiU-ZcjyXz6TNDpEY17shEWvq4JPornWx
https://orcid.org/0009-0008-7443-7674
https://scholar.google.com/citations?user=XMhd0aAAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/IAQ-3887-2023
https://orcid.org/0000-0001-8203-8579
https://scholar.google.com/citations?user=DpS2LQoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=24773309200
https://www.webofscience.com/wos/author/record/1811189
https://orcid.org/0000-0001-6960-218X
https://scholar.google.com/citations?hl=en&user=Ob7OZ90AAAAJ&view_op=list_works&gmla=AHoSzlVuGI6ZSBr9veQBBEixPXsZFzvrYYglDO_Gqppj2TI07at4LqRYiU-ZcjyXz6TNDpEY17shEWvq4JPornWx
https://orcid.org/0009-0008-7443-7674
https://scholar.google.com/citations?user=XMhd0aAAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/IAQ-3887-2023
https://orcid.org/0000-0001-8203-8579
https://scholar.google.com/citations?user=DpS2LQoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=24773309200
https://www.webofscience.com/wos/author/record/1811189
https://orcid.org/0000-0001-6960-218X
https://scholar.google.com/citations?hl=en&user=Ob7OZ90AAAAJ&view_op=list_works&gmla=AHoSzlVuGI6ZSBr9veQBBEixPXsZFzvrYYglDO_Gqppj2TI07at4LqRYiU-ZcjyXz6TNDpEY17shEWvq4JPornWx
https://orcid.org/0009-0008-7443-7674
https://scholar.google.com/citations?user=XMhd0aAAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/IAQ-3887-2023
https://orcid.org/0000-0001-8203-8579
https://scholar.google.com/citations?user=DpS2LQoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=24773309200
https://www.webofscience.com/wos/author/record/1811189
https://orcid.org/0000-0001-6960-218X
https://scholar.google.com/citations?hl=en&user=Ob7OZ90AAAAJ&view_op=list_works&gmla=AHoSzlVuGI6ZSBr9veQBBEixPXsZFzvrYYglDO_Gqppj2TI07at4LqRYiU-ZcjyXz6TNDpEY17shEWvq4JPornWx
https://orcid.org/0009-0008-7443-7674
https://scholar.google.com/citations?user=XMhd0aAAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/IAQ-3887-2023
https://orcid.org/0000-0001-8203-8579
https://scholar.google.com/citations?user=DpS2LQoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=24773309200
https://www.webofscience.com/wos/author/record/1811189

