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On Stabilization and Tracking for Switching Linear Systems

Marco Baglietto, Giorgio Battistelli and Pietro Tesi

Abstract— This paper describes recent progress in the study
of switching linear systems, i.e. linear systems that can be
modeled as a family of subsystems connected by switching
between a number of discrete modes. We address the problem
of stabilization and tracking for switching linear systems in case
where the plant switching sequence is unknown. The proposed
scheme consists of switching between pre-designed candidate
controllers in accordance with a real-time estimation of the
current process mode. It is shown show that, under suitable
conditions, global exponential stability can be ensured for any
slow-on-the-average plant switching sequence.

I. INTRODUCTION

In recent years, the study of switching systems has re-

ceiveid a great deal of attention both in theory and appli-

cations. Indeed, switching systems allow one to describe

the behavior of a large class of plants resulting from the

interactions of continuous dynamics, discrete dynamics, and

logic decisions [1]. They represent a special class of hybrid

systems, namely those systems that can be modeled as a

family of subsystems connected by switching between a

number of discrete modes.

From a theoretical viewpoint, the main contributions to

the study of switching systems have been basically of a

two-fold nature: on one side several studies have focused

on state/mode observability, viz. on the possibility of re-

constructing from measured data the continuous state, the

discrete mode, or both [2], [3], [4], [5], [6]; on the other

side, the main interest has been devoted to stability and

stabilization problems [7], [8], [9]. Within this latter source

of contribution, however, the major emphasis has been on

basic issues, namely the characterization of the control laws

which can ensure stability to the switching system under the

assumption that an exact knowledge of the current process

mode is available in real-time or with delay. As a matter

of fact, the departure from the assumption that an exact

knowledge of the process mode sequence is available still

poses many challenges. This is because, in order to properly

configure the control action, specific mechanisms have to

be devised apt to estimate the current process mode on the

grounds of the available data. The problem in question is of

interest in many practical situations, e.g. in fault detection

schemes where different modes are introduced to model

possible faults in the plant. To the best of the authors’
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knowledge, there are only few contributions which address

the case where the knowledge of the plant configuration is

not available, neither in real time nor with delay [10], [11],

[12], [13]. Very recently, a paper [14] has considered the zero

regulation problem for continuous-time MIMO switching

linear systems with unknown switching signal. In that paper,

the estimate of current plant mode is carried out by evalu-

ating the distance of the plant input/output data collected

over a moving horizon from the subspaces associated to

each possible mode. A minimum-distance mode estimator

is then embedded in a supervisory unit that orchestrates

the switching between a family of pre-designed candidate

controllers, according to the current process node estimate.

It is shown that, under suitable observability conditions,

the closed-loop turns out to be exponentially input-to-state

stabile for any slow-on-the-average plant switching sequence.

Subsequently, such an approach has been extended to the

problem of tracking constant reference signals [15].

In this paper we consider a more general framework,

by addressing the problem of stabilization and tracking for

switching linear systems for the case where the reference

signal is generated by an autonomous linear time-invariant

system (called the exosystem). It is to be pointed out that,

within the considered framework, stability in the presence

of exogenous signals is more complex to achieve than in a

classical time-invariant feedback loop. This is because the

reference signal may force the closed-loop to evolve along

trajectories that make the problem of determining the current

plant mode impossible to solve. This motivates the analysis

in the present paper. It will be shown that by adopting

sensible modifications to the mode estimator it is possible

to preserve exponential stability for any slow-on-the-average

plant switching sequence.

The paper is organized as follows. Section 2 describes

the problem of interest. Section 3 discusses conditions under

which it is possible to uniquely reconstruct the plant mode

based on the measured data. The proposed control scheme

is described in Section 4. The stability properties of the

resulting closed-loop system are analysed in Section 5. In

Section 6, conclusions are drawn.

