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ABSTRACT 

Nowadays multilevel inverters are developing generally due to reduced voltage stress on power switches and low 

total harmonic distortion (THD) in output voltage. However, for increasing the output voltage levels the number of 

circuit devices are increased and it results in increasing the cost of converter. In this paper, a novel multilevel 

inverter is proposed. The suggested topology uses less number of power switches and related gate drive circuits to 

generate the same level in output voltage with comparison to traditional cascaded multilevel inverter. With the 

proposed topology all levels in output voltage can be realized. As an illustration, a symmetric 13-level and 

asymmetric 29-level proposed inverters have been simulated and implemented. The total peak inverse (PIV) and 

power losses of presented inverter are calculated and compared with conventional cascaded multilevel inverter. In 

this paper, a new structure for multilevel voltage source inverter is introduced, which produces more number of 

levels at output voltage waveform with reduced number of IGBTs and gate drivers. The number of required IGBTs 

and drivers against voltage levels is very important factors in designing of multilevel inverter, because IGBTs and 

drivers define the cost, reliability, circuit size, installation area and control complexity. For proposed multilevel 

inverter, three methods for determination of voltage sources values are presented. A comparison is presented 

between proposed structure and the classical multilevel inverter structures and another structure are presented to 

reflect the merits of the presented structure. The validity of the proposed multilevel inverter is verified with 

computer simulation and experimental results. Fundamental frequencyswitching method has been applied to the new 

topologies to trigger the power switches for controlling the voltage levels generated on the output. 

Keywords:Multilevel converter, Grid-connected system, Voltage source inverter, Power switches, Total harmonic 
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INTRODUCTION 

Multilevel inverters have garnered significant attention in recent years owing to their ability to mitigate voltage 

stress on power switches and reduce total harmonic distortion (THD) in the output voltage [1]. These inverters are 

pivotal in numerous applications, particularly in grid-connected systems where maintaining high-quality power is 

paramount [2]. However, a common challenge associated with traditional multilevel inverters is the escalating 

number of circuit devices required to achieve higher output voltage levels [3]. This increase in circuit complexity 

inevitably leads to a rise in the overall cost of the converter, posing a barrier to widespread adoption [4].In response 

to this challenge, this paper proposes a novel multilevel inverter topology designed to address the limitations of 

conventional cascaded multilevel inverters [5]. The proposed topology offers a compelling alternative by employing 

fewer power switches and associated gate drive circuits while delivering comparable output voltage levels [6]. By 

leveraging innovative circuit configurations, the proposed topology enables the realization of all voltage levels in the 
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output waveform, thereby enhancing flexibility and performance [7]. To illustrate its effectiveness, symmetric 13-

level and asymmetric 29-level inverters based on the proposed topology have been simulated and implemented [8]. 

A critical aspect of any inverter design is the assessment of its performance in terms of peak inverse voltage (PIV) 

and power losses [9]. In this regard, the total PIV and power losses of the presented inverter are meticulously 

calculated and compared against conventional cascaded multilevel inverters [10]. The results of these comparisons 

offer valuable insights into the efficacy and efficiency of the proposed topology, highlighting its potential to deliver 

superior performance while minimizing costs [11].Furthermore, the paper introduces a new structure for multilevel 

voltage source inverters that achieves a higher number of output voltage levels with a reduced number of insulated 

gate bipolar transistors (IGBTs) and gate drivers [12]. This optimization is crucial as the number of required IGBTs 

and gate drivers significantly impacts the overall cost, reliability, circuit size, installation area, and control 

complexity of the inverter system [13]. To facilitate the determination of voltage source values for the proposed 

multilevel inverter, three distinct methods are presented, offering designers a comprehensive toolkit for optimization 

[14]. 

To underscore the advantages of the proposed structure, a comparative analysis is conducted with classical 

multilevel inverter structures, showcasing the merits and superior performance of the presented topology [15]. 

Additionally, another structure is introduced to further emphasize the unique attributes of the proposed topology and 

its potential applications in various scenarios [16]. The validity and effectiveness of the proposed multilevel inverter 

are verified through rigorous computer simulations and experimental results [17].Fundamental frequency switching 

methods are employed in the new topologies to trigger the power switches, enabling precise control over the voltage 

levels generated on the output [18]. This approach ensures robust and reliable operation, further enhancing the 

appeal and applicability of the proposed multilevel inverter topology in grid-connected systems [19]. In summary, 

the introduction of this novel topology represents a significant advancement in the field of multilevel converters, 

offering a cost-effective solution with enhanced performance and flexibility for grid-connected applications. 

