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Abstract. This five-stage converter helps to nearly double the power handling capacity of the 

inverter as compared to two-stage converters. Design challenges for grid-connected solar 

photovoltaic systems related to the power conditioning units are power quality, efficiency, 

reliability, cost of implementation, etc. This article deals with a single DC-source-based five-level-

doubling network high-resolution multilevel inverter topology with the appropriate blend of 

switches to address most of the practical constraints of central DC source application. A five-stage 

high-resolution multilevel inverter solution is adapted to double the inverter utilization as well as 

to increase efficiency. Reactive power handling and fault-blocking capability of the system are 

also demonstrated in this work. The converter is extensively simulated using MATLAB/Simulink. 

Experimental results from the laboratory prototype confirm the usefulness of the proposed 

concepts. The main bridge is fed by a common PV array and isolated sources are used to feed 

auxiliary bridges. Although the power required by these isolated sources is much less, it is reflected 

in the total system cost. These isolated sources have been removed with the help of a low-gain PI 

controller. In this converter, only the main bridge is fed by the dc source. For grid-connected solar 

PV applications, all the main bridges are merged with the help of transformers and fed by a 

common PV array. As three DC buses are combined, there will be no mismatch during 

unbalancing. Hence, the system will not deviate from MPPT, and power quality will be 

maintained. Boost converter is used in between PV and inverter. This two-stage converter helps 

to nearly double the power handling capacity of the inverter as compared to single-stage 

converters. 

1. INTRODUCTION 

A five-stage multilevel inverter is a complex power electronics system designed to convert direct current (DC) 

power into alternating current (AC) power with higher voltage levels. The primary objective of researching and 

developing such inverters is to address the growing demand for efficient and reliable energy conversion systems 

in various applications, such as renewable energy integration, motor drives, and grid-connected systems. This 

technology aims to overcome the limitations of traditional two-level inverters, such as higher voltage stress on 

semiconductor devices and increased harmonic distortion in the output waveform. One key objective of studying 

five-stage multilevel inverters is to improve overall system performance and efficiency. By utilizing multiple 

voltage levels in the output waveform, these inverters can reduce the total harmonic distortion, leading to a cleaner 

and more sinusoidal AC output. This is crucial for applications where high-quality power is essential, such as in 

industrial processes and sensitive electronic equipment. Lower harmonic distortion also contributes to improved 

power factor and reduced stress on connected devices, ultimately enhancing the reliability of the power conversion 

system. Another objective is to enhance the scalability and modularity of the inverter design. Multilevel inverters, 

by their nature, provide a modular structure that can be easily expanded by adding more levels to the system. This 

scalability allows for flexibility in adapting the inverter to different voltage and power requirements, making it 

suitable for a wide range of applications. Researchers aim to develop innovative control strategies and modulation 

techniques to optimize the performance of each stage and ensure seamless integration of additional stages without 

compromising overall system efficiency. Furthermore, the objective is to explore the potential of five-stage 

multilevel inverters in the context of renewable energy systems. Integrating renewable energy sources, such as 
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solar and wind, into the power grid requires sophisticated power electronics solutions to manage the variability of 

these sources. Multilevel inverters offer advantages in terms of improved energy harvesting efficiency, reduced 

power losses, and better grid compatibility. Investigating and refining the performance of these inverters in 

renewable energy applications aligns with the global push towards sustainable and clean energy solutions. In 

conclusion, the objectives of studying five-stage multilevel inverters encompass improving overall system 

performance, enhancing scalability and modularity, and exploring their potential in renewable energy 

applications. Through advancements in control strategies, modulation techniques, and system design, researchers 

aim to contribute to the development of more efficient, reliable, and versatile power electronics solutions that 

meet the evolving demands of modern energy systems. One of the key advantages of the five-stage multilevel 

inverter is its ability to reduce switching losses. By distributing the voltage across multiple power devices, the 

stress on each device is minimized, leading to improved efficiency and reliability. This reduction in switching 

losses is especially valuable in high-power applications where energy conservation and heat management are 

critical factors. Additionally, the multilevel inverter configuration enables the use of smaller and less expensive 

power devices, contributing to cost savings in the overall system. The application scope of the five-stage 

multilevel inverter extends to various industries, including renewable energy. In solar and wind power systems, 

where clean and reliable AC power is essential for grid integration, multilevel inverters play a vital role. Their 

ability to generate high-quality output voltage with minimal harmonic distortion makes them well-suited for 

feeding power into the grid, contributing to the efficient and stable operation of modern power systems. Overall, 

the five-stage multilevel inverter stands as a significant advancement in power electronics, offering improved 

performance, reduced harmonic content, and enhanced efficiency in a variety of applications. 

2. LITERATURE REVIEW 

Stage Multilevel Inverter: A two-stage multilevel inverter is a sophisticated power electronics device used in 

various applications such as renewable energy systems, electric vehicles, and high-voltage power transmission. 

This inverter topology employs multiple power semiconductor devices to synthesize an output voltage waveform 

with multiple levels, providing advantages such as improved output waveform quality, reduced harmonic 

distortion, and enhanced efficiency compared to traditional inverters.In the first stage of a two-stage multilevel 

inverter, several lower-voltage DC sources are connected in series to create a staircase-like voltage waveform. 

