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░ ABSTRACT- The advanced multi-level cascaded H-Bridge inverter system described in this paper is novel and intended 

for effective integration of renewable energy sources. Phase-displacement pulse width modulation (PD-PWM) control has been 

employed in the proposed five-level topology to produce output voltage with better quality. The system incorporates proficient 

filtering methods with a low total harmonic distortion (THD) desired outcome. With a stable output of 230 V at 50 Hz and a 2.3 kW 

capacity, the inverter system has been satisfied the exacting IEEE 519 standards for power quality. The MATLAB/Simulink is 

implemented to simulate and model the entire system, exhibiting its superior performance in terms of harmonic reduction and grid 

compliance. The innovative design offers a dependable respond to for integrating renewable energy, ensuring smooth and high-

quality power injection into the grid. 
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░ 1. INTRODUCTION   
Modern multi-level inverters have become an essential 

technology for grid integration, electric vehicles (EVs), 

industrial applications, and renewable energy. Direct current 

(DC) generated from renewable sources like solar panels or 

batteries is converted into alternating current (AC), which is 

suitable for powering a variety of appliances, by inverters. 

Harmonic distortion and voltage output restrictions on 

conventional two-level inverters can result in decreased 

efficiency and added strain on the electrical components. In 

order to overcome these difficulties, advanced multi-level 

inverters synthesise the output of AC voltage from multiple 

levels of DC voltage sources. As a result, they produce output 

waveforms that are smoother, have a lower harmonic content, 

and are more efficient, which makes them very desirable for 

applications that call for high-quality power conversion. 

Advanced multi-level inverters are essential for improving the 

grid integration of solar and wind energy in the field of 

renewable energy. Because they can produce higher output 

voltages, they no longer need as many step-up transformers, 

which reduces energy waste and infrastructure expenses. They 

additionally ensure compliance to stringent grid codes due to 

their superior harmonic performance, which makes it simpler to 

seamlessly incorporate clean energy into the power grid [1-3]. 
 

Multi-level inverters are gaining popularity due to benefits such 

as reduced harmonic distortion, improved voltage levels, and 

improved power quality. Diode-clamped, capacitor-clamped 

(flying capacitor), and cascaded H-bridge inverters are 

representations of common types. The neutral point clamped 

(NPC) inverter, also known as the diode-clamped inverter, 

produces multiple voltage steps by using diodes to clamp 

voltages at specific levels. The flying capacitor inverter uses 

capacitors to produce a range of voltage levels, improving the 

quality of the waveform. For multi-level voltage output, the 

cascaded H-bridge inverter incorporates several H-bridge 

modules [4-7]. 
 

Inverters with multiple levels are able to deliver higher voltage 

levels without having to switch at extremely high frequencies, 

which reduces switching losses and electromagnetic 

interference. The pulse width modulation (PWM) control 

techniques used by multi-level inverters, which guarantee 

precise control of the output waveform, are one of the key 

factors enhancing their performance. In this article, various 

PWM techniques used in multi-level inverter operation are 

explored. PWM, a control technique, modifies the pulse width 

of a signal to produce a desired output voltage or current 

waveform. PWM techniques are essential for producing high-

quality output waveforms and reducing harmonic content in 

multi-level inverters [8-9]. The most fundamental PWM 

method, known as sinusoidal pulse width modulation (SPWM), 

aims to create an output voltage waveform that closely 

resembles a sinusoidal waveform. This is accomplished by 

contrasting a high-frequency carrier waveform with a reference 

sinusoidal waveform. A finely controlled output voltage is 
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produced by modulating the carrier waveform's pulse width in 

accordance with the reference waveform. Although SPWM is 

relatively simple to implement, voltage distortion at low 

modulation indices is possible [10-13].  
 

Multi-level inverters may additionally experience increased 

component stress and power losses. Better harmonic 

performance and less voltage distortion are made possible by 

the large number of voltage levels, but power semiconductor 

devices may be subjected to greater voltage and current stress 

as a result. This may have an impact on the energy conversion 

process by increasing switching losses and lowering overall 

efficiency. The size and cost of the components used in multi-

level inverters present another significant obstacle. Voltage 

changes, harmonics, and grid disturbances have the potential to 

degrade both the inverter's performance as well as the connected 

renewable energy sources. Robust control strategies are 

required to maintain stable operation, lower voltage 

fluctuations, and provide grid support services like reactive 

power compensation and voltage regulation. Furthermore, to 

integrate multi-level inverters with renewable energy systems, 

sophisticated modelling and simulation techniques are required. 

