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Abstract— Output-to-state stability of switched nonlinear sys-
tems is studied in this paper. A sufficient condition for output-
to-state stability is given in terms of series expressions and
under the assumption that all subsystems are output-to-state
stable. For a class of switched nonlinear systems we also show
how to satisfy this condition by appropriately choosing dwell
time. A lower bound on such dwell time is explicitly calculated.
All results are derived constructively.

I. INTRODUCTION

The notion of input-to-state stability (ISS) introduced by

Sontag in 1989 [14] has proved to be very useful in control

systems analysis and design. This notion is closely related to

the Lyapunov stability under perturbations in the sense that it

takes into account the effect of initial states in a manner fully

compatible with Lyapunov stability. This concept is powerful

also because it is a global one that allows initial states to be

anywhere and perturbations to be arbitrarily large.

In parallel with the Lyapunov stability theory, some char-

acterizations and properties of ISS were given in [3], [4],

[10], [12], [13]. It was shown in [12] that a system has

ISS if and only if it admits an ISS Lyapunov function. This

result provides an alternative way to check the ISS property,

though it is often hard to find such an ISS Lyapunov function.

The study on the problem of how to design input-to-state

stabilizing controllers was presented in [6], [7], [17]. The

relationship between input-to-state stabilizing control laws

and inverse optimality was also investigated in [6].

On the other hand, there has been considerable interest in

studying switched systems in recent years (for example, refer

to [8] and the references therein). Switched systems consti-

tute a special class of hybrid dynamical systems. Typically, a

switched system consists of several subsystems and a switch-

ing law. As in the study of ordinary dynamical systems, the

issue of stability of switched systems is considered to be of

great importance and therefore has been studied extensively

(see, for example,[1], [8], [11], [18]).

The ISS property which is a powerful concept for the study

of stability for non-switched systems is of course expected

to be useful for switched systems. [2] gave a concept of

ISS for hybrid systems. Hespanha and Morse [5] gave a
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result of adaptive and learning control on integral ISS (iISS)

via logic-based switching. Liberzon [7] studied the iISS

disturbance attenuation by means of both continuous control

and switching control. In [9] converse Lyapunov theorems for

ISS and iISS switched nonlinear systems were presented. An

application of ISS to adaptive control of switched systems

was shown in [16]. As a dual concept of ISS, Output-to-

state stability (OSS) and integral OSS (iOSS) were extended

to switched systems (see [8]).

Output-to-state stability of switched systems is studied in

this paper. An alternative condition for OSS is given Under

the assumption that all subsystems have OSS. Compared with

the existing results, this paper has the following futures. The

OSS conditions are given by a set of series. The results

are given constructively in the sense that the function of

KL and the function of L, which are required for OSS of

switched systems, are constructed systematically according

to the corresponding functions of each active subsystem.

Moreover, for a class of switched systems a lower bound

on the dwell time is explicitly calculated which guarantees

OSS under arbitrary switchings with dwell time no less than

the lower bound.

II. PRELIMINARIES AND PROBLEM STATEMENT

In this section, we briefly review a few basic concepts

related to OSS and formulate the problem we are going to

study.

Denote the usual Euclidean norm by |·|, and the supremum

norm of a locally essentially measurable bounded vector-

valued function y : R≥0 → Rl by ||y||, that is,

||y|| = ess sup
t≥0

{|y(t)|}.

Consider the following system

·
x = f(x),
y = h(x),

(1)

where x ∈ Rn is the state and y ∈ Rl is the output, and f
satisfies f(0) = 0. By x(t, x0) we denote the trajectory of

system (1) starting from the initial state x(0) = x0.
Definition 1 ([14]). System (1) is output-to-state stable

(OSS) if there exist a KL function β and a K function γ
such that, for each x0, the following inequality holds for

each t ≥ 0.

|x(t, x0)| ≤ β(|x0|, t) + γ(||y||). (2)

Obviously β(s, t) can be chosen to satisfy β(s, 0) ≥ s,∀s ≥
0. There are some other equivalent conditions for OSS, one

of which is given by the following.
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Lemma 1 ([12]). System (1) is OSS if and only if there

exist a KL function β and a K function γ such that for each

x0, the following inequality holds for each t ≥ 0.

|x(t, x0)| ≤ max
{
β(|x0|, t), γ(||y||)}. (3)

Throughout this paper we study switched systems of the

following form

·
x = fi(x), i = 1, · · · , k̄,
y = h(x),

(4)

where x ∈ Rn is the state and y ∈ Rl is the input.

