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Abstract

Based on the growth rate of the set of states reachable with unit-energy inputs, we show that a
discrete-time controllable linear system is globally controllable to the origin with constrained inputs
if and only if all its eigenvalues lie in the closed unit disk. These results imply that the constrained
Infinite-Horizon Model Predictive Control algorithm is globally stabilizing for a sufficiently large number
of control moves if and only if the controlled system is controllable and all its eigenvalues lie in the closed

unit disk.
In the second part of the paper, we propose an implementable Model Predictive Control algorithm

and show that with this scheme a discrete-time linear system with n poles on the unit disk (with any
multiplicity) can be globally stabilized if the number of control moves is larger than n. For pure integrator
systems, this condition is also necessary. Moreover, we show that global asymptotic stability is preserved
for any asymptotically constant disturbance entering at the plant input.

1 Introduction

Most practical control schemes have to deal with bounds on the control inputs; these bounds may arise from
physical constraints on the input, e.g. actuator saturation. Various approaches have been employed to study
the problem of controlling systems with bounded inputs: e.g. optimal control (Mayne and Michalska (1990),
Tsirukis and Morari (1992), and Yang and Polak (1993)), smooth nonlinear control (Sontag (1984), Sontag
and Sussmann (1990), Sontag and Yang (1991), and Teel (1992)), and semi-global stabilization (Lin and
Saberi (1993)). In this paper, we use Model Predictive Control (MPC) (also called Moving Horizon Control
and Receding Horizon Control). MPC has become a powerful feedback strategy to control systems with
constraints because of its ability to handle the constraints in an optimal fashion.

Under the MPC scheme, the control input at any time instant is obtained by solving a quadratic program
(that is, minimizing an objective that is quadratic in the optimization variables, subject to linear constraints).
Recently, Rawlings and Muske (1993) showed that MPC with an infinite output horizon can globally stabilize
linear discrete-time systems provided that the quadratic program is feasible. However, the following question
was not answered: under what condition is the quadratic program feasible?
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