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Multilevel inverters h-bridge (MLI) are now favored over conventional 

transformers due to higher output voltage levels and lower harmonic 

distortions. In this study, a 45-level and 39-level inverter with lower power 

switchgear number was constructed. The 16-switch single-phase MLI 

inverter is generated, simulated, and used realistically. The simulation 

system uses a control method called sinusoidal pulse width modulation 

(SPWM). The output voltage from the simulation includes total harmonic 

distortion (THD). THD values  of 45 and 39 level output voltage simulation 

are 2.59% and 2.98% respectively. The system has been designed and 

tested practically without load,The THD value was 2.69% for 45-level and 

3.13% for 39-level. These results demonstrate that the proposed MLI circuit 

and SPWM controller were successful in achieving the necessary voltage 

level and THD decreased when level increased. 
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1. Introduction 

Energy from renewable energy systems such as solar, 

biofuel and a variety of other sources is widely used 

by power electronics equipment. Direct current (DC) 

is generated by renewable energy sources (RES). 

Inverters convert direct current (DC) power to 

alternating current (AC) power. Inverters produce  

waveforms with multiple harmonics as output. The 

MLI offers various advantages over a standard 

inverter, including decreased harmonics and greater 

output voltages. As a result, many scientists are 

working to create the greatest MLI circuits and 

controller algorithms possible in order to attain 

inexpensiveness, small footprints and excellent 

efficiency. As a result, MLI is more appropriate than 

traditional types for medium/high power industrial 

uses, The fundamental advantage of a multilevel 

inverter is that increasing the number of levels 

increases the output voltage and staircase waveform. 

The staircase waveform helps to reduce total 

harmonic distortion (THD) [1]. The cascaded H-

bridge inverter is a novel type of MLI that produces 

greater levels of output voltage with fewest switches. 

It is simple to build and operate. Multilevel inverter 

topologies are divided into three categories: flying-

capacitor, diode-clamped, and cascaded inverters. It 

has been used to control the cascaded H-bridge 

(CHB) for its flexibility and simplicity. There are two 

types of CHB inverter, symmetrical and 

asymmetrical topologies [2]. Cascaded MLIs are 

suited as separate-DC-sources for applications that 

utilize renewable energy like solar PV power plants 

[3]. Cascaded MLI is formed by sequentially 

connecting several single cell H-bridge inverters 

using various DC sources. Every inverter unit is 

configured to produce multiple output voltages 

(+Vdc, 0Vdc, and -Vdc) [4]. Optimizing MLI output 

voltage levels enhances system performance, lowers 

distorted signals, and certifies it for high-voltage 

workloads [5]. A multi-level inverter is an excellent 

choice for photovoltaic (PV) applications. It 

improves efficiency and power quality. PV panels 

with varying properties or irradiations can be 

employed as standalone DC sources in a cascaded H-

bridge (CHB) multi-level converter. As a result, the 

difficult regulation of partially shaded PV converters 

can be handled [6], The nearest state control and 

multicarrier-based SPWM schemes are the most 

popular MLI applications because they reduce the 

number of switches and THD[7][8]. The 

implementation of a novel MLI topology with 

sophisticated controller is proposed in this study. The 

MLI practical set is implemented using an Arduino 

microcontroller set, and the results are validated 

using the MATLAB software platform. The goal of 

this research is to investigate the MLI with lower  

electronics switching devices and good power system 

quality. This circuit is designed to provide various 

levels of output voltage with as little THD as 

possible. and to validate it using simulation and 

practical outcomes. 

2. THEORY OF MULTILEVEL INVERTERS 

For the conventional kind, 88 power electronic 

switching devices are needed to provide 45 levels of 

output voltage by connecting 22 cascade H-bridge 

voltage source inverters in series with 22 equal DC 

voltage sources [15]. In  this  study MLI 45 level 

need 4-Hbridge, and according to the relation 3*h, 

where h is the bridge number, the highest level 

reachable is 81 levels and the `values of the input 

voltages for each h-bridge are (1vdc, 3vdc, 9vdc, 

27vdc), and if The number of bridges was 3, the 

highest level is 27 levels, and in the order of the 

voltage values for each bridge, as shown in Figure 1, 

and since the number of levels is equal to 2S + 1, 

where S represents the algebraic sum of the input 

voltages for each bridge H, Can obtain any level Less 

than 81. By using this technology, the number of 

switches is reduced, thus reducing costs and losses, 

and increasing efficiency. For 45 level the inputs are  

(Vdc, 3Vdc, 9Vdc, and 9Vdc) and (Vdc, 3Vdc, 6Vdc, 

and 9Vdc) for 39 level. The switching pattern of the 

proposed MLI is described in Table (1) for 45-level. 