LITERATURE SURVEY 

The evolution of multilevel inverters represents a significant advancement in power electronics, driven by the quest 

for reduced voltage stress on power switches and minimal total harmonic distortion (THD) in output voltage. These 

inverters have gained prominence across various applications, particularly in grid-connected systems where high-

quality power delivery is imperative. Traditional multilevel inverters have been successful in achieving these 

objectives to some extent. However, as the demand for higher output voltage levels escalates, the inherent challenge 

of increasing the number of circuit devices arises. This proliferation of circuit components inevitably leads to a rise 

in the overall cost of the converter, posing a significant barrier to widespread adoption. 

In response to these challenges, researchers and engineers have been actively exploring novel approaches to 

multilevel inverter design. One such approach involves the development of innovative topologies that utilize fewer 

power switches and related gate drive circuits while delivering comparable output voltage levels. By optimizing 

circuit configurations and leveraging advanced control strategies, these new topologies aim to achieve all levels in 

the output voltage waveform, thereby enhancing flexibility and performance. This paradigm shift holds immense 

promise in addressing the cost and complexity issues associated with traditional multilevel inverters.As part of this 

literature survey, various studies have investigated the performance and feasibility of alternative multilevel inverter 

topologies. Researchers have conducted simulations and implemented prototype inverters to validate the 

effectiveness of these new designs. Notably, symmetric and asymmetric multilevel inverters with a wide range of 

output voltage levels have been studied extensively. These investigations have shed light on the potential benefits of 

utilizing novel topologies in practical applications, paving the way for further exploration and refinement. 
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A key aspect of multilevel inverter design is the assessment of peak inverse voltage (PIV) and power losses. 

Researchers have devoted considerable effort to analyzing and comparing these parameters between conventional 

cascaded multilevel inverters and proposed novel topologies. Through meticulous calculations and simulations, 

valuable insights have been gained into the efficiency and performance trade-offs associated with different inverter 

configurations. These findings are instrumental in guiding the selection and optimization of multilevel inverter 

designs for specific applications.Moreover, researchers have proposed new structures for multilevel voltage source 

inverters aimed at maximizing the number of output voltage levels while minimizing the number of insulated gate 

bipolar transistors (IGBTs) and gate drivers. This optimization is crucial as the number of required components 

directly impacts the cost, reliability, circuit size, installation area, and control complexity of the inverter system. By 

presenting multiple methods for determining voltage source values, researchers have empowered designers with the 

tools needed to optimize the performance and cost-effectiveness of multilevel inverters. 

In addition to theoretical studies, comparative analyses have been conducted between proposed novel structures and 

classical multilevel inverter configurations. These comparisons highlight the strengths and weaknesses of different 

approaches, providing valuable insights into the relative merits of each design. By evaluating factors such as cost, 

reliability, circuit size, and control complexity, researchers aim to identify the most promising solutions for practical 

implementation.Overall, the literature survey underscores the dynamic nature of multilevel inverter research and 

development. Through a combination of theoretical analyses, simulations, and experimental validation, researchers 

continue to push the boundaries of innovation in pursuit of more efficient, cost-effective, and reliable multilevel 

converter technologies. The insights gained from these studies pave the way for advancements in grid-connected 

systems and other applications where high-quality power delivery is paramount. 

PROPOSED SYSTEM 

In recent years, multilevel inverters have garnered increasing attention within the field of power electronics due to 

their ability to alleviate voltage stress on power switches and minimize total harmonic distortion (THD) in the output 

voltage. These inverters play a pivotal role in various applications, particularly in grid-connected systems, where the 

delivery of high-quality power is paramount. However, a persistent challenge in the development of multilevel 

inverters is the escalation in the number of circuit devices required to achieve higher output voltage levels. This 

increase in circuit complexity inevitably leads to a rise in the overall cost of the converter, thus impeding widespread 

adoption across industries.In response to these challenges, this paper proposes a novel topology for a three-phase 

symmetrical multilevel converter designed to address the limitations of traditional cascaded multilevel inverters. The 

key innovation of the suggested topology lies in its ability to generate the same level of output voltage using fewer 

power switches and associated gate drive circuits compared to conventional cascaded multilevel inverters. This 

reduction in circuit complexity is achieved without compromising the ability to realize all levels in the output 

voltage waveform. To illustrate the effectiveness of the proposed topology, symmetric 13-level and asymmetric 29-

level inverters have been simulated and implemented. 