Notations. Given a matrix M , M⊤ is its transpose and

‖M‖ =
[

λmax(M
⊤M)

]1/2
its norm, where λmax denotes

the maximum eigenvalue. Given a measurable time function

v : R+ ∈ Rn and a time interval I ⊆ R+, we denote its

L2 and L∞ norm on I as ‖v‖2,I =
√

∫

I
|v(t)|2dt and

‖v‖∞,I = ess supt∈I |v(t)| respectively. Finally, L2(I) and

L∞(I) denote the sets of square integrable time functions

and, respectively, (essentialy) bounded time functions on I.
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II. PROBLEM FORMULATION

We consider a plant described by a continuous-time

switching linear system of the form

{

ẋ(t) = Aρ(t) x(t) +Bρ(t) u(t)

y(t) = Cρ(t) x(t)
x(t0) = xo (1)

where x ∈ R
n is the plant state, u ∈ R

m is the control input,

y ∈ R
m is the plant output and ρ ∈ N , N := {1, 2, . . . , N}

is the plant mode. Ai, Bi, and Ci, i ∈ N , are constant

matrices of appropriate dimensions. It is supposed that the

unknown and unobserved switching signal ρ : R+ → N
belongs to the class S of all the functions that are piecewise

constant, right continuous, and admit no Zeno behavior.

Along with (1), consider also a reference signal r, which

is assumed to be generated by a finite-dimensional linear

time-invariant system E (referred to as the exosystem),

{

ṗ(t) = W p(t)

r(t) = Lp(t)
p(t0) = p0 , (2)

where p ∈ R
np is the state and r ∈ R

nu . Throughout the

paper, it is understood that (2) is the observable subsystem,

obtained via a Gilbert-Kalman observability decomposition,

which generates r.

The problem of interest is to devise, based on y and

r, suitable feedback controls u = f(y, r) such that: i)

the closed-loop is stable in the sense that all its internal

state variables remain bounded in response to any bounded

reference signal; and ii) the plant output is regulated about

the desired reference trajectory r.

We address this problem by considering a one degree-of-

freedom linear switching controller of the form

{

q̇(t) = Fσ(t) q(t) +Gσ(t) e(t)

u(t) = Hσ(t) q(t) +Kσ(t) e(t)
q(t0) = qo (3)

where q ∈ R
q is the controller state, e := r − y is the

tracking error, and σ : R+ → N is the controller mode,

which is supposed to be generated in the set S; Fi, Gi,

Hi, and Ki, i ∈ N , are constant matrices of appropriate

dimensions. Our aim is therefore to suitably design a family

of linear time-invariant controllers along with a mechanism

for deciding which of the candidate controllers has to be

placed at any time in the feedback loop. The overall scheme

is depicted in Figure 1. Hereafter, Pi and Ci will denote the

LTI systems associated with the i-th plant and, respectively,

controller mode.

A. Open-loop assumptions

In order to render the exposition as simple as possible,

it is convenient to introduce some standing assumptions,

which considerably simplify the analysis with no excessive

compromise in terms of generality.

Plant Pρ

Controller Cσ Exosystem
r

u

y

+−

Fig. 1. Closed-loop system.

Assumption 1: For any plant mode i ∈ N and any

controller mode j ∈ N , the corresponding time-invariant

systems Pi and Cj are controllable and observable.

Assumption 2: All the eigenvalues of the matrix W have

zero real part and multiplicity one in the minimal polynomial.

For each plant mode in (1), let us now consider a left and

a right polynomial matrix fraction description (PMFD),

Hi(s) = U−1
i (s)Qi(s) = Qi(s)U

−1
i (s) (4)

where, for each index i ∈ N , Ui and Qi [Ui and Qi] are

left [right] coprime polynomial matrices of appropriate di-

mensions. Likewise, for each controller mode in (3), consider

a left and a right PMFD,

Kj(s) = R−1
j (s)Sj(s) = Sj(s)R

−1
j (s) . (5)

As beforehand, for each j ∈ N , Kj is the transfer matrix

of Cj and Rj , Sj [Rj and Sj] are left [right] coprime

polynomial matrices of appropriate dimensions.

