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Abstract--Multilevel inverters have become increasingly
significant in high-power and high-voltage applications due to
their ability to synthesize high-quality output voltages with
low harmonic distortion. Among the various multilevel
inverter topologies, the cascaded H-Bridge configuration is
widely used for its modular structure and scalability. This
paper presents a hybrid modulation technique for a 27-level
cascaded H-Bridge multilevel inverter, aimed at minimizing
harmonic distortion while maintaining high efficiency and
performance. The proposed method integrates Selective
Harmonic Elimination Pulse Width Modulation (SHE-PWM)
and Space Vector Pulse Width Modulation (SVPWM)
techniques. SHE-PWM is applied to eliminate specific lower-
order harmonics, namely the 3rd and 5th, which are typically
dominant and detrimental to power quality. By precisely
controlling the switching angles, SHE-PWM significantly
reduces total harmonic distortion (THD). In parallel, SVPWM
is utilized to increase the effective number of voltage levels in
the output waveform, which enhances the waveform quality
and further reduces harmonics. The combination of these two
techniques enables optimized harmonic suppression, better
voltage control, and reduced electromagnetic interference.
MATLAB/Simulink is used to model and simulate the
proposed inverter system. The simulation results confirm the
effectiveness of the hybrid modulation scheme, demonstrating
significant improvement in waveform quality and a
considerable reduction in THD compared to conventional
PWM methods. The proposed strategy is suitable for medium
to high-voltage industrial applications where power quality
and efficiency are critical. Future work will focus on
experimental validation and the implementation of real-time
control algorithms for practical deployment.
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I. INTRODUCTION

Multilevel inverters (MLIs) have gained significant
attention in recent years, particularly for medium to high-
voltage applications, owing to their capability to generate
output voltages with superior waveform quality, reduced
harmonic distortion, and enhanced efficiency.
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By synthesizing stepped output voltages through the
combination of multiple voltage sources, MLIs reduce the
voltage stress on power devices and minimize the need for
bulky output filters. Among the various topologies, the
Cascaded H-Bridge (CHB) multilevel inverter has emerged
as a preferred configuration due to its modular structure,
scalability, fault-tolerant capabilities, and the ability to
operate without the need for complex voltage balancing
circuits [1-3].

The performance of multilevel inverters is heavily
dependent on the adopted modulation technique, which
directly affects total harmonic distortion (THD), switching
losses, and overall system efficiency. Conventional
sinusoidal pulse width modulation (SPWM) techniques,
although simple to implement, often result in higher THD
and less efficient voltage utilization, especially as the
number of levels increases. To overcome these limitations,
advanced techniques such as Selective Harmonic
Elimination PWM (SHE-PWM) and Space Vector PWM
(SVPWM) have been explored extensively [4-6].

SHE-PWM is a harmonic mitigation strategy that
eliminates specific lower-order harmonics, such as the 3rd,
5th, or 7th, by solving transcendental equations for optimal
switching angles. This technique offers excellent harmonic
control while maintaining relatively low switching
frequency, making it ideal for high-power applications.
Numerous studies have demonstrated the effectiveness of
SHE-PWM in reducing low-order harmonics in CHB
inverters. For instance, Pourdadashnia et al. [7] and
Sadoughi et al. [8] have shown that optimization algorithms
like Particle Swarm Optimization (PSO) and Artificial
Neural Networks (ANN) can be effectively employed to
solve switching angle equations in real time, thereby
extending the applicability of SHE-PWM to a broader
range of operating conditions. However, SHE-PWM alone
can be limited at low modulation indices, where it becomes
increasingly difficult to find feasible solutions for angle
equations, leading to higher residual harmonics.
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On the other hand, SVPWM offers superior DC-link
voltage utilization and reduced THD compared to
traditional PWM methods. It works by representing the
desired output voltage as a combination of adjacent space
vectors and is particularly effective in three-phase inverter
systems. Recent works, such as those by Shruthi et al. [9]
and Mao et al. [10], have shown that SVPWM techniques
can be extended to multilevel topologies, including CHB
inverters, to further enhance output quality. However,
SVPWM alone may not effectively eliminate specific low-
order harmonics unless combined with additional control
strategies.

To address the limitations of individual techniques,
hybrid modulation schemes have been proposed that
combine the strengths of both SHE-PWM and SVPWM.
These strategies aim to reduce specific harmonics using
SHE while employing SVPWM to increase the number of
effective switching states and improve waveform
smoothness. For example, Wang et al. [11] presented a
hybrid modulation technique for photovoltaic-fed CHB
inverters that significantly enhanced output waveform
quality. Despite these advancements, most existing
research focuses on low- or mid-level inverter
configurations (e.g., 5-level or 7-level), with limited
literature available on hybrid modulation applied to very
high-level inverters (e.g., 27-level CHB systems).
Moreover, the implementation  complexity and
computational burden of such hybrid schemes for high-
level inverters remain underexplored [12-15].