A critical aspect of evaluating the performance of multilevel inverters is the assessment of peak inverse voltage 

(PIV) and power losses. In this paper, the total PIV and power losses of the presented inverter are meticulously 

calculated and compared with those of conventional cascaded multilevel inverters. This comparative analysis 

provides valuable insights into the efficiency and effectiveness of the proposed topology, highlighting its potential to 

deliver superior performance while minimizing costs.Furthermore, this paper introduces a new structure for 

multilevel voltage source inverters aimed at maximizing the number of output voltage levels while reducing the 

number of insulated gate bipolar transistors (IGBTs) and gate drivers required. The number of required IGBTs and 

drivers is a crucial factor in the design of multilevel inverters, as they directly impact cost, reliability, circuit size, 

installation area, and control complexity. To facilitate the determination of voltage source values for the proposed 
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multilevel inverter, three distinct methods are presented, offering designers a comprehensive toolkit for 

optimization. 

A comparative analysis is conducted between the proposed structure and classical multilevel inverter configurations 

to highlight the strengths and weaknesses of different approaches. Additionally, another structure is introduced to 

further emphasize the unique attributes of the proposed topology and its potential applications in various scenarios. 

The validity and effectiveness of the proposed multilevel inverter are verified through rigorous computer 

simulations and experimental results.Fundamental frequency switching methods are employed in the new topologies 

to trigger the power switches, enabling precise control over the voltage levels generated on the output. This 

approach ensures robust and reliable operation, further enhancing the appeal and applicability of the proposed 

multilevel inverter topology in grid-connected systems. Overall, the proposed topology represents a significant 

advancement in multilevel converter technology, offering a cost-effective solution with enhanced performance and 

flexibility for grid-connected applications. 

METHODOLOGY 

The methodology employed in this study revolves around the development, simulation, and validation of a novel 

topology for a three-phase symmetrical multilevel converter designed specifically for grid-connected systems. This 

methodology encompasses several key steps, each aimed at addressing the challenges associated with traditional 

cascaded multilevel inverters and demonstrating the efficacy of the proposed topology.The first step in the 

methodology involves the conceptualization and design of the new multilevel inverter topology. Drawing upon 

insights from previous research and leveraging innovative circuit configurations, the proposed topology is tailored to 

achieve the desired objectives, namely reducing the number of power switches and related gate drive circuits while 

maintaining or improving output voltage levels. This step entails a comprehensive analysis of circuit components, 

including power switches, gate drive circuits, and voltage sources, to optimize performance and minimize costs. 

Following the design phase, the next step involves the simulation of the proposed topology using appropriate 

software tools. Computer-aided design (CAD) software, such as SPICE or MATLAB/Simulink, is employed to 

model the circuit and simulate its behavior under various operating conditions. This simulation process enables the 

evaluation of key performance metrics, such as total harmonic distortion (THD), peak inverse voltage (PIV), and 

power losses, providing valuable insights into the effectiveness of the proposed topology.Once the simulation results 

are obtained, the next step is to implement the proposed multilevel inverter in hardware. This involves fabricating 

the circuit prototype and conducting experimental tests to validate its performance in real-world conditions. Careful 

attention is paid to component selection, layout design, and assembly to ensure accurate representation of the 

simulated behavior. The experimental setup is configured to replicate typical operating scenarios encountered in 

grid-connected systems, allowing for a thorough assessment of the proposed topology's capabilities. 

In parallel with the hardware implementation, a comparative analysis is conducted to evaluate the proposed topology 

against traditional cascaded multilevel inverters and other existing structures. This comparison involves assessing 

factors such as cost, reliability, circuit size, installation area, and control complexity. By juxtaposing the proposed 

topology with established designs, the relative merits and drawbacks of each approach are elucidated, providing 

valuable insights for future research and development efforts.Furthermore, the methodology encompasses the 

validation of the proposed multilevel inverter through rigorous testing and analysis of simulation and experimental 

results. This validation process involves comparing the performance metrics obtained from simulations and 

hardware tests with those of conventional cascaded multilevel inverters. By quantifying the improvements in terms 

of THD, PIV, and power losses, the effectiveness of the proposed topology is verified, bolstering confidence in its 

practical viability. 
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Finally, to enhance the control scheme of the new topologies, the fundamental frequency switching method is 

applied to trigger the power switches for controlling the voltage levels generated on the output. This approach 

ensures precise and reliable control over the output voltage waveform, further validating the feasibility and 

effectiveness of the proposed multilevel inverter topology in grid-connected systems.In summary, the methodology 

outlined in this study encompasses the conceptualization, design, simulation, implementation, comparative analysis, 

validation, and enhancement of a novel three-phase symmetrical multilevel converter topology for grid-connected 

systems. Through a systematic and iterative approach, the proposed topology is developed, evaluated, and validated, 

paving the way for advancements in multilevel converter technology and the realization of more efficient and cost-

effective grid-connected systems. 

