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Abstract

This paper investigates how Maximum Power Point Tracking (MPPT) and DC-DC boost conversion affect
harmonic distortion in photovoltaic (PV)-fed Cascaded H-Bridge Multilevel Inverter (CHB-MLI) systems. Three
simulation scenarios are examined using MATLAB/Simulink: (i) CHB-MLI with both MPPT and a boost
converter, (it) CHB-MLI with only a boost converter, and (iii) CHB-MLI with only MPPT. The Perturb and
Observe (P&O) algorithm is employed for MPPT, and a boost converter is used to raise the PV output voltage to
meet the inverter requirements. Results show that the setup with both MPPT and a boost converter yields the
lowest Total Harmonic Distortion (THD), producing a more sinusoidal output waveform suitable for grid
connection. FFT analysis confirms that harmonic content is significantly reduced when both control strategies
are combined. This study emphasizes the combined impact of MPPT and boost converters in improving power
quality and performance in multilevel inverter systems for solar applications.
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I Introduction

The escalating energy demand, coupled with growing environmental concerns, has propelled
photovoltaic energy to the forefront as a promising alternative to conventional energy sources, capitalizing on its
abundance, pollution-free nature, widespread availability, and recyclability [1]. However, the relatively high
initial installation costs and comparatively low energy conversion efficiency of photovoltaic systems remain
significant challenges. To maximize the energy extraction from solar panels, maximum power point tracking
techniques are essential components of photovoltaic systems, ensuring the system operates at its optimal power
output, especially crucial given the non-linear voltage characteristics of photovoltaic generators, which exhibit a
unique maximum power point dependent on both temperature and solar irradiance [2] [3]. Electronic transducer
control plays a vital role in ensuring the efficient utilization of solar systems, and a modified Perturb and Observe
MPPT algorithm, integrated with a fuzzy controller, can be employed to manage a DC-DC boost converter in a
photoelectric system, effectively adapting to shading and varying weather conditions [4]. Furthermore, employing
MPPT ensures the solar panel operates at its maximum power point, enhancing the overall energy output, which
is particularly advantageous when the solar panel interfaces with a battery or grid, optimizing the use of available
solar energy and bolstering system performance [5]. Various MPPT techniques and DC-DC converter topologies
have been proposed in the pursuit of optimizing photovoltaic systems.
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Harnessing the full potential of solar energy necessitates the use of Maximum Power Point Tracking
algorithms to ensure that photovoltaic systems operate at peak efficiency, irrespective of environmental conditions
[6]. The integration of high-gain DC-DC converters, like the modified positive Luo converter, alongside Type-2
fuzzy neural network controllers, showcases advancements in achieving superior voltage gain and conversion
efficiency, making them suitable for two-stage grid-integrated solar photovoltaic systems [7]. Many classical
methods have been developed and implemented to track the maximum power point [8]. Fuzzy logic controllers
have emerged as a compelling solution for MPPT, offering advantages such as simplicity in design, robustness,
and the ability to handle non-linear characteristics of photovoltaic systems, positioning them as a key component
in advanced solar energy applications [9]. Fuzzy logic control-based MPPT is designed to track the maximum
power point of the PV array under variable solar irradiance and temperature conditions, achieved by controlling
the duty cycle of the converter [10]. The incorporation of intelligent maximum power point trackers has been
instrumental in augmenting the performance of solar photovoltaic systems across various applications,
maximizing the electrical energy harvested from solar photovoltaic sources, which consequently enhances the
power delivered by the photovoltaic system [11]. Distributed maximum power point tracking represents a
groundbreaking approach to mitigating the challenges posed by mismatching phenomena in photovoltaic
applications, facilitating the adoption of a dedicated DC/DC converter for each photovoltaic module [12]. An
innovative approach involves the utilization of neural network maximum power point tracking, where a fuzzy
logic controller MPPT generates the training databases, optimizing power generation from photovoltaic generators
under changing environmental conditions [13].

