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Abstract 

Model Predictive Control (MPC) is a promising control strategy for matrix converters 

in grid-interactive applications. MPC optimizes a cost function over a finite time horizon, 

considering system constraints like voltage and current limits, grid codes, and power factor 

requirements. This enables effective grid synchronization, power quality regulation, and 

efficient power conversion. Advancements in MPC include predictive modelling techniques, 

adaptive algorithms, optimization algorithm integration, hybrid control strategies, and multi-

objective optimization formulations. Benefits include fast response to changes in grid 

conditions, robustness in handling uncertainties, and extended time-horizon optimization. This 

study provides insights into MPC techniques and highlights the potential for further research. 

Keywords: Model Predictive Control, Matrix Converters, Grid-Interactive Applications, 

Power Electronics, Renewable Energy 

1. Introduction 

MPC is a sophisticated control strategy that has been applied to matrix converters in 

grid-interactive applications. Matrix converters are power electronic devices used to convert 

AC power to AC power directly, without an intermediate DC link. MPC offers advantages over 

traditional control methods by optimizing a cost function over a finite time horizon while 

considering system constraints [1]. MPC for matrix converters can handle system constraints 

effectively, such as voltage and current limits, grid codes, and power factor requirements. It 

provides reliable and stable operation while maintaining compliance with grid standards. 
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Additionally, MPC enables fast and accurate response to changes in the grid or load conditions, 

making it suitable for dynamic grid-interactive applications. The predictive nature of MPC 

allows it to anticipate future events and adjust control actions accordingly. It has been shown 

to improve power quality, grid synchronization, and overall system efficiency in various 

practical implementations and research studies [2], [3]. 

1.1  Research Objectives 

The research objective is to study the MPC for matrix converters in grid-interactive 

applications.  

2. Literature Review 

The MPC is a flexible, straightforward, and promising method for controlling different 

types of matrix converter topologies. It is deemed an attractive solution due to its flexibility, 

versatility, and intuitive nature. However, it may have a high computational burden and 

variable switching frequency for advanced topologies like motor control (MC)[4]–[7]. Figure.1 

shows the block diagram of basic control process of the MPC. 

 

Figure 1. MPC Scheme Basic Control Process Block Diagram[8] 

Advances in power electronics and digital control have revolutionized the control of 

power converters, particularly in microgrids. Power converters are essential components of 

microgrids used in distributed generations, electric vehicles, uninterruptible power supplies, 

energy storage systems, and electrical drives. The increasing number of such applications 

presents new challenges for the setup, control, operation, management, and supervision of 
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microgrids and the main power grid. Microgrids can be classified into AC, DC, and hybrid AC-

DC networks. DC technology has empowered the idea of DC networks, particularly in high-

voltage direct current (HVDC) transmission systems and low-voltage microgrids. A flexible 

voltage control strategy considering the regulation ability of distributed energy storage units in 

DC distribution networks has shown excellent performance[4], [5], [9]–[12]. Figure. 2 shows 

the control algorithms for power converters 

 

Figure 2. Control Algorithms for Power Converters [13] 

Existing research on MPC for matrix converters in grid-interactive applications has 

shown promising results in improving the performance and efficiency of these converters. 

Several studies have focused on the application of MPC to address various challenges and 

optimize the operation of matrix converters in grid-connected systems. Research has 

demonstrated that MPC can effectively handle system constraints such as voltage and current 

limits, grid codes, and power factor requirements. By incorporating these constraints into the 

control algorithm, MPC ensures the reliable and stable operation of matrix converters while 

satisfying grid standards. Furthermore, MPC has been shown to provide a fast and accurate 

response to changes in the grid and load conditions.  

The predictive nature of the control algorithm allows it to anticipate future events and 

adjust control actions accordingly. This feature is particularly beneficial for grid-interactive 

applications where operating conditions can vary rapidly. In terms of performance, studies have 
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reported improved power quality through the use of MPC. By optimizing the converter's 

switching states based on a cost function, MPC reduces harmonic distortion, minimizes power 

losses, and enhances overall power quality [1]– [4], [6], [7], [14]. Comparisons between MPC 

and traditional control methods, such as pulse width modulation (PWM) techniques, have also 

been conducted. Results have consistently shown that MPC outperforms traditional methods 

in terms of power quality, grid synchronization, and system efficiency. Additionally, research 

has explored the integration of advanced techniques with MPC to further enhance the 

performance of matrix converters. These techniques include predictive modelling, adaptive 

algorithms, and optimization algorithms, which aim to improve the accuracy and efficiency of 

MPC-based control strategies. 

