 IEEE

IEEE CONTROL SYSTEMS LETTERS, VOL. 6, 2022

2623

L css

Robust Multi-Model Predictive Control
via Integral Sliding Modes

Rosalba Galvan-Guerra
Leonid Fridman

, Member, IEEE,

Abstract—This letter presents a novel optimal control
approach for systems represented by a multi-model, i.e.,
a finite set of models, each one corresponding to a dif-
ferent operating point. The proposed control scheme is
based on the combined use of model predictive control
(MPC) and first order integral sliding mode control. The
sliding mode control component plays the important role
of rejecting matched uncertainty terms possibly affecting
the plant, thus making the controlled equivalent system
behave as the nominal multi-model. A min-max multi-model
MPC problem is solved using the equivalent system without
further robustness oriented add-ons. In addition, the MPC
design is performed so as to keep the computational com-
plexity limited, thus facilitating the practical applicability of
the proposal. Simulation results show the effectiveness of
the proposed control approach.

Index Terms—Sliding mode control, model predictive
control, multi-model systems, uncertain systems.

[. INTRODUCTION

ANY industrial plants present different behaviours in

correspondence of different operating points. When this
happens, it is convenient to reformulate the nonlinear model
describing the plant as the union of a finite number of linear
models. This gives rise to a multi-model representation, also
called in the literature “multi-model uncertainty”, to underly-
ing the fact that when this modeling approach is adopted, the
active system matrices at certain time instant are unknown,

Manuscript received February 2, 2022; revised April 7, 2022;
accepted April 28, 2022. Date of publication May 5, 2022; date of current
version May 13, 2022. This work was supported in part by the Secretaria
de Investigacion y Posgrado of the Instituto Politécnico Nacional under
Grant 20221915 and Grant 20220143; in part by Consejo Nacional
de Ciencia y Tecnologia (CONACyT) under Project 282013; in part by
PAPIIT-UNAM under Grant IN106622 and Grant IN102621; and in part
by the Italian 2017 PRIN under Grant 2017YKXYXJ. Recommended by
Senior Editor C. Prieur. (Corresponding author: Gian Paolo Incremona.)

Rosalba Galvan-Guerra is with the Instituto Politécnico Nacional,
UPIIH, Hidalgo 47162, Mexico (e-mail: rgalvang @ipn.mx).

Gian Paolo Incremona is with the Dipartimento di Elettronica,
Informazione e Bioingegneria, Politecnico di Milano, 20133 Milan, ltaly
(e-mail: gianpaolo.incremona @ polimi.it).

Leonid Fridman is with the Department of Robotics and Control,
Engineering Faculty, Universidad Nacional Auténoma de México,
Mexico City 04510, Mexico (e-mail: Ifridman @ unam.mx).

Antonella Ferrara is with the Dipartimento di Ingegneria Industriale
e dellInformazione, University of Pavia, 27100 Pavia, ltaly (e-mail:
antonella.ferrara @unipv.it).

Digital Object Identifier 10.1109/LCSYS.2022.3172729

This work is licensed under a Creative Commons Attribution 4.0 License.

, Member, IEEE, and Antonella Ferrara

Gian Paolo Incremona™, Member, IEEE,
, Fellow, IEEE

but it is known that they belong to finite sets of known matri-
ces. Different approaches have been proposed to design MPCs
for systems with multi-model uncertainty, see, e.g., [1]-[3].
The presence of matched disturbances, which are added to the
multi-model uncertain term, can make the use of a robust MPC
mandatory, which implies a certain level of conservativeness
in the control solutions [4], [5].

In the literature, the problem of reducing the conserva-
tiveness of MPC schemes has been faced by proposing a
combination of MPC with sliding mode control [6], [7]. The
underlying idea was to exploit the robustness features of slid-
ing mode control to allow the MPC component of the scheme
to be designed relying on a plant with reduced uncertainty.
The reduction of the uncertainty effects was performed by
the sliding mode control component. Different proposals were
studied in recent years. In [8], a nonlinear MPC combined with
an integral sliding mode control was proposed for continuous-
time sampled data nonlinear systems. This was extended in [9]
to the case of networked systems, producing an original asyn-
chronous packetized MPC solution. An MPC and a sliding
mode observer are proposed in [10], still for continuous-
time systems. Other schemes based on analogous concepts are
proposed in [11] and [12] for discrete-time systems. Moreover,
such concepts have been also customized for several applica-
tions, from robotics to traffic systems (see, e.g., [13], [14]
among many others).