Let

0 = t0 < t1 < · · · < tp < · · · (5)

be a switching sequence, and suppose the ij th subsystem
·
x= fij

(x) is active on the time interval [tj tj+1). By x(t, x0)
and xj(t, x0) we denote the trajectories of switched system

(4) and the jth subsystem, respectively, starting from the

initial state x(0) = x0. Switched system (4) is said to be OSS

if its trajectory satisfies (2). It is easy to see that Lemma1

remains true for switched system (4).

Our goal is to find conditions under which switched system

(4) is OSS under the switching sequence (5).

Before developing the main results, several mild assump-

tions are required.

Assumption 1. All subsystems of switched system (4) are

OSS, that is, there exist KL functions βj , j = 1, 2, · · · , k̄, and

K functions γj , j = 1, 2, · · · , k̄, such that for any x0 ∈ Rn,

the following inequality holds for each t ≥ 0.

|xj(t, x0)| ≤ max
{
βj(|x0|, t), γj(||y||)

}
. (6)

Remark 1. Even though all subsystems are OSS, switched

system (4) may fail to be OSS under some switching

sequences. Therefore assumption 1 is natural and reasonable.

In the literature a positive lower bound on the dwell time

has been commonly used, which may result in easier analysis

and design. Here, we make a weaker assumption.

Assumption 2. There exists a δ > 0 such that for any

T > 0 there is an integer s satisfying ts > T , and ts+1−ts ≥
δ.

Remark 2. Assumption 2 indicates that there is an infinite

switching time subsequence with dwell time no smaller than

δ. From practical point of view, this assumption is necessary

because otherwise we will have limj→∞ tj+1−tj = 0, which

is unacceptable in practice. The assumption also guarantees

limj→∞ tj = ∞.

Assumption 3. For any fixed s, βj(s, 0) − βj(s, δ) > 0,

j = 1, 2, · · · , k, where δ is as in Assumption 2.

Remark 3. Since for any fixed s, βj(s, t) → 0 as t → ∞,

this assumption is very general and can be satisfied for many

OSS systems. In fact, if βj(s, t) = φj(s)e−αjt with αj > 0,

which is frequently used in the literature, Assumption 3 is

automatically satisfied. In addition, Assumption 3 holds if

βj(s, t) is strictly decreasing at t = 0.

III. OSS CONDITIONS

In this section we derive conditions under which switched

system (4) is OSS.

Let Assumption 1 to 3 hold. We have

x(t, x0) = xim(t−tm, xm), tm ≤ t < tm+1, m = 0, 1, 2, · · · ,
where

xm = xim−1(tm − tm−1, xm−1).

Now, we make an estimate on x(t, x0).
When t0 ≤ t < t1, (6) gives

|x(t, x0)| = |xi0(t, x0)|

≤ max
{
βi0(|x0|, t), γi0(||y||)

}
= max

{
β0(|x0|, t), γ0(||y||, t)},

(7)

where β0(s, t) = βi0(s, t), γ
0(s, t) = γi0(s). Thus,

|x1| = |xi0(t1, x0)| ≤ max
{
β0(|x0|, t1), γ0(||y||, t1)

}
.
(8)

Since βi1 is strictly increasing with respect to its first

variable, when t1 ≤ t < t2, we have

|x(t, x0)| = |xi1(t − t1, x1)|

≤ max
{

βi1(|x1|, t − t1), γi1(||y||)
}

≤ max
{

βi1(max
{
β0(|x0|, t1), γ0(||y||, t1)

}
, t − t1),

γi1(||y||)
}

= max
{

βi1(β
0(|x0|, t1), t − t1),

max
{
βi1(γ

0(||y||, t1), t − t1), γi1(||y||)
}}

= max
{
β1(|x0|, t), γ1(||y||, t)},

(9)

where

β1(s, t) = βi1(β
0(s, t1), t − t1),

and

γ1(s, t) = max
{
βi1(γ

0(s, t1), t − t1), γi1(s)
}
.