3. Fundamentals of Model Predictive Control 

A matrix converter is a power electronic device used to convert electrical energy 

between different AC voltage waveforms without the need for intermediate DC conversion 

[15]– [23]. It is commonly employed in grid-interactive applications to connect renewable 

energy sources, energy storage systems, and other grid-connected devices to the power grid. 

The matrix converter system consists of several key components: 

Input Stage: The input stage of a matrix converter consists of bidirectional switches, 

which are semiconductor devices such as: insulated gate bipolar transistors (IGBTs), or power 

MOSFETs. These switches are responsible for controlling the flow of electrical energy from 

the AC input source into the matrix converter. 

Output Stage: The output stage of the matrix converter also comprises bidirectional 

switches that control the flow of electrical energy from the converter to the AC output load. 

Similar to the input stage, these switches are typically IGBTs or power MOSFETs. 

Energy Storage Elements: Matrix converters often include energy storage elements 

such as capacitors or inductors to assist in maintaining the desired voltage and current levels 

during the conversion process. These elements help to stabilize the output voltage and mitigate 

voltage and current fluctuations. 

Control System: The control system of a matrix converter is responsible for regulating 

the switching states of the bidirectional switches in the input and output stages. It ensures that 
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the converter operates according to the desired control strategy, meets system constraints and 

grid standards, and maintains the required power quality and grid synchronization. 

Grid-Interfacing Components: In grid-interactive applications, the matrix converter 

system may also include additional components for grid interfacing. These components can 

include filters to suppress harmonics and improve power quality, as well as synchronization 

circuits to ensure proper synchronization with the grid frequency and phase. 

The matrix converter system in grid-interactive applications offers several advantages, 

such as direct AC-AC conversion, compact size, high efficiency, and the ability to handle a 

wide range of voltage and frequency variations. It enables efficient integration of renewable 

energy sources, energy storage systems, and other grid-connected devices, facilitating the 

smooth exchange of power between the grid and these sources or loads. Figure 3 shows the 

Simulink block model of three-phase matrix converters. 

 

Figure 3. Simulink Block Model of Three Phase Matrix Converter [26] 

MPC is a popular advanced control technique used in various industries for controlling 

dynamical systems. It is a control strategy that uses a dynamic model of the system to predict 

its future behaviour and calculate optimal control actions to achieve the desired objectives. 

MPC operates in a receding-horizon fashion, meaning that it repeatedly solves an optimization 

problem over a finite time horizon but only applies the first optimal control action to the system 
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[24-25] The process is then repeated with updated measurements and predictions in a feedback 

loop. 

The basic principles and concepts of MPC are as follows: 

1. Prediction: MPC utilizes a mathematical model of the system to predict its future 

behavior over a specified prediction horizon. The model captures the system 

dynamics, constraints, and disturbances. 

2. Optimization: An optimization problem is formulated to determine the optimal 

control action that minimizes a cost function while satisfying system constraints. The 

cost function typically includes terms related to control objectives, such as tracking a 

reference trajectory and minimizing control effort. 

3. Constraints: MPC inherently handles constraints on states, inputs, and other system 

variables. These constraints can include physical limits, safety limits, and operational 

limits. By considering constraints explicitly in the optimization problem, MPC 

ensures that the control actions remain within permissible bounds. 

4. Receding Horizon Control: MPC operates in a receding-horizon fashion, where the 

control problem is solved repeatedly at each time step. The optimization problem is 

solved over a finite time horizon, but only the first control action is implemented. As 

time progresses, the horizon shifts, and the process is repeated with updated 

measurements and predictions. 

MPC can be applied to matrix converters in grid-interactive applications by using the 

dynamic model of the converter and the desired control objectives. The MPC algorithm can 

consider the converter's constraints, such as voltage and current limits, and optimize the control 

actions to achieve the desired performance while adhering to these constraints. Matrix product 

control is an effective approach for managing matrix converters in grid-interactive applications, 

as it is capable of handling the non-linearities and dynamics of the system by including a 

predictive model of the converter. 
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3.1 Mathematical Models 

State-Space Models: MPC often employs state-space models to represent the dynamics 

of the matrix converter system. These models describe the interrelationships between the 

converter's inputs, outputs, and internal states. In a general form, the state equations can be 

expressed as: 

𝑥̇ = 𝐴𝑥(𝑡) + 𝐵𝑢(𝑡) 

where x(t) represents the state vector, A is the state matrix, B is the input matrix, and 

u(t) denotes the control input vector. 