In all the previously mentioned schemes, classical single
models are considered to represent the plant to control. In
this letter we aim at further extending the scope of combined
MPC/sliding mode control schemes to make it encompass also
the case of plants which need to be described by a multi-model
representation affected by matched uncertainty. The proposed
solution has the advantage of reducing the conservativeness
of the MPC law thanks to the exploitation of the invariance
property of sliding mode control. Moreover, by virtue of a
suitable transformation, the MPC considered in this letter can
be designed relying on a collection of models which results
in being of reduced order with respect to the original collec-
tion of models describing the plant in its entire multi-model
nature.

It should be noticed that the proposed control solution dif-
fers from the proposals in [2] and [3] since, in our work,
although we consider the additional source of uncertainty due
to the matched disturbance terms, we do not need to use any
disturbance observer. It also differs from [15, Ch. 6], where

For more information, see https://creativecommons.org/licenses/by/4.0/
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multi-model systems are considered, but a continuous-time
Linear Quadratic (LQ) control approach is adopted in contrast
to this letter where we rely on a discrete-time MPC formu-
lation. To the best of the authors’ knowledge, this is the first
time that a multi-model sliding mode based predictive control
is proposed. It fills a scientific gap, since the previously pub-
lished MPC/sliding mode schemes are not applicable when the
plant affected by matched uncertainties has dynamical features
only capturable via a multi-model representation.

Notation: The used variables and operators are mostly stan-
dard. Some notation for the MPC is instead recalled. Let x
be a vector, then x; refers to its ith entry. Given a signal u,
then uy;;, denotes its prediction at ;, predicted at the time #.
Moreover, let N, be the horizon length, u, ;, N1l indicates
the whole input sequence from # to fx4n,—1.

II. PROBLEM FORMULATION
Consider a system captured by the uncertain continous-time-
invariant model
x(1) = Ax(1) + Bu(®) + ¢m (), x(0) = xo, &)

where x € R”" is the (measurable) state vector, u € R™

denotes the control vector, while the term ¢, € R™ represents

parameters uncertainties, external disturbances or unmodelled

dynamics of the system. Moreover, the following assumption

holds.

Ay;: The system is subject to hard constraints on state and
control, i.e.,

xe X,
ueu,

(2a)
(2b)

where X and U/ are compact sets containing the origin
as an interior point.

As for the uncertain term ¢, which is unknown and
from (1) appears to be matched, it also satisfies the following
assumption.

Aj,: The matched uncertain term ¢, (f) is unknown but
bounded as [[¢pm(®)| < ylx@®| + 8, with y > 0 and
8 > 0 being known constants.

Now, assuming that model (1) presents multiple operating
points corresponding to N linear models, then, depending on
the current point, system (1) can be represented as follows

(1) = A"X" (1) + Bu(®) + ¢m (1), x*(0) =x0, (3)

where the state x*(¢) is measurable, A% € R"*" is the corre-

sponding dynamics matrix, B € R"*™ is fixed and common

to all subsystems. The following assumption holds.

Aj: The active system matrix A% at certain time instant is
unknown, but it is known that it belongs to a finite set of
N known matrices, that is A% € {A!, A2, ... AN}, o € A,
with A = {1,2,..., N}. Moreover, the control matrix
B € R™" js a bounded known full rank matrix, i.e.,
rank(B) = m.

We are now in a position to state the control problem. We
want to design a control law u(#) capable of guaranteeing the
asymptotic stability of the multi-model system (3), without
the knowledge of the active subsystem at generic time instant
t, while fulfilling state and input constraints (2) despite the
presence of matched uncertain terms affecting the plant.

I1l. THE PROPOSED CONTROL APPROACH

In this letter, to solve the problem formulated in Section II,
we propose a min-max MPC combined with an integral sliding
mode control capable of rejecting the matched uncertain terms
affecting the system.

Making reference to [16], [17], assume a control signal split
into two components, that is

u(t) = uy (1) + uo (1), “

such that the element u; is devoted to eliminate the matched
perturbations, and uq is a stabilizing controller based on an
MPC law. In the following sections, the two components will
be discussed in detail.

