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Abstract— The Cascaded H-Bridge Multilevel Inverter (CHB-
MLI) has emerged as a significant topology in power electronics,
offering superior performance in various applications, including
renewable energy systems, motor drives, and grid integration.
This review examines the CHB-MLI architecture, focusing on its
operational principles, advantages, and challenges. Key areas
discussed include the design methodologies for increasing voltage
levels, switching strategies for minimizing total harmonic
distortion (THD), and innovative approaches for fault tolerance
and reliability. The paper also explores advancements in
modulation techniques, optimization of component usage, and
energy efficiency enhancements. A comparative analysis of the
CHB-MLI with other multilevel inverter topologies highlights its
suitability for high-power applications. By addressing emerging
trends such as wide-bandgap semiconductor usage and intelligent
control systems, this review aims to provide a comprehensive
understanding of the CHB-MLI's role in advancing power
conversion technologies.
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l. INTRODUCTION

The Cascaded H-Bridge Multilevel Inverter (CHB-MLI)
has revolutionized the field of power electronics by providing
an efficient and modular solution for high-power applications.
This topology has become a cornerstone in systems requiring
high voltage and current ratings, such as renewable energy
integration, industrial motor drives, and electric vehicles. By
leveraging multiple H-bridge cells connected in series, the
CHB-MLI achieves superior power quality and operational
flexibility compared to conventional two-level inverters. Its
ability to generate multilevel waveforms with reduced total
harmonic distortion (THD) makes it an ideal choice for
applications demanding high-quality output.
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The fundamental structure of the CHB-MLI distinguishes
it from other multilevel inverter topologies. Each H-bridge cell
operates independently, powered by its own DC source, which
simplifies scalability and fault isolation. This modularity
allows engineers to customize the number of voltage levels to
meet specific requirements, making the CHB-MLI adaptable
across various industries. Furthermore, the reduced switching
frequency of this inverter significantly decreases switching
losses and electromagnetic interference (EMI), contributing to
higher efficiency and enhanced system reliability.
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Figure 1: Cascaded H-Bridge Multilevel Inverter

Despite its many advantages, the CHB-MLI comes with its
own set of challenges. The reliance on multiple isolated DC
sources can complicate the owverall design, particularly in
systems where balancing these sources is critical.
Additionally, the control strategies for CHB-MLIs, such as
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modulation techniques and fault management algorithms, are
more complex than those used in traditional inverters. These
complexities demand innovative approaches to ensure optimal
performance and cost-effectiveness, especially in large-scale
implementations.

The role of CHB-MLIs in renewable energy systems
underscores their growing importance in achieving global
sustainability goals. By efficiently interfacing with
photovoltaic arrays and wind turbines, CHB-MLIs facilitate
the integration of clean energy into the power grid. Their
ability to handle high voltages while maintaining excellent
power quality is vital for the stable operation of renewable
energy systems. Furthermore, the technology supports the
growing demand for electric vehicle charging infrastructure by
providing reliable and efficient power conversion solutions.

Advancements in CHB-MLI technology have also been
driven by innovations in materials and control strategies. The
use of wide-bandgap semiconductors, such as silicon carbide
(SiC) and gallium nitride (GaN), has enhanced the efficiency
and thermal performance of these inverters. Simultaneously,
the integration of artificial intelligence and machine learning
in control systems has enabled real-time optimization of
modulation  strategies, fault detection, and energy
management. These advancements have broadened the
applicability of CHB-MLIs in modern power systems.

This review explores the operational principles, benefits,
and challenges associated with the CHB-MLI, providing a
detailed analysis of its design and application in various
sectors. By addressing key areas such as topological
innovations, modulation techniques, and emerging trends, this
study aims to contribute to the understanding and
advancement of CHB-MLI technology. The insights presented
here highlight the potential of this inverter topology to
transform power conversion systems and support the transition
to sustainable energy solutions.

Il. RELATED WORK

K. K. Kumar et al., [1] The cascaded H-Bridge multilevel
inverters (CHB-MLI), sometimes referred to as just “H-
Bridges.” CHBMLI may be used in applications such as active
power filters and Unified Power Quality Conditioners (UPQC)
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to improve power quality by reducing harmonics and
correcting reactive power. These are only two examples of the
kinds of uses for this technology. However, the conventional
controllers like Proportional (P) and Proportional-Integral
(P1), Mo del Predictive Control, Artificial Neural Networks
(ANN) failed to improve overall performance.