The output equations relate the system outputs to the state vector and are typically given 

by: 

𝑦(𝑡) = 𝐶𝑥(𝑡) + 𝐷𝑢(𝑡) 

where y(t) represents the output vector, C is the output matrix, and D is the feedforward 

matrix. 

3.2 Optimization Algorithms 

Quadratic Programming: MPC for matrix converters often formulates the control 

problem as a quadratic programming (QP) optimization task. QP solvers are employed to solve 

the optimization problem efficiently and find the optimal control actions that minimize a cost 

function while satisfying system constraints. The general form of the QP objective function is: 

𝐽 =
1

2
𝑥𝑇𝑄𝑥 +

1

2
𝑢𝑇𝑅𝑢 

where x is the state vector, u is the control input vector, Q is the state weighting matrix, 

and R is the control input weighting matrix. The objective function aims to minimize the 

weighted sum of the state and control input variables. 

4. MPC Algorithm 

The MPC algorithm for matrix converters in grid-interactive applications would 

typically include the following steps: 
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1. Formulate the dynamic model of the matrix converter. 

2. Define the control objectives, such as achieving a specific power flow or maintaining 

specific voltage or current levels. 

3. Incorporate constraints on voltages, currents, and other variables. 

4. Set up the optimization problem with the defined cost function, constraints, and 

prediction horizon. 

5. Solve the optimization problem at each time step to determine the optimal control 

actions. 

6. Apply the first control action to the matrix converter. 

7. Repeat the process at the next step with updated measurements and predictions. 

MPC algorithms for matrix converters have been the subject of ongoing research and 

development. Several advancements have been proposed in recent years to enhance the 

performance, robustness, and efficiency of MPC for matrix converters. Here, we'll review some 

of these advancements, control strategies, and techniques found in the literature: 

(a) Direct Model Predictive Control (DMPC) 

1. DMPC is a control strategy that directly solves the optimization problem without 

linearizing the system model. 

2. It considers the non-linear characteristics of matrix converters, such as the non-linear 

voltage transfer function. 

3. DMPC can handle constraints on input and output variables and provides accurate 

tracking of reference signals. 

4. This approach has been shown to improve the dynamic response and robustness of 

matrix converters. 
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(b) Finite-Control-Set Model Predictive Control (FCS-MPC) 

1. FCS-MPC is a control technique that discretizes the control space into a finite set of 

voltage vectors. 

2. It optimizes the selection of voltage vectors based on the prediction of the converter's 

behaviour. 

3. FCS-MPC provides fast dynamic response and reduced switching losses compared to 

other control strategies. 

4. It has been applied to matrix converters to enhance their performance in terms of power 

quality and efficiency. 

(c) Predictive Current Control (PCC) 

1. PCC focuses on predictive control of the input and output currents of the matrix 

converter. 

2. It uses a dynamic model to predict future currents and applies control actions to regulate 

them. 

3. PCC offers good tracking of current references and can handle constraints on currents 

and voltages. 

4. This approach has demonstrated improved dynamic performance and robustness in 

matrix converters. 

(d) Dual-Loop Model Predictive Control (DLMPC) 

1. DLMPC combines an inner current control loop and an outer voltage control loop. 

2. It employs two separate MPC algorithms to control the input and output variables. 

3. The inner loop controls the input currents while the outer loop regulates the output 

voltage. 

4. DLMPC provides good decoupling between input and output variables, improving the 

dynamic response and stability of matrix converters. 



Model Predictive Control for Matrix Converters in Grid-Interactive Applications 

ISSN: 2582-3051  428 

 

 

4.1 Advantages 

1. MPC algorithms for matrix converters offer precise control over input and output 

variables, considering non-linearities and constraints. 

2. They provide accurate tracking of reference signals and optimal control actions for 

improved performance. 

3. MPC allows for the incorporation of system constraints, ensuring safe and reliable 

operation. 

4. Advanced MPC techniques offer fast dynamic response, reduced switching losses, and 

enhanced power quality. 

4.2 Limitations 

MPC algorithms for matrix converters can be computationally intensive, requiring 

powerful hardware. The accuracy of the predictive model used in MPC can affect control 

performance. Model uncertainties and parameter variations should be considered. Real-time 

implementation of MPC may face challenges due to the computational burden and the need for 

accurate and fast measurements. 