Accurate models are needed to predict the inverter's 

unpredictable behavior under a variety of operating conditions, 

such as shifting renewable energy production and shifting grid 

dynamics [14-25]. 
 

The following list includes the different objectives for the 

design and analysis of an advanced multi-level cascading H-

bridge inverter system for integrating renewable energy: 

• Including the selection of power semiconductor devices, 

gate drivers, and control schemes, create a thorough 

design for a five-level cascaded H-bridge inverter system. 

To achieve precise voltage output levels and reduce 

switching losses, optimize the modulation method. 

• Develop a reliable interface that can effectively manage 

input power fluctuations while converting the variable DC 

output of renewable energy sources into stable AC output. 

• Perform a thorough analysis of the output waveform of the 

inverter to determine the THD level. Implement strategies 

such as PD-PWM to reduce THD and ensure harmonic 

distortion compliance with grid standards. 

• Establish a suitable output filter to lower high-frequency 

harmonics and enhance the output waveform quality of the 

inverter. Examine how well the filter provides at reducing 

undesirable harmonics as well as its effect on affects the 

stability and performance of the system. 

• Analyze extensive simulations to determine the advanced 

inverter system's overall effectiveness and performance. 

Examine the system's performance metrics, such as 

efficiency, output voltage regulation, and harmonic 

content, in relation to IEEE 519 standards.  
 

░ 2. PROPOSED FIVE LEVEL 

INVERTER WITH RENEWABLE 

ENERGY INTEGRATION 
Two symmetrical voltage sources and six power switches are 

used in the five-level multilevel inverter which has been 

proposed. It facilitates five operating modes, improving the 

quality of the voltage output. The highest positive output 

voltage is produced in mode 1 by combining the power of the 

two sources. One source is used in mode 2 to produce a lower 

power output. In mode 3, both sources are not interconnected to 

sources in order to produce a zero output. The second source is 

inverted in mode 4 to produce a negative mid-level output. The 

highest negative output power at mode 5, employs two sources. 

This set up efficiently satisfies a range of load requirements 

while optimizing voltage levels and quality. The limitation of 

proposed MLIs is it requires two independent DC voltage 

sources for producing five levels. As the number of levels 

increases, requirement of voltage sources also increases, which 

is not acceptable. Figure 1 illustrates the PV integrated grid 

connected system with proposed MLI. Figure 2 depicts the 

proposed MLI system. Figure 3-5 illustrates the various modes 

of operation. 

 

 
Figure 1: PV integrated grid connected system with proposed MLI 

 

 
Figure 2: Proposed five level inverter topology 

 

 
Figure 3: +2VDC output voltage 

 

 
Figure 4: -2VDC output voltage 
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Figure 5: 0VDC output voltage 

 

░ Table 1: Switching logic of proposed MLI 
 

Voltage State S1 S2 S3 S4 S5 S6 

+2VDC 0 1 1 0 1 0 

+VDC 0 1 0 1 1 0 

0VDC 0 1 0 0 0 1 

-VDC 1 0 0 1 1 0 

-2VDC 1 0 0 0 0 1 

 

 
Figure 6: Phase disposition - Pulse width modulation 

 

The proposed five-level multilevel inverter employs a phase 

disposition pulse width modulation (PWM) technique to control 

its output. This approach ensures efficient utilization of DC 

sources and reduces harmonic distortion. In phase disposition 

PWM, reference and carrier wave signals are compared to 

generate switching pulses for the inverter's switches. The 

reference waveform represents the desired output voltage, while 

the carrier waveform is typically a high-frequency triangular 

waveform. By modulating the width of the pulses, the inverter 

produces an output waveform that closely follows the reference 

signal. This technique enables finer control over the output 

voltage levels, enhancing the inverter's performance and 

enabling applications in high-power systems such as renewable 

energy integration and motor drives. Figure 6 illustrates the 

Phase disposition pulse width modulation with sinusoidal 

reference and triangular carrier wave signal. 