Continuing the same procedure we obtain

β0(s, t) = βi0(s, t),

βk(s, t) = βik
(βk−1(s, tk), t − tk),

k = 1, 2, · · · ,
(10)

γ0(s, t) = γi0(s),

γk(s, t) = max
{
βik

(γk−1(s, tk), t − tk), γik
(s)

}
,

k = 1, 2, · · ·
(11)
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and

|x(t, x0)| ≤ max
{
βp(|x0|, t), γp(||y||, t)}, tp ≤ t < tp+1.

(12)

Now we construct β and γ for switched system (4) via βj

and γj . Let

βj(s, 0) = s + δj(s), j = 1, 2, · · · . (13)

δj(s) is obviously nonnegative.

Theorem 1. Suppose that the following three conditions

are satisfied.

Condition (a). For any fixed s the series

∞∑
j=1

δij (β
j−1(s, tj))

is convergent.

Condition (b). As a function of s the series

∞∑
j=p

δij
(βj−1(s, tj))

is increasing, p = 1, 2, · · ·.
Condition (c). For any fixed s the sequence

βim+q

(
βim+q−1

(
· · ·

(
βim+1

(
βim

(s, tm+1 − tm),

tm+2 − tm+1

)
, · · · ,

)
, tm+q − tm+q−1

)
, 0

) (14)

is bounded with respect to q = 0, 1, 2, · · · , m = 0, 1, 2, · · · ,
where (14) is considered to be βim

(s, 0) if q = 0.

Then, the switched system (4) is OSS under the switching

sequence (5) with β and γ defined by the following.

β(s, t) = βk(s, t) +
∞∑

j=k+1

δij
(βj−1(s, tj)),

tk ≤ t < tk+1, k = 0, 1, · · ·
(15)

and

γ(s) = sup
{
γj(s, tj), j = 1, 2, · · ·}. (16)

In order to prove this theorem we need some lemmas.

Lemma 2. If for any fixed λ, l(λ, µ) is a continuous

function of µ, and for any fixed µ, l(λ, µ) is a monotone

continuous function of λ, then, l(λ, µ) is continuous as a

function of the whole variables (λ, µ).
Proof. It is not hard and thus omitted.

Lemma 3. Suppose l(λ, µ) is a continuous function defined

on a ≤ λ ≤ b, 0 ≤ µ < ∞, and for any fixed λ, l(λ, µ) is

decreasing with respect to µ. Moreover, l(λ, 0)−l(λ, ∆) > 0
for some ∆ > 0 and each λ ∈ [a b]. Then, there exists a

constant µ̄ > 0 such that for each λ ∈ [a b] and µ ≥ ∆,

l(λ, 0) − l(λ, µ) ≥ µ̄ holds.

Proof. Since l(λ, µ) is decreasing with respect to µ, for

any λ ∈ [a b] and µ ≥ ∆ we have

l(λ, 0) − l(λ, µ) ≥ l(λ, 0) − l(λ, ∆)
�
= µλ > 0.

It is not hard to show inf
λ∈[a,b]

µλ > 0 and thus the proof is

completed.

Lemma 4. Suppose the series
∑∞

n=1 an(s) is convergent

for all s ∈ [0 ∞) and an(s) ≥ 0 is a continuous function

of s. If sm(s)
�
=

∑∞
n=m an(s) is increasing with respect to

s for m = 1, 2, · · · , then sm(s) is a continuous function of

s.

Proof. We can easily show that for any b > 0,
∑∞

n=1 an(s)
is uniformly convergent on [0 b]. The conclusion is then

obvious.

Now, we turn to the proof of theorem 1.

What we need to show is that β(s, t) and γ(s) defined by

(15) and (16) are the right functions for switched system (4)

to be OSS under the switching sequence (5). To do this we

only have to verify that β(s, t) is a KL function, γ(s) is a

K function and for each t, (3) holds.

First of all, we prove (3). It is evident that when tk ≤ t <
tk+1, it holds that

γk(s, t) = max
{
βik

(γk−1(s, tk), t − tk), γik
(s)

}
≤ max

{
βik

(γk−1(s, tk), 0), γik
(s)

}
= γk(s, tk)

≤ γ(s).
(17)

By (15) we know β(s, t) ≥ βk(s, t). Therefore (3) follows

immediately from (12).

Secondly, we prove that β(s, t) is a KL function.

βk(s, t) is obviously continuous with respect to s for

any fixed t. By Condition (b) of Theorem 1 and Lemma

4 we deduce that β(s, t) is continuous with respect to s for

any fixed t. On the other hand, For any fixed s, β(s, t) is

obviously continuous with respect to t when tk−1 < t < tk.