Assumption 3: Qi(λ) is full-rank for every i ∈ N and

every λ ∈ spec {W}, where spec {·} denotes spectrum.

Assumption 4: Each controller Ci stabilizes the corre-

sponding plant Pi and ensure offset-free tracking in the sense

that Ri(λ) = 0 for every i ∈ N .

Some comments are in order. Assumption A2 implies

that the reference r belongs to L∞(R+). Assumption 3 is

equivalent to the property that none of the eogenvalues of W
is a transmission zeros of Pi [16]. It should be clear that such

an assumption is not necessary unless the output matrix L of

the exosystem is arbitrary. Nonetheless, it notably simplify

the discussion and for this reason it is convenient to take it

as an explicit standing assumption. Assumption 4 expresses

the property that each controller embeds an internal model

of the exosystem. The assumption in question is not strictly

necessary in order for the loop (Pj/Cj) to satisfy the internal

model principle, and this happens when asympotic tracking

is taken care by the internal plant modes.

III. DISTINGUISHABILITY OF FEEDBACK LINEAR

SYSTEMS

As it is stated, the problem of suitably selecting a rule

for σ is closely related to the problem of suitably inferring
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the plant mode ρ from the measured data. This section is

entirely devoted to this issue.

To begin with, let w := (xT qT )T ∈ Rn+q denote the

closed-loop state resulting from the feedback interconnection

of (1) with (3). Let z := (uT eT )T ∈ R2m denote the

corresponding output. We obtain
{

ẇ(t) = Φρ(t)/σ(t) w(t) + Γρ(t)/σ(t) r(t)

z(t) = ∆ρ(t)/σ(t) w(t) + Ωσ(t) r(t)
, w(t0) = wo

(6)

where

Φi/j :=

(

Ai −BiKj Ci BiHj

−Gj Ci Fj

)

,

Γi/j :=

(

Bi Kj

Gj

)

, ∆i/j :=

(

−Kj Ci Hj

−Ci 0

)

,

Ωj :=

(

Kj

I

)

, i, j ∈ N .

Let now wi/j(t, to, wo, po) and zi/j(t, to, wo, po) denote

the output and, respectively, state response of (6) at time t
when the controller switching signal is σ(τ) = j for any

τ ∈ [to, t], the plant switching signal is ρ(τ) = i for any

τ ∈ [to, t], the closed-loop system initial state is w(to) = wo,

and the exosystem initial state is p(to) = po.

The following notion of closed-loop distinguishability

between two plant modes is introduced.

Definition 1: For system (6), two plant modes i, ℓ ∈ N
with i 6= ℓ are said to be closed-loop distinguishable if

zi/j(·, to, wo, po) 6= zℓ/j(·, to, w
′
o, po) a.e. on [to, t]

for any to, t with t > to, j ∈ N , and any nonzero vector

(wT
o w′T

o pTo )T ∈ R
2(n+q)+m.

Roughly speaking, two plant modes are closed-loop dis-

tinguishable when, over any finite interval, they always lead

to different data provided that their state trajectories are not

jointly null. Using Definition 1 our aim is therefore to address

the problem of discerning which plant modes i ∈ N could

have produced the data z collected with the controller Cj in

the feedback loop.

In the remainder of this section, we shall devote the

attention to the following aspects: i) in some circumstances,

it is not possible to choose a controller Cj so as to ensure

closed-loop distinguishability of two plant modes (a fact

which does not depend on the assumptions here considered);

ii) the impossibility of uniquely recovering the plant mode

from the measured data due to the lack of distinguishability

has no particular influence on the fulfillment of the control

objectives. We point out that, although the ’distinguishability’

problem is not new in the relevant literature (e.g. [2], [3],

[6]), the particular configuration considered here requires

some special care, due to the presence of the feedback

interconnection as well as of the exosystem. Thus, we will

address it afresh, in a way that is better suited for the specific

control problem here considered.