A. Moeini et al.,[2] Controlling the harmonics of nonlinear
loads in power systems is the purpose of an active power
filter, often known as an APF. Additionally, the reactive
power, which is a basic component of the alternating current
(AC) power, may be compensated for by using an active
power filter (APF) at the point of common coupling (PCC).
The modulation method of active power filters is the subject
of this research, which examines a technique for the technique.
For low-frequency modulation techniques such as asymmetric
selective  harmonic  elimination/mitigation-pulse ~ width
modulation (ASHE/ASHM-PWM) and asymmetric selective
harmonic current  mitigation-pulse  width modulation
(ASHCM-PWM), real-time fundamental and harmonic
compensations can be achieved through the utilization of the
artificial neural network (ANN) technique.

C. Zhang et al. [3] multifunction parallel three-level four-leg
converters are suggested for use in high-power applications.
These converters integrate grid-connected renewable energy
with active power filter (APF) technology. However, the
problem of zero-sequence circulating current (ZSCC) is
unavoidable, and it has the effect of lowering the quality of the
output currents and decreasing the system's stability. An
article is presented in which a proportional integral (PI) plus
feedforward control method and space vector modulation that
is based on nonaxial redundant vectors (NARVS) are provided
as a means of overcoming this constraint. To begin, the ZSCC
model is constructed and then subjected to a comprehensive
analysis.

S. P. Biswas et al., [4] In the SMES/HTS based grid-tied
power system, the method of pulse width modulation (PWM)
that is used for the switching of the voltage source converter
(VSC) has a considerable influence on the joules heating,
switching and conduction power losses, total harmonic
distortion (THD) profile of the VSC output, and conversion
efficiency. For a VSC-based grid-tied photovoltaic (PV)
system, a modified reference saturated third harmonic injected
equal loading pulse width modulation (PWM) approach is
suggested in this study.
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B. Zhang et al., [5] resonant current mitigation, removal of
current zero-crossing distortion, neutral point (NP) voltage
balancing, and switching loss reduction are some of the
challenges that the Vienna rectifier faced when it was
equipped with the LCL filter. A further point to consider is
that these issues are intertwined. The reasons of resonant
current using the standard discontinuous pulsewidth
modulation (PWM) (DPWM) technique are investigated in
order to find a solution to these problems.

A. Mishra et al.,[6] An investigation into the performance
analysis of two-stage solar photovoltaic (PV) systems that
have been combined with a Shunt Active Harmonic Filter
(SAHF) is presented in this article. Due to the widespread use
of non-linear loads, the distributed power system has been
impacted by the present harmonic issue within the context of
the recent industrial revolution. For the purpose of load
adjustment, harmonic mitigation, and power factor correction,
the SAHF system is of great assistance.

B. Wang et al., [7] The method of turn fault detection is of
critical significance for the safety of the system, as it has the
potential to safeguard the machine and allow the
implementation of suitable mitigation techniques. An
enhanced turn defect detection approach is examined for an
internal permanent magnet machine (IPM) in this research.
The method makes use of the ripple current that is caused by
the intrinsic pulse width modulation (PWM) voltage
harmonics. Under high-frequency voltage harmonics, the
resulting current harmonics are studied for both healthy and
turn fault states.

R. Shen et al.,[8] presented a single-phase transformerless full-
bridge solar grid-tie inverter. It makes use of three different
methods: 1) a virtual ground technique to reduce the amount
of ground leakage current; 2) a hybrid pulsewidth modulation
(HPWM) scheme to profile the output current and prevent
sudden changes in the common-mode voltage; and 3) a
nonlinear output inductor to reduce the amount of current
ripple around zero crossings and to reduce the size of the
filter. With the addition of gentle voltage transition
modulation around the zero crossings, the high-power pulse
width modulation (HPWM) is essentially the same as the
unipolar pulse width modulation (UPWM).

R. Sarker et al., [9] presented a novel field-programmable gate
array (FPGA) based high-definition pulse width modulation
(HD-SPWM) architecture. The purpose of this architecture is
to adopt a scheme that integrates a lower frequency pulse
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width modulation (PWM) train with a high-frequency SPWM
train. The goal of this architecture is to suppress inverter
output harmonics while simultaneously achieving high
resolution output. An optimized two-stage finite-state-machine
(FSM) architecture is designed. In the first stage, the
pulsewidths of a lower frequency pulse width modulation
(PWM) train are determined based on the premeditated
pulsewidth of the high-frequency pulse width modulation
(SPWM) train.