These sources can be batteries, capacitors, or other energy storage elements. By controlling the switching of 

semiconductor devices, such as insulated gate bipolar transistors (IGBTs) or metal-oxide-semiconductor field-

effect transistors (MOSFETs), the inverter can manipulate these DC sources to generate a multilevel AC output 

voltage.The second stage of the inverter involves the conversion of the staircase voltage waveform into a high-

quality sinusoidal output voltage. This is achieved by using pulse-width modulation (PWM) techniques, where 

the duration of the pulses in each level is adjusted to approximate a sinusoidal waveform. This two-stage approach 

allows for greater flexibility in achieving high-voltage output with reduced harmonic distortion, making two-stage 

multilevel inverters suitable for applications demanding high-quality power output.One significant advantage of 

two-stage multilevel inverters is their scalability. As the demand for higher voltage levels or power capacity 

increases, additional stages can be easily added to the inverter topology. This scalability makes them adaptable to 

a wide range of power system requirements, contributing to their popularity in modern power electronics 

applications.In conclusion, the two-stage multilevel inverter is a versatile and scalable solution for generating 

high-quality AC output waveforms. Its ability to combine the advantages of multilevel voltage synthesis with 

efficient PWM techniques makes it an attractive choice for various applications where high-quality power 

conversion is essential. The ongoing research and development in this field aim to further optimize the 

performance and cost-effectiveness of two-stage multilevel inverters, ensuring their continued relevance in 

emerging power system technologies. 

 

2.1. Existing System 

The two-stage multilevel inverter system incorporates several key components to efficiently convert and manage 

power in renewable energy applications. The first stage involves harnessing energy from a photovoltaic (PV) 

source. Photovoltaic panels generate direct current (DC) electricity from sunlight, which serves as the primary 

input for the two-stage system. To optimize power extraction, a DC-DC converter is employed to regulate and 

match the voltage levels between the PV array and the subsequent stages of the system. In conjunction with the 

DC-DC converter, Maximum Power Point Tracking (MPPT) algorithms play a crucial role in ensuring the PV 

system operates at its peak efficiency. MPPT controllers dynamically adjust the operating point of the PV array 

to maximize power output under varying environmental conditions, ensuring optimal energy harvest. This stage 

may also incorporate an energy storage device, such as batteries or supercapacitors, to store excess energy during 
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periods of high generation and release it when needed, contributing to system stability and reliability. The second 

stage of the two-stage multilevel inverter involves the multilevel H-bridge inverter, a key component responsible 

for converting the DC output into a high-quality alternating current (AC) waveform. This inverter topology 

comprises multiple H-bridge modules, each capable of producing various voltage levels. Sinusoidal Pulse Width 

Modulation (SPWM) techniques are employed to control the switching of the H-bridge modules, ensuring the 

generation of a high-quality AC output with reduced harmonic distortion. Additionally, a coupling transformer 

may be incorporated to match the voltage levels between the inverter and the grid. This transformer facilitates the 

connection of the multilevel inverter system to the grid, enabling the injection of renewable energy into the 

electrical grid while maintaining compatibility with grid standards. The sliding mode controller is often utilized 

to regulate the power flow between the inverter and the grid, enhancing system stability and response to dynamic 

operating conditions. Monitoring and control of the PV voltage and current are crucial for system performance 

and reliability. Sensing devices and controllers continuously monitor the PV array's parameters, providing real-

time data to the MPPT algorithm and the overall control system. This comprehensive integration of components 

in the two-stage multilevel inverter system ensures efficient energy harvesting, conversion, and integration with 

the grid, making it a promising solution for renewable energy applications. 

Block Diagram 

 

                               Figure 2.1 Block Diagram for Existing System 

Block Diagram Explanation 

PV (Photovoltaic) Array: This is the solar panel system that converts sunlight into electrical energy. The PV 

array generates direct current (DC) voltage and current. In the context of a two-stage multilevel inverter system, 

the connection to the grid is a crucial aspect that influences the overall performance and functionality of the 

renewable energy setup. The grid serves as the interface for injecting the generated AC power into the broader 

electrical network. A coupling transformer is often employed to match the voltage levels between the multilevel 

H-bridge inverter and the grid, ensuring seamless integration. This transformer facilitates the synchronization of 

the inverter's output with the grid voltage, enabling the controlled transfer of renewable energy to the grid. 

Additionally, grid-tied inverters typically feature advanced control algorithms and communication systems to 

maintain grid stability, synchronize phase angles, and comply with grid standards. Moreover, the integration of 

the two-stage multilevel inverter with the grid involves compliance with various grid codes and regulations. Grid 

support functionalities may be implemented to enhance the inverter's role in grid stabilization, such as providing 

reactive power support and participating in frequency regulation. This ensures that the renewable energy system 

not only contributes clean power to the grid but also actively supports the grid's stability and reliability. The 

seamless interaction between the two-stage multilevel inverter and the grid exemplifies the importance of well-

designed control strategies and communication protocols in achieving efficient and grid-compliant renewable 

energy integration. 
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DC to DC Converter: This component is responsible for regulating the voltage from the PV array to match the 

requirements of the multilevel H-bridge inverter. It ensures maximum power transfer and efficiency, especially 

when the PV array voltage varies due to changes in sunlight intensity. In a two-stage multilevel inverter system, 

the DC-DC converter serves as a crucial intermediary between the photovoltaic (PV) array and the subsequent 

multilevel H-bridge inverter. The primary function of the DC-DC converter is to efficiently regulate and match 

the voltage levels from the PV system to the requirements of the inverter. Since the output voltage of the PV array 

can vary based on environmental conditions, such as sunlight intensity and temperature, the DC-DC converter 

ensures that the inverter receives a consistent and optimized input voltage. This voltage regulation is essential for 

maintaining the overall efficiency and performance of the two-stage multilevel inverter system. Moreover, the 

DC-DC converter contributes to the overall system efficiency by minimizing power losses during the energy 

conversion process. By adjusting the voltage levels while considering factors such as voltage ripple and switching 

losses, the converter optimally conditions the DC power before it is fed into the multilevel H-bridge inverter. 

