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Short Abstract

In this paper, an extension for Data-Driven Model Predictive Control (DD-MPC) for Linear Parameter Varying systems (LPV) is presented. Model-
based controllers are highly dependent to model precision. On the other hand, data-driven methods replace the model using some tricks. Throughout
this paper, direct data-driven approaches, which have gained considerable attentions in recent years, is used in designing different parts of the controller
including future predictions. In addition, the stability and recursive feasibility guarantees are presented as the first novelty of this research with respect
to a prior platform for data driven approach. Furthermore, by developing the base platform for direct DD-MPC for LPV systems, a new developed form
with the goal of robustness against measurement noise is defined as the next novelty of this paper. In order to check performance of the proposed
method, simulations on DC motor is applied. Simulation results show effectiveness of the proposed approach as compared with similar approaches
reported in the literature.
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1- Short Introduction

The model-based approaches to design Model Predictive Control (MPC) need a precise model for calculating the future system trajectories. On the
other hand, designing an MPC using the data-driven algorithms, bypass the use of a model or identification process by replacing the system dynamics
with the sampled data from the system under control. The Hankel matrix defined in the Data-Driven Model Pridictive Control (DD-MPC) methods,
acts as a model for the control process. This method uses a direct data-driven approach to calculate control signal and has various research results for
Linear Time Invariant (LTI) systems showing the effectiveness and required closed loop guarantees. Despite huge number of works for LTI systems,
designing DD-MPC for nonlinear or LPV systems is challenging due to lack of mathematical substructures and very few works are presented in this
aspect. Moreover, the presented works for the LPV systems, which tackle this problem, has not provides guarantees of the method.

2- Proposed Work and Methodology

The first step to extend the DD-MPC approach for a wider class of systems is to apply appropriate mathematical structures for intended system model.
In this paper, a framework, which extends “Willem’s Theorem” from LTI to LPV systems, is used to design an Extended Direct Data-Driven Model
Predictive Control (EDD-MPC) for a class of polytopic LPV systems. The mentioned framework is upgraded by adding new constraints and cost
function defined by the presented algorithm and provides robustness against measurement noise. The system dynamics are replaced with Hankel matrix,
which is obtained by online noisy data. The constraint containing the Hankel matrix is then well-posed with some slack variables neutralizing the noise
effects. To ensure minimizing the effects of the slack variables, it is upper-bounded using an appropriate quadratic term with small magnitude that is
added to the cost function. Due to the lack of theoretical analysis in the past methods for the LPV systems, closed-loop stability and feasibility are
presented by introducing multiple Lyapunov functions with respect to the polytopic assumptions on the LPV system. Obtaining a purely data-driven
robust controller using the MPC along with system analysis is the advantageous of the proposed method over the model-based MPC approaches as
compared with the previous DD-MPC methods, that cover smaller class of the LPV systems with no stability analysis.

3- Conclusion

In this paper, a combination of the direct data-driven approaches and the MPC framework is used for the LPV system control in the presence of
measurement noise. The stability and feasibility of the proposed method is proved under polytopic assumption for the LPV systems. The tracking
problem with changing setpoint is investigated under noisy output measurements for a DC motor with unbalanced disk acting as an LPV system. The
simulating results is compared with the DD-MPC method while noisy sampling of the system output data is performed. The simulation results indicate
superb performance of the proposed controller against measurement noise and satisfactory tracking of the reference trajectory whilst the DD-MPC
method fails completely to track the reference trajectory. Moreover, the proposed method can handle larger class of systems as compared with the DD-
MPC controllers that is limited to the LTI systems.
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