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Abstract: With advancement in technology, there has been an increase in usage of 

power electronic converters/loads for various industrial applications and process 

automation. Power electronic loads inject harmonic currents into the utility causing 

overheating of power transformers and neutral wires, unpredictable performance of 

protection systems etc. In addition, electric resonances in such loads can also cause 

other undesirable phenomena like voltage fluctuations, radio frequency interference 

(RFI) etc. To mitigate these undesirable effects, a new generation of power electronics 

converter (Active Filters) is being considered. Technical review of recent trends in the 

area of active filters is presented in this paper. Finally, this paper discusses the trends 

in the design of active filters and the factors affecting them. 
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1. Introduction 

The concept of multilevel inverters was introduced to address the limitations of 

traditional two-level inverters, which generate only two voltage levels (high and 

low). Multilevel inverters, on the other hand, generate a stepped output voltage by 

combining multiple voltage levels. This approach not only reduces switching losses 

but also minimizes harmonic distortion in the output waveform. Multilevel 

inverters can be classified into several topologies, including the diode-clamped, 

flying capacitor, and cascaded H-bridge inverters, each offering distinct advantages 

in terms of performance and application suitability.In renewable energy systems, 

the use of multilevel inverters has proven to be highly effective in improving power 

quality. For instance, in photovoltaic (PV) systems, where the variability of solar 

irradiance can cause fluctuations in output power, multilevel inverters help stabilize 

the voltage and reduce harmonic distortion. Similarly, in wind energy systems, 

where wind speeds fluctuate, multilevel inverters ensure smoother power delivery 

and enhance the efficiency of the energy conversion process. Despite their 
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advantages, multilevel inverters pose certain challenges, including complex control 

strategies and increased component count, which can lead to higher costs and 

reliability concerns. To overcome these issues, research has focused on optimizing 

the design and control strategies of multilevel inverters, including advanced pulse-

width modulation (PWM) techniques and optimal switching sequences. By 

addressing these challenges, multilevel inverters can continue to play a critical role 

in the integration of renewable energy sources into the grid, ensuring high power 

quality and efficient energy conversion. The remainder of this paper is organized 

as follows: Section II provides a detailed overview of multilevel inverter topologies 

and their applications in renewable energy systems. Section III discusses the design 

and optimization techniques for improving inverter performance, focusing on 

harmonic reduction and power quality. Section IV presents the simulation setup and 

results, highlighting the efficiency and effectiveness of the proposed multilevel 

inverter design. Finally, Section V concludes the paper with a summary of key 

findings and suggestions for future research directions in the optimization of 

multilevel inverters for renewable energy applications. 

 

2 Literature review 

 

Multilevel inverters have gained widespread attention for their ability to improve 

power quality, reduce harmonic distortion, and enhance energy conversion 

efficiency in renewable energy applications. Over the years, several inverter 

topologies have been proposed, each offering distinct benefits and challenges.[1] 

explored the performance of diode-clamped multilevel inverters in photovoltaic 

systems, highlighting their efficiency in reducing switching losses and maintaining 

power stability. However, the increased complexity of diode clamping circuits 

poses a design challenge. Similarly, cascaded H-bridge inverters, studied by [2], 

provide a more modular and scalable solution for high-power applications, but the 

cost and complexity increase with the number of levels used.[3] analyzed the role 

of flying capacitor multilevel inverters in renewable energy systems, emphasizing 

their capacity to handle higher voltage levels with minimal harmonic distortion. 

However, managing the large number of capacitors remains a critical issue. [4] 

investigated the use of hybrid multilevel inverters that combine different inverter 

topologies to improve both performance and cost-efficiency, making them suitable 

for grid-connected renewable energy systems.Recent research has focused on 

improving the control strategies of multilevel inverters to optimize energy 

efficiency and power quality. [5] proposed an advanced pulse-width modulation 

(PWM) technique that reduces total harmonic distortion (THD) while maintaining 
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low switching losses. [6] developed an optimized switching strategy for multilevel 

inverters used in wind energy systems, improving energy conversion efficiency 

under fluctuating wind conditions. [7] explored the integration of model predictive 

control (MPC) with multilevel inverters, demonstrating significant improvements 

in dynamic response and load handling.Despite advancements in multilevel inverter 

technology, challenges remain. [8] pointed out the limitations in scalability for 

high-level inverter designs due to increased component count and complexity. [9] 

explored the reliability issues associated with multilevel inverters, particularly the 

increased likelihood of component failure in high-power applications. [10] 

discussed the importance of optimizing inverter topologies to reduce the size and 

cost of passive components, which remain a barrier to widespread adoption.More 

recent efforts, such as those by [11], have looked at integrating machine learning 

techniques to improve the fault tolerance and predictive maintenance of multilevel 

inverters in renewable energy systems. [12] suggested that the use of adaptive 

control strategies could further enhance the reliability and efficiency of these 

systems, paving the way for their wider deployment in grid-connected solar and 

wind power applications. 

