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Abstract: This paper presents a performance evaluation of Selective Harmonic Elimination Pulse Width
Modulation (SHE-PWM) using a novel algorithm and Sinusoidal Pulse Width Modulation (SPWM) in cascaded
seven-level H-bridge inverter in grid-connected systems. A novel optimization algorithm is introduced to compute
optimal switching angles for the selective harmonic elimination method, effectively reducing total harmonic
distortion across a range of modulation indices. The algorithm efficiently resolves the nonlinear transcendental
equations that link switching angles, harmonic distortion, and the amplitude of the fundamental waveform.
Extensive simulations conducted using MATLAB/Simulink on a resistiveinductive load (45 Q3, 0.025 H) over
modulation indices from 0.7 to 1.0 reveal that the selective harmonic elimination using a novel algorithm
outperforms the sinusoidal pulse width modulation method in minimizing total harmonic distortion. Specifically, at
a modulation index of one, selective harmonic elimination achieves a total harmonic distortion of 11.68%
compared to 17.94% for the sinusoidal pulse width modulation approach. Furthermore, the proposed algorithm
successfully eliminates targeted lower order harmonics while preserving the desired fundamental voltage component,
and the lower switching frequency associated with selective harmonic elimination results in reduced switching losses.
These findings underscore the potential of optimized selective harmonic elimination for high-power applications where
efficiency and waveform quality are important.
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INTRODUCTION

The advances in power electronics have led to substantial improvement in inverter technology [1],
specifically in the design of multilevel inverters for medium-voltage and high-power applications [2].
Among these, Cascaded H-bridge (CHB) multilevel inverters have received eminence due to their
adaptability and better performance [3]. These inverters aid the important function of converting DC
input voltage to symmetrical AC output voltage with desired frequency and magnitude [4].

While ideal inverters should produce purely sinusoidal waveforms, pragmatic operations mostly result
in non-sinusoidal output waveform which contains harmonics [5]. This becomes predominantly
significant in high-power applications where minimum distortion in sinusoidal waveforms is important
[6]. Fortunately, modern high-speed power switches allow the implementation of sophisticated control
techniques [7] that can significantly reduce harmonics in the output voltage [8].

Multilevel inverters (MLI) provide a distinct advantage by producing staircase voltage waveforms [9] with
variable magnitude and frequency [10]. It results in lower voltage stress on semiconductor devices [11]
and reduced total harmonic distortion (THD) [12] in comparison to conventional inverters [13]. The
increase in number of levels in a MLI provides more steps for the desired output waveform [14], thereby
further minimizing harmonic distortion [15].

In a conventional cascaded H-bridge seven-level inverter [16], the architecture consists of twelve
strategically arranged switches designed to prevent short circuits across the voltage sources [17]. Each
voltage source provides a direct current voltage [18], allowing the inverter to achieve a maximum output
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voltage that is three times the value of the individual source voltage [19]. The output voltage waveform
consists of seven distinct levels [20]. In the positive half cycle, the voltage levels are equal to the source
voltage, twice the source voltage, and three times the source voltage [21]. The waveform also includes a
zero-voltage level [22]. In the negative half cycle, the voltage levels are the negative of the source voltage
[23], twice the negative of the source voltage, and three times the negative of the source voltage [24].

The operation of multilevel inverters is primarily governed by control techniques [25], which can be
generally divided into two main categories [26]: low switching frequency [27] and high switching
frequency modulation control schemes. Sinusoidal PWM (28], a widely used high switching frequency
modulation control scheme, is particularly suited for medium and high-voltage applications [29]. Among
its various implementations [30], the level shifted PD (phase disposition) Sinusoidal PWM scheme
provides efficient control and voltage regulation [31]. In contrast, Selective Harmonic Elimination
PWM scheme is a low switching frequency modulation method designed for specific harmonic
elimination, making it a preferred choice for medium and high-voltage applications where waveform
quality and harmonic control are critical.
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Figure 1: Cascaded Seven-Level H-Bridge Inverter

The figure 1 shows a Cascaded Seven-Level H-Bridge Inverter circuit comprising of three equal H-bridge
units connected in series. Each H-bridge circuit comprises of four power semiconductor devices with
feedback diodes and is driven by a separate DC voltage source. This configuration enables the generation
of seven distinct voltage levels (£3Vdc, +2Vdc, +Vdc, 0) through appropriate switching combinations,
producing a stepped waveform that approximates a sinusoidal output.