The continuity of β(s, t) at t = tk is guaranteed by the

following calculation.

β(s, tk) = βk(s, tk) +
∞∑

j=k+1

δij
(βj−1(s, tj))

= βik
(βk−1(s, tk), 0)

+
∞∑

j=k+1

δij
(βj−1(s, tj))

= βk−1(s, tk) + δik
(βk−1(s, tk))

+
∞∑

j=k+1

δij (β
j−1(s, tj))

= βk−1(s, tk) +
∞∑

j=k

δij
(βj−1(s, tj))

(18)

Therefore β(s, t) is continuous with respect to t for all t ∈
[0 ∞).
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By the definition of βk(s, t) and Condition (b) we know

that β(s, t) is strictly increasing with respect to s. Thus, the

continuity of β(s, t) as a function of the whole variables

(s, t) follows immediately from lemma 2. It is easy to see

that β(s, t) is decreasing with respect to t and β(0, t) = 0
for all t. Now we claim that limt→∞ β(s, t) = 0 for ∀s and

thus β(s, t) is a KL function. If this is not true, there must

exist some s satisfying

lim
t→∞β(s, t) = c > 0.

Choose T > 0 such that for ∀t ≥ T ,

c ≤ β(s, t) <
3c

2
. (19)

Choose an integer K such that for all k ≥ K,

0 ≤
∞∑

j=k

δij (β
j−1(s, tj)) <

c

2
. (20)

This is always possible because the series∑∞
j=1 δij (β

j−1(s, tj)) is convergent for the specified

s. For T chosen above, there exits k0 satisfying tk−1 ≥ T
for ∀k ≥ k0. Therefore, when k ≥ k0 it holds that

c ≤ β(s, t)

= βk(s, t) +
∞∑

j=k+1

δij
(βj−1(s, tj))

< 3c
2 , tk ≤ t < tk+1.

(21)

Now, let k∗ = max{K, k0}, then if k ≥ k∗ , or

equivalently, t ≥ tk∗ (20) and (21) hold. Therefore

c
2 ≤ c −

∞∑
j=k+1

δij (β
j−1(s, tj))

≤ βk(s, t) ≤ 3c
2 .

(22)

Assumption 2 guarantees that a sequence kr > k∗ and an

integer p exist with the property ikr
= p, r = 1, 2, · · · , and

tkr+1 − tkr
≥ δ > 0 . It follows from Assumption 3 and

Lemma 3 that a constant µ > 0 exists such that for ∀z ∈
[ c2 , 3c

2 ]

βp(z, 0)−βp(z, tkr+1−tkr
) ≥ βp(z, 0)−βp(z, δ) ≥ µ. (23)

(22) indicates βkr−1(s, tkr
) ∈ [ c2

3c
2 ]. Taking (15), (10)

and (13) into account, we have

β(s, tkr
) − β(s, tkr+m+1)

=
r+m∑
q=r

(
β(s, tkq

) − β(s, tkq+1)
)

+
r+m∑
q=r

(
β(s, tkq+1) − β(s, tkq+1)

)

≥
r+m∑
q=r

(
β(s, tkq

) − β(s, tkq+1)
)

=
r+m∑
q=r

(
βkq (s, tkq

) +
∞∑

j=kq+1

δij
(βj−1(s, tj))

−βkq+1(s, tkq+1) −
∞∑

j=kq+2

δij (β
j−1(s, tj))

)

=
r+m∑
q=r

(
βkq (s, tkq ) − βkq+1(s, tkq+1)

+δikq+1(β
kq (s, tkq+1))

)

=
r+m∑
q=r

(
βikq

(βkq−1(s, tkq ), 0)

−βikq+1(β
kq (s, tkq+1), 0)

+βikq+1(β
kq (s, tkq+1), 0) − βkq (s, tkq+1)

)

=
r+m∑
q=r

(
βikq

(βkq−1(s, tkq ), 0)

−βikq
(βkq−1(s, tkq

), tkq+1 − tkq
)
)

≥ (m + 1)µ.

(24)

By letting m → ∞ we have β(s, tkr ) − c = ∞. This is a

contradiction.

Finally, we show that γ(s) is a K function.

It is not hard to show that if q ≥ 1, γq(s, t) has the

following expression.