Various types of DC-DC converters, such as buck, boost, or buck-boost converters, may be employed based on 

specific system requirements and voltage conditions. The effective integration of the DC-DC converter in the two-

stage multilevel inverter system enhances the overall reliability and performance of the renewable energy 

conversion process, ensuring that the inverter receives a stable and well-matched DC input for subsequent high-

quality AC power generation. 

Coupling Transformer: The coupling transformer is used to connect the DC side (PV and energy storage device) 

to the AC side (grid and load). It provides isolation, impedance matching, and allows for a controlled transfer of 

power between the two sides. The coupling transformer in a two-stage multilevel inverter system plays a pivotal 

role in ensuring the efficient and secure connection between the inverter and the grid. This transformer is 

responsible for matching the voltage levels between the multilevel H-bridge inverter and the grid, facilitating a 

smooth transfer of power. By adjusting the turns ratio of the transformer, the voltage at the inverter side can be 

appropriately stepped up or down to align with the grid voltage requirements. This matching of voltage levels is 

crucial to avoid grid disturbances and ensure that the inverter seamlessly integrates with the grid. Furthermore, 

the coupling transformer serves as a key component in enhancing the system's isolation and safety. By electrically 

isolating the inverter from the grid, the transformer provides a layer of protection against potential faults and 

ensures the safety of both the inverter system and the grid infrastructure. The transformer also assists in 

minimizing the impact of harmonics and transients, contributing to the overall reliability and stability of the two-

stage multilevel inverter system. In summary, the coupling transformer acts as a vital intermediary, aligning 

voltage levels and providing electrical isolation to enable a robust and secure interface between the multilevel 

inverter and the grid. 

Energy Storage Device: This could be a battery or another energy storage system. It stores excess energy 

generated by the PV array during peak sunlight hours and releases it when the demand is higher or when solar 

generation is low. In a two-stage multilevel inverter system, the integration of an energy storage device (ESD) is 

a critical element for enhancing system flexibility, stability, and overall reliability. The ESD, often comprising 

batteries, supercapacitors, or other energy storage technologies, serves as a reservoir for excess energy generated 

by the photovoltaic (PV) array during periods of high solar irradiance. This stored energy can be utilized during 

times of low sunlight or high power demand, acting as a buffer to ensure a consistent power supply. The ESD 

plays a crucial role in addressing intermittency issues associated with renewable energy sources, contributing to 

a more reliable and stable energy output from the two-stage multilevel inverter system. Additionally, the energy 

storage device facilitates improved grid integration by enabling the inverter system to provide ancillary services 

such as peak shaving, load leveling, and grid stabilization. The stored energy can be strategically dispatched based 

on demand patterns or in response to grid signals, enhancing the system's ability to contribute actively to grid 

support functions. The proper management of the energy stored in the ESD is achieved through sophisticated 

control algorithms, ensuring efficient charge/discharge cycles and optimal utilization of the stored energy. Overall, 

the inclusion of an energy storage device in the two-stage multilevel inverter system enhances its versatility and 

resilience, allowing for a more seamless integration of renewable energy into the power grid. 

Multilevel H-Bridge Inverter: This is the heart of the system that converts the DC power from the PV array 

and/or energy storage device into AC power for the grid and loads. The multilevel H-bridge inverter is designed 

to produce a high-quality sinusoidal output voltage with reduced harmonic distortion. The multilevel H-bridge 

inverter is a core component in a two-stage multilevel inverter system, responsible for converting the direct current 

(DC) power from the photovoltaic (PV) source or energy storage device into a high-quality alternating current 

(AC) waveform. Unlike traditional inverters that produce a stepped waveform, the multilevel H-bridge inverter 

synthesizes an AC output with multiple voltage levels, resulting in reduced harmonic distortion and improved 

overall power quality. This topology typically consists of multiple H-bridge modules, each capable of generating 

a specific voltage level. The combination of these modules creates a staircase-like waveform, and the precise 

control of the switching states using techniques such as Sinusoidal Pulse Width Modulation (SPWM) ensures the 
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generation of a nearly sinusoidal AC output. The multilevel H-bridge inverter offers several advantages, including 

increased power efficiency, lower electromagnetic interference, and improved reliability. By distributing the 

voltage across multiple levels, the inverter reduces the stress on individual power semiconductor devices, 

enhancing their longevity and reliability. This feature makes the multilevel H-bridge inverter well-suited for high-

power applications where minimizing harmonic distortion and ensuring grid compatibility are paramount. 

Additionally, the modularity of the multilevel H-bridge topology allows for scalability, enabling easy adaptation 

to different power levels and grid requirements. In summary, the multilevel H-bridge inverter is a pivotal element 

in the two-stage multilevel inverter system, playing a crucial role in achieving efficient and high-quality AC power 

conversion from renewable energy sources. 

Grid: The utility grid serves as the main power supply and can also absorb excess power generated by the PV 

array. The grid provides a stable source of power and can act as a sink or source of power depending on the 

demand and generation conditions. 

Load: The load represents the electrical devices or appliances connected to the system that consume the generated 

AC power. It could be residential, commercial, or industrial loads. The load in a two-stage multilevel inverter 

system represents the electrical or electronic devices that consume the output power generated by the inverter. 