A. Integral Sliding Mode Control Component

Let us design the sliding mode control law u1 (f). Consider
system (3) and design the so-called sliding variable as

t
sty = BT (x”‘(t) — xo) — /0 up(t)dr, s(0) =0, (&)

where BT is the left inverse of B, which guarantees that
possible unmatched uncertainty terms are minimal and not
amplified [18]. The sliding mode control component is then
selected as

s(t)
sl

where the control amplitude 8(x“(¢)) is a positive scalar func-
tion such that there exists ,3 > B, and it is designed to
dominate the matched uncertain term affecting the system.
Specifically, the following result proves the invariance prop-
erty provided by the sliding mode component in front of the
matched uncertain term ¢y,.

Proposition 1: Given the multi-model system (3) with u
as in (6), and the sliding variable s in (5), if A holds and
a sliding mode s = 0 is enforced, with § = 0 in Filippov’s
sense, then the equivalent control #; is given by

ui(t) = =BG (1) Q)

ii] = —BTA“XY (1) — ¢ (1), )
with equivalent dynamics on the sliding mode
i(1) = A% (1) + Buo, ®)
where AY := (I — BBT)A“.
Proof: Compute the time-derivative of (5) so that
5() = BT3% (1) — up(®)
= BTA“X (1) + u1 (1) + ¢ (2). )

Since in sliding mode one has s = 0 with § = 0 in Filippov’s
sense, relying on the so-called equivalent control concept
(see, e.g., [7, Ch. 1]), by posing (9) equal to zero, (7) is
obtained. Applying the latter to the multi-model system (3),
its equivalent dynamics constrained to the sliding mode is
given by

() = (I — BBH)A*X¥(f) + Bug
= A“x*(f) + Buy, (10)

with A% = (I — BBT)A%, which concludes the proof. [
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Instead, the following proposition provides the needed con-
dition to guarantee finite-time convergence of the sliding
variable and its derivative to zero. Let a = maxy,e 4{||A“||}.

Proposition 2: Given the sliding variable (5) and its dynam-
ics (9), with u; as in (6), if A holds and B(x*(¢)) >
(1B lla + ) Ix*(@®)| + 8, then a sliding mode s(f) = 0 is
enforced for any ¢ > 0, with §(f) = 0 in Filippov’s sense.

Proof: Consider the candidate Lyapunov function V(x) =
%sTs. Then, its derivative has the form

V(s) = sT (BYA“X* () + w1 (1) + pm (1))
< —lIsl(BGX@) = (1B la + ») I 0)]| = 5).

Hence, if B(x*(®)) > (|BY la+y)||x* (©)|| +8, the reachability
condition (see, e.g., [7, Ch. 1] for a definition) holds, that is,
s tends to zero in finite time, with § = 0 in Filippov’s sense.
Since s(0) = 0, then s(f) = 5(t) = 0 for any ¢ > 0. [ |

B. Min-Max Optimal Control Problem

The matched perturbations are rejected under the sliding
mode control action, thus generating an equivalent multi-
model system without uncertainties. This considerably sim-
plifies the design of the min-max MPC component. Since the
whole control law is given by (4), in order to fulfil the input
constraint (2b), that is to guarantee the feasibility of the finite
horizon optimal control problem (FHOCP), the MPC input
constraint must be redefined considering the amplitude of the
components u#1. Then, a new set can be accordingly found as

(an

Defining u as in (6), a quantity equal to 8 must be subtracted
to each component of the control bounds to determine the
bounds of the components of the MPC. We assume that U
is a non-empty set, that is even for the worst realization of
the uncertainty terms, a residual amplitude for the MPC is
guaranteed.

Then, relying on (8), the min-max optimal control problem
consists in finding ug (), in the interval 0 < ¢ <7, such that

Uy = {ug | up € Uy = u € U}.

min max J(x%, up)
MOEZ/{() acA

s.t. X% (1) = A% (¢) + Buo (1),

x*(H) € X, x*(0) = x(0), (12)

with the cost given by
i
T ug) = LT @PUA @) + 4 f [x“T(t)Qo‘x“(t)
0
+ (uo(t) — BYA% () TR (uo(r) — BT A% (t))]dt
= T @P*x* (1)

t - -
+ %/ xOlT(t) (QO( +AaTB+TRaB+Aa) x()t(t)
0

QCI

— 2T (O AYTBTTR up(t) + u) (DR up(r) |dt, (13)
Sa

where Q% and R“ are symmetric semi-positive definite and
positive definite matrices, respectively, and P* is the posi-
tive definite solution of the corresponding algebraic Riccati
equation for the «-subsystem.

At this point, in order to solve the min-max optimal control
problem, the robust maximum principle [19] is used. More
precisely, the controller is defined by identifying the plants for
which the maximum cost is reached during the optimization
procedure. Therefore, consider the following definition.