A. Moeini et al., [10] presented energy storage systems and
renewable energy sources, multilevel converters are becoming
an increasingly intriguing option. There are a number of
different modulation techniques that are utilized for multilevel
grid connected converters in the literature. These techniques
include high-frequency modulation approaches, such as space
vector modulation and phase shift-PWM, as well as low-
frequency modulation approaches, such as selective harmonic
current mitigation-PWM (SHCM-PWM), selective harmonic
mitigation-PWM  (SHM-PWM), and selective harmonic
elimination-PWM (SHE-PWM).

While the Cascaded H-Bridge Multilevel Inverter (CHB-MLI)
is recognized for its modularity, scalability, and superior
power quality, several challenges hinder its widespread
adoption and implementation. These challenges are associated
with the design, operation, and cost-effectiveness of the
system, especially in high-power applications. Below is an in-
depth discussion of the primary challenges:
1. Complexity in Control Strategies
CHB-MLIs require sophisticated control techniques to manage
the switching operations of multiple H-bridge cells.
Modulation strategies, such as Sinusoidal Pulse Width
Modulation (SPWM) and Space Vector Modulation (SVM),
need precise coordination to ensure minimal Total Harmonic
Distortion (THD) and balanced power delivery. As the number
of voltage levels increases, the complexity of these control
algorithms  grows  exponentially, —making real-time
implementation challenging.
2. Requirement of Multiple DC Sources

The CHB-MLI relies on multiple isolated DC sources, one for
each H-bridge cell, to generate the desired output voltage
levels. In practical applications, obtaining and maintaining
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these isolated sources can be difficult and costly. For
renewable energy systems, this often means integrating
multiple solar panels or battery packs, which must be balanced
continuously to avoid power quality issues.

3. Increased Component Count
The modular structure of the CHB-MLI, while advantageous
for scalability, significantly increases the number of
components such as switches, capacitors, and drivers. This
higher component count not only raises the initial cost but also
impacts the reliability of the system. Any component failure in
one H-bridge cell can potentially disrupt the overall
performance, necessitating robust fault-tolerant mechanisms.

4. Cost and Size Constraints
The CHB-MLI's scalability often comes at the expense of
increased cost and size. The inclusion of multiple H-bridge
cells and their associated components leads to a bulkier
system, which may not be suitable for applications with space
constraints.  Additionally, the high cost of power
semiconductors and isolated power supplies makes the CHB-
MLI less competitive for low-budget projects.

5. Thermal Management
Handling the heat generated by multiple switching devices in
CHB-MLIs is another critical challenge. Efficient thermal
management systems are required to ensure reliable operation,
especially in high-power applications where the heat
dissipation is significant. Inadequate cooling can lead to
overheating, reduced efficiency, and potential device failure.

6. Fault Tolerance and Reliability
While the modular nature of CHB-MLIs allows for some
degree of fault isolation, ensuring continuous operation in the
presence of faults remains a challenge. Developing advanced
fault detection, diagnosis, and reconfiguration mechanisms is
essential to maintain system reliability. The complexity of
these mechanisms increases with the number of levels in the
inverter.

7. High Switching Losses at Lower Levels
Although CHB-MLIs generally operate with reduced
switching frequencies, at lower voltage levels, the switching
losses per device can still be significant. Optimizing the
switching patterns to minimize losses without compromising
power quality requires sophisticated algorithms and control
systems.

18

8. Integration with Emerging Technologies
As power systems evolve to include wide-bandgap
semiconductors, intelligent control systems, and renewable
energy sources, integrating these advancements into CHB-
MLIs presents additional challenges. Compatibility with these
technologies requires redesigning components, rethinking
control strategies, and ensuring system-wide optimization.

IV. CONCLUSION

The Cascaded H-Bridge Multilevel Inverter (CHB-MLI)
represents a transformative solution in power electronics,
offering high efficiency, scalability, and superior power
quality for a range of applications. However, challenges such
as complex control strategies, the need for multiple DC
sources, increased component count, and thermal management
must be addressed to maximize its potential. Advancements in
modulation techniques, fault tolerance, and integration with
emerging technologies like wide-bandgap semiconductors and
Al-driven controls are paving the way for improved reliability
and cost-effectiveness. By overcoming these hurdles, CHB-
MLlIs can play a pivotal role in advancing sustainable energy
systems and high-performance power applications.