4.3 Performance Improvements 

Recent advancements in MPC algorithms for matrix converters have shown improved 

dynamic response, robustness, and power quality. These techniques have led to reduced 

switching losses, improved efficiency, and enhanced tracking of reference signals. Enhanced 

control strategies have addressed issues related to non-linearities, constraints, and decoupling 

between input and output variables. 
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5. Applications of Model Predictive Control in Grid-Interactive Systems 

5.1  Integration of MPC in Grid-Interactive Application 

 

Figure 4. Block Diagram showing the Integration of MPC in Grid-Interactive 

Application 

The key components shown in Figure.4 and their interactions are as follows: 

1. Renewable Energy Sources: These sources, such as solar panels or wind turbines, 

generate renewable energy. They are connected to the power conversion system. 

2. Power Conversion System: This system accepts the generated renewable energy and 

converts it to a usable form for the grid. It may include components such as inverters, 

energy storage systems, and conditioning units. 

3. Matrix Converter: The matrix converter is a bidirectional power electronic device that 

facilitates the exchange of power between the power conversion system and the grid. It 

enables efficient power conversion and control over a wide range of operating 

conditions. 

4. MPC Controller: The MPC controller is responsible for the real-time control of the 

matrix converter. It receives measurements from sensors, predicts the future system 
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behavior using a predictive model, and optimizes the control actions based on a cost 

function and system constraints. The MPC algorithm ensures optimal power flow, grid 

synchronization, and adherence to operational limits. 

5. Grid Interface & Synchronization: This component manages the connection of the 

microgrid system to the utility grid. It includes synchronization mechanisms, which 

ensure that the microgrid's voltage and frequency are synchronized with the grid's 

voltage and frequency. The grid interface also handles bidirectional power flow and 

grid codes compliance. 

6. Grid: The utility grid receives power from the microgrid system and provides power 

back if needed. It represents the larger electrical grid infrastructure. 

5.2 Grid-Connected Renewable Energy Systems 

1. MPC can be used to control matrix converters in grid-connected renewable energy 

systems, such as solar photovoltaic (PV) or wind power systems. 

2. MPC optimizes the power flow between the renewable energy source and the grid, 

ensuring efficient energy extraction and compliance with grid regulations. 

3. It handles uncertainties in renewable energy generation and grid conditions, allowing 

for optimal utilization of the available energy. 

5.3 Electric Vehicle (EV) Charging 

1. MPC is suitable for controlling matrix converters in EV charging stations, providing 

efficient and reliable charging of electric vehicles. 

2. It manages the power flow from the grid to the EV battery, considering charging 

requirements, grid constraints, and user preferences. 

3. MPC optimizes charging profiles based on electricity prices, grid availability, and user 

demands, leading to reduced charging time and improved grid integration. 
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5.4 Microgrid Systems 

1. MPC can optimize the operation of matrix converters in microgrid systems, which 

involve multiple distributed energy resources (DERs) and grid interconnection. 

2. It ensures optimal power sharing between DERs, grid stability, and efficient use of 

energy storage systems. 

3. MPC handles complex interactions among different energy sources, loads, and grid 

connection points, enabling seamless grid-interactive operation. 

5.5 Power Quality Enhancement 

1. MPC can enhance the power quality in grid-interactive systems by controlling matrix 

converters. 

2. It mitigates grid disturbances, such as voltage sags and harmonics, by actively 

regulating the power flow and injecting compensating currents. 

3. MPC can quickly respond to grid events and adjust converter operations to maintain a 

stable and high-quality power supply to the grid and loads. 

5.6 Benefits of Model Predictive Control Compared to other Control Methods 

1. MPC considers system dynamics, constraints, and future predictions, allowing for 

precise control and optimization of matrix converters. 

2. It provides a systematic approach to handling non-linearities, uncertainties, and time-

varying conditions in grid-interactive systems. 

3. The receding horizon control strategy of MPC enables real-time adaptation to changing 

conditions and disturbances. 

4. MPC allows for the incorporation of multiple control objectives and constraints, 

ensuring safe and optimal operation. 

5. It offers enhanced tracking of reference signals, improved power quality, and reduced 

energy losses compared to traditional control methods. 
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6. MPC can handle complex system interactions and optimize the operation of multiple 

energy resources, leading to efficient energy utilization. It provides flexibility and 

adaptability to different system configurations and grid conditions. 

6. Challenges and Future Directions 

The Table.1 shows the challenges and the potential solutions that are observed from the 

study.  

Table 1. Challenges and Future Directions 

Challenges Potential Solutions 

1. Computational 

Complexity 

Use efficient optimization algorithms. 