Definition 1 (Simplex [19]): The simplex of dimension N —
1 is the set

SV = {ILERN| ZMO(ZL Mo 20}-
acA
We need now to consider an extended system to take
into account all the families of the model constituting
the plant. Hence, let x(r) = [x'T@)x2T(@) ..., NT®]T
be the extended state vector, such that the extended system
takes the form

x(¢) = Ax(1) + Bug (), (14)

with x(0) = [!'T©)x2T(0) ..., xNT(0)]", while matri-
ces A = diaga!', A%, ..., AY) € RN and B =
col(B, B, ..., B) € R\Nxm,

By introducing the parameter u € SV, the min-max
problem (12) is recast into a u-dependent optimal control
problem of the following form

min max J(X, ug, t)
uoelp neSN

s.t. X(f) = AX(1) + Bug(1), x(1) € &V,
x(0) = [x”(O)x”(O) JHVT(O)]T, (15)

with the cost in (13) given by

7
5.0, = 3 OPGox® + 3 [ [xT 0Quox)
— 2xT (OS(w)uo (1) + g (I)R(M)Mo(t)]dt, (16)
where

P(n) = diag(le, leuz, e PNHN) c RnNX”N,

Qw) = diag(le, QZML e QNMN) € RMIN*nN
T

S(w) = I:SIT,LLl SzT/LZ . SNTMN:I e Ranm7

N
R(u) =Y paR* e R™".

a=1

C. MPC Design

We are now in a position to design the MPC component.
To this end, it is worth highlighting that, by virtue of the inte-
gral sliding mode control action, since the initial time instant,
the equivalent multi-model (8) does not contain any residual
uncertainty term (note that this beneficial effect would not be
possible in case of use of discrete-time sliding mode control,
see, e.g., [20]).
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It is also worth noticing that the previous min-max optimal
control problem has dimension nN, and this aspect could sig-
nificantly affect the computational complexity of the MPC.
This letter uses a procedure to reduce the dimension of
the extended system, by exploiting a state transformation
method [15, Ch. 6]. Specifically, consider the following trans-
formation matrix

T2 ]
Ty |

_[B*] _ [T
=[5
where Bl is the orthogonal complement matrix with
rank(B1) = n — m, and let

a7

o T11x% 4+ T1px%
. o [zg‘ Tox§ + Topx§ |’

with x¥,z{ € R"™™ and x3, zJ € R™. Then, the multi-model
system can be written as

(18)

#(1) = A% () + Bup (), *(0) =22 =Tx&, (19)

with AY = TA*T~! and B = TB. More precisely, the proposed
transformation is such that

1
T( — BB") = [BO ]

thus implying that 25 (f) = up(#), and the new system matrices

become
A% — ‘1‘1)(1 ‘1(112 nd B = 0
[ 0 0 ’ a Im ’

Hence, the extended system dimension can be reduced by
defining z(t) == [z} () 2 (D) ... z) 22()], with 2 = 23, so that
the reduced version of the system is

z(t) = Az(t) + Bug (1),

with matrices A € R=mN+m)x((n=m)N-+m)

R ((n—m)N+m)xm as

Al 0 Al, 0
~ 0 A2 A? . 0
A= 1 21 B=

0 0 ... 0 I

Consider now the new weight matrices

~ 2 P
—1T pp—1
PY=T"""PT" = |:13§l1 1301'2}’
21 22
e _ 7 o o
QOl:T ITQOIT IZ[N(I)[I ~(L2 ,

9%
R T St
S =771185% = |:S‘1’}
2
then the reduced min-max problem equivalent to (16) is

min max J(z, ug, 1)
upelly peSN

s.t. (1) = Az(t) + Buo (), T—l[im ex,
T
2(0) = [z,}T(O) 270 ... zzT(O)] @D

with the cost redefined as
~ _ E ~
J(z, uo, p) = 32" OP()z(@) + 3 /0 [ZT(I)Q(M)Z(t)
— 227 (OS(wuo () + ug (t)R(M)uo(t)]dt- (22)

In (22), the matrices P € R(=mN+m)x((i=mN-+m) Q¢
R((nfm)N+m)><((n7m)N+m)’ S c R(@=mN+m)xm 4rq

_13}1“1 0 ?}2/*1

P(M) _ 0 P%l,u,z . P%z,uz ,
[Pyut P3yun Zg:l PS e
_Qilﬂl _ 0 Q%Q“‘]