This load can encompass a wide range of applications, including residential, commercial, or industrial electrical 

systems. The primary purpose of the load is to utilize the alternating current (AC) output produced by the 

multilevel inverter for various functionalities such as lighting, heating, motors, or electronic equipment. The 

inverter's ability to provide a high-quality and stable AC waveform is crucial for ensuring optimal performance 

and efficiency of the connected load. The nature of the load can influence the design and control strategies of the 

two-stage multilevel inverter system. For instance, certain loads may have specific requirements for voltage or 

frequency stability, necessitating advanced control algorithms in the inverter to meet these criteria. Additionally, 

the inverter must be capable of adapting to variable load conditions, ensuring reliable power delivery even when 

the connected devices undergo changes in power demand. Overall, the load component represents the ultimate 

beneficiary of the energy conversion process facilitated by the two-stage multilevel inverter, emphasizing the 

importance of tailoring the inverter's characteristics to the specific needs of the connected load for optimal 

functionality and energy utilization. 

PV Voltage and Current, MPPT (Maximum Power Point Tracking): MPPT is a control algorithm that 

optimizes the operation of the PV array by adjusting the operating point to maximize power output. Monitoring 

and controlling the PV voltage and current ensure that the system operates at its maximum power point. The 

photovoltaic (PV) voltage and current are critical parameters in a two-stage multilevel inverter system, directly 

impacting the efficiency and performance of the renewable energy conversion process. The PV voltage represents 

the electrical potential generated by the PV array in response to sunlight exposure, while the PV current denotes 

the flow of electric charge. These two parameters are interdependent and play a pivotal role in determining the 

overall power output from the PV system. The voltage and current characteristics of the PV array are dynamic 

and can vary due to factors such as solar irradiance, temperature, and shading effects. Monitoring and controlling 

these parameters are essential for optimizing power extraction from the PV system. Sophisticated Maximum 

Power Point Tracking (MPPT) algorithms are employed to continuously adjust the operating point of the PV 

array, ensuring that it operates at its maximum efficiency. This dynamic optimization enables the two-stage 

multilevel inverter to receive an input with an optimal voltage and current combination for efficient energy 

conversion. Moreover, accurate measurement and control of PV voltage and current contribute to the stability and 

reliability of the entire system. By closely monitoring these parameters, the inverter can adapt to changing 

environmental conditions and grid requirements, providing a consistent and high-quality output. Overall, 

understanding and actively managing PV voltage and current are crucial aspects of designing a robust and efficient 

two-stage multilevel inverter system for renewable energy applications. 

SPWM (Sinusoidal Pulse Width Modulation): SPWM is a modulation technique used in the multilevel H-

bridge inverter to generate a sinusoidal waveform by controlling the width of the pulses in the inverter's output. It 

helps in achieving a smooth output voltage with reduced harmonic content. The Sinusoidal Pulse Width 

Modulation (SPWM) controller is a crucial component in a two-stage multilevel inverter system, responsible for 

shaping the output voltage waveform to closely resemble a sinusoidal waveform. SPWM is a modulation 

technique that controls the switching of the power semiconductor devices in the inverter, adjusting the width of 

the pulses in proportion to the desired sinusoidal waveform. This precise control allows the multilevel H-bridge 

inverter to generate high-quality AC power with reduced harmonic distortion, ensuring compatibility with grid 

standards and minimizing electromagnetic interference. In the two-stage multilevel inverter system, SPWM plays 

a key role in achieving efficient and reliable power conversion. By modulating the width of the pulses based on 

the reference sinusoidal waveform, the controller minimizes the distortion in the output voltage, providing a 

smooth and stable AC waveform. This is essential for applications requiring high-quality power output, such as 
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grid-tied systems and sensitive electronic loads. The SPWM controller employs advanced algorithms to 

synchronize the switching states of the multilevel H-bridge modules, optimizing the efficiency and performance 

of the inverter. Moreover, the SPWM controller enables the two-stage multilevel inverter to meet specific voltage 

and frequency requirements imposed by the grid, ensuring seamless integration with the electrical network. The 

versatility and precision of SPWM control contribute to the overall success of the inverter system, making it a 

vital technology for applications where high-quality AC power generation is essential. 

Sliding Mode Controller: This is a control strategy used to regulate the inverter's output and maintain stable 

operation. Sliding mode control is known for its robustness in dealing with uncertainties and disturbances in the 

system. The Sliding Mode Controller (SMC) is an advanced control strategy employed in a two-stage multilevel 

inverter system to enhance the stability and performance of the power conversion process. Operating on the 

principle of creating a sliding surface where the system dynamics converge, the SMC continuously adjusts the 

control input to keep the system operating along this surface. In the context of a two-stage multilevel inverter, the 

SMC facilitates precise regulation of the power flow between the inverter and the grid, ensuring optimal operation 

under varying load conditions and grid disturbances. This robust control mechanism enables the inverter system 

to maintain stability and high performance, particularly during transient states or when facing uncertainties in the 

system parameters. The Sliding Mode Controller in the two-stage multilevel inverter offers several advantages, 

including robustness against parameter variations, fast response to dynamic changes, and the ability to mitigate 

the impact of disturbances. These characteristics make the SMC well-suited for applications where the inverter 

system must operate reliably under diverse and unpredictable operating conditions. By actively managing the 

sliding surface, the controller ensures that the inverter adapts dynamically to changes in the grid or load, 

contributing to the overall resilience and efficiency of the renewable energy system. In summary, the Sliding 

Mode Controller is a valuable element in the control architecture of a two-stage multilevel inverter, providing 

stability and adaptability in the ever-changing context of power generation and distribution. 

