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Abstract 
In the contemporary landscape of power electronics, the quest for superior power quality 

has driven significant advancements in inverter control strategies. This paper investigates 

the efficacy of Model Predictive Control (MPC) as a sophisticated alternative to traditional 

pulse-width modulation (PWM) for reducing Total Harmonic Distortion (THD) in 

multilevel inverters. By leveraging the discrete nature of power converters, MPC facilitates 

a proactive switching strategy based on future state predictions. Our findings, grounded in 

both theoretical modeling and empirical literature from regional and international sources, 

demonstrate that MPC can suppress THD to levels as low as 1.13% in high-level 

configurations. This performance not only satisfies the stringent requirements of the IEEE 

519 standard but also enhances the operational lifespan of grid-connected components. 

1. Introduction 

The global transition toward decentralized energy systems has placed immense pressure 

on the efficiency and reliability of DC-AC conversion technologies. Multilevel inverters 

(MLIs) have become the cornerstone of high-power applications, such as wind energy 

conversion and industrial motor drives, due to their ability to synthesize near-sinusoidal 

voltages with lower dv/dt stress. However, as the number of inverter levels increases, the 

control complexity grows exponentially. Conventional control methods, primarily based 

on proportional-integral (PI) loops and sinusoidal PWM, often fail to account for the 

inherent non-linearities and constraints of the system [1]. Consequently, there is a critical 

need for a control paradigm that is both intuitive and mathematically robust. 

2. Multilevel Inverter Topologies 
Multilevel inverters (MLIs) represent a significant leap in power converter technology, offering 
a solution to the limitations of two-level inverters, particularly in high-power and high-voltage 
applications. Their primary advantage lies in their ability to synthesize output voltage 
waveforms with multiple steps, closely approximating a sinusoidal waveform. This multi-step 
approximation inherently reduces the harmonic content, thereby improving power quality, 
decreasing filter requirements, and lowering electromagnetic interference (EMI). Furthermore, 
MLIs allow for a reduction in the voltage stress across individual switching devices, enabling 
the use of lower voltage rated components and improving overall system reliability and 
efficiency [6]. 
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Several distinct topologies have emerged within the multilevel inverter family, each with its 
unique structural characteristics, control complexities, and application niches. Understanding 
these topologies is crucial for appreciating the context in which advanced control strategies 
like Model Predictive Control (MPC) are applied. 

2.1 Diode-Clamped Multilevel Inverter (DC-MLI) 
Also widely known as the Neutral-Point Clamped (NPC) inverter, this topology was one of 
the first to be introduced. Its fundamental principle involves the use of clamping diodes to 
limit the voltage stress across the series-connected switching devices. For an m-level inverter, 
the DC bus is divided into m-1 voltage levels by m-1 series-connected capacitors. The 
clamping diodes ensure that the voltage across each switching device is limited to Vdc/(m-1), 
where Vdc is the total DC link voltage. This feature makes DC-MLIs particularly suitable for 
high-voltage applications, as it allows for the utilization of standard voltage-rated switches [1]. 
Advantages: 

• Reduced Voltage Stress: Each switch only blocks a fraction of the total DC link voltage. 

• High Efficiency: Lower switching losses due to reduced voltage stress. 

• Mature Technology: Well-established and widely implemented in industrial applications. 
Disadvantages: 

• Diode Count: The number of clamping diodes increases quadratically with the number 
of levels, leading to increased complexity and cost. 

• Capacitor Voltage Balancing: Maintaining balanced voltages across the DC link 
capacitors can be challenging, especially under varying load conditions, often requiring 
complex control algorithms. 

• Limited Modularity: Expansion to higher levels can be cumbersome due to the intricate 
diode and capacitor arrangements. 

2.2 Flying Capacitor Multilevel Inverter (FC-MLI) 
The Flying Capacitor Multilevel Inverter, sometimes referred to as the capacitor-clamped 
inverter, distinguishes itself by using a bank of series-connected capacitors to create the voltage 
levels. Unlike the DC-MLI, it does not rely on clamping diodes. Instead, the voltage levels are 
generated by connecting different combinations of these floating capacitors to the output. The 
voltage across each capacitor is maintained at a specific level through careful switching control, 
offering inherent redundancy in voltage level generation [2]. 
Advantages:- 

• Redundancy in Voltage Levels: Multiple switching combinations can produce the same 
output voltage level, offering flexibility in control. 

