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Abstract: “Selective Harmonic Elimination Pulse Width Modulation” (SHEPWM) is a sophisticated 

technique used in power electronics to address harmonic distortion, particularly lower-order harmonics 

that affect power quality and system efficiency. This method involves generating controlled switching 

angles to target and reduce specific harmonics, thereby enhancing the waveform quality. The project 

"Lower Order Harmonics Reduction Using SHEPWM Based Optimization and Cascaded H-Bridge 

Techniques" builds on this principle by integrating SHEPWM with cascaded H-bridge multilevel 

inverters. By optimizing switching angles through advanced algorithms, the project aims to significantly 

reduce harmonic distortion and improve power quality in high-performance applications. The system 

leverages Selective Harmonic Elimination Pulse Width Modulation (SHEPWM) to strategically eliminate 

lower-order harmonics through the optimization of switching angles. By solving nonlinear equations, the 

SHEPWM technique minimizes harmonic distortion while ensuring that the output voltage levels remain 

within desired parameters. Optimization algorithms are employed to refine these switching angles, 

resulting in improved system efficiency and reduced harmonic content in the inverter output. This 

approach promises significant advancements in power quality and efficiency for sophisticated electrical 

systems 
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I. INTRODUCTION 

Modern power systems are growing at an incredible rate. Driven by the push for renewable energy, the rise of electric 

vehicles, and heavy industrial automation, the demand for clean, high-quality power has never been higher. Ideally, the 

current and voltage waveforms in an electrical grid should be perfectly sinusoidal. Reality, however, looks quite 

different. The massive influx of non-linear loads and power electronic converters throws a lot of harmonic distortion 

into the mix. Lower-order harmonics—the multiples sitting closest to the fundamental frequency—are particularly 

damaging. They cause excessive heating, waste energy, and can prematurely destroy sensitive hardware [10]. 

To tackle this, engineers have increasingly turned to multilevel inverters (MLIs) instead of traditional two-level setups. 

MLIs build an AC output voltage step-by-step using multiple DC voltage levels. This creates a staircase-like wave that 

actually looks a lot like a pure sine wave. Among the different ways to build an MLI, the Cascaded H-Bridge (CHB) is 

incredibly popular. It’s modular, easy to scale up, and relies on fewer components than flying capacitor or diode-
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clamped designs. But hardware alone isn't enough; you need smart modulation to get the best waveform possible. This 

is exactly why Selective Harmonic Elimination Pulse Width Modulation (SHEPWM) is so valuable. It’s a 

mathematical approach that calculates the exact moments switches should fire to knock out targeted lower-order 

harmonics, all while keeping the fundamental voltage right on track [1]. 

 

II. PROBLEM STATEMENT AND OBJECTIVES 

2.1 Problem Statement: 

Traditional modulation methods like standard Pulse Width Modulation (PWM) are straightforward to set up, but they 

really start to struggle in high-power, high-efficiency scenarios. Standard PWM tends to scatter harmonic energy across 

a wide frequency band. To compensate, it relies on high switching frequencies. The downside? That inverse 

relationship causes switching losses to spike and puts a lot of thermal stress on the semiconductors. Worse still, 

standard techniques have a very hard time completely wiping out the dominant lower-order harmonics—like the 3rd, 

5th, and 7th. These specific harmonics are notorious for ruining power quality and are incredibly difficult to strip out 

using basic passive filters. 

 
Fig. Configuration of single-phase cascade multilevel inverter 

 

2.2 Objectives: 

To break past these limitations, the goals of this research are straightforward: 

• Wipe out specific lower-order harmonics in a cascaded H-bridge setup using the SHEPWM technique. 

• Use advanced mathematical algorithms to hunt down the absolute best switching angles for the inverter, ensuring 

harmonic mitigation is as precise as possible [2]. 

• Drive up overall power quality and drop the Total Harmonic Distortion (THD), while boosting efficiency by keeping 

switching frequencies reasonably low. 

• Cut down on wasted energy and shield the broader electrical infrastructure from harmonic damage. 