This paper presents a performance evaluation of Selective Harmonic Elimination Pulse Width
Modulation (SHE-PWM) using a novel algorithm and Sinusoidal Pulse Width Modulation (SPWM) in
grid-connected cascaded seven-level H-bridge inverter. The research emphases on emerging a novel
optimization algorithm based on SHE-PWM to calculate optimal switching angles, focusing to minimize
Total Harmonic Distortion across modulation indices from 0.7 to 1.0. The novel algorithm focuses
the complexity of solving non-linear transcendental equation sets that define the relationships amongst
switching angles, distortion of harmonics, and fundamental wave magnitude. Through comprehensive
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simulation and analysis of Grid-connected cascaded 7-level H-bridge inverter, this study validates the
enhanced performance attained through the implementation of the new developed optimization
algorithm based on SHE, predominantly in comparison to conventional Sinusoidal PWM control
scheme. The cascaded 7-level H-bridge inverter is compatible for integration with solar photovoltaic
(SPV) systems.

LITERATURE REVIEW

The literature on Selective Harmonic Elimination Pulse-width Modulation (SHE-PWM) technique for
cascaded seven-level H-bridge inverters demonstrates significant advancements in harmonic mitigation
strategies. Farokhnia et al. (2012) introduced an improved SHE-PWM strategy that effectively
generates stepped voltage waveforms across a wide range of modulation indices, validated through
simulation and experimental studies, showcasing its capability to reduce Total Harmonic Distortion
(THD) significantly [32]. Moeini et al. (2014) expanded on this by developing a modified Selective
Harmonic Mitigation PWM technique that employs variable DC-link voltages, meeting grid code
requirements and confirming its effectiveness through both single-phase and three-phase simulations
[33].Haw et al. (2014) contributed to the field by optimizing both DC voltage levels and switching
angles in their multilevel SHE-PWM approach for transformer less static synchronous compensators,
enhancing harmonic elimination without altering the inverter’s structure [34]. Kundu et al. (2017)
performed a comparative analysis of various optimization techniques for determining precise
switching angles in SHE-PWM applications, demonstrating that their proposed methods outperform
traditional algorithms in terms of convergence and inverter performance [35]

Lastly, Bopche et al. (2018) conducted a comparative study of modulation techniques in three-level
cascaded H-bridge inverters, utilizing the Newton-Raphson method to determine optimal switching
angles for effective harmonic elimination [36]. Collectively, these studies underscore the evolution and
efficacy of SHE-PWM techniques in improving the performance of multilevel inverters.

Materials and Methods
Modulation Techniques Implementation

The study employed two different modulation control schemes for controlling the cascaded seven-level
H-bridge inverter: Sinusoidal PWM and Selective Harmonic Elimination PWM using a novel
algorithm.

Sinusoidal PWM Implementation
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Figure 2: Sinusoidal PWM carrier and reference waveforms for a CHB 7-level inverter

183



International Journal of Environmental Sciences

ISSN: 2229-7359

Vol. 11 No. 6s, 2025

https://www.theaspd.com/ijes.php

The figure 2 shows six triangular carrier waves compared with a sinusoidal reference waveform. This
arrangement implements level-shifted phase disposition PWM scheme for a CHB 7-level inverter, where
the intersection points between triangular carriers and reference waveform determine the switching
pulses for obtaining the staircase7-level output voltage.

The following parameters were established for the simulation: DC Bus Voltage: 100V, Carrier
frequency: 2250 Hz, Fundamental frequency: 50Hz, RL Load specifications: R = 450hm, L = 25mH.

The implementation involved six carrier waveforms arranged with specific characteristics:

Six triangular carrier waveforms maintained the same phase. Three carriers were appeared across the
positive half- cycle of the modulating signal. Three carriers were appeared across the negative halfcycle.
The frequency modulation index was calculated as mf = fc/fm. The amplitude modulation index is
used between O <ma<1.