Q(M) — 0 Q%],UVZ Q%QMZ
_Qélﬂl Q%]PLZ Zi\(lzl ng,ua
[ S

Sw=| S
_Zg:l Sgﬂa

Now, since we want to design an MPC, a discretization
of the reduced system (20) is needed. Hence, relying on (8),
let T be the sampling time, and #, with k € N, be the
discrete-time instant, such that

2a(ti+1) = Aaza () + Bauo(ty), (23)

with discrete-time matrices defined as Ad = eATS, fid =

OTS ¢A'Bdr. The MPC relies on the solution of a FHOCEP,
which consists in minimizing, at any sampling time #;, a cost
function with respect to the control sequence o, [z, 1.y, -1 0] *=
[uo,0(tk) uo.1(te), - - - Mo,Np—l(l‘k)], with N, > 1 being the so-
called prediction horizon. In our case, the cost function used
to compute the MPC law uy is

J(Zd(tk)’ uo,[l‘k,l‘kJer,] [tx]s Npa MO)
Np—1
— Ts T . o . 1, T D 0
=3 (DT () X (M) 329 W )P (724 (g N, 5
j=0
(24)
subject to the hard constraints represented by the reduced

discrete-time dynamics (23), and constraints on states and
input given by

o [zg, (”‘*f)] cX (252)
2dy (k1) '
uo(tr+j) € Up. (25b)

Moreover, in (24), one has x = [z; uo]T, while

'm Ty
|’

() = [1"21

with entries
T = Ay (WQUAG(W),
T2 = Ag (0)(QGBa — S()),
2 = By Q) — §' (W)Aa(w),
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ST~ ~T “T, o=
I =By Q(u)Bg — By S() — S (w)Bg + R(w).
The optimal value of u is in turn given as

w® = arg max J(za(t), o, (1, mn, 11111 Nps ), (26)
neSN P

subject to the dynamics (23). More precisely, following [19]
the optimal parameter p can be obtained by solving the finite
horizon optimal problem
1
(= arg max ~z(t) ' 10, p)z(t). 27)
ueSN 2

with II(0, i) being the backward solution of the discrete-time
Riccati equation

Tk, ) = Q) + Ag Tk + 1, 11)Aqg
~ - - T
— (S0 + By TGk + 1, 1mAq)
~ - —1
x (R(u) AT+, M)Bd)

~ ~T ~
x (S(u) +By M(k+1, M)Ad), (28)
with boundary condition IT(Vp, u) = f’(,u).
Finally, according to the receding horizon strategy, the
applied piecewise-constant control law is the following

up(t) = ug o (), t € [tk, tit1), (29)

that is the first element of the optimal control sequence
ug,[tk,tkmpq I is selected and applied to the plant.

To conclude this section, notice that the MPC that has been
designed, by relying on the nominal equivalent dynamics (14),
is a standard MPC, so that the proof of feasibility and stability
of the overall control scheme follows from classical arguments.
Moreover, also consider that, even if continuous-time state
constraints are considered and the extended system (14) is
continuous-time as well, this is only conceptual, because in
practice a numerical implementation would need a time dis-
cretization of that system, and the constraints satisfaction could
be checked only at the integration time instants. Yet, as clar-
ified in [8], this is not a limitation. According to [21, Th. 3],
by choosing an integration step t; small enough (i.e., 7; K T),
to emulate the continuous-time extended system, one has that
the convergence properties of the control system are preserved,
without increasing the conservativeness due to the numerical
approximation.

IV. ILLUSTRATIVE EXAMPLE

In this section, the proposal is assessed in simulation on a
four-tanks system, which is a multivariable laboratory plant of
interconnected tanks with nonlinear dynamics subject to state
and input constraints (see, [2]).

The linearized model corresponding to (1) is given by:

-1 1 2
- 0 5 0 ¥ 0
=1 0 1 0 %
S — T T
x(1) = 0 6 % 8 x(t) + 0 1;Vb (t) + dm (1)),
o o o =L e o

T4
where x; = h; — h?, i € {1,2,3,4} is the ith state devia-
tion variable, with h; being the water level of tank i and hf’

TABLE |
LINEARIZATION AND STEADY STATE POINTS

al B hS @ @) | hs Py hsg PBsy . G,

1]0.42 0.47 1.48 1.52]0.42 0.47 042 047 148 1.52
210.29 0.33 1.24 1.28(0.29 0.33 0.29 0.33 1.24 1.28
310.86 0.57 1.04 2.69|0.86 0.57 0.85 0.57 1.04 2.698
410.65 0.66 1.63 2 |0.65 0.66 0.65 0.66 1.62 2

