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1 Introduction

A linear parameter-varying (LPV) system has a linear rela-
tion between in- and outputs, but this relation depends on
an exogeneous and on-line measurable scheduling variable
θ(k) ∈ Θ. In a discrete-time state space representation, the
state dynamics of such a system read as

x(k + 1) = A (θ(k))x(k) +B (θ(k))u(k). (1)

We assume constraints x(k) ∈ X ⊂ Rnx and u(k) ∈ U ⊂
Rnu , and are interested in themodel predictive control (MPC)
of (1). Recently, a tube-based “anticipative” MPC for LPV
systems was presented [1]. The term “anticipative” refers to
the capability of the controller to take into account (i.e., antic-
ipate on) future expected variations in the scheduling signal:
at each prediction time instant k+ i, i ∈ N[0,N−1], the value
θi|k is assumed to belong to a given setΘi|k ⊆ Θ. Conditions
on the anticipated sequences Θk :=

{
Θ0|k, . . . ,ΘN−1|k

}
leading to recursive feasibility were given.

2 LPV tube MPC for non-linear systems

Many non-linear systems can be represented in the LPV
form (1) through a scheduling map θ(k) = T (x(k)) where
∀x ∈ X : T (x) ∈ Θ. (In reality, T (·) can depend on
other variables as well, but this is not considered here for
simplicity). By “ignoring” the state-dependent scheduling
map and assume only that θ(k) ∈ Θ, controllers designed
for (1) will also stabilize the original non-linear system. This
procedure leads to tractable computations based on convex
optimization, but naturally induces conservatism.

We propose to exploit our anticipative framework to obtain a
less conservative MPC for non-linear systems embedded in
LPV representations, by employing T (·) to generate, at each
prediction time instant, the sequence Θk according to

∀i ∈ N[0,N−1] : Θi|k =
{
T (x) | x ∈ Xi|k

}
(2)

where
{
X0|k, . . . ,XN−1|k

}
⊆ XN is a time-varying se-

quence of state constraint sets. For initialization at time
k = 0, we set a maximum rate-of-variation δ ∈ Rnx

+ and
generate initial state constraints according to

Xi+1|0 = Xi|0 ⊕
{
x | |xi| ≤ δi, i ∈ N[1,nx]

}
(3)

-0.4 -0.2 0 0.2 0.4 0.6 0.8
-0.6

-0.4

-0.2

0

0.2

0.4

Figure 1: Example closed-loop state trajectories.

with X0|0 = {x(0)}. The bound δ should be such that
the resulting scheduling sets Θi|0 are “small enough” to ob-
tain feasibility, while still allowing sufficient freedom in the
state variation. For all subsequent time instances, an update
rule ensuring recursive feasibility can be devised under mild
conditions on T (·). Then, if the control problem is initially
feasible, the tube-based anticipative LPVMPC is guaranteed
to stabilize the non-linear system.

3 Proof of concept and discussion

Our goal is to determine if the proposed methodology can
reduce computational load with respect to non-linear MPC.
As a proof of concept, it was employed to stabilize a dis-
cretized input-constrained forced Van der Pol-oscillator. A
simulation comparison was made with fully non-linear MPC
(NMPC) and with the quasi-LPV MPC (QMPC) of [2] (see
Figure 1). Like the other methods, our TMPC scheme suc-
cessfully stabilizes the origin, but as this is only a proof of
concept, there are important open questions related to (i) tube
cost function design, (ii) smoothness of closed-loop trajec-
tories, (iii) initialization of the constraint sequence (3), and
(iv) computational complexity. These issues and prospective
solutions will be discussed in detail in the presentation.
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