For example, to get 22Vdc according Table (1) the 

switches (S1, S2, S5, S6, S9, S10, S13, S14) are ON 

and others switches OFF. The same method is 

followed for the remaining output values. This table 

should be implemented in both the simulation 

program (Matlab) and the practical application.  By 

reflecting the cases of switches in the positive part, 

the negative part can be achieved. For example, to get 

-22Vdc according Table (1) the switches (S1, S2, S5, 

S6, S9, S10, S13, S14) are OFF and others switches 

ON. 

 

 

 

 

 

 

 

 

 
Figure (1): Suggested 45-level inverter circuit. 
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Table (1) Inverter output voltages and switching status 

Levels S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 

22V 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 

21V 1 0 0 1 1 1 0 0 1 1 0 0 1 1 0 0 

20V 0 0 1 1 1 1 0 0 1 1 0 0 1 1 0 0 

19V 1 1 0 0 1 0 0 1 1 1 0 0 1 1 0 0 

18V 1 0 0 1 1 0 0 1 1 1 0 0 1 1 0 0 

17V 0 0 1 1 1 0 0 1 1 1 0 0 1 1 0 0 

16V 1 1 0 0 0 0 1 1 1 1 0 0 1 1 0 0 

15V 1 0 0 1 0 0 1 1 1 1 0 0 1 1 0 0 

14V 0 0 1 1 0 0 1 1 1 1 0 0 1 1 0 0 

13V 1 1 0 0 1 1 0 0 1 1 0 0 1 0 0 1 

12V 1 0 0 1 1 1 0 0 1 1 0 0 1 0 0 1 

11V 1 1 0 0 0 0 1 1 1 1 0 0 1 0 0 1 

10V 1 1 0 0 1 0 0 1 1 1 0 0 1 0 0 1 

9V 1 0 0 1 1 0 0 1 1 1 0 0 1 0 0 1 

8V 0 0 1 1 1 0 0 1 1 1 0 0 1 0 0 1 

7V 1 1 0 0 0 0 1 1 1 1 0 0 1 0 0 1 

6V 1 0 0 1 0 0 1 1 1 1 0 0 1 0 0 1 

5V 0 0 1 1 0 0 1 1 1 1 0 0 1 0 0 1 

4V 1 1 0 0 1 1 0 0 1 0 0 1 1 0 0 1 

3V 1 0 0 1 1 1 0 0 1 0 0 1 1 0 0 1 

2V 0 0 1 1 1 1 0 0 1 0 0 1 1 0 0 1 

1V 1 1 0 0 1 0 0 1 1 0 0 1 1 0 0 1 

0V 1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 

3. Configuration of the Proposed System 

The MATLAB application models the 

suggested system as depicted in Figure (2). The 

suggested system, represented is made up of a 

four PV solar systems with voltage (1:3:9:9V) 

for 45-level and (1:3:6:9V) for 39-level are 

recommended, where (V) is the input voltage 

value of the H-bridge cell. The total number of 

input sources was combined in the ratio 

(1:3:9:9V) to produce an output voltage with 

45-levels (+22V to -22V). 

3.1. PV Module 

The photovoltaic power features, as shown in Figure 

(3), are  nonlinear. The attributes of a PV cell are 

investigated using variables such as the voltage of the 

open circuit (Voc) and current through a short-circuit 

(Isc). The Isc, an irradiance-dependent quantity, is 

the maximum value of current that a cell may deliver. 

On the other side, The greatest voltage that a solar 

cell may produce when no current is flowing through 

it is known as Voc [9]. A common similar circuit 

design exists to describe PV cells. Figure 4 depicts an 

individual diode with both series and shunt 

resistance. Photon-generated current (Iph) is created 

by PV and correlates to solar irradiation. Interface 

and connection-related losses are represented by 

resistance (Rs), while diode leakage currents are 

expressed by parallel resistance (Rsh) [10] [11]. 

3.2. DC-DC converter 

A DC-DC step-up converter is required. Using 

the MPPT algorithm technique, the maximum 

generation power of the PV solar system can be 

achieved. To maximize output power in solar 

systems, several control approaches or strategies 

can be used [13]. The Perturb and Observe 

(P&O) method is used in this study, is the most 

widely used. It is commonly used in 

commercial PV inverters that use low-cost 

microprocessors due to the algorithm's 

simplicity and stability. Figure 3 depicts the (V-

I) and (P-V) characteristics curves of the 

proposed PV systems. which is optimized 

according to the flow chart shown in Figure (5).
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Figure (2): Modeling circuit of the proposed system with 45-voltage level 
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Figure 3: The (V-I) and (P-V) characteristics of 

a PV module [12]. 