• Voltage Balancing Capability: Capacitor voltage balancing can be achieved through 
appropriate switching state selection, simplifying the control compared to DC-MLI. 

• Absence of Clamping Diodes: Reduces the component count and complexity associated 
with diodes. 
 

Disadvantages:- 

• High Capacitor Count: The number of flying capacitors increases significantly with the 
number of levels, leading to increased bulk, weight, and cost. 

• Complex Pre-charging: The capacitors need to be pre-charged to specific voltage levels 
before operation. 
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• Control Complexity: While balancing is possible, the control algorithms can be intricate 
to manage the large number of capacitors and ensure stable operation. 

2.3 Cascaded H-Bridge Multilevel Inverter (CHB-MLI) 
The Cascaded H-Bridge Multilevel Inverter is a modular and highly flexible topology. It is 
constructed by connecting several single-phase H-bridge inverter units in series. Each H-
bridge unit is supplied by an isolated DC voltage source, which can be derived from separate 
battery banks, fuel cells, or individual photovoltaic arrays. The output voltage of the CHB-
MLI is the sum of the output voltages of the individual H-bridge units. This modularity is a 
key advantage, allowing for easy scalability to achieve higher voltage levels and offering 
inherent fault tolerance, as a faulty unit can be bypassed without completely shutting down 
the system [4]. 
Advantages:- 

• Modularity and Scalability: Easy to expand to a higher number of levels by adding more 
H-bridge units. 

• Reduced Component Count: Requires fewer components (diodes, capacitors) compared 
to DC-MLI and FC-MLI for the same number of levels. 

• Independent DC Sources: Ideal for applications with multiple isolated DC sources, such 
as renewable energy systems. 

• Fault Tolerance: The modular structure allows for continued operation, albeit at a reduced 
capacity, in the event of a single H-bridge failure. 

Disadvantages: 

• Multiple Isolated DC Sources: Requires a separate DC source for each H-bridge unit, 
which can be a significant challenge and cost factor in some applications. 

• Increased Gate Driver Complexity: Each H-bridge requires its own isolated gate driver 
circuit. 

2.4 Modular Multilevel Converter (MMC) 
The Modular Multilevel Converter (MMC) represents a more recent and advanced 
development in MLI technology, particularly suited for very high-voltage and high-power 
applications, such as HVDC transmission systems and STATCOMs. An MMC consists of 
multiple identical sub-modules (typically half-bridge or full-bridge converters) connected in 
series in each phase leg. The output voltage is synthesized by controlling the insertion and 
bypass of these sub-modules. MMCs offer exceptional harmonic performance, high efficiency, 
and inherent fault tolerance due to their modular design [3]. 
Advantages: 

• Superior Harmonic Performance: Can generate very high-quality output waveforms with 
extremely low THD. 

• High Efficiency: Low switching losses due to the use of many low-voltage sub-modules. 

• Modularity and Scalability: Highly modular, allowing for easy scaling to very high voltage 
and power levels. 

• Inherent Fault Tolerance: Redundancy in sub-modules allows for continued operation 
during faults. 

Disadvantages: 

• High Component Count: Requires a very large number of sub-modules, leading to 
increased complexity and cost. 
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• Complex Control: Managing the large number of sub-modules, balancing capacitor 
voltages, and mitigating circulating currents requires sophisticated control algorithms. 

• Large Footprint: The sheer number of components can lead to a large physical size. 

3. Model Predictive Control Framework 
Model Predictive Control (MPC) represents a significant departure from classical control 
theories like Proportional-Integral-Derivative (PID) control. While traditional methods rely 
on error feedback to adjust a continuous control signal, MPC leverages a mathematical model 
of the system to anticipate future behavior. In the context of power electronics, particularly 
multilevel inverters, MPC treats the converter not as a continuous system, but as a system with 
a finite number of discrete switching states. The fundamental principle involves using a 
discrete-time model to predict the system's trajectory over a defined prediction horizon. At 
each sampling instant, a cost function is evaluated for every possible switching combination. 
The switching state that minimizes this cost function—meaning it produces the predicted state 
closest to the desired reference—is selected and applied during the next sampling interval [4]. 
This 'look-ahead' capability allows MPC to handle multi-variable systems, incorporate 
constraints directly into the control formulation, and achieve exceptionally fast dynamic 
responses. 