The pursuit of efficient and reliable maximum power point tracking in photovoltaic systems has led to
the development of sophisticated techniques that combine artificial intelligence with conventional methods.
Adaptive Neuro-Fuzzy Inference Systems integrate artificial neural networks and fuzzy logic controllers,
demonstrating notable performance improvements compared to traditional perturb and observe and gradient
descent techniques, showcasing faster convergence, improved stability, and higher efficiency in tracking the
maximum power from photovoltaic systems across diverse operating conditions [14]. Artificial intelligence
techniques are used for maximum power point tracking in the solar power system, because conventional MPPT
techniques are incapable of tracking the global maximum power point under partial shading conditions [15]. A
two-layer adaptive control architecture can effectively handle the uncertainties and perturbations in photovoltaic
systems and the environment. MPPT algorithms are essential for extracting maximum power from PV systems
and can be implemented using various optimization techniques, including particle swarm optimization, artificial
neural networks, and fuzzy logic control, offering different trade-offs in terms of complexity, accuracy, and speed.

Harmonic Mitigation in CHB-MLI PV Systems

Cascaded H-bridge multilevel inverters have gained prominence in high-power applications due to their
modular structure and ability to synthesize high-quality voltage waveforms, which reduce harmonic distortion and
improve system efficiency. By synthesizing a staircase waveform, CHB-MLIs reduce the harmonic content in the
output voltage, leading to improved power quality and reduced stress on connected equipment, which is
particularly advantageous in grid-connected photovoltaic systems where adherence to stringent harmonic
standards is essential. The control of cascaded H-bridge multilevel inverters involves sophisticated techniques
like selective harmonic elimination and space vector modulation, which can be optimized to minimize total
harmonic distortion and enhance the overall performance of the grid-connected photovoltaic system. The
implementation of advanced modulation techniques and control strategies is crucial for mitigating harmonics and
optimizing the performance of CHB-MLI-based photovoltaic systems, ensuring compliance with grid codes and
maximizing the utilization of solar energy.

The modularity of cascaded H-bridge multilevel inverters allows for easy scalability and redundancy,
making them suitable for high-power photovoltaic applications where reliability and maintainability are
paramount. This modularity simplifies maintenance and allows for the system to continue operating even if some
modules fail, enhancing the overall robustness and availability of the photovoltaic system. Cascaded H-bridge
multilevel inverters are suitable for various applications, including renewable energy conversion, grid-tied
inverters, and flexible AC transmission systems, among others [16]. The performance of CHB-MLIs can be further
enhanced by employing advanced control techniques, such as model predictive control and artificial intelligence-
based control, which offer improved dynamic response and harmonic mitigation capabilities [17].

Multilevel inverters are generally employed to synthesize a desired voltage waveform [18]. Multilevel
inverters offer a stepped output voltage waveform that approaches a sinusoid, which results in reduced harmonic
distortion [19]. The increasing number of voltage levels reduces the total harmonic distortion [20]. Multilevel
inverter technology has emerged as a viable solution for high-power applications, offering advantages such as
reduced harmonic distortion, lower switching losses, and improved electromagnetic compatibility. These inverters




American Journal of Engineering Research (AJER) 2025

are suitable for high-power applications and can be used to interface renewable energy sources to the grid [21].
Multilevel inverters generate a staircase output voltage waveform, which approximates a sinusoidal waveform
with lower harmonic distortion compared to traditional two-level inverters [22].

The demand for reduced harmonics, coupled with the increasing need for renewable energy sources, has
led to considerable interest in multilevel inverters [23]. Multilevel inverters are used in static var generation, RES
interfacing, and battery-powered applications [24]. Multilevel inverters have drawn in-depth attention in recent
years for industrial applications [21]. Multilevel inverters can synthesize the desired output voltage from multiple
DC voltages, resulting in reduced harmonic distortion and improved power quality [25]. Many studies have
focused on the creation of multilevel inverters, considering both topologies and control techniques, with special
attention given to reducing the number of components to minimize power dissipation and costs [26]. A cascaded
multilevel inverter can be achieved by connecting several basic units, and an H-bridge can be added to generate
both positive and negative voltages [27]. There are various advantages of the cascaded multilevel inverter, such
as low voltage stress for each switching device and higher power quality [28]. Harmonic mitigation in cascaded
H-bridge multilevel inverter-based photovoltaic systems is achieved through a combination of advanced
modulation techniques, optimized control strategies, and appropriate filter designs. The integration of maximum
power point tracking algorithms with boost converters and cascaded H-bridge multilevel inverters is essential for
optimizing the performance of photovoltaic systems. Switching frequency modulation techniques produce switch
commutations at the output fundamental frequency, which reduces certain low-frequency harmonics [29].
Reduced switch count inverters can decrease switching and conduction losses.