Definition 2: The feedback loop (Pi/Cj) admits a steady-

state response if there exists a matrix Xi/j such that, for

every po there exists a w∗
o such that

wi/j(τ, to, w
∗
o , po) = Xi/j e

W (τ−to)po (7)

holds for any τ ∈ [to, t] with t ≥ to. Furthermore, provided

that Xi/j exists, the feedback loop (Pi/Cj) is said to be in

steady state on [to, t] with t ≥ to if wo = Xi/j po.

Notice that, according to Definition 2, the steady-state

response can be defined irrespective of the stability of

(Pi/Cj). In fact, with the term steady-state response, we

simply refer to the condition when the response contains

only the modes of the exosystem. It is not difficult to verify

that the existence of a steady-state response for (Pi/Cj) is

equivalent to the existence of a matrix Xi/j that solves the

Sylvester equation [17]

Φi/j Xi/j + Γi/j L = Xi/j W (8)

In view of the foregoing assumptions, we can draw some

general conclusions regarding (7) and (8). Let ϕi/j denote the

characteristic polynomial of the closed-loop (Pi/Cj). Then,

for any λ ∈ spec {W} we have

ϕi/j(λ) = det

(

Qi (s) Ui (s)
−Rj (s) Sj(s)

)∣

∣

∣

∣

s=λ

=det(Qi(λ)) det(Sj(λ)) (9)

We can therefore conclude that ϕi/j(λ) 6= 0 for every i, j ∈
N and every λ ∈ spec{S}. This property is indeed a direct

consequence of Assumption 3 and the fact that Rj and Sj

are coprime. From (9) it follows that

spec{Φi/j} ∩ spec{W} = ∅, ∀ i, j ∈ N (10)

Theoretically, the main implication of (10) is that for each

feedback interconnection (Pi/Cj) the following properties

hold: i) there always exists a steady-state solution; ii) the

steady-state solution is unique [18]. These properties are

indeed a direct consequence of the fact that (10) implies

existence and uniqueness of the solution Xi/j in (8). Notice

also that in this case the initial state w∗
o in (7) associated

with the steady-state response takes the form w∗
o = Xi/j po.

From a practical viewpoint, the main implication of (10)

is that it allows to rewrite the closed-loop output data

zi/j(t, to, wo, po) in a form well-suited for analysis purposes.

In fact, simple calculations yield

zi/j(t, to, wo, po) =∆i/j e
Φi/j (t−to) (wo −Xi/j po)

+ Yi/j e
W (t−to) po (11)

where Yi/j := ∆i/j Xi/j +Ωj L.

In words, for any possible feedback interconnection

(Pi/Cj) it is possible to decompose the output in terms of a

’transient’ response, namely ∆i/j e
Φi/j (t−to) (wo−Xi/j po),

plus a ’steady-state’ response, namely Yi/j e
W (t−to) po.
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A. Steady-state distinguishability

Definition 3: Two plant modes i, ℓ ∈ N with i 6= ℓ are

said to be steady-state distinguishable if they are distinguish-

able along their steady-state output trajectories.

Recall now that the steady-state output response of

(Pi/Cj), obtained by letting wo = Xi/j po, can be written

as

zi/j(t, to, Xi/j po, po) = Yi/j e
W (t−to) po .

Then, a first characterization of steady-state distinguishability

can be readily obtained as follows.

Proposition 1: Two plant modes i, ℓ ∈ N with i 6= ℓ are

steady-state distinguishable if and only if the pair (Yi/j −
Yℓ/j ,W ) is observable for any j ∈ N .

