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Abstract: Rapid advancements in power electronics have enabled the evolution of 

multilevel inverters (MLIs) for diverse applications. Compared to traditional 

two- level inverters, MLIs offer several advantages such as reduced voltage 

stress, minimized electromagnetic interference, and smaller filter requirements. 

However, standard MLI configurations often involve a high number of 

components to achieve more voltage levels. To address this issue, this study 

introduces a novel 7- level MLI architecture that reduces the number of switching 

elements, making it suitable for standalone energy systems by enhancing control 

and minimizing harmonic distortion. A firefly-assisted glowworm swarm 

optimization (GSO) algorithm is applied for selective harmonic elimination 

(SHE), while the moth- flame optimization (MFO) technique is utilized to 

suppress low-order harmonics in the inverter’s output voltage. The study also 

compares the effectiveness of the firefly algorithm (FA) and particle swarm 

optimization (PSO) against the MFO method. Additionally, an incremental 

conductance (IC) algorithm is integrated to improve power extraction efficiency 

from the energy source. Comprehensive simulations are carried out in MATLAB, 

with in-depth analysis of each component’s performance. Finally, a prototype 

system is developed to experimentally validate the proposed MLI using the SHE-

based PWM control strategy, and the results are benchmarked against those 

obtained from traditional PWM control techniques. 

Keywords: Firefly algorithm (FA); multilevel inverter (MLI); selective 

harmonic elimination (SHE). GSO, MFO and PSO. 

1. Introduction 

Multilevel inverters (MLIs) are increasingly used in high-power applications like 

electric vehicles, industrial drives, and renewable energy systems due to their ability to 

produce stepped waveforms that reduce harmonics and stress on components. Despite 

these benefits, harmonic distortion remains a challenge,  affecting  performance  and  

efficiency.  Selective  Harmonic Elimination (SHE) is a widely used method to control 

specific harmonics by adjusting switching angles. However, conventional SHE 

struggles with low- order harmonics over a wide range. To improve performance, 
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Modified SHE (MSHE) techniques, which use unequal DC-link voltages, have been 

introduced—offering better waveform quality and broader applicability, especially in 

solar systems.This paper investigates the use of meta-heuristic algorithms—namely 

PSO, FA, GSO, and MFO—for optimizing switching angles in a 7-level MLI. These 

algorithms are effective in solving non-linear problems and avoiding local optima. A 

performance comparison is conducted with 5-, 7-, and 11-level inverters, focusing on 

Total Harmonic Distortion (THD) and computational efficiency.Results show that the 
use of these algorithms significantly enhances output quality while maintaining lower 

hardware complexity. The study confirms their potential to advance MLI performance 

various power electronics applications.The paper is structured as follows: Section 2 

reviews related work, Section 3 presents the proposed methodology, Section 4 shows 

experimental results, and Section 5 concludes the findings. 

2. Related Work 

Meta-Heuristic Techniques for Selective Harmonic Elimination in Multilevel Inverters: 

A Comprehensive Overview 

As the demand for smarter and more efficient energy conversion continues to rise, 
Selective Harmonic Elimination (SHE) has gained significant traction in the field of 

multilevel inverters (MLIs). Meta-heuristic optimization methods have become a go-to 

solution for tackling the complex, non-linear equations that arise in SHE—especially 

where conventional mathematical approaches fall short. Techniques like Particle 

Swarm Optimization (PSO), Genetic Algorithms (GA), Firefly Algorithm (FA), and 

hybrid adaptive models have been widely applied to fine-tune switching angles for 

effectively eliminating unwanted harmonics from the output voltage. 

These advanced algorithms play a critical role in minimizing Total Harmonic Distortion 
(THD), which directly translates into cleaner waveforms. This improved signal quality 

brings clear advantages to systems like electric drives, solar inverters, and electric 

vehicle powertrains—enabling smoother operation, less electromagnetic interference, 

and longer equipment life. 

One of the key strengths of meta-heuristic strategies is their adaptability across different 

inverter setups—whether it’s a symmetrical or asymmetrical configuration, or more 

complex topologies such as 7-level, 9-level, or even 11-level inverters. For instance, 

hybrid models combining Adaptive PSO and GA have delivered promising results in 

reducing harmonic content in high- switch-count systems. Similarly, variations of the 

Firefly Algorithm have been successfully implemented on real-time simulation 

platforms for optimal angle computation. 