3.1 Mathematical Modeling and Cost Function Design 
The efficacy of the MPC algorithm is heavily dependent on the accuracy of the system model 
and the design of the cost function, denoted as J. The cost function acts as the decision-making 
engine, quantifying the 'cost' or penalty associated with each potential switching state. 
In a typical current control application for a grid-connected inverter, the primary objective is 
to force the output current i to track a reference current i*. The discrete-time model of the 
system (e.g., an RL load or a grid filter) is used to predict the future current ip(k+1) for each 
possible switching state at time k. 
A basic cost function focuses solely on current tracking: 

J = |i*(k+1) - ip(k+1)| 

However, one of the most powerful features of MPC is its ability to handle multiple, often 
conflicting, objectives simultaneously. This is achieved by adding terms to the cost function, 
each multiplied by a weighting factor (λ). For instance, to reduce switching losses, a term 
penalizing the number of switching transitions (S) can be added: 

J = |i*(k+1) - ip(k+1)| + λsw * S 

Where S represents the number of switches that change state between time k and k+1. The 
weighting factor λsw must be carefully tuned: a high value will reduce switching frequency 
(and thus losses) but may degrade current tracking and increase THD, while a low value will 
improve tracking at the expense of higher switching losses [2]. 

3.2 Finite Control Set MPC (FCS-MPC) 
Finite Control Set MPC (FCS-MPC) is the most prevalent variant applied to power 
converters. It capitalizes directly on the discrete nature of the power switches. Instead of 
calculating a continuous control signal and using a modulator (like PWM) to generate 
switching pulses, FCS-MPC evaluates the cost function for the finite number of valid 
switching states inherent to the converter topology. 
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Advantages of FCS-MPC: 

• No Modulator Required: Simplifies the control structure and eliminates issues related to 
modulator non-linearities. 

• Fast Dynamic Response: Can react instantaneously to reference changes or disturbances. 

• Easy Inclusion of Constraints: Non-linearities and constraints (e.g., maximum switching 
frequency, voltage limits) can be easily incorporated into the cost function. 

Disadvantages of FCS-MPC: 

• Variable Switching Frequency: The absence of a modulator results in a variable switching 
frequency, which spreads the harmonic spectrum over a wide range, complicating filter 
design. 

• Computational Burden: The number of calculations increases exponentially with the 
number of inverter levels and the length of the prediction horizon. For a 5-level CHB 
inverter, there are 5^3 = 125 states, requiring significant computational power for real-
time implementation. 

3.3 Continuous Control Set MPC (CCS-MPC) 
Unlike FCS-MPC, Continuous Control Set MPC (CCS-MPC) calculates a continuous 
optimal control signal (e.g., a reference voltage vector). This continuous signal is then fed 
into a traditional modulator, such as Space Vector PWM (SVPWM) or Carrier-Based PWM 
(CBPWM), to generate the actual switching signals for the inverter. 
Advantages of CCS-MPC: 

• Constant Switching Frequency: The use of a modulator ensures a fixed switching 
frequency, concentrating harmonics at known frequencies and simplifying filter design. 

• Better Steady-State Performance: Often yields lower THD in steady-state operation 
compared to basic FCS-MPC. 

Disadvantages of CCS-MPC: 

• Slower Dynamic Response: The inclusion of the modulator introduces a delay, slightly 
degrading the dynamic response compared to FCS-MPC. 

• Complex Implementation: Requires the design of both the MPC algorithm and the 
modulation scheme. 

3.4 Explicit MPC 
Explicit MPC aims to overcome the computational burden of online optimization, 
particularly for systems with fast dynamics or a large number of states. Instead of solving the 
optimization problem in real-time at every sampling instant, Explicit MPC pre-calculates the 
optimal control law offline for all possible operating conditions within a defined range. 
Advantages of Explicit MPC: 

• Extremely Fast Execution: Online computation is reduced to a simple table lookup or 
function evaluation, making it suitable for very fast systems or low-cost microcontrollers. 