Although the steady-state output responses

zi/j(t, to, Xi/j po, po) as well as the conditions of

Proposition 1 seemingly depend on both the indices i
and j, actually, under the stated assumptions, steady-

state distinguishability does only depend on the open-

loop plant features. This can be shown by resorting

to modal analysis. To this end, consider that by

Assumption 2 there exists a similarity transformation

T ∈ Ch×h of the form T := (v1 v2 . . . vh) such that

T −1 W T = ΛW , ΛW := diag {λ1, . . . , λh}. Then, by

letting ξo := T −1 po = (ξ1o, . . . , ξho)
T , we have that

r(t) = L

h
∑

k=1

eλk (t−to) vk ξko .

Thus, the steady-state output response of (Pi/Cj) can be also

written as

zi/j(t, to, Xi/j po, po) =

h
∑

k=1

eλk (t−to)

(

uk
i/j

eki/j

)

ξko

(12)

where uk
i/j and eki/j satisfy

(

Qi (λk) Ui (λk)
−Rj (λk) Sj(λk)

)

(

uk
i/j

eki/j

)

=

(

Ui (λk)
0

)

L vk .

(13)

By standard matrix manipulations, it is immediate to verify

that this implies

eki/j = 0, uk
i/j = Qi(λk)

−1 Ui(λk)L vk .

In view of this result, the following considerations can now

be made.

(i) Two plant modes i and ℓ are indistinguishable in steady

state if and only if there exists at least one index k ∈
{1, . . . , h} for which

Qi(λk)
−1 Ui(λk)L vk = Qℓ(λk)

−1 Uℓ(λk)L vk .

Under such circumstances, no matter how the controller

Cj has been chosen, it is impossible to determine

whether a steady-state output response is been gener-

ated by Pi or Pℓ.

(ii) Nonetheless, this has no effect on the control goals

since a steady state is always associated to offset-free

tracking.

The analysis indicates that, even if the problem of uniquely

recovering the plant mode from the measured data is in

general impossible to solve, the trajectories for which the

problem in question has no solution coincide with the

trajectories corresponding to zero tracking error.

B. Distinguishability in non-steady state

Definition 4: Two plant modes i, ℓ ∈ N with i 6= ℓ are

said to be distinguishable in non-steady state (NSS distin-

guishable, for short) if they are closed-loop distinguishable

along their non-steady-state output trajectories. Further, (6)

is said to be mode-observable in non-steady state (NSS

mode-observable, for short) if any two different plant modes

i, ℓ ∈ N are NSS distinguishable.

In words, NSS mode-observability corresponds to the

invertibility of the mapping from any non-steady-state output

trajectory to the plant switching signal ρ. Hereafter, neces-

sary and sufficient conditions for NSS mode-observability

of (6) are given. For a given pair (M,N), M ∈ Rg×l,

N ∈ Rl×l, let

O(M,N) :=
(

MT (M N)T · · · (M (N)l−1)T
)

T .

(14)

denote its observability matrix. It is worth pointing out that,

in view of Assumption 1, the pair (∆i/j ,Φi/j) turns out to

be observable, i.e. the observability matrix O(∆i/j ,Φi/j) is

full-rank for any i and j. The following proposition unveils

that the joint observability matrix

Θi,ℓ/j :=
(

O(∆i/j,Φi/j) O(∆ℓ/j,Φℓ/j)

)

(15)

plays a key role in determining NSS distinguishability of two

plant modes i and ℓ.

Proposition 2: Two plant modes i, ℓ ∈ N with i 6= ℓ are

NSS distinguishable if and only if their joint observability

matrix is full-rank, i.e.,

rank Θi,ℓ/j = 2(n+ q), ∀j ∈ N . (16)

As a consequence, the feedback system (6) is NSS mode-

observable if and only if (16) holds for any pair of different

plant modes i, ℓ ∈ N .

Remark 1: The results of Proposition 2 are closely con-

nected to those derived in [2] and [3] for autonomous

switching linear systems. A closer examination of this result

reveals that (15) coincides with the observability matrix of

the autonomous system obtained from the parallel connection

of (Pi/Cj) and (Pℓ/Cj). With this in mind, it is not difficult

to verify that two plant modes i, ℓ ∈ N with i 6= ℓ are

NSS distinguishable if, for any j ∈ N , the closed-loop

characteristic polynomials ϕi/j(s) and ϕℓ/j(s) are coprime.

