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Abstract 

Multilevel inverters (MLIs) have gained significant attention in modern power electronic applications 

due to their ability to produce high-quality output waveforms with reduced harmonic distortion and 

lower switching losses. This work presents the power quality performance evaluation of a 

multilevel inverter with reduced switching devices and minimum standing voltage, aiming to 

improve efficiency while minimizing system complexity and cost. The proposed inverter topology 

reduces the number of power electronic switches and associated components, thereby decreasing 

switching losses, control complexity, and overall implementation cost.In addition, the design ensures 

minimum standing voltage stress across switches, enhancing device reliability and extending 

operational lifespan. The inverter is analyzed for key power quality parameters such as total harmonic 

distortion (THD), voltage regulation, and efficiency under various load conditions. Simulation and 

experimental results demonstrate that the proposed system achieves improved output waveform quality 

with reduced harmonics and better voltage utilization compared to conventional multilevel inverter 

configurations. Overall, the proposed approach offers a cost-effective, efficient, and reliable solution 

for power conversion applications in renewable energy systems and industrial drives. 

Keywords 

Multilevel Inverter (MLI), Reduced Switching Devices, Minimum Standing Voltage, Power Quality, 

Total Harmonic Distortion (THD), Voltage Stress Reduction, Switching Loss Reduction, Power 

Electronics, Renewable Energy Systems, Inverter Topology 

I.Introduction 

Multilevel inverters (MLIs) have become a 
key technology in modern power electronics 
due to their ability to generate high-quality 
output voltages with reduced harmonic 

distortion and improved efficiency. They are 
widely used in applications such as 
renewable energy systems, motor drives, 
and power distribution networks. 
Traditional inverter topologies, however, 
require a large number of switching devices 
and components, which increases system 
complexity, cost, and switching losses. 

Additionally, higher voltage stress across 
switches affects reliability and limits 

performance in high-power applications. 

To overcome these limitations, recent 
research has focused on developing 

multilevel inverter configurations with 
reduced switching devices and minimized 

standing voltage across switches. By 
optimizing the inverter structure, it is 
possible to achieve the desired output 

voltage levels while using fewer 
components, thereby simplifying control 
strategies and reducing hardware 
requirements. Lower standing voltage 
across switches enhances device safety and 
prolongs the lifespan of power electronic 

components. 

This work aims to evaluate the power 

quality performance of such an optimized 
multilevel inverter topology. The proposed 
system is analyzed in terms of total 
harmonic distortion (THD), voltage 
regulation, and efficiency under different 
operating conditions. By improving 
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waveform quality and reducing system 
complexity, the proposed approach offers a 
cost-effective and reliable solution for 

advanced power conversion applications. 

II.Literature Survey 

1. Title: Multilevel Inverters: A Survey of 

Topologies, Controls, and Applications 

Authors: J. Rodríguez, J. S. Lai, F. Z. Peng 
Abstract: 
This paper presents a comprehensive review 
of various multilevel inverter (MLI) 
topologies, including diode-clamped, flying 
capacitor, and cascaded H-bridge inverters. 
It discusses control strategies, advantages, 

and limitations of each topology. The study 
highlights that although MLIs improve 
power quality, they require a large number 
of switching devices, increasing system 

complexity and cost. 

2. Title: A New Multilevel Inverter 

Topology with Reduced Number of 

Switches 

Authors: E. Babaei 

Abstract: 
This research proposes a novel multilevel 
inverter topology that significantly reduces 
the number of switching devices compared 
to conventional designs. The proposed 
configuration achieves the same number of 
voltage levels with fewer components, 

resulting in lower switching losses and 
reduced system cost while maintaining good 

output waveform quality. 

3. Title: Reduced Switch Count 

Multilevel Inverter with Low Voltage 

Stress 

Authors: M. Malinowski, K. Gopakumar, J. 
Rodríguez 
Abstract: 

The paper introduces a multilevel inverter 
design that minimizes voltage stress across 
switching devices while reducing the total 
number of switches. The proposed system 
improves efficiency and enhances reliability 
by distributing voltage evenly across 

components, making it suitable for high-

power applications. 