 

III. LITERATURE REVIEW 

• SHEPWM and Optimization Algorithms: Solving the complex, nonlinear transcendental equations required for 

SHEPWM isn't easy. Krithiga et al. looked into using Artificial Intelligence (AI) to handle the heavy lifting, showing 
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that AI can accurately pin down the optimal switching angles [1]. Looking at specific algorithms, Sadeghi et al. applied 

Particle Swarm Optimization (PSO) to a CHB inverter's SHEPWM setup. They specifically focused on scenarios where 

the output voltage demand was low, and their results showed a clear improvement in the waveform [2]. Tuteja et al. 

took a broader look, reviewing several metaheuristic methods like Genetic Algorithms (GA) and PSO. They concluded 

these tools are incredibly robust for finding switching angles, regardless of whether the CHB configuration uses equal 

or unequal DC sources [3]. Meanwhile, Khamooshi et al. brought a Bat-inspired algorithm into the mix. Their approach 

minimized THD and rejected low-order harmonics while successfully juggling variable DC sources to maintain 

fundamental voltage [4]. 

• Broader Impacts on Motor Drives and Efficiency: Power quality issues don't just stop at the inverter; they cascade 

down to the driven equipment. Thanga Raj et al. and Mukhopadhyay both looked at how distorted power supplies 

impact induction motors. Their findings highlight that bad power quality severely messes with the thermal dynamics 

and efficiency of these machines [5], [6]. Aravindh Kumar et al. used wavelet packet transforms to detect motor 

faults—a problem that harmonic stress frequently aggravates [7]. On the software side, techniques like Fuzzy-PSO 

have proven useful for optimizing motor efficiency by cutting down on core and copper losses, as seen in the work of 

Ranjith Kumar et al. and Ben Attous [8], [9]. Tying it all back to the hardware, Ramani et al. confirmed that using 

multilevel inverters in AC drives is one of the most effective ways to slash THD in real-world industrial settings [10]. 

 

IV. METHODOLOGY/WORKING PRINCIPLE 

The core of this system comes down to how we mathematically model the inverter's output. A CHB multilevel inverter 

produces a stepped waveform that features quarter-wave symmetry. 

If you run a Fourier series analysis on this stepped wave, you can break it apart into its fundamental frequency and its 

various harmonics. Thanks to the symmetry of the wave, all the even harmonics naturally cancel out to zero. The goal 

of SHEPWM is to force the coefficients of the most troublesome odd harmonics (like the 3rd, 5th, and 7th) to exactly 

zero. At the same time, it locks the fundamental component to the target modulation index [1], [4]. 

Setting this up creates a tight system of non-linear transcendental equations. The unknowns we need to solve for are the 

switching angles—the precise split-seconds when the inverter's switches need to open or close to form the next voltage 

step. Because these equations are highly non-linear, you can't just solve them with basic algebra. Instead, we run 

advanced optimization algorithms (like GA or PSO) offline. These algorithms comb through the possible variables to 

find the exact switching angles that balance the equation [3]. Once we have those optimal numbers, we program them 

directly into the inverter's control loop. 

 

V. PROPOSED DESIGN / CONCEPT 

For the physical architecture, this project uses a single-phase Cascaded H-Bridge Multilevel Inverter. The beauty of this 

design is its modularity. It relies on a series of individual H-bridge cells strung together, with each cell drawing from its 

own isolated DC power source. 

Inside each H-bridge, there are four solid-state switches (usually IGBTs or MOSFETs). By controlling how these 

switch, a single cell can push out three different voltage states: positive DC, negative DC, or zero [10]. When you stack 

multiple cells together, their individual outputs add up to create a detailed, multi-stepped AC wave. 

The control side of things is built out in a simulation space, like MATLAB/Simulink. A specialized signal generation 

block takes the SHEPWM logic we calculated earlier and fires off perfectly timed gating signals to the switches. This 

guarantees the hardware operates exactly at our optimized angles. The result is an output waveform that tracks the 

fundamental frequency perfectly while flatlining the targeted lower-order harmonics [2]. 