Accordingly, in the light of Assumption 1, NNS mode-

observability can always be ensured by properly selecting
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the family of candidate controllers. The interested reader is

referred to [14] for a rigorous treatment of this point.

IV. THE SWITCHING CONTROLLER

In the light of Remark 1, Proposition 2 provides a

constructive answer to the problem of how to uniquely

reconstruct the plant mode when the system evolves along

non-steady-state trajectories. Motivated by this, we introduce

the following assumption, which, based on the previous

arguments, has to be regarded as a design condition.

Assumption 5: The feedback system (6) is NSS mode-

observable.

A. Mode estimator

We now describe the mechanism, called mode estimator,

which generates an estimate ρ̂(t, z(·)) ∈ N of the current

plant mode based on the measured data z(·) up to the current

time t. The estimate is then used as the controller switching

signal, i.e.

σ(t) = ρ̂(t, z(·))

The mode estimator updates the estimate of the plant mode

ρ at discrete-time instants of the type kT where k ∈ Z+

and T > 0 is the so called dwell-time. This amounts to

assuming the controller switching signal constant over each

time interval Ik := [kT, (k + 1)T ),

σ(t) = σk, t ∈ Ik . (17)

for some σk ∈ N . In order to generate σk+1, the mode

estimator evaluates the distance of the plant input/output data

collected over Ik from the subspaces associated to each pos-

sible mode. In particular, the mechanism in question relies

on the following observation: if, in addition to the controller

mode, also the plant mode takes on a constant value, say i,
over Ik, then the evolution of the plant input/output data on

Ik can be written as

z(t) = zi/σk
(t, kT, w(kT ), p(kT )), t ∈ Ik . (18)

Thus, the set Si/σk
(Ik) of all possible measured data on Ik

associated with a plant mode i and a controller mode σk

corresponds to the linear variety

Si/σk
(Ik) :=

{

ẑ ∈ L2(Ik) : ẑ(·) = zi/σk
(·, kT, ŵ, p(kT ))

on Ik, for some ŵ ∈ R
n+m

}

(19)

Next proposition descends directly from the definition of

NSS mode-observability.

Proposition 3: Under Assumption 5, for any two different

plant modes i, ℓ ∈ N and any controller mode σk ∈ N ,

Si/σk
(Ik) ∩ Sℓ/σk

(Ik) =















Yi/σk
eW (t−kT ) p(kT ), if p(kT ) ∈

ker O(Yi/σk
−Yℓ/σk

,W )

∅, otherwise

with t ∈ Ik.

In view of the above considerations, a convenient approach

for estimating the plant mode ρ(·) on Ik consists in choosing

the index i for which the distance between the observed data

z(·) on Ik and Si/σk
(Ik) is minimal. More precisely, let

Ψi/j(t, kT ) := ∆i/j e
Φi/j(t−kT )

denote the output transition matrix of the closed-loop

(Pi/Cj). Accordingly, σk+1 can be obtained according to

the minimum-distance criterion

δi/j(z(·), Ik) := min
ŵ∈Rn+m

∥

∥ z(·)− zi/j(·, kT, ŵ, p(KT ))
∥

∥

2,Ik

= min
ŵ∈Rn+m

∥

∥ ζi/j(·, kT )−Ψi/j(·, kT ) ŵ
∥

∥

2,Ik

(20)

where

ζi/j(t, kT ) :=

z(t) − ∆i/j

∫ t

kT

eΦi/j(t−τ) Γi/j r(τ) dτ − Ωj r(t)

Effectiveness of (20) stems from the following observations:

First, being the pair (∆i/j ,Φi/j) completely observable by

assumption, δi/j(z(·), Ik) has always an unique solution for

any i, j and k; second, when the plant mode ρ(t) is constant

on Ik and equal, say, to ρk, one has

ζρk/σk
(t, kT ) = Ψρk/σk

(t, kT )w(kT ), t ∈ Ik

and, hence,

δρk/σk
(z(·), Ik) = 0 (21)

Based on (21), the controllor mode can updated according

to the following logic: at any time instant kT one first

selects, arbitrarily, a value i∗ ∈ N among those which

achieve the minimum, i.e. i∗ ∈ argmini∈N δi/σk
(z(·), Ik).