Emerging innovations in this space include integrating fuzzy logic and artificial 

intelligence-based controllers to overcome limitations of traditional methods rooted in 

calculus. At the same time, newer inverter designs with fewer components are being 

developed to reduce system complexity and cost—especially beneficial in renewable 

energy applications, where issues like partial shading can affect performance. 

Numerous studies have explored alternative optimization approaches like the Artificial 
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Bee Colony (ABC), Grey Wolf Optimization (GWO), and Moth Flame Optimization 

(MFO). These algorithms have been used not just for harmonic suppression but also to 

enhance overall control precision. Alongside these, there’s growing interest in novel 

pulse-width modulation (PWM) strategies, better MPPT algorithms, and THD-

minimizing inverter topologies. 

Beyond just harmonic mitigation, researchers are also looking into improving inverter 

performance by reducing voltage overshoot, ensuring better regulation, and enhancing 

response speed. Techniques like Direct Model Predictive Control (DMPC) and neural 

network-based architectures show great potential in this regard, although they often 

come with higher computational demands. 

To sum it up, meta-heuristic optimization has transformed how SHE is implemented in 

multilevel inverters—offering higher efficiency, better adaptability, and smarter 

control. With ongoing advancements focused on real-time implementation, lower 

switching losses, and smart grid compatibility, these techniques are paving the way for 

next-generation energy systems. 

Emerging innovations in this space include integrating fuzzy logic and artificial 

intelligence-based controllers to overcome limitations of traditional methods rooted in 

calculus. At the same time, newer inverter designs with fewer components are being 

developed to reduce system complexity and cost—especially beneficial in renewable 

energy applications, where issues like partial shading can affect performance. 

Numerous studies have explored alternative optimization approaches like the Artificial 

Bee Colony (ABC), Grey Wolf Optimization (GWO), and Moth Flame Optimization 

(MFO). These algorithms have been used not just for harmonic suppression but also to 
enhance overall control precision. Alongside these, there’s growing interest in novel 

pulse-width modulation (PWM) strategies, better MPPT algorithms, and THD-

minimizing inverter topologies. 

Beyond just harmonic mitigation, researchers are also looking into improving inverter 

performance by reducing voltage overshoot, ensuring better regulation, and enhancing 

response speed. Techniques like Direct Model Predictive Control (DMPC) and neural 

network-based architectures show great potential in this regard, although they often 

come with higher computational demands. 

To sum it up, meta-heuristic optimization has transformed how SHE is implemented in 
multilevel inverters—offering higher efficiency, better adaptability, and smarter 

control. With ongoing advancements focused on real-time implementation, lower 

switching losses, and smart grid compatibility, these techniques are paving the way for 

next-generation energy systems. 

3. Related Work 

This section explores the application of meta-heuristic optimization methods to 

improve the performance of seven-level inverters. Seven-level inverters play a vital role 
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in power electronics as they can produce high-quality output waveforms while 

significantly minimizing harmonic distortion. Nevertheless, achieving peak 

performance, particularly in selective harmonic elimination (SHE), poses a 

considerable challenge. To tackle this, a variety of meta-heuristic algorithms, such as 

Particle Swarm Optimization (PSO), Glowworm Swarm Optimization (GSO), Firefly 

Algorithm (FA), and Moth- Flame Optimization (MFO), have been utilized to optimize 

the switching angles of these inverters. The aim is to reduce harmonic distortion and 
enhance the efficiency of the power conversion process. By implementing these 

sophisticated algorithms, researchers seek to decrease the Total Harmonic Distortion 

(THD) and improve the overall power quality of the inverter systems. 

Each meta-heuristic technique offers unique benefits for addressing the intricate, non-

linear challenges related to seven-level inverters. For example, PSO is particularly 

adept at quickly identifying global optima, making it well-suited for minimizing 

lower-order harmonics. Conversely, GSO and FA are proficient in tackling multi-

dimensional optimization tasks, allowing for a more comprehensive exploration of the 

solution space and resulting in better waveform quality. MFO finds a balance between 

global and local optimization, which makes it especially effective for precise harmonic 

elimination. Numerous studies have evaluated and compared these algorithms, 

demonstrating their capability to substantially enhance the performance of seven-level 
inverters across various operating conditions and modulation indices 

3.1 Seven-Level Inverter Topology 

A standard seven-level inverter setup comprises three H-bridge cells, as depicted in 

Figure 1. These H-bridge cells are connected in series, and each cell generates two 

output voltage levels, +Vdc and -Vdc. The total number of voltage levels generated by 

the inverter is calculated using the formula 2x + 1, where "x" denotes the number of H-

bridge cells in the inverter. For a seven-level inverter, "x" equals 3, resulting in seven  

 Figure 1. topology of seven level inverters 
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unique voltage levels. This arrangement is often termed a "three-level inverter" based 

on the number of H-bridge cells. It is noteworthy that seven-level inverters do not 

require clamping diodes or voltage-balancing capacitors, and they showcase a compact, 

modular design that facilitates control and adjustment of the output voltage levels. 