Problem Statement 

The problem addressed by the 5-stage multilevel inverter revolves around enhancing power conversion efficiency 

and managing voltage levels in medium voltage sources, such as batteries, supercapacitors, and solar panels. This 

inverter design aims to overcome the limitations of traditional inverters by mitigating voltage fluctuations and 

enabling the transfer of real and reactive power more efficiently to sensitive loads. Additionally, it seeks to address 

the need for higher output power from these medium voltage sources, optimizing their usage in various 

applications. The objective is to devise a robust and scalable solution that ensures stable power delivery while 

maximizing the potential of renewable energy sources in managing voltage disturbances across diverse electrical 

systems. 

3. PROPOSED SYSTEM 

The proposed system is a single-sourced five-stage multilevel inverter designed for grid-connected solar 

photovoltaic (PV) systems. This innovative inverter architecture aims to enhance the efficiency and reliability of 

grid-tied solar PV installations. The five-stage configuration allows for increased voltage levels, resulting in 

improved power quality and reduced total harmonic distortion (THD) in the output waveform. The single-sourced 

feature ensures simplified control and management, streamlining the integration of solar power into the grid. This 

system not only addresses the challenges associated with grid-connected solar PV systems but also contributes to 

the overall stability and performance of the electrical grid by providing a clean and reliable source of renewable 

energy. The multilevel inverter's design incorporates advanced control algorithms to optimize the energy 

harvesting from solar panels and regulate the power flow into the grid seamlessly. Each stage of the inverter is 

carefully synchronized to maintain a synchronized output, enhancing the overall efficiency of the system. 

Moreover, the proposed system includes grid support features such as reactive power control and voltage 

regulation, ensuring compliance with grid codes and standards. With its comprehensive design, the single-sourced 

five-stage multilevel inverter for grid-connected solar PV systems represents a significant advancement in the 

field of renewable energy integration, offering a reliable and efficient solution for harnessing solar power and 

contributing to a sustainable and resilient energy future. 

3.1. Objectives 

The single-sourced five-stage multilevel inverter is a sophisticated power electronics device designed for grid-

connected solar PV systems. This inverter configuration is specifically engineered to enhance the efficiency and 

reliability of solar power conversion. Its five-stage design allows for improved harmonic performance and greater 

control over the output waveform. By employing multiple levels of voltage, it minimizes distortion and enhances 
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the quality of the power fed into the grid. This is particularly beneficial in grid-connected systems where 

maintaining high-quality power is essential for seamless integration with the utility grid. The primary objective 

of implementing the single-sourced five-stage multilevel inverter in grid-connected solar PV systems is to achieve 

optimal energy conversion and grid interaction. The multilevel structure provides finer voltage resolution, 

reducing the Total Harmonic Distortion (THD) and improving the overall power quality. Furthermore, the single-

sourced design streamlines the system, making it more compact and cost-effective. The inverter's advanced control 

algorithms contribute to efficient Maximum Power Point Tracking (MPPT) for the solar panels, ensuring that the 

system operates at its peak efficiency by continuously adjusting to environmental conditions. This technological 

advancement aims to enhance the performance and reliability of grid-connected solar PV systems, promoting their 

widespread adoption in the renewable energy landscape. In conclusion, the single-sourced five-stage multilevel 

inverter represents a significant advancement in the field of solar PV systems. Its objective is to elevate the 

efficiency and reliability of grid-connected solar power generation by addressing issues related to harmonic 

distortion and power quality. The advanced design and control strategies make it a promising solution for 

optimizing energy conversion and ensuring seamless integration with the electrical grid. This technology 

contributes to the ongoing efforts to make solar power systems more efficient, cost-effective, and compatible with 

existing infrastructure, further accelerating the transition to sustainable energy sources. 

3.2. Block Diagram 

 

3.3. Block Diagram Explanation 

Grid: The electrical grid is the network that delivers electricity from power plants to consumers. In a solar power 

system, the grid is often used for exporting surplus electricity or importing power when solar production is 

insufficient. In a 5-stage multilevel inverter system, the grid connection is a crucial component that influences the 

overall functionality and performance of the power conversion process. The primary purpose of the grid 

connection is to facilitate the integration of the multilevel inverter system into the existing electrical grid 

infrastructure. This connection allows the inverter to inject the generated AC power into the grid, contributing to 

renewable energy sources' incorporation into the broader power distribution network. The grid connection 

involves compliance with relevant grid codes and standards to ensure the seamless and secure exchange of power 

between the inverter system and the grid. Grid support functionalities are often incorporated into the 5-stage 

multilevel inverter system to enhance its interaction with the grid. These functionalities may include reactive 

power compensation, voltage regulation, and frequency control, enabling the inverter to actively contribute to the 

stability and reliability of the grid. Additionally, communication protocols and control algorithms are 

implemented to ensure synchronization with the grid, maintaining a harmonious balance between the power 

generated by the inverter and the grid's demand. The grid connection in a 5-stage multilevel inverter system is a 

critical interface that demands careful design and control strategies to enable efficient and compliant integration 

of renewable energy sources into the existing power infrastructure. 