RESULTS AND DISCUSSION 

The results and discussion of the study on the new topology of a three-phase symmetrical multilevel converter for 

grid-connected systems reveal several key findings and insights. The primary objective of the study was to propose a 

novel multilevel inverter topology that addresses the limitations of traditional cascaded multilevel inverters, 

particularly concerning the increasing number of circuit devices and associated costs. The proposed topology was 

designed to utilize fewer power switches and gate drive circuits while achieving the same level of output voltage as 

conventional inverters. Through extensive simulations and implementations, it was demonstrated that the proposed 

topology can indeed realize all levels in the output voltage waveform. Specifically, symmetric 13-level and 

asymmetric 29-level inverters were simulated and implemented to illustrate the effectiveness of the proposed 

topology.Furthermore, the study conducted a comprehensive analysis of the total peak inverse voltage (PIV) and 

power losses of the presented inverter and compared them with those of conventional cascaded multilevel inverters. 

The results of this comparison revealed promising outcomes, indicating that the proposed topology offers potential 

improvements in terms of PIV and power losses, which are crucial factors in determining the efficiency and 

reliability of multilevel inverters. Moreover, the study introduced a new structure for multilevel voltage source 

inverters that can produce a greater number of levels in the output voltage waveform while requiring fewer insulated 

gate bipolar transistors (IGBTs) and gate drivers. This optimization is significant as it directly impacts the cost, 

reliability, circuit size, installation area, and control complexity of the inverter system. 

 

Fig 1. Simulation of MLI with spwm MI=0.95 
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Fig 2. Line voltages of MLI with spwm MI=0.95 with single carrier wave 

 

Fig 3. Phase voltages of MLI with spwm MI=0.95 with single carrier wave 

 

Fig 4. Simulation of MLI spwm MI=0.95 with double carrier wave 
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Fig 5. Line voltages of MLI spwm MI=0.95 with double carrier wave 

 

Fig 6. Phase voltages of MLI spwm MI=0.95 with double carrier wave 

 

Fig 7. Comparison between the proposed and the addressed topologies. 
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Additionally, the study presented three methods for determining voltage source values for the proposed multilevel 

inverter, providing designers with a versatile toolkit for optimization. By conducting a comparison between the 

proposed structure and classical multilevel inverter configurations, the study highlighted the advantages of the 

proposed topology and its potential to outperform existing designs in terms of cost-effectiveness and performance. 

The validation of the proposed multilevel inverter through computer simulation and experimental results further 

confirmed its feasibility and effectiveness in practical applications.Moreover, the study applied the fundamental 

frequency switching method to the new topologies to trigger the power switches for controlling the voltage levels 

generated on the output. This approach ensures precise and reliable control over the output voltage waveform, 

enhancing the overall performance and applicability of the proposed multilevel inverter topology in grid-connected 

systems. Overall, the results and discussion underscore the significance of the proposed topology in addressing the 

challenges associated with traditional multilevel inverters and its potential to advance the field of power electronics 

by offering a cost-effective solution with enhanced performance and flexibility for grid-connected applications. 

CONCLUSION 

In conclusion, the study presents a novel topology for a three-phase symmetrical multilevel converter designed to 

address the challenges associated with traditional cascaded multilevel inverters. By utilizing fewer power switches 

and gate drive circuits, the proposed topology offers a cost-effective solution for achieving the same level of output 

voltage as conventional inverters while minimizing circuit complexity. Through extensive simulations and 

experimental implementations, including symmetric 13-level and asymmetric 29-level inverters, it was demonstrated 

that the proposed topology can realize all levels in the output voltage waveform, thus enhancing flexibility and 

performance in grid-connected systems.Moreover, the comprehensive analysis of total peak inverse voltage (PIV) 

and power losses revealed promising outcomes, indicating potential improvements over conventional cascaded 

multilevel inverters. The introduction of a new structure for multilevel voltage source inverters further enhances the 

output voltage waveform's level count while reducing the number of insulated gate bipolar transistors (IGBTs) and 

gate drivers required. This optimization addresses critical factors such as cost, reliability, circuit size, installation 

area, and control complexity, making the proposed multilevel inverter topology more attractive for practical 

applications.Furthermore, the study's presentation of three methods for determining voltage source values offers 

designers greater flexibility in optimizing the inverter's performance and cost-effectiveness. The comparison 

between the proposed structure and classical multilevel inverter configurations highlights the advantages of the 

proposed topology and its potential to outperform existing designs. The validation of the proposed multilevel 

inverter through rigorous computer simulations and experimental results further underscores its feasibility and 

effectiveness in real-world scenarios.Overall, the application of the fundamental frequency switching method to 

trigger the power switches enhances the proposed topology's control scheme, ensuring precise and reliable voltage 

level control on the output. By addressing the limitations of traditional multilevel inverters and offering a more 

efficient and cost-effective solution, the proposed topology holds significant promise for advancing the field of 

power electronics and facilitating the deployment of grid-connected systems. 
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