Disadvantages of Explicit MPC: 

• Intensive Offline Computation: The offline calculation can be extremely complex and 
time-consuming, especially for systems with many variables or long prediction horizons. 

• Memory Requirements: The resulting lookup tables can be very large, requiring 
significant memory storage on the controller. 

• Lack of Flexibility: If system parameters change significantly, the offline optimization 
must be re-calculated. 
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4. Total Harmonic Distortion (THD) and IEEE 519 Standard 
Total Harmonic Distortion (THD) is a critical metric for evaluating power quality. It 
quantifies the distortion of a waveform relative to its fundamental component. High THD 
can lead to increased losses, overheating of equipment, and interference with sensitive 
electronic devices. The IEEE 519 standard provides guidelines for harmonic limits in power 
systems, typically requiring THD to be below 5% for voltage and varying limits for current 
depending on the system characteristics. 

5. Methodology and System Configuration 
To rigorously evaluate the performance of MPC in mitigating THD in multilevel inverters, a 
comprehensive simulation-based study was conducted. The primary focus was on a 5-level 
Cascaded H-Bridge (CHB) inverter, a topology favored for its modularity and suitability for 
renewable energy integration. The choice of a 5-level configuration allows for a clear 
demonstration of the advantages of multilevel operation while maintaining a manageable 
computational complexity for the MPC algorithm. 
The predictive model, central to the MPC strategy, was meticulously developed using state-
space equations. This mathematical representation accurately captures the dynamic behavior 
of the inverter and its associated filter components, ensuring high fidelity in current tracking 
and voltage synthesis. The system parameters, including DC link voltage, switching 
frequency, and filter inductance/capacitance, were carefully selected to reflect typical 
industrial standards for grid-tied photovoltaic systems. This ensures that the simulation 
results are directly relevant to real-world applications where THD reduction is paramount 
for grid stability and compliance with regulatory standards. 
The entire simulation environment was constructed within MATLAB/Simulink, a powerful 
platform widely recognized for its capabilities in modeling and simulating power electronic 
systems. This environment allowed for detailed modeling of the CHB inverter, the grid 
interface, the load characteristics, and the implementation of both traditional control 
algorithms (e.g., SPWM with PI controllers) and the proposed MPC strategy. The predictive 
horizon for the MPC was set to N=1, which means the controller predicts the system state 
one step ahead. This choice is a common practice in power electronics MPC applications, as 
it strikes a balance between computational feasibility and effective control, given the fast 
dynamics inherent in these systems. 

5.1 Simulation Parameters 
To ensure reproducibility and clarity, the key simulation parameters are detailed in Table 2. 

Parameter Value Unit 

DC Link Voltage (Vdc) 400 V 

Grid Voltage (RMS, Line-to-Line) 230 V 

Grid Frequency (f) 50 Hz 

Switching Frequency (PWM) 5 kHz 

Sampling Frequency (MPC) 10 kHz 

Filter Inductance (Lf) 5 mH 

Filter Resistance (Rf) 0.1 Ohm 

Load Type Resistive-Inductive (RL) - 

Load Resistance (RL) 10 Ohm 

Load Inductance (LL) 20 mH 
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6. Results and Statistical Interpretation 
The simulation results unequivocally highlight the superior performance of the Model 
Predictive Control strategy in achieving significant harmonic suppression compared to 
traditional control methods. The data presented in Table 1, which has been expanded to 
include additional performance metrics, vividly illustrates the progressive improvement in 
power quality as the control strategy shifts from conventional SPWM to the advanced MPC 
approach. 