 

 

Figure 4: PV cell equivalent circuit [11].

 

Figure (5): Flow Chart of the P&O technique [14]. 

3.3. Multilevel Inverter (MLI) 

To provide distinct output voltages with varying 

levels, a multilevel inverter with uneven DC 

voltage source values and less power switching 

devices is used [15].Various PWM approaches 

were utilized to drive the multilevel inverter 

switches. In this study, a Sine PWM (SPWM) 

controller proposed by [16] is improved to 

provide output voltages of multilevel inverter. 

The multicarrier PWM utilized to generate a 45-

volt level using a sine wave reference is 

depicted in Figure (6).  The control circuit is 

built using the multicarrier PWM technique, as 

shown in Figure (7). To control the gate pulses, 

a simple PWM approach is used. A PWM pulse 

generator generates the gate pulses for the 

switches.
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Figure (6): SPWM algorithm for 45- level inverter. 

––

 

Figure (7):  Modeling circuit of the suggested control system. 
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4.  Simulation Results 

The proposed single-phase multilevel inverter is 

planned and reconstructed in MATLAB/Simulink 

using an SPWM controller and low-power electronics 

switching components. The DC input voltages for 45-

level are set to )1, 3, 9, 9(V and )1, 2, 6, 9(V for 39-

level with a carrier frequency of 5 kHz. Figure (8), 

depicts the output voltage waveform of a multilevel 

inverter. Figure (9) depicts the FFT spectrum of 

output voltage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           (a) 

 

        (b) 

Figure (9): The FFT analysis of the output voltage (a) 

45-level (b) 39-level. 

5.  Practical results 

     In the course of our practical research, Arduino 

(MEGA 2560) was used to generate a series of 

successive pulses for the purpose of turning the 

switches ON and OFF, figure (10) shows a general 

block diagram of the REs 45-level system using the 

Arduino microcontroller, as shown in Table 1, to 

obtain the required levels starting from zero to +22 

and to zero. This is for the positive part of the wave, 

then directly start with the negative part down to -22 

then to zero. Thus, a full wave is a generated, this 

 

 

(b) 

Figure (8): Output voltage at 5000 HZ (a) 45-

level, (b) 39-level. 

 

(a) 

 



Thamir H. Atyia/NTU Journal of Renewable Energy (2023) 5 (1): 24-33 

 
31 

 

process is repeated many times, as is appropriate to 

obtain a wave at a frequency of 50 Hz. 

 

Figure (10): Block Diagram of the Proposed 

Controller 45-level. 

Gate drive circuit based on TLP 250 

Optocoupler shown in figure (11). 

 

Figure (11): Gate drive circuit TLP 250 

Optocoupler 

A practical circuit consisting of four h-bridges was 

built and connected with voltage regulators and solar 

panels. By changing the voltage input values, we 

obtained the required levels. Figure (12), shows the 

connection of four solar cells with voltage regulators 

and a multi-level inverter. The MLI has several 

advantages over a typical inverter, including lower 

harmonics and higher output voltages, as well as 

lower cost and superior efficiency. As a result, MLI 

is more suitable than previous types for medium/high 

power industrial applications. Cascaded MLIs are 

suitable as separate-DC-sources for applications that 

utilise renewable energy, such as solar PV power 

plants.. Figure (13), represents an output voltage 

wave at level 45 and 39 with no load. Figure (14); 

represent the THD value that was measured of output 

voltage practical circuit. 

 

Figure (12): Prototype of practical research 

 

 
(a) 

 

(b) 

Figure (13): Practical results of output voltage (a) 45-

level, (b) 39-level. 
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(a) 

 

(b) 

Figure (14): THD value of output voltage practical 

circuit (a) 45-level, (b) 39-level. 

 Conclusions 

This study suggests an MLI comprising 16 switches 

and 4 uneven DC input sources. This circuit's 

function is to show how well the SPWM controller 

works with the circuit. This circuit offers a lower 

THD value at greater output voltage levels. The 

proposed circuit's experimental setup has been 

constructed in the lab. Results from simulations and 

experiments clearly demonstrate that the THD is 

lower for 45-level than for 39-level. The suggested 

circuit's success at 45 and 39 is accompanied with a 

tolerable distortion rate, demonstrating that the 

system can operate at both levels with tolerable THD 

values. According to the simulation and experimental 

data, the THD value at 45-levels is lower than at 39-

levels. 
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