By utilizing such a configuration, seven-level inverters provide a more sophisticated 

method for voltage management, making them highly sought after for applications that 

demand high-quality waveform outputs and reduced harmonic interference. These 

inverters are viewed as more efficient compared to their lower-level counterparts, as 

they can simplify the design and lower costs by eliminating the need for additional 
components like clamping diodes and voltage-balancing capacitors. Consequently, they 

represent an appealing solution for power conversion applications where both 

performance and reliability are essential. 

3.2 Glowworm Swarm Optimization (GSO) 

Glowworm Swarm Optimization (GSO) is modeled after the behavior of glow-worms, 

especially their method of communication through bioluminescence. Each glow-worm 

has a distinct level of luciferin, which determines its brightness. Glow-worms utilize 

this light intensity to attract others during their search process. Their interactions take 

place within a defined distance known as the local-decision range. Within this range, 

glow- worms detect potential neighbors based on the levels of luciferin, usually moving 

toward those that emit brighter light. Interestingly, the number of nearby glow-worms 

affects the size of the local-decision range; when few neighbors are observed, the 
decision radius expands to cover a larger area, thus increasing the chances of finding 

more glow-worms and enhancing the exploration of the solution space. 

The process of algorithms defines following parameters 
1. The load of virtual machine encodes i with objective function 

J(xi(t)) the position of feature data is xi(t) into acceleration α. The value of luciferin li 

spread with neighbour (Ni(t)) of glowworm. Each iteration of feature set the new factor 

of decision is updated by equation 

2. 𝑟𝑖 (𝑡 + 1) = 𝑚𝑖𝑛 {𝑟𝑠, 𝑚𝑎𝑥{0, 𝑟𝑖 (𝑡) + 𝛽(𝑛𝑡 −𝑁𝑖(𝑡)) ............................................... (1) 
3. After the iteration of VM of new neighbors is 

4. 𝑁𝑖(𝑡)={𝑗 :‖𝑥𝑖 (𝑡)−𝑥𝑖 (𝑡)‖<𝑟𝑖 ;𝑙𝑖 (𝑡)<𝑙𝑖(𝑡)}… ............................................................ (2) 

5. The movement of VM component by local decision is. 

6. 𝑝𝑖𝑗 (𝑡)=𝑙𝑖(𝑡)−𝑙𝑖(𝑡) (3) 

∑𝑘∈𝑁𝑖 (𝑡) 𝑙𝑘 (𝑡)−𝑙𝑖(𝑡) 
7. Update the new set of features 

8. 𝑥( ) ( )𝑠𝑗 (𝑡)−𝑥𝑖 (𝑡) 𝑖 𝑡+1 =𝑥𝑖 𝑡 +𝑠( )

 (4) 

‖𝑥𝑗 (𝑡)−𝑥𝑖 (𝑡)‖ 
9. Update the value if luciferin 

𝑙𝑖(𝑡)=(1−𝜌)𝑙𝑖(𝑡−1)+𝛾𝑗 (𝑥𝑖 (𝑡)) .............................................................................. (5) 

 

3.3 Moth-Flame Optimization (MFO) 
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Moth-Flame Optimization (MFO) is another dynamic, population-based optimization 

algorithm. The algorithm uses a population of moths (M) to optimize the switching 

angles in SHE. Moths move towards the optimal flame (solution) based on their 

fitness value. The MFO algorithm operates by updating the moths' positions and 

adjusting the fitness constraints. 

The steps of the MFO algorithm are as follows: 
The population of moths is initialized, and each moth's fitness is evaluated. The position 

of each moth is updated according to the fitness of the solution (flame)  using  the 

following  formula: Mi(t+1)=Mi(t)+β(r(t)−Fj(t))....................... (6) 

The distance between moths is calculated using: 

𝑟𝑖,𝑗 = √(𝑥𝑖 − 𝑥𝑗)2 + (𝑦𝑖 − 𝑦𝑗)2 ........................................................... (7) 
The moths' positions are updated based on the new solution's fitness, and the process 

repeats until the stopping criteria are met. 