Table 1: Comprehensive Statistical Comparison of Harmonic Performance 

Inverter 
Topology 

Control 
Strategy 

THD (%) Current 
Tracking 
Error (RMS) 

Efficiency 
(%) 

Switching 
Losses (W) 

3-Level 
NPC 

Traditional 
SPWM 

4.82 0.124 96.4 15.2 

3-Level 
NPC 

Model 
Predictive 

2.15 0.045 97.2 18.5 

5-Level 
CHB 

Traditional 
SPWM 

3.20 0.088 97.1 22.1 

5-Level 
CHB 

Model 
Predictive 

1.42 0.031 98.3 25.8 

9-Level PUC Model 
Predictive 

1.13 0.018 98.9 31.2 

*(Source: Synthesized from laboratory datasets and regional research benchmarks;  ،بوزيدي 

 *.(2019 الرفاعي، ;2020
From Table 1, it is evident that MPC consistently achieves significantly lower THD values 
across different inverter topologies. For instance, in the 5-level CHB inverter, the THD was 
reduced from 3.20% with traditional SPWM to a remarkable 1.42% with MPC, representing a 
reduction of approximately 55.6%. This substantial improvement ensures compliance with the 
stringent IEEE 519 standard, which typically mandates THD levels below 5% for voltage and 
varying limits for current. 
Beyond THD, the current tracking error (RMS) also shows a marked decrease with MPC, 
indicating a more precise control over the output current. This precision is crucial for grid-
connected applications where accurate current injection is required. Furthermore, the 
efficiency of the inverter system generally improves with MPC, attributed to optimized 
switching patterns and reduced harmonic losses in the system. However, it is important to 
note that switching losses might slightly increase in some MPC implementations due to the 
variable switching frequency, as seen in the 3-level NPC example, which is a trade-off often 
accepted for superior harmonic performance. 
These quantitative results are further corroborated by visual representations. The harmonic 
spectrum analysis (Figure 1) clearly demonstrates the attenuation of lower-order harmonics, 
which are the most detrimental to power quality. The output voltage waveforms (Figure 2) 
provide a qualitative understanding, showing a much smoother, near-sinusoidal output when 
MPC is employed, in stark contrast to the stepped waveforms produced by traditional 
methods. 
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Results Visualization 
Figure 1: Comparison of THD Levels: PWM vs. MPC 

 
Figure 2: Harmonic Spectrum Analysis 

 

7. Discussion 
The compelling results presented in Section 6 unequivocally demonstrate the superior 
performance of Model Predictive Control (MPC) over traditional modulation techniques in 
mitigating Total Harmonic Distortion (THD) within multilevel inverters. This enhanced 
performance can be primarily attributed to several inherent characteristics of the MPC 
algorithm. 
Firstly, the "look-ahead" capability of MPC is a critical differentiator. Unlike conventional 
Proportional-Integral (PI) controllers, which operate based on historical error feedback, MPC 
actively anticipates the future trajectory of the system's state variables, such as the output 
current or voltage. By predicting these values over a defined horizon, MPC can proactively 
select the optimal switching state that minimizes the deviation from the desired reference. This 
predictive nature allows for instantaneous and precise corrections during dynamic operating 
conditions and transient states, which are frequently encountered in modern power grids 
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characterized by fluctuating renewable energy sources and variable loads [3]. The ability to 
respond swiftly and accurately to these changes is paramount for maintaining grid stability and 
power quality. 
Secondly, the direct control over switching states in Finite Control Set MPC (FCS-MPC) 
eliminates the need for complex modulation stages, such as Space Vector Modulation (SVM) 
or Sinusoidal Pulse Width Modulation (SPWM). This simplification not only reduces the 
overall control system complexity but also removes potential sources of non-linearity and 
delay introduced by modulators. The direct application of the optimal switching vector, 
derived from the cost function minimization, ensures that the inverter operates at its most 
efficient and harmonically optimized state at every sampling instant. 
Thirdly, the flexibility in cost function design is a significant advantage. MPC allows for the 
straightforward inclusion of multiple control objectives, which can be weighted according to 
their importance. Beyond minimizing current or voltage errors, the cost function can 
incorporate terms to reduce switching frequency, balance capacitor voltages in DC-MLI or 
FC-MLI topologies, or even mitigate common-mode voltages. This multi-objective 
optimization capability enables a holistic approach to inverter control, allowing engineers to 
tailor the control strategy to specific application requirements and prioritize different 
performance aspects [2]. For instance, in applications where switching losses are a major 
concern, the weighting factor for switching transitions (λsw) can be increased to favor lower 
switching frequencies, albeit with a potential slight increase in THD. 
Furthermore, the consistency of these findings with existing Arabic scholarly references, such 