γq(s, t) = max

{
γiq

(s), βiq

(
βiq−1

(
· · ·

(
βiq−p+1

(
βiq−p

(γiq−p−1(s), tq−p+1 − tq−p),

tq−p+2 − tq−p+1

)
, · · · ,

)
, tq − tq−1

)
, t − tq

)
,

p = 0, 1, · · · , q − 1

}
.

(25)

In fact, when q = 1, from (11) we have

γ1(s, t) = max
{

γi1(s), βi1(γ
0(s, t1), t − t1)

}

= max
{

γi1(s), βi1(γi0(s), t − t1)
}

.
(26)
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Now, suppose (25) holds for q=k. Again from (11) and

noticing that βik+1(s, t) is increasing with respect to s, we

have

γk+1(s, t)

= max
{

γik+1(s), βik+1(γ
k(s, tk+1),

t − tk+1)
}

= max

{
γik+1(s), βik+1

(
max

{
γik

(s), βik

(
βik−1(

· · · (βik−p+1(βik−p
(γik−p−1(s), tk−p+1 − tk−p),

tk−p+2 − tk−p+1), · · · ,
)
, tk − tk−1

)
, tk+1 − tk

)
,

p = 0, 1, · · · , k − 1
}

, t − tk+1)

)}

= max

{
γik+1(s), βik+1(γik

(s), t − tk+1),

βik+1

(
βik

(
βik−1

(
· · · (βik−p+1(βik−p

(γik−p−1(s),

tk−p+1 − tk−p), tk−p+2 − tk−p+1),

· · · , ), tk − tk−1

)
, tk+1 − tk

)
, t − tk+1

)
,

p = 0, 1, · · · , k − 1,

}

= max

{
γik+1(s), βik+1

(
βik

(
βik−1

(
· · · (βik−p+1

(γik−p
(s), tk−p+2 − tk−p+1), tk−p+3 − tk−p+2),

· · · , ), tk+2 − tk+1

)
, tk+1 − tk

)
, t − tk+1

)
,

p = 0, 1, · · · , k,

}
.

(27)

Since for any fixed s, γj(s) is uniformly bounded by

γ (s)
�
= max

j

{
γj(s)

}
,

taking the expression (25) and Condition (c) into account we

know that for any fixed s, γq(s, tq) is bounded with respect

to q = 0, 1, 2, · · ·, which means γ(s) is well defined. γ(s) is

obviously strictly increasing and satisfies γ(0) = 0 and thus

is a K function. The proof is then completed.

Corollary 1. If βi(s, t) has the form βi(s, t) = Misφi(t),
where Mi ≥ 1, φi(t) is decreasing to zero as t → ∞, and

φi(0) = 1, then there exists δ > 0, such that switched system

(4) is OSS under any switching sequence (5) satisfying

tj+1 − tj ≥ δ, j = 0, 1, · · · .
Proof. Since φi(t) → 0 , we can choose δ > 0, such that

Miφi(δ) < 1, i = 1, 2, · · · , k. Let

ε = max
i

{
Miφi(δ)

}
,

then ε < 1. It then follows that

β0(s, t1) = βi0(s, t1)
= Mi0sφi0(t1)
≤ Mi0sφi0(δ)
≤ εs

(28)

and

β1(s, t2) = βi1(β
0(s, t1), t2 − t1)

≤ βi1(εs, t2 − t1)
= Mi1εsφi1(t2 − t1)
≤ Mi1εsφi1(δ)
≤ ε2s.

(29)

Following the same procedure we know βq(s, tq+1) ≤ εq+1s.

Recall δj(s) = βj(s, 0) − s = (Mj − 1)s, it is easy to see

that all conditions of Theorem 1 are satisfied.

Corollary 2. If βi(s, 0) = s holds for i = 1, 2, · · · , k, then

switched system (4) is OSS under arbitrary switchings.

Proof. In this case, δi = 0, and the conditions of theorem

1 are automatically satisfied.

IV. A LOWER BOUND ON DWELL TIME

For OSS systems, the most commonly used functions of β
are of the form β(s, t) = Mse−αt with M > 0 and α > 0.

This form of functions is even more frequently used for linear

systems because a linear system is OSS if and only if

|x(t, x0)| ≤ M |x0|e−αt + c||y||

holds for some M ≥ 1, α > 0 and c > 0 [12]. In this section,

for this form of β we calculate a lower bound on dwell time

which makes switched system (4) OSS if the length of each

switching time interval is no less than the lower bound. In

this section we do not need Assumption 2-3.