Employ hardware acceleration and parallel processing. 

Adjust prediction horizon or use simplified models. 

2. Real-Time 

Implementation 

Utilize fast optimization solvers. 

Implement heuristic methods for speed. 

Consider hardware acceleration for real-time processing. 

Tune control parameters and prediction horizon. 

3. Model Mismatch Update system model based on online parameter 

identification. 

Employ adaptive control techniques. 

4. Sensitivity to 

Disturbances 

Incorporate disturbance models in MPC formulation. 

Use robust optimization techniques. 

Integrate feedback control strategies. 

5. Input Saturation Implement anti-windup mechanisms. 

Adjust controller output to prevent integrator windup. 

6. Communication Delays Design MPC with predictive and adaptive features. 

Implement communication protocols to minimize delays. 
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7. Off-Line Model Tuning Use online system identification techniques. 

Continuously tune model parameters based on actual plant 

behavior. 

8. Limited Interpretability Employ explainable AI techniques. 

Use visualization tools for insights into decision-making. 

 

The future directions include developing efficient optimization algorithms, enhancing 

modelling accuracy and system identification, advancing hardware and sensor technologies, 

improving robustness and resilience to grid disturbances, integrating energy storage systems, 

and addressing cybersecurity and communication issues. By addressing these challenges and 

pursuing these research opportunities, the effectiveness and applicability of MPC in grid-

interactive systems with matrix converters can be improved. 

7. Comparison between Traditional Control Methods and Model Predictive 

Control[24]  

Table.2 illustrates the comparison between the traditional control methods and the 

model predictive control. 

Table 2. Comparison of Control Methods 

Characteristics Traditional Control Methods Model Predictive 

Control (MPC) 

Complexity Relatively simple to implement Moderately complex 

Handling of Nonlinearities Limited capability Effective handling 

System Constraints May require additional 

techniques 

Integrated handling 

Adaptability to Changes Limited adaptability Adapts to changes 

effectively 

Optimization Limited optimization 

capabilities 

Multi-objective 

optimization 
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Robustness Depends on tuning and system 

modelling 

Robust against 

disturbances and 

variations 

Handling of Multiple 

Inputs/Outputs 

Limited flexibility Flexibility in handling 

complex systems 

Control Performance Depends on tuning and model 

accuracy 

Systematic and 

advanced control 

strategies 

 

7.1 Recommendations 

The Table.3 discusses about the recommendations for the future research 

Table 3. Recommendation 

Recommendation Implementation Approach 

1. Optimization Algorithm 

Selection 

Choose fast and efficient optimization algorithms 

tailored to grid-interactive applications. 

2. Hardware Acceleration Implement hardware acceleration using FPGAs or 

GPUs for parallel processing. 

3. Parameter Identification and 

Online Tuning 

Incorporate online parameter identification techniques 

for continuous model updates. 

4. Disturbance Modeling Develop accurate disturbance models to enhance the 

controller's resilience. 

5. Constraint Handling Implement effective methods for handling constraints, 

including anti-windup mechanisms. 

6. Communication Delay 

Mitigation 

Design MPC with features to account for 

communication delays in grid-interactive systems. 

 

 

 



                                                                                                                                                                                                                             Rahul Kumar Jha 

Journal of Electrical Engineering and Automation, December 2023, Volume 5, Issue 4 435 

 

 

8. Conclusions 

In conclusion, the key findings from the review paper highlight the significance of 

model predictive control (MPC) for matrix converters in grid-interactive applications. MPC 

has been successfully implemented in various domains, such as renewable energy integration, 

electric vehicle charging, microgrid systems, and power quality enhancement. Real-world case 

studies demonstrate its effectiveness in optimizing power flow, managing uncertainties, 

improving system performance, and ensuring grid compliance. 

The benefits of MPC compared to other control methods include its ability to consider 

system dynamics, handle constraints, provide multi-objective optimization, and adapt to 

changing conditions. MPC offers improved tracking of reference signals, enhanced power 

quality, and reduced energy losses. It also enables seamless integration of renewable energy 

sources, efficient power sharing, and grid support functionalities. The potential impact of 

MPCon grid-interactive systems is significant. By addressing challenges such as computational 

complexity, model uncertainties, and real-time implementation, MPC can contribute to more 

efficient and reliable control strategies. The prospects of MPC lie in the development of 

advanced optimization algorithms, accurate modelling techniques, improved hardware and 

sensor technologies, enhanced robustness and resilience, integration of energy storage, and 

addressing cybersecurity concerns. 
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