Firefly Algorithm (FA) 

The Firefly Algorithm (FA) is a meta-heuristic inspired by the flashing behavior of 

fireflies. The firefly algorithm resolves NP-hard problems and manages dynamic 

behaviors in data. Fireflies move based on their brightness, which is influenced by their 

position and the distance to other fireflies. The attractiveness of a firefly is proportional 
to its brightness, and the fireflies move towards brighter ones. The FA explores and 

exploits the search space to find the optimal solution. 

The FA algorithm's steps are as follows: 

 Fireflies are initialized, and the fitness function evaluates their 

brightness.  

 The fireflies move towards brighter fireflies based on the following 

formula: 

  Xi=Xi+B0e−γrij2(Xj−Xi)+a⋅(rand−0.5) 
The algorithm's parameters, including the random factor a and the absorption 

coefficient γ, are adjusted based on the distance between fireflies. 

The Firefly Algorithm is used to optimize the switching angles in seven-level inverters, 

ensuring harmonic elimination and improved power quality. The search process 

balances exploration of the solution space and exploitation of the best solutions. 

For i=1: N all N fireflies For j=1: N all N fireflies If Ij>Ii Then 

Move firefly i towards j in all dimensions according to Equation (2); End If 

Attractiveness varies with distance Evaluate the new solution and update its brightness; 

Fes=Fes+1; End For End For 

 Rank the fireflies and find the current best; t=t+1; 

 End While 
 Optimized switching angle 

  End 

4. Experimental Analysis 

To validate the accuracy of the simulation results, an experimental model of a cascaded 

H-bridge inverter was constructed. This prototype was used to demonstrate the practical 

effectiveness of the proposed hybrid swarm-based optimization approach. The 
configuration includes four H-bridge inverter cells connected in series, with each 
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module powered by an individual 25V DC supply. The system is designed to operate 

at a fundamental frequency of 50 Hz. 

For testing, two types of loads were connected: a purely resistive load of 30 ohms, and 

a combined resistive-inductive load consisting of 40 ohms resistance and 50 mH 

inductance. A microcontroller or processor was used to generate the necessary gate 

pulses for the IGBT switches in each H-bridge. These switching pulses are based on 

precomputed switching angles, which were determined offline for different operating 
points and stored in the processor for real-time control during operation. 

The performance of the inverter was analyzed by examining the phase voltage, line 

voltage, and load current waveforms under varying modulation indices. At a 

modulation index (m) of 0.5, the phase voltage generated a five- level waveform, while 

the line voltage produced a seven-level output. When the modulation index was 

increased to 0.8, the phase voltage transitioned to a nine-level waveform, and the line 

voltage exhibited a thirteen-level output. These results highlight the effectiveness of the 

proposed optimization technique in achieving improved waveform quality and 

harmonic reduction under varying operating conditions. 

 

 

 

 

 

Figure 2. Optimized switching angles under various modulation indices.
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Figure 3. Percentage of eliminated harmonics under various modulation indexes 

 

 

 

                 

 

 

 Figure 4. THD under various modulation indexes 
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 Figure 5. FFT analysis at MI=0.6 
 

                                             

 

 

 

 

 

 

 Figure 6. FFT analysis at MI=0.69 
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 Figure 7. FFT analysis at MI=0.81 

 

 

 
 

                                               Figure 8. FF value and iteration at MI=0.4 
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 Figure 9. FF value and iteration at MI=0.5z 

 Figure 10. FF value and iteration at MI=0.6 
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 Figure 11. FF value and iteration at MI=0. 

 Figure 12. Line voltage at MI=0.63 

                                    Figure 13. Line voltage at MI=0.69 
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Figure 14. Line voltage at MI=0.81 

5. Conclusion & Future Work 
 

5.1 Conclusion 

This study evaluated four metaheuristic algorithms—PSO, GSO, FA, and MFO—for 

Selective Harmonic Elimination (SHE) in 5-, 7-, and 11- level multilevel inverters. 
Results showed that MFO performed best for 7-level inverters, while FA excelled in 

11-level configurations, especially in THD reduction and output quality. FA also had 

the most stable iteration time, while GSO showed the highest variation. No single 

algorithm outperformed in all cases, and benefits of increasing inverter levels beyond 

11 were limited due to added complexity and losses. 

 
5.2 Future Work 

Future work may focus on hybrid optimization methods that combine the 
strengths of multiple algorithms. Research into machine learning- assisted 

SHE, real-time control systems, and experimental hardware validation can 

further enhance performance, efficiency, and practical deployment in various 
inverter application 
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