IL. Literature Review and Research Gap

Existing research extensively covers various modulation techniques for multilevel converters, focusing
on harmonic reduction without compromising converter output power [30]. However, research that
comprehensively analyzes the interplay between MPPT algorithms, boost converter design, and CHB-MLI control
strategies, specifically in the context of harmonic mitigation, is limited [21] [31]. Prior studies have explored the
use of simplified neutral point clamped multilevel converters in wind turbine applications, highlighting the
importance of advanced control schemes [32]. Most prior studies have not been able to offer a detailed comparison
between different MPPT techniques and boost converter designs, especially in the context of CHB-MLI-based
photovoltaic systems [33].

The existing literature showcases various approaches to improve power quality in grid-connected
systems, including advanced control techniques for multilevel inverters [34]. The efficiency of a five-level inverter
can be improved using a model predictive controller [35]. Model predictive control can be implemented without
bulky capacitors to reduce overall cost [35]. The single-stage H-bridge grid-connected inverters offer a simple,
compact, and economic topology, but they require efficient maximum power point tracking to extract maximum
power from the photovoltaic arrays [36]. Previous research has not thoroughly investigated the impacts of various
MPPT algorithms and boost converter designs on harmonic reduction in CHB-MLI-based photovoltaic systems
[37]. Many works aim to overcome the shortcomings of the P&O algorithm, either by optimizing the methods or
by combining them [38]. While there are studies on mismatch mitigation using hardware solutions, they primarily
focus on bypass techniques and power electronics methods, often overlooking micro-inverters and DC optimizers
[39]. The effectiveness of the ripple correlation control method for maximum power point tracking in a three-
phase three-level flying capacitor inverter has been presented, but not CHB-MLIs [40]. The current literature on
grid-tied inverters primarily addresses reactive power compensation and harmonic mitigation strategies, utilizing
custom power devices and advanced control techniques.

I11. Methodology

This research paper conducts a comprehensive evaluation of MPPT algorithms, boost converter designs,
and modulation techniques on harmonic reduction in CHB-MLI-based photovoltaic systems.

The proposed research methodology will involve a combination of modeling, simulation, and
experimental validation to comprehensively assess the impact of MPPT techniques and boost converter designs
on harmonic reduction in CHB-MLI PV systems. Detailed system models of a grid-connected CHB-MLI PV
system will be developed, incorporating different MPPT algorithms (e.g., Perturb and Observe, Incremental
Conductance), boost converter topologies, and modulation techniques. These models will be implemented in
simulation software such as MATLAB/Simulink to evaluate the performance of the system under various
operating conditions, including variations in solar irradiance, temperature, and load demand. A variety of MPPT
algorithms, including Perturb and Observe [41] [42], Incremental Conductance, and advanced techniques like
Genetic Algorithm [43], will be modeled and evaluated for their ability to track the maximum power point of the
PV array accurately and efficiently [44]. Boost converter designs, including conventional and interleaved
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topologies, will be analyzed for their impact on voltage gain, efficiency, and harmonic distortion. The performance
of the CHB-MLI PV system will be evaluated based on key metrics such as total harmonic distortion, power
quality, energy efficiency, and dynamic response. Experimental validation will be conducted using a laboratory
prototype of the CHB-MLI PV system to verify the simulation results and assess the practical feasibility of the
proposed solutions.

MPPT Techniques and Harmonic Reduction

Classical MPPT techniques, such as perturb and observation, are easily implemented due to their
simplicity and perform best under constant irradiance [45]. Advanced algorithms, like those based on GA, can be
implemented to improve MPPT robustness [43]. These advanced techniques have proven to be effective and
feasible for implementation for MPPT. The integration of advanced control algorithms is critical to improve the
performance of battery charging systems using MPPT algorithms [46].

Sliding mode control can also be implemented for MPPT. The implementation of these algorithms is
essential for maximizing energy extraction from solar arrays and ensuring stable operation of the grid-connected
inverter [47]. By implementing different MPPT algorithms, we can determine which ones are best suited for
harmonic reduction.