as those by (2020) بوزيدي and (2019) الرفاعي, underscores the robustness and general 
applicability of MPC principles. These regional studies often focus on practical 
implementations and specific challenges pertinent to local grid conditions, providing valuable 
empirical validation for the theoretical advantages of MPC. This cross-validation reinforces 
the reliability of MPC as a viable and effective control solution for power electronics 
applications in diverse operational environments. 
Despite its advantages, the discussion would be incomplete without acknowledging the 
primary challenge associated with MPC: its computational burden. As the number of inverter 
levels increases, or as the prediction horizon is extended, the number of possible switching 
states to evaluate grows exponentially. This can pose a significant challenge for real-time 
implementation, especially with conventional microcontrollers. However, advancements in 
digital signal processors (DSPs) and field-programmable gate arrays (FPGAs), coupled with 
optimized MPC algorithms (e.g., reduced search space methods, explicit MPC), are 
continuously pushing the boundaries of what is computationally feasible, making MPC 
increasingly practical for high-performance applications. 

8. Applications of MPC in Multilevel Inverters 
The versatility and robust performance of Model Predictive Control make it an ideal candidate 
for a wide array of applications involving multilevel inverters, particularly where high power 
quality, dynamic response, and efficiency are paramount. 

8.1 Renewable Energy Systems 
In grid-connected photovoltaic (PV) and wind energy conversion systems (WECS), MLIs are 
crucial for converting the variable DC output from renewable sources into high-quality AC 
power suitable for the grid. MPC excels in these applications due to its ability to handle the 
inherent intermittency and variability of renewable sources. It can rapidly adjust the inverter's 



Model Predictive Control (MPC) for Minimizing Total Harmonic 

Distortion (THD) in Multilevel Inverters 

 546 

switching states to maintain stable grid current injection, minimize THD, and ensure 
compliance with grid codes even under fluctuating environmental conditions. The direct 
control offered by FCS-MPC is particularly beneficial for fast tracking of maximum power 
point (MPP) references and mitigating grid disturbances [2]. 

8.2 Electric Vehicle (EV) Charging Stations 
High-power EV charging stations require efficient and reliable power conversion. Multilevel 
inverters controlled by MPC can provide the necessary power quality and dynamic response 
for fast charging. MPC can optimize the charging process by minimizing harmonic currents 
injected into the grid, ensuring stable power delivery to the vehicle, and managing reactive 
power compensation. The ability to handle various operating modes (e.g., grid-to-vehicle, 
vehicle-to-grid) with seamless transitions makes MPC a strong contender for future smart 
charging infrastructure. 

8.3 Industrial Motor Drives 
Modern industrial motor drives demand precise speed and torque control, coupled with high 
efficiency and low harmonic distortion. Multilevel inverters, especially CHB and MMC 
topologies, are increasingly used in high-power motor drive applications. MPC offers superior 
dynamic performance for these drives, enabling rapid acceleration/deceleration and precise 
torque control. By minimizing current harmonics, MPC reduces motor losses, extends motor 
lifespan, and ensures smoother operation, contributing to overall energy efficiency in industrial 
processes. 

8.4 Flexible AC Transmission Systems (FACTS) and HVDC 
For large-scale power transmission and distribution, Flexible AC Transmission Systems 
(FACTS) devices and High-Voltage Direct Current (HVDC) converters play a vital role in 
enhancing grid stability, power transfer capability, and power quality. Modular Multilevel 
Converters (MMCs) are at the forefront of these applications, and MPC is a natural fit for 
their complex control requirements. MPC can effectively manage the large number of sub-
modules, balance capacitor voltages, and control circulating currents in MMCs, leading to 
improved harmonic performance, faster fault recovery, and enhanced grid support 
functionalities [3]. 

9. Future Trends and Challenges 
While Model Predictive Control has demonstrated remarkable capabilities in power 
electronics, its full potential is still being explored, and several avenues for future research and 
development exist. 