0‘06ﬁ F T P T R B L 0.06 [ I TR N T
T Q04GR L T i T 004 T e R i
: 00(2) u w ul N : 002
= —— =
—~ I TN S LTI et 0= - -

§ SO T oonpur T
0 200 400 600 800 0 200 400 600 800
t [sec] t [sec]

006 o n e o 0.06 I TR AR AT
B 00450 H‘HH\ dud e T g 0,04k (R I R A
iy 0.02 " - Lot —0.02
% Oog :" r\jr‘r”’ “h\‘r‘rﬁﬁ J\“‘” o :;: 0r NGIEEE nr ann
§ QORI T T 002 by W A

0 200 400 600 800 0 200 400 600 800
t [sec] t [sec]

‘Jj‘m (t) [m?/n]

t [sec]

Fig. 1. Time evolution of the state x(t) (top) with constraints (dashed
red lines), and of the matched uncertainty ¢m(t) (bottom).

its linearization level, and u; = ¢; — q]‘-’,j € {a, b} is the
input deviation variable, with g; being the inlet flows of the
valves, and qj‘? the linearization flows. Moreover, S = 0.06 m?

is the cross section of tanks, t; = S/a;\/2hY/g > 0 is the
time constant of tank i, with ¢ = 1.31 x 107*m?3, @ =
1.51 x 107*m?, a3 = 9.27 x 1079 m?, as = 8.82 x 107> m?
being the discharge constants, g = 9.81 ms~2, while y, = 0.3
and y, = 0.4 are the ratios of the three-way valves of

pumps a and b. The matched disturbance is instead ¢y () =
0.

sin(rr /8 cos(3rw 1)+ /7 sin(Sw1)+0.04 ‘o
.[—0.2005(71/8 cos(471.t)+71/9tcos(3m)—0.03] (See Flé' 1,.bottom). AS
in [2] the multi-model system has been obtained by lin-

earizing the plant in four (ie., o € {1,2,3,4}) different
operation points (see Tab. I), while the initial conditions are
xo = [0.032 0.033 0.032 0.033]".

As for the sliding mode component of the control law (4),
its amplitude is chosen as 8(x*) = 3.51||x*|| + 0.24, such that
B = 0.74. In order to design the min-max MPC, the weight
matrices are instead chosen as Q% = I4x4 and R* = 0.01/5>.
The FHOCP is then solved with prediction horizon N, = 6,
sampling time 75 = 15s, subject to state and input con-
straints defined as (0.012 — 0.06A,) < x; < (0.072 — 0.06h;,),
[0] = w=[33] and —3[35 ] < wo = 5[*3°] = 5[ ],
respectively, where hg;, i € {1, 2, 3,4} and qu,j € {a, b} are
the steady state level and flows of the plant (see Tab. I). In
Fig. 1, the time evolution of the state x(¢) is illustrated, which
is regulated to zero despite the presence of the matched distur-
bance ¢ (f) and the variation of the active subsystem. Fig. 2
illustrates the MPC control signal uo(¢), which is always inside
the constraints, and the sliding variable s(f) zeroed from the
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Fig. 2. Time evolution of the MPC input signals ug(t) (top) with
constraints (dashed red lines), and of the sliding variable s(t) (bottom).
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Fig. 3. Time evolution of the cost J(t).
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Fig. 4. Time evolution of the optimal parameter w(t) (top), under the
time varying active subsystem «(t) (bottom).

beginning. Fig. 3 reports the time evolution of the cost J(f),
which is minimized according to the proposed min-max MPC
law, while the active model, indicated by «(¢), is reported
in Fig. 4, together with the optimal parameter p(f). Overall,
as expected, by virtue of the proposed sliding mode control
action, the system controlled by the MPC is not affected by
the presence of the matched perturbation and behaves as the
nominal one.

V. CONCLUSION

A novel multi-model predictive control combined with an
integral sliding-mode control is presented in this letter. The
proposal exploits the advantages provided by the sliding mode
controller of rejecting the matched uncertainty which affects
the plant. As a consequence the MPC component is designed
relying on the solution to a min-max optimization problem,
and considering the nominal multi-model system.

Future works will be devoted to the extension of the
proposal to more complex situations, in particular those char-
acterized by unmatched uncertainty terms, and multi-model
uncertainty also on the control effectiveness matrix.
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