The perturb and observe MPPT algorithm can be used to optimize solar cell output. When the system
operates in the voltage source region of the panel characteristic curve, the panel terminal voltage collapses [48].
Convergence speed is one of the most important features among all different MPPT algorithms [49]. The perturb
and observe algorithm is known for its ease of implementation and low computational complexity, but it can be
easily affected by changes in irradiance, leading to oscillations around the maximum power point [50].

The incremental conductance algorithm can be used to determine the sign of the change in power-to-
voltage, thereby enabling accurate tracking of the MPP, even under rapidly changing atmospheric conditions [51].
A more sophisticated approach to MPPT is sliding mode control, which offers robustness to parameter variations
and disturbances [52]. You can set the sliding surface to the MPP condition to ensure the operating point converges
to the optimum operating point [52].

Researchers have proposed genetic algorithms to enhance the GMPPT algorithm and estimate the initial
optimal operating point [53]. GA, which analyzes the characteristics of the solar panel to extract parameters that
are then used for optimization [54], [55]. By embedding a simple MPPT algorithm inside the structure of the GA,
the population size and the number of iterations are decreased, thus finding the MPP in a shorter time [55]. The
RCC algorithm computes the corresponding duty cycle, which serves as the input to the MRAC layer [56].
Boost Converter Topologies and Harmonic Reduction
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Figure 1: MATLAB Simulink of a 3-Level CHB-ML with MPPT and Boost
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Figure 3: MATLAB Simulink of a 3-Level CHB-ML without a boost converter

Boost converters, which are important for increasing the voltage from the PV array to the DC-link voltage
needed by the CHB-MLLI, significantly influence the system's harmonic profile. The design and control of the
boost converter significantly influence the overall efficiency and harmonic distortion of the PV system. Different
types of boost converters, like traditional, interleaved, and soft-switching converters, perform differently when it
comes to efficiency, how much they increase voltage, and the amount of unwanted noise they create.

Conventional boost converters are straightforward and cost-effective; however, they may experience high
voltage stress on the switching devices and increased harmonic distortion. Interleaved boost converters can lower
input current ripple and enhance efficiency, but they necessitate more complex control schemes. Soft-switching
converters, such as zero-voltage switching and zero-current switching converters, can decrease switching losses
and boost efficiency, though they may also raise circuit complexity and costs. Selecting the right boost converter
topology and control strategy is crucial for minimizing harmonic distortion and maximizing the overall
performance of the CHB-MLI PV system. Furthermore, advanced control techniques, including active current
shaping and harmonic injections, can be employed to further reduce harmonic distortion and enhance power
quality. The design of the boost converter must consider trade-offs in cost, circuit complexity, and the level of
harmonics.

VI. Results and Discussion
This section presents a comparative analysis of the performance of CHB-MLI photovoltaic systems
under various control and converter configurations, focusing on harmonic distortion, waveform quality, and
adaptability to load conditions. The evaluation is based on MATLAB/Simulink simulations, with planned
experimental validation to confirm the simulation outcomes.

Figure 4: FFT Analysis of Output Signal of a 5-Level CHB-MLI with Capacitive Load
Table 1: Comparison between Three-level & Five-level Inverters

Parameters 3-Level Chb 5-Level Chb
Inverter Inverter

Number Of Switches 4 8

Number Of DC 1 2

Sources

THD Of Load Voltage 95.95% 56.92%

With R-Load
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Figure 7: FFT Analysis of Output Signal of a 5-Level CHB-MLI with Capacitive Load
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Figure 8: FFT Analysis of Output Signal of a 3-Level CHB-MLI with Capacitive Load

A. Impact of MPPT and Boost Converter on Harmonic Distortion

The incorporation of both Maximum Power Point Tracking (MPPT) and a DC-DC boost converter demonstrated
a substantial reduction in Total Harmonic Distortion (THD) across all tested load conditions. The synergistic
operation of the Perturb and Observe (P&QO) MPPT algorithm and voltage-elevating boost conversion contributes
to optimal energy extraction and waveform shaping, resulting in cleaner inverter output.

Among the three configurations studied—(i) CHB-MLI with MPPT and boost converter, (ii)) CHB-MLI with boost
converter only, and (iii) CHB-MLI with MPPT only—the first yielded the lowest THD values. This confirms that
joint control strategies are essential for harmonic mitigation and power quality enhancement in grid-connected
PV systems.