Theorem 2. Suppose all subsystems of (4) are OSS and

βj(s, t) = Mjse
−αjt with Mj > 0 and αj > 0. Define

δ∗ = max
j

{
lg Mij+1

αij

}
. (30)

Let δ be any constant satisfying δ > δ∗. Then switched

system (4) is OSS under arbitrary switching sequence (5)

satisfying tj+1 − tj ≥ δ, j = 1, 2, · · ·.
Proof. From (6) Mj ≥ 1 must hold. Since

δj(s) = βj(s, 0) − s = (Mj − 1)s,

a straightforward calculation gives

βk(s, tk+1) =

Mi0Mi1 · · ·Mik
se−(αi0 t1+αi1 (t2−t1)+···+αis (tk+1−tk)).

(31)
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Therefore

δij
(βj−1(s, tj))

= (Mij − 1)βj−1(s, tj)
= (Mij − 1)Mi0Mi1 · · ·Mij−1s×

e−(αi0 t1+αi1 (t2−t1)+···+αij−1 (tj−tj−1))

≤ Mi0Mi1 · · ·Mij
s×

e−(αi0 t1+αi1 (t2−t1)+···+αij−1 (tj−tj−1))

�
= aj(s).

(32)

Note that (30) implies Mij+1 ≤ eαij
δ∗ , thus we have

aj+1(s)
aj(s)

= Mij+1e
−αij

(tj+1−tj)

≤ Mij+1e
−αij

δ

≤ e−αij
(δ−δ∗)

≤ e−α(δ−δ∗) < 1,

(33)

where α = min{α1, · · · , αk}. (33) indicates that the series∑∞
i=1 ai(s) is convergent for ∀s, which in turn implies

that Condition (a) of Theorem 1 must hold. Since δj(s) =
βj(s, 0) − s = (Mj − 1)s, Condition (b) of Theorem 1

follows. For βj(s, t) = Mjse
−αjt it is easy to deduce the

following explicit expression for (14).

am,q(s)
�
= βim+q

(
βim+q−1

(
· · ·

(
βim+1

(
βim

(y, tm+1 − tm),

tm+2 − tm+1

)
, · · · ,

)
, tm+q − tm+q−1

)
, 0

)

= Mim+q
Mim+q−1 · · ·Mim

y×

e−(αim (tm+1−tm)+···+αim+q−1 (tm+q−tm+q−1))

(34)

where, as explained in Condition (c) of Theorem 1,

am,0(s) = βim
(s, 0) = Mim

s. Therefore

am,q+1(s)
am,q(s)

= Mim+q+1e
−αim+q(tm+q+1−tm+q)

< e−αij
(δ−δ∗) < 1, ∀m.

(35)

As a result, it holds that

am,q(s) ≤ am,1(s)
= MimMim+1se

−αim (tm+1−tm)

≤ MimMim+1s, q = 1, 2, · · · .
(36)

Since am,0(s) = βim(s, 0) = Mims, we arrive at

am,q ≤ s
(

max
{

M1, · · · , Mk

})2

,

which guarantees that Condition (c) of Theorem 1 is satisfied.

V. CONCLUDING REMARKS

We addressed the problem of achieving OSS of switched

systems under the assumption that all subsystems are OSS. A

sufficient condition was derived by use of the OSS properties

of subsystems. It is worth mentioning that although an OSS

Lyapunov function, as a parallel concept of ISS Lyapunov

function, can be easily defined for an ordinary system, we

avoided employing OSS Lyapunov functions of subsystems.

This was based on the following consideration. First of all, it

is often very difficult to find an OSS Lyapunov function for

a given system even if we are sure that the system is indeed

OSS. Secondly, we were interested in deriving constructive

results. If OSS Lyapunov functions of subsystems are in-

volved in the construction of OSS conditions for switched

system, the results will fail to be constructive if an OSS

Lyapunov function of some subsystem is unavailable. An

estimate of the lower bound on the dwell time was also given

for a class of switched systems, which can be used in the

design of switching signals.

The proposed method can be easily used to study ISS.

In this case, the results parallel to Section 4 still differ from

existing results using dwell time because we derive the bound

for dwell time by the estimate in the form of series.
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