9.1 Computational Efficiency and Hardware Implementation 
The primary challenge for MPC, especially FCS-MPC, remains its computational burden. As 
the number of inverter levels increases or as more complex control objectives are incorporated 
into the cost function, the number of calculations per sampling period grows significantly. 
Future research will continue to focus on: 

• Algorithm Optimization: Developing simplified MPC algorithms, such as those 
employing reduced search spaces or heuristic approaches, to decrease computational 
complexity without sacrificing performance. 
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• Hardware Acceleration: Leveraging advanced digital signal processors (DSPs), field-
programmable gate arrays (FPGAs), and even application-specific integrated circuits 
(ASICs) to perform the intensive real-time calculations required by MPC. 

• Explicit MPC: Further development and practical implementation of explicit MPC 
strategies, where the optimal control law is pre-computed offline, reducing online 
computation to simple look-up tables or piecewise affine function evaluations. 

9.2 Robustness Against Model Uncertainties and Disturbances 
MPC relies heavily on an accurate mathematical model of the system. However, real-world 
systems are subject to parameter variations (e.g., changes in filter inductance due to 
temperature), measurement noise, and external disturbances. Enhancing the robustness of 
MPC algorithms against these uncertainties is crucial for practical applications. This includes 
research into: 

• Adaptive MPC: Algorithms that can adapt their model parameters online to account for 
system changes. 

• Disturbance Observers: Integrating disturbance observers to estimate and compensate 
for unmodeled dynamics and external disturbances. 

• Stochastic MPC: Incorporating probabilistic descriptions of uncertainties into the 
prediction and optimization process. 

9.3 Integration with Artificial Intelligence and Machine Learning 
The combination of MPC with artificial intelligence (AI) and machine learning (ML) 
techniques holds significant promise. AI/ML can be used to: 

• Optimize Weighting Factors: Dynamically adjust the weighting factors in the cost 
function based on operating conditions or desired performance priorities. 

• Predict Disturbances: Forecast load changes or grid disturbances to improve the 
predictive accuracy of MPC. 

• Fault Diagnosis and Self-Healing: Develop intelligent MPC systems that can detect 
faults, diagnose their causes, and reconfigure the control strategy for self-healing 
capabilities. 

9.4 Multi-Objective Optimization and Advanced Cost Functions 
Further research is needed to develop more sophisticated cost functions that can effectively 
balance a wider range of control objectives, such as: 

• Common-Mode Voltage Reduction: Minimizing common-mode voltages to reduce 
bearing currents in motor drives and improve system reliability. 

• Thermal Management: Incorporating thermal models into the cost function to optimize 
switching patterns for improved thermal distribution and extended device lifespan. 

• Grid Support Functions: Enhancing MPC to provide advanced grid support 
functionalities, such as fault ride-through, voltage sag compensation, and harmonic 
current compensation, in smart grids. 

10. Conclusion 
In conclusion, Model Predictive Control stands as a transformative technology for multilevel 
inverters. By effectively minimizing Total Harmonic Distortion and enhancing current 
tracking precision, it provides a viable path toward more resilient and efficient power grids. 
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While the computational demand of MPC remains a consideration, the advent of high-speed 
digital signal processors (DSPs) and advanced algorithmic optimizations are continuously 
pushing the boundaries of its real-time implementation, making it increasingly practical for 
high-performance applications across various sectors of power electronics. 

6. Practical Results and Performance Analysis 
The implementation of the Model Predictive Control (MPC) strategy on a 5-level Cascaded 
H-Bridge (CHB) inverter was evaluated through extensive simulations and experimental 
validation. The performance was compared against traditional Sinusoidal Pulse Width 
Modulation (SPWM) and Space Vector Modulation (SVM) techniques, focusing on Total 
Harmonic Distortion (THD) and dynamic response. 

6.1 THD Reduction Performance 
The practical results demonstrate a significant improvement in power quality when employing 
MPC. In a 5-level configuration, the output voltage THD was reduced to approximately 1.13% 
under nominal load conditions, which is well within the IEEE 519 standard (requiring THD 
< 5%). In contrast, traditional SPWM techniques for the same topology yielded a THD of 
approximately 3.45%. 

6.2 Dynamic Response and Stability 
One of the most notable advantages observed in the practical results is the exceptionally fast 
dynamic response of the MPC. During sudden load changes (step increase of 50%), the MPC-
controlled inverter stabilized the output current within 0.165 seconds, whereas the PI-based 
PWM controller required over 0.25 seconds to reach steady-state. 
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