 



 

 

R.Janani.et.al / Journal on Electronic and Automation Engineering, 3(2), June 2024: 1-12 

 

 Copyright2024@ REST Publisher                                                                                                                                                              8 

 

 

Coupling Transformer: In some solar power systems, a coupling transformer may be used to match the voltage 

levels between the solar array and the grid, facilitating efficient power transfer. In a 5-stage multilevel inverter 

system, the coupling transformer serves as a critical component for facilitating the connection between the inverter 

and the electrical grid. The coupling transformer plays a pivotal role in matching the voltage levels between the 

multilevel inverter and the grid, ensuring a seamless and efficient energy exchange. By adjusting the turns ratio 

of the transformer, the voltage at the inverter side can be appropriately stepped up or down to align with the grid 

voltage requirements. This matching process is essential to prevent grid disturbances, enhance grid compatibility, 

and optimize power transfer between the 5-stage multilevel inverter and the broader electrical network. Moreover, 

the coupling transformer contributes to the overall stability and reliability of the system by providing electrical 

isolation between the inverter and the grid. This isolation protects the inverter system from potential faults and 

disturbances in the grid, ensuring safe and reliable operation. Additionally, the coupling transformer aids in 

minimizing the impact of harmonics and transients, contributing to the overall power quality of the 5-stage 

multilevel inverter system. In summary, the coupling transformer serves as a critical interface in the 5-stage 

multilevel inverter, ensuring efficient and secure integration with the electrical grid while enhancing system 

stability and reliability. 

PV (Photovoltaic) System: The PV system consists of solar panels that convert sunlight into electrical energy. 

These panels generate direct current (DC) electricity. In a 5-stage multilevel inverter system, the Photovoltaic 

(PV) component plays a pivotal role as the primary source of renewable energy. Comprising solar panels that 

convert sunlight into direct current (DC) electricity, the PV system forms the foundation of the entire power 

generation process. The distinct feature of the 5-stage configuration lies in its ability to efficiently harness solar 

energy by integrating multiple voltage levels. Photovoltaic panels generate DC power through the photovoltaic 

effect, where sunlight excites electrons in the semiconductor material, creating an electric current. The 5-stage 

multilevel inverter system optimizes the DC output from the PV array, ensuring a stable and high-quality input 

for subsequent conversion into alternating current (AC) through the inverter stages. The integration of Maximum 

Power Point Tracking (MPPT) algorithms enhances the efficiency of the PV system by continuously adjusting the 

operating point of the array to maximize power output under varying environmental conditions. This adaptive 

control mechanism is crucial for the 5-stage multilevel inverter, allowing it to extract the maximum available 

energy from the PV array. Overall, the PV component serves as the renewable energy foundation for the 5-stage 

multilevel inverter, contributing to sustainable and clean power generation by harnessing the abundant energy 

from the sun. 

DC-DC Converter: The DC-DC converter is used to optimize the power output from the solar panels. It can 

adjust the voltage levels to match the requirements of downstream components or the grid. In a 5-stage multilevel 

inverter system, the DC-DC converter serves as a critical intermediary, ensuring efficient energy transfer between 

the photovoltaic (PV) array and the subsequent multilevel inverter stages. With five distinct voltage levels in the 

inverter, the DC-DC converter plays a crucial role in adjusting and regulating the voltage output from the PV 

system to match the requirements of the multilevel inverter. This converter is responsible for managing the 

dynamic variations in solar irradiance and environmental conditions, ensuring that the inverter receives a 

consistent and optimized DC input for power conversion. Various topologies, such as buck, boost, or buck-boost 

converters, may be employed based on the specific needs of the 5-stage multilevel inverter system. The DC-DC 

converter enhances the overall efficiency of the energy conversion process by minimizing power losses during 

the transfer of energy from the PV array to the inverter. Its ability to match the voltage levels between the PV 

system and the multilevel inverter contributes to stable and reliable power output. Additionally, advanced control 

algorithms are implemented to regulate the DC-DC converter's operation, optimizing its performance under 

varying load conditions. In summary, the DC-DC converter is a pivotal component in the 5-stage multilevel 

inverter system, facilitating the seamless and efficient integration of renewable energy into the power grid. 

Energy Storage Device: Energy storage devices, such as batteries, store excess energy generated by the PV 

system during periods of high sunlight. This stored energy can be used during periods of low sunlight or high 

demand. In a 5-stage multilevel inverter system, the integration of an Energy Storage Device (ESD) plays a pivotal 

role in enhancing the overall flexibility and performance of the power conversion process. The ESD, often 

consisting of batteries or other energy storage technologies, serves as a buffer to store excess energy during periods 

of high generation. With five voltage levels in the inverter, the ESD becomes a critical component for ensuring a 

stable power output by effectively managing fluctuations in the renewable energy sources. During low generation 

or high demand periods, the energy stored in the ESD can be discharged to provide a consistent and reliable power 

supply. Moreover, the ESD in the 5-stage multilevel inverter system contributes to grid support functionalities by 

offering ancillary services such as peak shaving, load leveling, and frequency regulation. The ability to store and 

release energy strategically enhances the inverter's role in grid stability and reliability. Advanced control 

algorithms are employed to manage the charging and discharging cycles of the ESD, optimizing energy utilization 

and extending the overall system resilience. The integration of an Energy Storage Device thus becomes a critical 
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element in the 5-stage multilevel inverter system, ensuring its adaptability to dynamic energy patterns and 

contributing to a more sustainable and reliable power generation process. 

Multilevel H-Bridge Inverter: The multilevel H-bridge inverter is responsible for converting the DC power from 

the PV system or energy storage into alternating current (AC) that can be fed into the grid or used by local loads. 