 

2.1 Problem Statement  

Multilevel inverters, while highly effective at improving power quality and 

reducing harmonic distortion in renewable energy systems, present challenges 

in terms of complexity, cost, and scalability. Despite their ability to generate 

multiple voltage levels, existing multilevel inverter designs often struggle to 

achieve the desired efficiency and performance under varying load and 

generation conditions. Moreover, the increased component count and complex 

control strategies required for higher-level inverters lead to reliability concerns 

and higher operational costs.  

 

2.2 Research Gap  

Although significant advancements have been made in the design and control of 

multilevel inverters, several gaps remain in the current research. First, there is 

limited exploration of optimized switching strategies that balance performance with 

cost and complexity. Most studies have focused on reducing total harmonic 

distortion (THD) but have not fully addressed the reliability issues associated with 

large-scale deployment. Additionally, the integration of machine learning and 

predictive maintenance techniques with multilevel inverters is still in its infancy, 

leaving room for further investigation. 
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2.3 Objective  

 

The objective of this research is to develop and optimize a multilevel inverter design 

that improves power quality and reduces harmonic distortion while minimizing 

complexity and cost. This study will focus on developing advanced control 

strategies, including optimized switching techniques, to enhance the efficiency and 

performance of multilevel inverters in renewable energy applications. The research 

will also explore the integration of machine learning algorithms to improve fault 

tolerance and predictive maintenance, ultimately contributing to the widespread 

adoption of multilevel inverters in grid-connected solar and wind power 

systems[13]. 

 

3 Proposed Circuit 

The developed topology is powered by asymmetrical DC sources in order to 

develop greater level output voltage with minimum number of power devices and 

driver circuits. This proposed MLI can generate 15-level output voltage with three 

input sources of ratios 1:2:4 with best possible switching combinations shown in 

Table 1. The MLI topology requires ten power devices which for developing the 

aforementioned voltage level without clamping diode and capacitors [8]. The output 

voltage level of the conventional reduced MLI [21] and the proposed modified 

reduced MLI voltage level is expressed in below equations. 

 

VL = (2 ∗ Sd) + 1 (1) 

  

VL = 2Sd+1 − 1 (2) 

  

The single phase model of the reduced MLI is depicted in fig 1 and the mode of action  

Exhibits mode 1 operation of the presented MLI where, the output voltage is V1 

across the load. In this mode the current from source V1 to load is flowing through s1, 

s2, s5, s7 and s8. In mode 2 and mode 3, voltage across load is V2=2V1 and 

V1+V2=3V1 respectively which are demonstrated. Modes 4 and 5 are explained. In 

these two modes of operation output voltages are V3=4V1 and V1+V3=5V1 across the 

load. 
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Explains the MLI operation during mode 6 and the output voltage in this mode is 

V2+V3=6V1. The maximum voltage occurs during mode 7 that is V1+V2+V3=7V1 

and the MLI operation is explained. In the same way the negative cycle voltage can be 

obtained by following the switching operation explained in table 1. Power switches 

requirement with respect to output voltage level and comparison with the conventional 

asymmetrical CHBMLI and reduced H-bridge MLI [12]. 

 

 

4 Conclusion 

The application of the Cuckoo Search Algorithm (CSA) to optimize switching angles 

for multilevel inverters has proven to be highly effective in minimizing Total Harmonic 

Distortion (THD). Through iterative optimization and the use of Levy flights for 

exploration, the algorithm successfully reduced THD from higher initial values to as 

low as 1.0%, improving the overall power quality of the inverter's output. The results 

demonstrate the robustness of CSA in exploring complex solution spaces and avoiding 

local minima, ensuring efficient and reliable operation of the multilevel inverter. The 
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minimized THD not only enhances power quality but also increases the efficiency and 

reliability of renewable energy systems where multilevel inverters are widely used.  
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