This paper proposes a novel hybrid modulation strategy
that integrates SHE-PWM and SVPWM for a 27-level
CHB inverter. The SHE-PWM technique is employed to
eliminate dominant low-order harmonics, specifically the
3rd and 5th, through precise switching angle control.
Simultaneously, SVPWM is applied to enhance the
effective number of voltage levels in the output waveform,
thereby further reducing THD and improving spectral
quality. The system is modeled and simulated in
MATLAB/Simulink, and the results confirm that the
proposed hybrid approach significantly outperforms
traditional modulation techniques in terms of harmonic
reduction and waveform quality. The method is particularly
suitable for high-voltage industrial applications where
power quality, reliability, and efficiency are critical.

Il. PROPOSED MODEL DESCRIPTION
A. Existing System

The existing system uses a five-level cascaded H-Bridge
inverter with a harmonic elimination technique based on
Chebyshev polynomials.
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This method calculates optimal switching angles to
eliminate low-order harmonics, such as the 3rd and 5th, by
solving simplified mathematical equations [16]. The
approach reduces total harmonic distortion (THD) while
maintaining a good quality output waveform. However, it
is best suited for low-level inverters and becomes complex
to scale for higher-level configurations.
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Fig 1 Circuit diagram for existing system

Fig. 1 illustrates the circuit diagram of a five-level
cascaded H-Bridge multilevel inverter. The system consists
of two H-Bridge inverter modules connected in series per
phase, each powered by an isolated DC voltage source. The
switching devices (typically IGBTs or MOSFETS) in each
H-Bridge are controlled using gate pulses generated from
pre-calculated switching angles. These angles are
determined using Chebyshev polynomials to eliminate
selected harmonics, improving the quality of the output
voltage. The output is then applied to the load, producing a
stepped waveform with reduced harmonic distortion.

B. Proposed Asymmetrical 27 Level Multi-inverter

Fig 2 represents the Asymmetrical Cascaded H-Bridge
Inverter topology. In the proposed work 27 level cascaded
h bridge inverter with hybrid PWM. This hybrid PWM
consist of selective harmonic PWM and Space vector
PWM. In this system we are used 8 number of switches for
this level of multilevel inverter.

DC 27 LEVEL CASCADED
SOURCE H-BRIDGE INVERTER

A 4

LOAD

4

SHE AND SPACE
VECTOR PWM

Fig 2 Block diagram for 27 level multi inverter
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This 27 level of output is obtained with reduced
switches. In  multilevel inverter cascaded inverter
configuration attracts more research attention than flying-
capacitor and diode clamped due to their circuit simplicity
and modularity. The number of levels in output voltage can
be increased either by increasing the number of H-Bridges
or by providing different sources (Asymmetrical
configuration) with particular voltage ratio among bridges
or combination of both. Providing different voltage sources
with suitable number of bridges with particular voltage
ratio provide required number of output voltage level with
circuit modularity and easy.

I1l. SELECTIVE HARMONIC ELIMINATION AND SPACE
VECTOR PWM

a. Multilevel Space Vector PWM

The space vector modulation (SVM) algorithm is
basically also a PWM strategy with the difference that the
switching times are computed based on the three-phase
space vector representation of the reference and the inverter
switching states rather than the per-phase in time
representation of the reference and the output levels as in
previous analysed methods [17-18].

Fig 3 Vector diagram for three level Space Vector Modulation

b. Multilevel Selective Harmonics Elimination

The Selective Harmonic Elimination PWM (SHE PWM)
technique is currently applied in conventional twenty seven
level inverter circuits [19-20]. It needed to be compared to
the optimized harmonic stepped-waveform technique in
several aspects. Mainly, the harmonic components and the
harmonic characteristics will be focused. SHE techniques
can be applied to cascade multilevel inverters using two
approaches. The first one is to consider one commutation
angle per inverter; thus, the number of harmonics that can
be eliminated is Ninv — 1.
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IV. SWITCHING MoDE OF OPERATION FOR 27 LEVEL
INVERTER

The switching modes of operation for 27 level multi
inverter are shown below. It contains 8 MOSFET switches.
Here every positive levels are shown separately.

MODE 1:

Fig 6 Mode 3 for multilevel inverter
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Fig 18 Mode 15 for multilevel
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These are the switching modes operation for 27 level
multi inverter. Here every modes are shown separately and
input voltages are t started from 25V to 375V respectively.