4. Title: Performance Analysis of 

Multilevel Inverter for Harmonic 

Reduction 

Authors: B. Singh, S. R. Arya 

Abstract: 
This study focuses on the performance of 
multilevel inverters in reducing total 
harmonic distortion (THD). It evaluates 
different inverter configurations under 
various load conditions and demonstrates 
that MLIs can significantly improve power 

quality compared to traditional two-level 

inverters. 

5. Title: Design and Control of Cascaded 

Multilevel Inverter for Renewable 

Energy Applications 

Authors: L. M. Tolbert, F. Z. Peng, T. G. 
Habetler 
Abstract: 
This paper presents the design and control 

of a cascaded multilevel inverter used in 
renewable energy systems. The study 
emphasizes improved efficiency, modularity, 
and scalability, while also addressing 
challenges such as increased component 

count and complex control mechanisms. 

III.Existing System 

Conventional multilevel inverter (MLI) 
systems, such as diode-clamped, flying 

capacitor, and cascaded H-bridge 

topologies, are widely used for improving 
power quality and generating high-quality 
output voltage waveforms. These systems 
are capable of reducing total harmonic 
distortion (THD) and providing better 
voltage levels compared to traditional two-

level inverters. However, they require a 
large number of power electronic 

switches, clamping diodes, and capacitors, 
which increases circuit complexity and 
overall system cost. Additionally, the 
control strategies for these inverters are 
more complex due to the increased number 

of components and switching states. 
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Another major limitation of existing 
systems is the high voltage stress across 

switching devices, which can affect 
reliability and reduce the lifespan of 

components. The increased number of 
switches also leads to higher switching 
losses and reduced efficiency. Furthermore, 
maintaining voltage balance across 
capacitors in some topologies is challenging 
and requires additional control mechanisms. 
These drawbacks make conventional 

multilevel inverter systems less suitable for 
cost-sensitive and high-efficiency 
applications, highlighting the need for 
improved designs with reduced components 

and optimized performance. 

IV.Proposed System 

The proposed system presents a multilevel 

inverter topology with reduced switching 

devices and minimum standing voltage, 

aimed at improving power quality while 
lowering system complexity and cost. 
Unlike conventional multilevel inverters, 
the proposed design utilizes an optimized 
configuration that generates multiple 
voltage levels using a smaller number of 

power electronic switches and 

components. This reduction in switch count 

decreases switching losses, simplifies 
control strategies, and enhances overall 

system efficiency. 

A key feature of the proposed system is the 
minimization of standing voltage across 

switching devices, which reduces voltage 
stress and improves the reliability and 
lifespan of the inverter components. The 

inverter operates by intelligently controlling 
the switching sequence to produce stepped 
output voltage waveforms that closely 
approximate a sinusoidal signal, thereby 
reducing harmonic distortion. Advanced 
modulation techniques are employed to 
ensure smooth operation and better voltage 

regulation under varying load conditions. 

The system is evaluated based on 
performance parameters such as total 

harmonic distortion (THD), efficiency, 

and voltage utilization. Simulation and 

experimental results indicate that the 
proposed inverter achieves improved power 
quality with fewer components compared to 
traditional topologies. Overall, the design 

offers a cost-effective, efficient, and 

reliable solution for applications such as 
renewable energy systems, motor drives, 

and power distribution networks. 

 

V.Block Diagram 

The block diagram illustrates the structure 
and operation of the proposed multilevel 

inverter with reduced switching devices 

and minimum standing voltage. The 

system begins with a DC source, which 
may be derived from renewable energy 
sources such as photovoltaic panels or 
battery storage. This DC input provides the 

required energy for inverter operation. 