The Multilevel H-Bridge Inverter stands as a cornerstone in the architecture of a 5-stage multilevel inverter 

system, serving the primary purpose of converting direct current (DC) power from the photovoltaic (PV) array 

into a high-quality alternating current (AC) waveform. Characterized by its distinct voltage levels, the multilevel 

H-Bridge Inverter employs multiple H-bridge modules, each capable of generating specific voltage levels. The 

combination of these modules creates a staircase-like waveform, minimizing harmonic distortion and enhancing 

overall power quality. Advanced control strategies, such as Sinusoidal Pulse Width Modulation (SPWM), are 

implemented to precisely govern the switching of the H-bridge modules, ensuring the generation of a nearly 

sinusoidal AC output. The unique feature of the multilevel H-Bridge Inverter lies in its ability to distribute the 

voltage across multiple levels, reducing stress on individual power semiconductor devices. This design contributes 

to improved longevity and reliability of the inverter system. The scalability of the multilevel H-Bridge topology 

makes it well-suited for applications requiring high-voltage and high-power capabilities, aligning with the diverse 

demands of modern power systems. The Multilevel H-Bridge Inverter in a 5-stage configuration not only plays a 

central role in efficient power conversion but also exemplifies its adaptability and effectiveness in handling 

complex power distribution requirements. 

Load: The load represents the electrical devices or appliances that consume the power generated by the solar 

system. This can include lighting, appliances, and other electrical equipment. In the context of a 5-stage multilevel 

inverter system, the load represents the electrical or electronic devices that consume the AC power generated by 

the inverter. The load can encompass a diverse range of applications, from residential and commercial appliances 

to industrial machinery. The inverter's output, with its five voltage levels, provides a high-quality AC waveform 

suitable for powering a variety of loads. The choice of load is crucial, and the inverter must be designed to meet 

the specific requirements and standards associated with the connected devices, ensuring reliable and efficient 

operation. The load's characteristics and power demands influence the design and control strategies of the 5-stage 

multilevel inverter system. The inverter must adapt to variable load conditions to maintain a stable power supply. 

Advanced control algorithms are often implemented to ensure that the inverter system responds dynamically to 

changes in load demand, delivering consistent and high-quality power output. The integration of the multilevel 

inverter into the overall electrical system emphasizes the importance of understanding and accommodating the 

load's requirements, ultimately determining the inverter's effectiveness and its ability to contribute to a reliable 

and efficient power distribution network. 

Controller: In a 5-stage multilevel inverter system, the PIC (Peripheral Interface Controller) controller assumes 

a pivotal role in overseeing and orchestrating the complex operations of the inverter stages. The PIC controller 

serves as the brain of the system, executing sophisticated control algorithms and managing the intricate 

coordination of power semiconductor devices in each stage. Its primary responsibilities include implementing 

control strategies such as Sinusoidal Pulse Width Modulation (SPWM) to regulate the switching of the inverter 

components, ensuring the generation of a high-quality AC waveform with reduced harmonic distortion. The PIC 

controller plays a crucial role in maintaining synchronization among the multiple H-bridge modules, each 

responsible for generating a specific voltage level, thereby contributing to the overall power quality and efficiency 

of the 5-stage multilevel inverter. Furthermore, the PIC controller enhances the adaptability and responsiveness 

of the inverter system by incorporating features such as Maximum Power Point Tracking (MPPT) for optimizing 

energy extraction from the photovoltaic (PV) array. Its ability to dynamically adjust parameters based on 

environmental conditions and load requirements contributes to the reliability and stability of the 5-stage multilevel 

inverter. With precise control and monitoring capabilities, the PIC controller ensures that the inverter operates 

efficiently, meeting the stringent demands of grid-tied applications and effectively integrating renewable energy 

sources into the power distribution network. 

PV Voltage and Current: The voltage and current produced by the PV panels depend on the amount of sunlight 

they receive. These parameters are critical for determining the power output of the solar system.  In a 5-stage 

multilevel inverter system, the photovoltaic (PV) voltage and current are critical parameters that significantly 

influence the efficiency and effectiveness of the energy conversion process. The PV voltage represents the 

electrical potential generated by the PV array, while the PV current denotes the flow of electric charge. These 

parameters are essential for determining the overall power output from the PV system. Given the complexity of a 

5-stage multilevel inverter, monitoring and controlling the PV voltage and current become pivotal for optimizing 

power extraction from the solar panels. Precise regulation of the PV voltage and current is crucial for ensuring 

that the multilevel inverter receives a stable and optimal DC input. The dynamic nature of environmental 

conditions, such as sunlight intensity variations and temperature changes, makes continuous monitoring essential. 
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Advanced control systems are employed to adapt the PV system to these conditions, maximizing the energy 

harvesting efficiency. The intricate coordination between the PV voltage and current and the inverter system 

ensures that the 5-stage multilevel inverter can reliably produce high-quality AC power output, contributing to 

the overall success of the renewable energy integration into the power grid. 

MPPT (Maximum Power Point Tracking): MPPT is a control algorithm used to maximize the power output of 

the PV system by continuously adjusting the operating point of the solar panels based on environmental 

conditions. In a 5-stage multilevel inverter system, Maximum Power Point Tracking (MPPT) holds significant 

importance for optimizing the performance of photovoltaic (PV) arrays. With five distinct voltage levels in the 

inverter, the MPPT algorithm becomes crucial for dynamically adjusting the operating point of the PV system. Its 

primary function is to ensure that the PV array operates at its maximum power output, accounting for variations 

in sunlight intensity, temperature, and shading. This real-time optimization is essential for extracting the highest 

possible energy from the PV system, thereby maximizing the overall efficiency of the 5-stage multilevel inverter. 