V. SIMULATION RESULTS AND DISCUSSION

To evaluate the effectiveness of the proposed hybrid
modulation strategy combining Selective Harmonic
Elimination (SHE-PWM) and Space Vector PWM
(SVPWM), a 27-level cascaded H-Bridge multilevel
inverter was modeled and simulated in
MATLAB/Simulink. The simulation was performed under
balanced load conditions using a resistive-inductive (R-L)
load, and the switching pattern was derived from pre-
calculated SHE angles and SVPWM vector sequencing.
The simulation results are presented and discussed in the
following subsections.

A. Simulation Diagram

The complete simulation model is shown in fig 19,
which illustrates the modular structure of the 27-level
cascaded H-Bridge inverter. The model consists of nine H-
bridge units per phase, supplied by separate DC sources to
generate the desired voltage steps. The control subsystem
implements the hybrid modulation logic that generates the
required switching signals for each power device.

Fig 19 Simulation of cascaded multilevel inverter

B. Pulse Generation

Fig. 20 displays the pulse generation block output. The
SHE-PWM module computes optimal switching angles to
eliminate the 3rd and 5th harmonics. These switching
angles are then mapped onto the timing sequence of the
pulse generator. The SVPWM logic further refines the
timing by calculating the appropriate space vectors within
the SHE-defined windows to achieve a smoother voltage
transition and increase the effective number of output
levels.
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Fig 20 Pulse generation of proposed model

C. Pulses for Level Creator

As shown in fig. 21 the level creator pulses are
responsible for generating intermediate voltage steps from
the combination of multiple H-bridge outputs. Each bridge
operates with precise timing to ensure proper stacking of
voltages. The result is a staircase-like waveform with 27
distinct levels per half-cycle. These levels help to
approximate a sinusoidal output with high fidelity.

WA AR R TR

Fig 21 Pulses for level creator

D. Pulses for H-Bridge Inverter

Fig. 22 illustrates the switching signals applied to the H-
Bridge inverters. The hybrid modulation ensures that each
H-bridge switches at the exact time calculated through the
SHE-PWM algorithm, while within those windows,
SVPWM logic improves switching efficiency and reduces
voltage stress on individual switches. The combination
significantly reduces switching losses while maintaining
harmonic performance.
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Fig 22 Pulses to H bridge inverter

E. Output Voltage and Current Waveforms

Fig. 23 shows the output voltage and current waveforms
of the 27-level inverter under load. The voltage waveform
exhibits a nearly sinusoidal shape with 27 discrete levels
per half cycle, confirming the successful synthesis of the
stepped waveform. The output current closely follows the
voltage waveform, indicating proper power delivery and
load compatibility.

Fig 23 Output voltage and current waveform

The Total Harmonic Distortion (THD) of the output
voltage was measured to be approximately 1.92%,
significantly lower than what is typically achieved with
conventional SPWM or SVPWM methods alone. This
demonstrates the effectiveness of combining SHE-PWM
for eliminating targeted low-order harmonics with
SVPWM for improving voltage waveform smoothness and
utilization. Compared to a pure SHE-PWM approach, the
hybrid technique results in reduced harmonic content,
improved waveform symmetry, and enhanced control over
voltage levels.
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VI. CONCLUSION

This paper presented a hybrid modulation strategy
combining Selective Harmonic Elimination (SHE-PWM)
and Space Vector Pulse Width Modulation (SVPWM) for a
27-level cascaded H-Bridge multilevel inverter. The
proposed method leverages the strengths of both
techniques: SHE-PWM effectively eliminates specific low-
order harmonics such as the 3rd and 5th, while SVPWM
enhances voltage utilization and waveform quality by
increasing the number of effective switching vectors.
Simulation results in MATLAB/Simulink demonstrated the
capability of the hybrid modulation scheme to significantly
reduce total harmonic distortion (THD), achieving a value
of approximately 1.92%, which is notably lower than
conventional PWM methods. The output voltage and
current waveforms were found to be nearly sinusoidal,
validating the effectiveness of the proposed technique
under realistic load conditions. Additionally, the approach
maintains low switching frequency, improving overall
inverter efficiency and reducing switching losses. The
modular structure of the CHB inverter and the scalable
nature of the proposed control strategy make it particularly
suitable for medium to high-voltage industrial applications
where power quality and efficiency are of utmost
importance. Future work will focus on real-time
implementation using digital signal processors (DSPs) or
FPGAs, as well as experimental validation on a hardware
prototype to assess the performance under dynamic and
unbalanced load conditions
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