 

VI. RESULTS / FINDINGS FROM LITERATURE 

Based on existing literature and simulation data, running SHEPWM through a CHB topology delivers a massive 

upgrade to waveform quality: 
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• Waveform Characteristics: When looking at simulated oscilloscope outputs, the voltage waveform forms a highly 

distinct, staircase-like pattern. This proves the nearest-level modulation scheme is working exactly as intended. 

• Current Response: Because the voltage steps are so tightly controlled—and because inductive loads naturally filter out 

higher frequencies—the resulting output current smooths out into a near-perfect sine wave. 

• Harmonic Elimination: Spectral analysis confirms the math. The specific lower-order harmonics targeted by our 

equations (like the 3rd and 5th) basically disappear from the frequency spectrum [1], [4]. 

• Efficiency: High-frequency SPWM relies on thousands of switching transitions per cycle. SHEPWM requires 

drastically fewer. This massive drop in switching events means the system runs much cooler and wastes far less energy 

[3]. 

 
Fig. Shows Simulink Scope Display of Voltage and Current Waveforms 

 

VII. APPLICATIONS 

Pairing an optimized CHB inverter with SHEPWM has a ton of potential across today's electrical landscape: 

• Renewable Energy Integration: It cleans up the power coming out of wind turbines and solar PV arrays before it ever 

hits the main grid. 

• Electric Vehicle (EV) Infrastructure: High-power fast chargers can use this to run more efficiently without dumping 

harmonic noise back into local power lines. 

• Industrial Motor Drives: Supplying pristine power to variable frequency drives (VFDs) and massive AC motors keeps 

them from overheating and extends their operational life [10]. 

• Uninterruptible Power Supplies (UPS): It ensures data centers and medical facilities get reliable, distortion-free power 

when it matters most. 

 

VIII. CHALLENGES AND LIMITATIONS 

While highly effective, the proposed concept faces several practical engineering challenges: 

• Computational Complexity: Those non-linear transcendental equations are a beast to solve. If you add more inverter 

levels, you need more switching angles, and the math scales up exponentially. Trying to calculate this in real-time 

requires serious processing power. 

• Isolated DC Sources: Because the CHB topology demands a completely isolated DC source for every single cell, the 

front-end power supply setup can get bulky and complicated very quickly. 

• Dynamic Response: Right now, the optimal switching angles are usually calculated offline and saved into a lookup 

table. If the grid experiences a massive, sudden transient or a highly unpredictable load shift, the system might not 

adapt fast enough 
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IX. FUTURE SCOPE 

The foundational work presented here opens several avenues for future research and development: 

• Real-Time AI Integration: If we bake neural networks or machine learning models directly into embedded controllers, 

the system could calculate SHEPWM angles on the fly, completely ditching the need for offline lookup tables [1]. 

• Advanced Topologies: We could merge SHEPWM with newer asymmetrical MLI designs. This would let us hit even 

higher numbers of voltage levels while actually reducing the physical component count. 

• Wide Bandgap Semiconductors: Swapping traditional silicon for Silicon Carbide (SiC) or Gallium Nitride (GaN) 

switches would let the inverter handle much higher temperatures and voltages with almost zero switching loss. 

 

X. CONCLUSION 

Harmonic distortion is one of the biggest roadblocks to building reliable, highly efficient power electronic systems. 

This research confirms that combining Selective Harmonic Elimination Pulse Width Modulation (SHEPWM) with 

Cascaded H-Bridge (CHB) multilevel inverters is a highly effective way around that roadblock. By leaning on 

mathematical optimization to find the perfect switching angles, this system knocks out the most damaging lower-order 

harmonics—and it does it without relying on massive passive filters. The end product is a high-fidelity staircase voltage 

waveform and a smooth, near-sinusoidal current. This directly translates to better efficiency, less thermal strain on 

hardware, and longer equipment lifespans. As modern power grids only continue to grow more complex, optimized 

inverter setups like this one will be critical for keeping our energy systems stable and clean. 
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