SIMULATION SETUP

Both modulation techniques, SPWM and SHE-PWM using a novel algorithm, were implemented
using the MATLAB/Simulink environment. The Simulink model consisted of a complete CHB 7-
level inverter circuit, SPWM generator blocks, an RL load implementation, and measurement systems
for voltage and current. Additionally, FFT analysis blocks were included to evaluate the harmonic
content. The SHE-PWM Simulink model was designed with a modified inverter circuit incorporating
optimized switching angles derived from the proposed optimization algorithm. This model
implemented the calculated switching patterns and included similar measurement and analysis
systems as those used in the SPWM model, ensuring consistency in performance evaluation. The
comparative analysis focused on several critical metrics to evaluate the performance of both
techniques. Total Harmonic Distortion (THD) was measured across modulation indices ranging from
0.7 to 1.0, using FFT analysis up to the 50th harmonic order. This allowed for a detailed comparison
of harmonic performance between the two techniques. Output voltage quality was assessed through
waveform analysis, fundamental voltage amplitude measurements, and an evaluation of switching
patterns. Additionally, load current analysis involved assessing the quality of current waveforms,
measuring current THD, and examining load response characteristics. These methods provided a
comprehensive understanding of the performance differences between SPWM and SHE-PWM using a
novel algorithm.
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Figure 3: Simulink model of a cascaded H-bridge 7-level inverter using SPWM with RL load.
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The figure 3 shows the complete system architecture in Simulink, consisting of a PWM signal
generator, three batteries feeding separate H-bridge modules, and an RL load. Each H-bridge contains 4
IGBT switches controlled by PWM signals, with their outputs connected in series to generate the 7-
level voltage waveform.

The model in figure 4 represents three series-connected H-bridge modules powered by 100V DC
sources, with the output connected to an RL load (45 ohm, 0.025H). The independent control blocks
(AngleG1-3) generate switching signals for each H-bridge unit to generate the desired 7-level output
voltage waveform.

Data Collection and Analysis
The study collected comprehensive data sets including:

Output voltage waveforms, Load current waveforms, THD measurements for modulation indices from
0.7 to 1.0, Harmonic spectrum analysis.
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Figure 4: Simulink model of a cascaded H-bridge 7-level inverter using SHE-PWM with RL load.

The analysis methodology included:

Comparative evaluation of THD values, assessment of fundamental voltage amplitudes, analysis of
harmonic spectrum distributions and performance evaluation across different modulation indices.

RESULTS

The comparative analysis between SHE-PWM using a novel algorithm and SPWM techniques
emphasized distinguished differences in performance across various operating conditions. These
differences were analyzed in several key areas, beginning with the output voltage waveform.

In the SPWM implementation, the output voltage waveform exhibited higher harmonic distortion
due to the presence of significant low-order harmonics. The harmonic content was widely distributed
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across the frequency spectrum, with characteristic high-frequency clusters further elevating the Total
Harmonic Distortion (THD). This resulted in a less efficient waveform and suboptimal power quality,
impacting overall system performance.

On the other hand, the SHE-PWM using a novel algorithm modulation scheme demonstrated superior
output voltage characteristics. By successfully eliminating targeted low-order harmonics such as the
3rd, 5th, 7th, and 9th, SHE-PWM using a novel algorithm reduced the overall harmonic content and
achieved a cleaner waveform. The remaining harmonic components were concentrated at higher
frequencies, where their impact on the system’s performance was minimized. This selective harmonic
elimination contributed to improved THD values and better power quality across modulation indices

from 0.7 to 1.0.

Figure 5: Output voltage and load current waveforms of a 7-level CHB inverter at modulation index Ma=1

The figure 5 upper plot shows the stepped output voltage waveform with seven distinct voltage levels
(£300V, £200V, £100V, OV). The figure 5 lower plot displays the corresponding sinusoidal load
current waveform. The load current’s smooth sinusoidal shape indicates effective harmonic reduction
through multilevel switching.

The figure 6 shows the output voltage waveform with FFT analysis window highlighted in red, and its
corresponding harmonic spectrum. The fundamental component at 50Hz has a magnitude of 299.6V
with a THD of 17.94%. The spectrum reveals significant harmonics at multiples of the fundamental
frequency, with decreasing magnitudes at higher frequencies, demonstrating the effectiveness of
multilevel switching in reducing lower-order harmonics.
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Figure 6: FFT analysis and harmonic spectrum of 7-level CHB inverter output voltage at Ma=1 using SPWM control
scheme.

The output voltage waveform demonstrated clear seven-level steps The transitions between voltage
levels showed characteristic high-frequency switching patterns The load current waveform exhibited
smooth sinusoidal characteristics The maximum output voltage achieved was 300V (3Vdc) at Ma=1

SHE-PWM using a novel algorithm Implementation Results:

The voltage waveform maintained distinct seven-level steps with optimized switching angles transitions
between levels showed reduced switching events compared to SPWM. Load current maintained
sinusoidal nature with lower ripple content. The fundamental voltage component showed higher
amplitude compared to SPWM. The waveforms in figure 7 demonstrates the performance of Selective
Harmonic Elimination PWM (SHE-PWM) using a novel algorithm applied to a Cascaded H-Bridge 7-
level inverter. The output voltage shows distinct 7-level steps (+300V, +200V, +100V, 0V, -100V, -200V,
-300V) with quarter-wave symmetry. The modulation index (Ma) of 1 indicates operation at rated
voltage, achieving optimal voltage utilization.