 

░ 3. RESULTS AND DISCUSSION  
The proposed five-level multilevel inverter utilizes a 

symmetrical input voltage of 115 V to generate an output 

voltage of 230 V at 50 Hz, operating with a high switching 

frequency of 2650 Hz. This inverter employs advanced pulse-

width modulation techniques to synthesize the desired voltage 

levels, resulting in reduced harmonic distortion and improved 

voltage quality. To enhance its performance, a filter capacitor 

and inductor are integrated to mitigate voltage fluctuations and 

provide smoother output. This configuration enables efficient 

and precise voltage conversion, making it suitable for various 

applications requiring high-quality power conversion with 

minimized harmonic content. Figure 7 illustrates the five-level 

staircase output voltage and current for resistive load condition. 

Figure 8 depicts the output current and voltage during RL 

without LC filter. Table 2 illustrates the various design 

parameters, which is required to operate lesser THD condition. 
 

░ Table 2: Proposed MLI design parameters 
 

S. No. Parameters Values/Quantity 

1.  DC symmetrical voltage source 115 V 

2.  Number of DC sources 2 

3.  
Number power MOSFET 

switches 

6 

4.  Switching frequency 2650 Hz 

5.  Resistive Load 110 Ω 

6.  Filter capacitance 162 µF 

7.  Filter inductance 2.2 mH 

8.  Voltage output 230V 

9.  Current output 10.1 A 

10.  Power output 2.323 kW 

 

 
Figure 7: Five level output voltage and current of MLI using R-load 

 

 
Figure 8: Five level output voltage and current of MLI using RL-

load 
 

 
Figure 9: THD analysis of output voltage during R and RL load 
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Figure 10: Output current during RL load with LC filter 
 

 
 

Figure 11: %Voltage THD of proposed and conventional MLI 
 

 
 

Figure 12: %Current THD of proposed and conventional MLI 

 

THD analysis of output voltage and current under RL load 

without a filter is shown in figure 9 and figure 10 respectively. 

The THD analysis of the output current under RL load with an 

LC filter is shown in figure 11. The current THD has attained at 

1.84% during maximum modulation index. Figure 11 shows the 

voltage to harmonic distortion (THD) of the proposed and 

conventional MLIs, with the proposed MLI having been 

produced at a lower voltage than the conventional MLI, which 

consists of eight power switches. Similarly, figure 12 compares 

the %current THD of proposed and conventional MLI and also 

shows that the proposed inverter produces lower THD values. 

Table 3 shows the comparison of proposed MLI with existing 

MLIs in the literature. 

 

░ Table 3: Comparison of proposed MLI with existing MLIs 
 

Components 
Proposed 

MLI 

Classical MLIs References 
 

NPC FC CHB [19] [22] [20] [23] [21] [24] [25] 

DC Source 2 1 1 2 2 1 4 1 2 1 2 

Capacitors 0 4 10 0 0 2 0 8 0 10 0 

Unidirectional 

switches 
6 8 8 8 7 6 20 22 14 18 12 

Bidirectional 

switches 
0 0 0 0 2 1 0 0 0 0 0 

Driver circuits 6 8 8 8 9 7 20 22 14 18 12 

Clamping diodes 0 12 0 0 6 2 0 0 4 0 0 

 

░ 4. CONCLUSION 
The integration of maximum power point tracking the proposed 

five-level multilevel inverter with 6 IGBT power switches and 

2 symmetrical voltage sources has demonstrated promising 

results. Operating at 230 V and 50 Hz, it efficiently generated 

an output power of 2.32 kW. The achieved low total harmonic 

distortion (THD) of 1.84% in current during LC filter and 

7.12% under RL load conforms to the stringent IEEE 519 

standards, ensuring a high-quality output waveform. The 

control strategy can be improved to achieve even lower THD 

levels and greater effectiveness. Furthermore, investigating the 

integration of energy storage systems and renewable energy 

sources can improve its applicability in contemporary power 

systems. Overall, the proposed multilevel inverter design shows 

great promise for safe and dependable power conversion, with 

room for future developments in power electronics and the 

incorporation of renewable energy sources. The future scope of 

this work is to improve the reliability of proposed MLI topology 

and also apply the space vector PWM techniques for better use 

of proposed MLI in applications like drives, grid integration of 

RES etc. 
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