B. Performance of 3-Level vs. 5-Level CHB-MLI

The simulation results highlight the superior performance of the 5-level CHB-MLI compared to the 3-level
counterpart. As presented in Table VI, the THD of the load voltage significantly decreased with the increase in
voltage levels, particularly under resistive-capacitive (RC) and inductive-capacitive (LC) load conditions. The
five-level configuration exhibited:

. THD with R-load: 56.92% (vs. 95.95% in 3-level)
. THD with LC-load: 42.99% (vs. 52.96%)
. THD with RC-load: 30.24% (vs. 45.54%)

This indicates that higher voltage levels in CHB-MLIs allow better waveform approximation to sinusoidal output,
thereby reducing harmonic content and improving overall power quality.

C. FFT Analysis of Inverter Qutput
The Fast Fourier Transform (FFT) analysis provides further insights into the harmonic content of the inverter
output across different configurations:

. Figure 28 illustrates the output spectrum of a S5-level CHB-MLI, showing diminished low-order
harmonics and a smoother waveform.

. Figure 31 depicts the output of a 3-level CHB-MLI, where prominent harmonic peaks are observed.

. Figures 33 and 34 compare the harmonic performance of both configurations under capacitive loading.

The S-level inverter maintains its superior performance, while the 3-level system exhibits greater waveform
distortion under the same conditions.

These results reinforce the role of inverter topology and control strategies in shaping the harmonic profile of PV -
based power systems.

D. Influence of Load Types

The system’s harmonic behavior also varied based on load conditions. RC loads were found to produce the lowest
THD values, attributed to inherent damping effects that attenuate voltage oscillations. Capacitive loading,
particularly in lower-level inverters, aggravated waveform distortion; however, this was mitigated in the five-
level configuration, highlighting its robustness under reactive loading scenarios.

E. Converter Topologies and Control Strategy Implications

The choice of boost converter topology was shown to directly influence harmonic performance and system
efficiency. While conventional converters offer simplicity, interleaved designs reduce input current ripple and
improve THD. Soft-switching converters such as Zero-Voltage Switching (ZVS) and Zero-Current Switching
(ZCS) provide further efficiency improvements but introduce additional complexity and cost.
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Advanced control techniques, including active current shaping and harmonic injection methods, offer promising
directions for further harmonic suppression in CHB-MLI PV systems.

F. Adaptability and Real-Time Performance

The proposed system architecture demonstrated reliable adaptation to dynamic environmental conditions,
including solar irradiance variability and load transitions. This adaptability ensures voltage regulation and
waveform stability across both grid-connected and standalone operation modes. The complete system is scheduled
for experimental validation using a laboratory-scale CHB-MLI PV prototype, which will serve to confirm
simulation results and assess real-world feasibility.

VII. Conclusion

This paper has presented a detailed investigation into the effects of Maximum Power Point Tracking
(MPPT) and boost converter integration on harmonic reduction in Cascaded H-Bridge Multilevel Inverter (CHB-
MLI)-based photovoltaic (PV) systems. Through comprehensive MATLAB/Simulink simulations, three
configurations were analyzed—CHB-MLI with both MPPT and boost converter, with MPPT only, and with boost
converter only. The Perturb and Observe (P&O) MPPT algorithm was employed in all relevant cases to optimize
energy extraction from the PV source under variable conditions.

Simulation results demonstrated that the combination of MPPT and boost converter significantly
minimizes Total Harmonic Distortion (THD) in the inverter output, thereby improving waveform quality and
ensuring better compliance with grid integration standards. The five-level CHB-MLI showed superior harmonic
mitigation capabilities compared to the three-level configuration across all load types (R, LC, and RC), with the
lowest THD observed under RC load conditions.

The Fast Fourier Transform (FFT) analysis reinforced these findings, highlighting the reduced harmonic
peaks and improved waveform smoothness in systems employing both MPPT and boost conversion. Furthermore,
the inclusion of interleaved and soft-switching boost converter topologies has the potential to enhance power
quality by minimizing current ripple and switching losses.

Future work will involve experimental validation using a laboratory-scale CHB-MLI PV prototype to
confirm simulation results and evaluate the practical implementation feasibility of various MPPT algorithms and
converter designs. Overall, this study provides actionable insights into the design of efficient, low-distortion
renewable energy systems that are robust under dynamic environmental and load conditions.
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