Total Harmonic Distortion Analysis

The study presented a detailed analysis of Total Harmonic Distortion (THD) across modulation indices
from 0.7 to 1, highlighting the performance of Selective Harmonic Elimination Pulse Width
Modulation using a novel algorithm in comparison to Sinusoidal Pulse Width Modulation. At a
modulation index of 0.7, SHE-PWM achieved a THD of 22.71%, while SPWM recorded a higher
THD of 26.49%, indicating a significant 3.78% reduction in THD with SHE-PWM. Similarly, at Ma =
0.75, the THD for SHE-PWM was 19.77%, compared to 24.71% for SPWM, resulting in a 4.94%
improvement. For Ma = 0.8, the respective THD values were 18.22% for SHE-PWM and 24.24% for
SPWM, reflecting a 6.02% reduction. At Ma = 0.9, SHE-PWM maintained a THD of 18.22%, while
SPWM recorded 22.39%, showing a 4.17% improvement. Finally, at Ma = 1.0, SHE-PWM achieved a
significantly lower THD of 11.68%, compared to 17.94% for SPWM, yielding a 6.26% improvement.

Figure 7: Output voltage and load current waveforms of a 7-level CHB inverter using SHE-PWM at Ma=1
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The study also reported the outcomes of a novel optimization algorithm for determining switching
angles across various modulation indices. For Ma = 0.7, the optimal switching angles were 81 =
0.089573 radians, 62 = 0.48406 radians, and 83 = 0.26471 radians. At Ma = 1.0, the corresponding
angles were 81 = 0.86128 radians, 82 = 0.1341 radians, and 83 = 0.49674 radians. The harmonic
spectrum analysis further validated the efficacy of these optimized angles in achieving enhanced
performance.

The harmonic profile of SPWM exhibited characteristic high-frequency harmonic clusters, with a
higher magnitude of low-order harmonics contributing to elevated distortion levels. Additionally,
SPWM demonstrated a more distributed harmonic content across the spectrum, which impacts power
quality negatively.

In contrast, the harmonic profile of SHE-PWM highlighted its effectiveness in eliminating targeted
low-order harmonics, including the 3rd, 5th, 7th, and 9th harmonics. This selective harmonic
elimination reduced the overall harmonic content significantly, resulting in a cleaner waveform. The
remaining harmonic components were concentrated at higher frequencies, minimizing their impact
on the system’s performance and improving power quality.

These trends underscore the superior harmonic performance of SHE-PWM using a novel algorithm
compared to SPWM, as it achieves better harmonic mitigation while maintaining system efficiency and
waveform quality. Figure 8 demonstrates harmonic analysis of the waveform indicates a fundamental
frequency component at 50 Hz with a magnitude of 321.7 V and a Total Harmonic Distortion (THD)
of 11.68%. The SHE-PWM technique effectively eliminates lower-order harmonics, ensuring
improved power quality. Although higher-order harmonics, particularly in the 800-900 Hz range,
remain present, their magnitudes are significantly reduced, demonstrating the capability of SHE-PWM
to enhance harmonic performance while maintaining system efficiency.

et
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Figure 8: Harmonic spectrum analysis of a 7-level CHB inverter output voltage with FFT window (top) and
corresponding frequency components (bottom) at Ma=1
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Figure 9: Comparative analysis of voltage THD versus modulation index (Ma) for SHE-PWM using novel
algorithm and SPWM techniques

The graph illustrates that SHE-PWM using a novel algorithm consistently outperforms SPWM in
terms of THD across all modulation indices ranging from 0.7 to 1.0. As the modulation index
increases, THD improves for both techniques, with SHE-PWM achieving its best performance at Ma =
1.0, where the THD is reduced to 11.68%. In contrast, SPWM exhibits higher distortion throughout
the modulation range, highlighting the superior harmonic performance of SHE-PWM.

In terms of the fundamental voltage component, SHE-PWM demonstrated a higher amplitude and
better voltage utilization compared to SPWM. Additionally, SHE-PWM maintained a more stable
fundamental component across the modulation range.

