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Abstract

Project Code: RSA5680044

Project Title: Off-line robust model predictive control for nonlinear large-scale systems
Investigator: Associate Professor Dr. Soorathep Kheawhom

E-mail Address: soorathep.k@chula.ac.th

Project Period: 2 years

Model predictive control (MPC) is an advanced control algorithm which can effectively handle
multiple input multiple output (MIMO) processes with constraints. However, a conventional MPC
based on an LTI model is often unsuitable to handle nonlinear or uncertain systems. Robust model
predictive control (RMPC) has been introduced to control uncertain systems. At each sampling
time, a feedback gain that can robustly stabilize the closed-loop system is determined by
minimizing the worst-case performance cost subjected to input, output and stability criteria
constraints. Though, RMPC can handle uncertain systems, RMPC is computationally prohibitive in
practical situations. To overcome an excessive computational cost of RMPC application, a
synthesis of off-line RMPC for polytopic uncertain system has been motivated.

This work studies interpolation techniques that can be employed on off-line robust
constrained model predictive control for a discrete time-varying system with polytopic parametric
uncertainty. A sequence of feedback gains is determined by solving off-line a series of optimal
control optimization problems. A sequence of nested corresponding polyhedral invariant set is then
constructed. At each sampling time, the smallest invariant set containing the current state is
determined. If the current invariant set is the innermost set, the pre-computed gain associated with
the innermost set is applied. If otherwise, a feedback gain is variable and determined by a linear
interpolation of the pre-computed gains. Two interpolation algorithms are investigated. The
proposed algorithms are illustrated with case studies of a two-tank system and a four-tank system.
The simulation results showed that the proposed interpolation techniques can improve control

performance of off-line robust model predictive control while on-line computation is still tractable.

Keywords: Discrete-time polytopic uncertain system, polyhedral invariant set, robust model

predictive control, off-line control, interpolation-based control
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