Then, if δi∗/σk
(z(·), Ik) is smaller than δσk/σk

(z(·), Ik),
then σk+1 is set equal to i∗, otherwise the controller mode

is left unchanged. For brevity, the considered logic will

be referred to as dwell-time switching logic (DTSL). The

main implication stemming from Proposition 4 and (21) is

that, whenever the system evolves along non-steady-state

trajectories and the plant mode does not very over Ik, the

proposed mechanism ensures that the plant mode can be

exactly reconstructed, i.e. σk+1 = ρk.
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V. CLOSED-LOOP STABILITY AND TRACKING

PROPERTIES

In this section, we analyse the stability properties deriving

from the use of the minimum-distance criterion (20). To

begin with, observe that Assumption 4 implies that positive

reals µ and λ exist such that

‖eΦi/it‖ ≤ µe−λt, ∀ t ∈ R+, ∀ i ∈ N . (22)

Further, since the set N is finite, one also has

‖eΦi/jt‖ ≤ θeρt, ∀ t ∈ R+, ∀ i, j ∈ N (23)

for some positive reals θ and ρ.

Based on (22) and (23), we have the following result.

Theorem 1: Let Assumptions 1-5 hold and let the con-

troller switching signal be selected in accordance with the

minimum-distance criterion (20) and the DTSL. Further

assume that the plant mode is constant on the time interval

[th, tH). Then, there exist finite positive reals β and γ such

that

|w(t)| ≤ β e−λ(t−th) |w(th)|+ γ ‖r‖
∞,[th,t)

holds for every t ∈ [th, tH).

Theorem 1 indicates that, whenever no plant variation

occurs, the proposed minimum-distance criterion ensures

exponential input-to-state stability of the closed-loop. The

stability properties entailed by Theorem 1 are quite strong

and make it possible to address the case where the plant

mode is not constant in time. In particular, next Theorem 2

shows that exponential input-to-state stability of the closed-

loop is preserved for any slow-on-the-average plant mode

switching sequence.

Let Nσ(t, t0) be the number of discontinuities of ρ in the

interval (t0, t). The following assumption is introduced [19].

Assumption 6: There exist a positive real τD , called av-

erage dwell-time, and a positive integer N0, called chatter

bound, such that

Nσ(t, t0) ≤ N0 +
t− t0
τD

for any t, t0 ∈ R+ with t > t0.

Theorem 2: Let Assumptions 1-6 hold and let the con-

troller switching signal be selected in accordance with the

minimum-distance criterion (20) and the DTSL. Then, if

τD > [logµ+ 2 log θ + (λ+ ρ)2T ] /λ , (24)

there exist finite positive reals α∗, β∗ and γ∗ such that

|w(t)| ≤ β∗ e
−α∗(t−t0) |w(t0)|+ γ∗ ‖r‖∞,[t0,t]

(25)

holds for every t ≥ t0. Moreover, if the plant switching

signal ρ(·) is finitely convergent, then limt→∞ e(t) = 0.

VI. CONCLUSIONS

In this paper we addressed the problem of stabilization and

tracking for a continuous-time plant, modeled by a MIMO

linear system, that may switch among different modes taken

from a finite set. It was shown that suitable control schemes

do exist which ensure global exponential stability for any

slow-on-the-average plant mode switching sequence. These

results lend themselves to be extended in various directions.

In particular, the problem of achieving robusteness against

disturbances and/or process unmodeled dynamics constitutes

an important area for further investigation.
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