Regarding switching characteristics, SPWM showed higher switching frequency operation, while SHE-
PWM achieved reduced switching events, resulting in lower switching losses. These advantages make
SHE-PWM more efficient in terms of energy consumption and thermal management.

The load current quality produced by both techniques was acceptable; however, SHE-PWM slightly
surpassed SPWM by delivering better current quality and reduced current ripple. This improvement
in current waveform quality further validates the effectiveness of the SHE-PWM technique.

The results clearly demonstrate the superiority of the SHE-PWM technique, especially when combined
with the new optimization algorithm, over the conventional SPWM approach. Significant
improvements were observed in reducing THD across all modulation indices, better fundamental
voltage utilization, successful elimination of targeted low-order harmonics, reduced switching losses
due to lower switching frequency, and enhanced overall waveform quality. These findings underscore
the effectiveness of the proposed optimization algorithm and highlight the advantages of SHE-PWM for
cascaded H-bridge multilevel inverter applications.

DISCUSSION

The comparative analysis of selective harmonic elimination pulse width modulation using a novel
algorithm and sinusoidal pulse width modulation for the cascaded seven-level H-bridge inverter reveals
several important insights into their performance characteristics. The most notable result is the
consistent superiority of selective harmonic elimination in reducing total harmonic distortion across
all modulation indices, with improvements ranging up to 6.26 percent for sinusoidal pulse width
modulation.

The reduction in total harmonic distortion achieved by selective harmonic elimination can be
attributed to two key factors. First, the method successfully eliminates specific low-order harmonics,
namely the third, fifth, seventh, and ninth harmonics, by using optimized switching angles. This
significantly improves the quality of the output waveform. Second, the new optimization algorithm
effectively determines the optimal switching angles required to minimize the overall harmonic content
while preserving the desired fundamental voltage component. An interesting observation is the inverse
relationship between modulation index and total harmonic distortion for both techniques. At a
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modulation index of one, both methods yield their lowest total harmonic distortion values, with
selective harmonic elimination achieving 11.68 percent and sinusoidal pulse width modulation
achieving 17.94 percent. However, the performance gap between the two techniques widens at lower
modulation indices, with selective harmonic elimination maintaining better distortion characteristics.

There is also a clear trade-off between switching frequency and harmonic performance. Sinusoidal
pulse width modulation operates at higher switching frequencies, which can lead to increased
switching losses, while selective harmonic elimination achieves superior harmonic performance with
fewer switching events. This makes selective harmonic elimination particularly attractive for high-
power applications where minimizing switching losses is critical.

These findings have significant practical implications. The superior total harmonic distortion
performance and reduced switching losses of selective harmonic elimination make it especially suitable
for high-power applications where waveform quality and efficiency are paramount. However, the
increased implementation complexity of selective harmonic elimination, due to the need for
sophisticated optimization algorithms, should be weighed against the simpler implementation of
sinusoidal pulse width modulation in applications where moderate harmonic performance is
acceptable.

Future research may focus on extending the optimization algorithm to accommodate higher-level
inverters and on investigating the impact of non-ideal conditions, such as voltage imbalances and
device mismatches, on the performance of both modulation techniques.

CONCLUSION

This study presents a comprehensive comparative analysis between Selective Harmonic Elimination
Pulse Width Modulation using a new optimization algorithm and Sinusoidal Pulse Width Modulation
for controlling cascaded H-bridge seven-level inverters. The results clearly demonstrate that the
Selective Harmonic Elimination technique, when implemented with the proposed optimization
algorithm, consistently outperforms the Sinusoidal PWM technique across all modulation indices
ranging from 0.7 to 1.0. The key findings indicate that the Selective Harmonic Elimination method
achieves significantly lower Total Harmonic Distortion than the Sinusoidal method, with distortion
values reduced by up to 6.26 percent at higher modulation indices and maintaining superior
performance at higher modulation indices. For instance, at a modulation index of one, the Selective
Harmonic Elimination technique achieves a Total Harmonic Distortion of 11.68 percent compared to
17.94 percent for the Sinusoidal approach. The new optimization algorithm successfully generates
optimal switching angles that effectively eliminate targeted low-order harmonics while preserving the
desired fundamental voltage component. Furthermore, the lower switching frequency operation of
the Selective Harmonic Elimination technique results in reduced switching losses, making it
particularly suitable for high-power applications. Overall, these results validate the effectiveness of the
proposed optimization algorithm and establish the Selective Harmonic Elimination method as the
preferred modulation technique for cascaded H-bridge multilevel inverters in applications where
waveform quality and efficiency are of paramount importance.
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