REFERENCES

K. K. Kumar, M. V. Karthik and K. V. Kumar, "THD Reduction
in Single-Phase Cascaded H-Bridge Multilevel Inverter using
Fuzzy Logic Controller,” 2023 International Conference on
Sustainable Computing and Smart Systems (ICSCSS),
Coimbatore, India, 2023, pp. 1321-1327, doi:
10.1109/ICSCSS57650.2023.10169348.

A. Moeini, M. Dabbaghjamanesh, J. W. Kimball and J. Zhang,
"Artificial Neural Networks for Asymmetric Selective Harmonic
Current Mitigation-PWM in Active Power Filters to Meet Power
Quality Standards,” in IEEE Transactions on Industry
Applications, doi: 10.1109/T1A.2020.3007596.

C. Zhang, R. Zhang, X. Xing and X. Li, "Circulating Current
Mitigation and Harmonic Current Compensation for
Multifunction Parallel Three-Level Four-Leg Converters,”" in
IEEE Joumal of Emerging and Selected Topics in Power
Electronics, vol. 10, no. 3, pp. 2805-2818, June 2022, doi:
10.1109/JESTPE.2021.3072437.

S. P. Biswas et al., "A Modified Reference Saturated Third
Harmonic Injected Equal Loading PWM for VSC-Based
Renewable Energy Systems,” in IEEE Transactions on Applied
Superconductivity, vol. 31, no. 8, pp. 1-5, Nov. 2021, Art no.
5000405, doi: 10.1109/TASC.2021.3096484.

B. Zhang, C. Zhang, X. Xing, X. Li and Z. Chen, "Novel Three-
Layer Discontinuous PWM Method for Mitigating Resonant
Current and Zero-Crossing Distortion in Vienna Rectifier With
an LCL Filter," in IEEE Transactions on Power Electronics, vol.

[

[2]

B3]

[

[l



[6]

[71

(8]

v

1JRDET

International Journal of Recent Development in Engineering and Technology
Website: www.ijrdet.com (ISSN 2347 - 6435 (Online) Volume 13, Issue 11, November 2024)

36, no. 12, . 14478-14490,
10.1109/TPEL.2021.3088610.

A. Mishra, S. Chauhan, P. Karuppanan and M. Suryavanshi,
"PV based Shunt Active Harmonic Filter for Power Quality
improvement,” 2021 Intemational Conference on Computing,
Communication, and Intelligent Systems (ICCCIS), Greater
Noida, India, 2021, . 905-910, doi:
10.1109/ICCCI1S51004.2021.9397214.
B. Wang, L. Luo, W. Fu, W. Hua, G. Wang and Z. Wang,
"Study on the PWM Ripple Current Based Tumn Fault Detection
for Interior PM Machine,” in IEEE Transactions on
Transportation Electrification, vol. 7, no. 3, pp. 1537-1547, Sept.
2021, doi: 10.1109/TTE.2021.3050560.

R. Shen and H. S. H. Chung, "Mitigation of Ground Leakage
Current of Single-Phase PV Inverter Using Hybrid PWM With

Dec. 2021, doi:

19

(0]

[10]

Soft Voltage Transition and Nonlinear Output Inductor,” in
IEEE Transactions on Power Electronics, vol. 36, no. 3, pp.
2932-2946, March 2021, doi: 10.1109/TPEL.2020.3016867.

R. Sarker, A. Datta and S. Debnath, "FPGA-Based High-
Definition SPWM Generation With Harmonic Mitigation
Property for Voltage Source Inverter Applications," in IEEE
Transactions on Industrial Informatics, vol. 17, no. 2, pp. 1352-
1362, Feb. 2021, doi: 10.1109/T11.2020.2983844.

A. Moeini, M. Dabbaghjamanesh and J. W. Kimball, "Q-
Learning-Based Smart Selective Harmonic Current Mitigation-
PWM (S2HCM-PWM) for Grid-Connected Converters," 2020
IEEE Energy Conversion Congress and Exposition (ECCE),
Detroit, MI, USA, 2020, pp. 5068-5075  doi:
10.1109/ECCE44975.2020.9236369.