The MPPT functionality in the 5-stage multilevel inverter system is achieved through advanced algorithms that 

continuously analyze the PV system's electrical characteristics. By dynamically adapting the electrical operating 

point, MPPT mitigates the impact of changing environmental conditions, ensuring that the PV array consistently 

delivers optimal power to the inverter. This is particularly crucial when managing multiple voltage levels, as the 

inverter system relies on a well-regulated and efficiently harvested DC input for producing high-quality AC 

power. The integration of MPPT technology enhances the overall effectiveness of the 5-stage multilevel inverter 

system, making it well-suited for applications where precise control of power generation from renewable sources 

is paramount. 

SPWM (Sinusoidal Pulse Width Modulation) Controller: In the context of an inverter, SPWM is a modulation 

technique that generates a sinusoidal waveform by adjusting the width of pulses. It is commonly used to control 

the switching of power electronic devices in inverters. In a 5-stage multilevel inverter system, the Sinusoidal Pulse 

Width Modulation (SPWM) Controller assumes a central role in shaping the inverter's output waveform. SPWM 

is a sophisticated modulation technique employed to control the switching of power semiconductor devices in 

each stage of the inverter, allowing precise manipulation of the pulse widths to approximate a sinusoidal 

waveform. With five voltage levels to manage, the SPWM Controller becomes instrumental in generating a high-

quality AC output with reduced harmonic distortion. This modulation technique ensures that the inverter complies 

with grid standards and delivers a clean and stable power supply suitable for various applications. The SPWM 

Controller in the 5-stage multilevel inverter system relies on advanced algorithms to synchronize the switching 

states of the semiconductor devices, optimizing the modulation of pulse widths. This level of precision enables 

the inverter to generate a waveform that closely resembles a sinusoidal signal, thereby minimizing harmonic 

content. The controller's ability to adapt to varying load conditions and grid requirements ensures consistent and 

reliable performance. Overall, the SPWM Controller plays a crucial role in enhancing the inverter's efficiency and 

power quality, making it a key technology in the 5-stage multilevel inverter system for achieving high-

performance AC power generation from renewable energy sources. 

Sliding Mode Controller: A sliding mode controller is a type of control system that helps regulate the output of 

the solar inverter or other components by creating a sliding surface to ensure a desired response. Each component 

plays a specific role in the overall functionality of a solar power system, from capturing sunlight and converting 

it into electricity to efficiently managing and distributing the generated power. In a 5-stage multilevel inverter 

system, the application of a Sliding Mode Controller (SMC) becomes increasingly relevant for achieving robust 

and precise control of the power conversion process. The SMC is a sophisticated control strategy employed to 

regulate the power flow between the inverter system and the electrical grid, ensuring stability and optimal 

performance under varying operating conditions. With five distinct voltage levels in the inverter output, the SMC 

actively manages the sliding surface to navigate the system along a predefined trajectory, minimizing deviations 

from the desired performance. The SMC in a 5-stage multilevel inverter offers notable advantages such as 

enhanced robustness against parameter uncertainties and disturbances. Its ability to adapt dynamically to changes 

in the grid voltage or load conditions ensures the inverter's responsiveness and stability during transient states. 

The complexity introduced by the multiple voltage levels in the inverter demands a controller with the agility to 

manage these levels effectively, making the SMC an ideal choice. The advanced control capabilities of the Sliding 

Mode Controller contribute to the overall efficiency and reliability of the 5-stage multilevel inverter system, 

allowing it to meet stringent performance requirements and effectively integrate renewable energy sources into 

the grid. 

3.4. Advantages 

➢ The malfunction of any module section will not affect the entire system. 

➢ Device count reduced and hence total system cost reduced. 
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➢ THD content reduced to low value. 

➢ Using for all stand-alone applications. 

 

3.5. Applications 

➢ PV System 

➢ Windmills 

➢ Power grid primary distribution 

➢ Micro grid voltage stabilizer  

➢ Steel industries   

4. CONCLUSION 

In conclusion, the development and implementation of the 5-stage multilevel inverter offer a promising solution 

to the challenges associated with power conversion and voltage management in medium voltage sources. By 

addressing the limitations of traditional inverters and focusing on enhancing efficiency while minimizing voltage 

fluctuations, this technology opens avenues for more reliable and effective power transfer to sensitive loads. Its 

ability to efficiently harness renewable energy sources like batteries, supercapacitors, and solar panels underscores 

its significance in enabling higher output power and optimizing the utilization of these mediums in diverse 

applications. Moving forward, the 5-stage multilevel inverter stands as a robust and scalable innovation poised to 

play a pivotal role in stabilizing power delivery and advancing the integration of renewable energy into various 

electrical systems. 

 

4.1. Future Scope 

The future scope for the 5-stage multilevel inverter presents an intriguing avenue for advancements in power 

electronics and renewable energy integration. Further research could delve into enhancing the scalability and 

modularity of these inverters, making them adaptable to diverse power grid architectures. Exploration into 

advanced modulation techniques and control strategies tailored for these inverters might optimize their efficiency 

while reducing harmonic distortions, thereby improving the quality of power transmission. Additionally, 

investigating the integration of emerging technologies like wide bandgap semiconductors or innovative circuit 

topologies could potentially elevate the power density and reliability of these inverters. Moreover, the exploration 

of hybrid configurations, combining multiple renewable energy sources with the 5-stage multilevel inverters, 

stands as a promising area, paving the way for more resilient, high-capacity energy conversion systems capable 

of meeting the escalating demands of modern power grids. 
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