The DC power is first passed through a DC 

link capacitor, which acts as an energy 
storage element and stabilizes the input 

voltage by reducing ripples. This ensures a 
constant and smooth DC supply to the 
inverter stage. The stabilized DC voltage is 
then fed into the multilevel inverter unit, 

which is the core component of the system. 

The multilevel inverter is designed with a 
reduced number of switching devices, 
making the system more efficient and cost-

effective. It operates by generating multiple 
voltage levels through controlled switching 
sequences, producing a stepped output 
waveform that closely approximates a 
sinusoidal signal. This significantly reduces 
harmonic distortion and improves power 
quality. Additionally, the design ensures 

minimum standing voltage across 

switches, which reduces voltage stress and 
enhances the reliability and lifespan of the 

components. 

A gate driver circuit is used to provide the 
necessary switching signals to the power 
electronic devices in the inverter. These 
signals are generated by the control unit, 
which implements modulation techniques 
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such as Pulse Width Modulation (PWM). 
The control unit receives reference signals 
and processes feedback from the system to 

maintain stable and efficient operation. 

The inverter output is then passed through 

an output filter (LC filter), which 
eliminates high-frequency harmonics and 
smoothens the waveform. The filtered AC 
output is supplied to the load, which can be 

a grid, motor, or other electrical devices. 

A sensing unit is incorporated to measure 
voltage and current parameters at the output. 
This feedback is provided to the control unit, 

enabling real-time monitoring and 
adjustment of the system. Overall, the block 
diagram represents an efficient and 
optimized inverter system with improved 
power quality, reduced component count, 

and enhanced reliability. 

 

 

   Fig 5.1 Block Diagram 

 
VI.Implementation 

 

 
 

Fig 6.1 Hardware image 

 

   
 

Fig 6.2 multi level power circuit 

 

 
 

Fig 6.3 Dc source& linking & Driver circuit 
 

 
 

Fig 6.4 Micro controller 
 

   
 

Fig 6.5 Output filter 
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Fig 6.6 output wave form 

VII.Conclusion 

The proposed multilevel inverter with 

reduced switching devices and minimum 

standing voltage provides an effective 
solution for improving power quality while 

reducing system complexity and cost. By 
minimizing the number of switching 
components, the design reduces switching 
losses and simplifies the control mechanism 
without compromising the quality of the 
output waveform. The reduced standing 
voltage across switches enhances device 

reliability and extends the operational 

lifespan of the inverter. 

The implementation and experimental 
results demonstrate that the proposed 
inverter achieves lower total harmonic 

distortion (THD), improved efficiency, 

and better voltage utilization compared to 
conventional multilevel inverter topologies. 

The generated output waveform closely 
approximates a sinusoidal signal, ensuring 
high power quality suitable for various 
applications such as renewable energy 
systems, motor drives, and industrial loads. 
Overall, the proposed system offers a cost-

effective, efficient, and reliable approach 

for advanced power conversion applications. 

VIII.Future Scope 

The proposed multilevel inverter can be 
further enhanced by incorporating 
advanced control techniques such as 
artificial intelligence, fuzzy logic, and 
model predictive control to improve 
dynamic response and optimize switching 
strategies. These methods can further reduce 

harmonic distortion, improve voltage 

regulation, and enhance overall system 

performance under varying load conditions. 

Future developments may also focus on 
integrating the inverter with renewable 

energy sources such as solar photovoltaic 

and wind systems, enabling its use in smart 
grid and microgrid applications. The 
inclusion of energy storage systems like 
batteries or supercapacitors can improve 
reliability and ensure continuous power 

supply during fluctuations in generation. 

Additionally, the use of advanced 
semiconductor devices such as Silicon 

Carbide (SiC) and Gallium Nitride (GaN) 
can significantly improve efficiency, reduce 
switching losses, and allow for compact 
inverter designs. Further research can also 
explore scaling the system for high-power 

industrial applications, improving thermal 
management, and implementing real-time 

monitoring systems for enhanced safety and 

performance. 
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