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Abstract: In this paper, we consider the global stabilization problem for a class of switched nonlinear systems under a pre-given
switching law with dwell time. The individual state feedback controllers for subsystems are designed by using backstepping
technique, each of which contains a tuning parameter. A suitable parameter tuning mechanism is proposed to tune these parame-
ters online such that the closed-loop switched nonlinear system is globally asymptotically stable under a pre-given switching law
with dwell time. The method proposed is then extended to global robust stabilization for a class of uncertain switched nonlinear
systems under any pre-given switching law with dwell time. A simulation example is given to demonstrate the effectiveness of
the proposed method.
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1 Introduction

Switched systems arise in various fields of real life world,
such as in chemical processes, flight control and network
control, etc. Research on switched systems has attracted
more and more attention due to the significance both in the-
ory and applications. For a survey on switched system, we
refer to [1–4] and recent books [5, 6].

Stability and stabilization issues in switched system have
attracted most of the attention; see, for example, [7–14]
and the references cited therein. Attention has mainly been
focused on stability under arbitrary switchings and under
some designed switching laws. Many approaches, such as,
Common Lyapunov function, multiple Lyapunov functions
and switched Lyapunov functions, have been put forward to
solve stability and stabilization problems for switched sys-
tems. In addition, dwell time approach has been also intro-
duced to study the stability analysis [5, 15–17]. It is well
known that a switched system is stable if all individual sub-
systems are stable and the interval between any two consec-
utive switching instants is not smaller than a scalar τ > 0.
This scalar τ > 0 is called the dwell time in the literature
[18]. Some results have appeared in recent works to com-
pute lower bounds of the dwell time for assuring the sys-
tem stability [19]. It has been well shown in the literature
that, the minimum of admissible dwell time is computed by
two mode-independent parameters, i.e., the increase coeffi-
cient of the Lyapunov-like function at switching instants and
the decay rate of the Lyapunov-like function during the run-
ning time of subsystems [17]. However, the increase coeffi-
cient of the Lyapunov-like function at switching instants is
not always easy to find especially in switched nonlinear sys-
tems [20], which may give rise to a certain conservativeness.
However, there are few papers to study the stabilization un-
der given switching law with dwell time. [21] addressed the
stabilization issue for a class of switched nonlinear systems
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under the any given average dwell time. The result obtained
in [21] is based on Lyapunov functions of quadratic struc-
ture. However, for the switched nonlinear systems it is not
easy to find these functions and how to construct them is not
presented in [21]. Therefore, to study the stabilization is-
sue under any given switching law is worthwhile to proceed,
which partly inspires us for this study.

In this paper, the problem of global stabilization for a class
of switched nonlinear systems under a pre-given switching
law with dwell time τ will be investigated. The dwell time τ
is given in advance, not computed by Lyapunov functions
of the subsystems. We first design individual state feed-
back controllers for subsystems with the help of backstep-
ping technique, in which each controller contains a tuning
parameter. Then, we propose a parameter tuning mecha-
nism to tune these parameters online to guarantee the global
asymptotical stability of the closed-loop switched nonlinear
under the pre-given switching law with dwell time τ . The
proposed approach is also extended to a class of uncertain
switched nonlinear systems.

The remainder of this paper is organized as follows. Sec-
tion 2 gives problem formulation and preliminaries. Our so-
lution to the global asymptotical stabilization problem under
any pre-given switching law with dwell time is presented in
Section 3. In Section 4, the result is then extended to a class
of uncertain switched nonlinear systems. A numerical exam-
ple is presented in Section 5 to demonstrate the feasibility
and effectiveness of the proposed techniques. Conclusions
are finally given in Section 6.

2 Problem Formulation and Preliminaries

We consider a class of switched nonlinear system given
by

ẋ1 = f1,σ(t)(x1) + g1,σ(t)(x1)x2,

ẋ2 = f2,σ(t)(x) + g2,σ(t)(x)uσ(t), (1)

where x = (x1, x2)T ∈ R2 denotes the state, the func-
tion σ : [0,∞) → M = {1, 2, · · · ,m} is the switching



signal, which is a piecewise continuous function of time.
uk ∈ R is the control input of the subsystem k. Suppose
that f1,k(x1), g1,k(x1), f2,k(x1), g2,k(x1) are smooth and
satisfy f1,k(0) = 0, f2,k(0) = 0, ∀k ∈ M . Corresponding
to the switching signal σ(t), we have the switching sequence

{xt0 ; (i0, t0), · · · , (ji, ti), · · · , |ji ∈ M, i = 0, 1, · · ·} ,

which means that the subsystem ji is activated when t ∈
[ti, ti+1).

Assumption 1. For i = 1, 2, |g1,k(x1)| > a > 0 is away
form zero, i.e., i = 1, 2, |g1,k(x1)| > a > 0, a is a constant.

Define IP = {k ∈ M |g1,k(x1) > a > 0}, IN =
{k ∈ M | − g1,k(x1) > a > 0}.

Remark 1. If IP = M , IN = ∅ or IP = ∅, IN = M ,
one can design controllers to stabilize the system (1) under
arbitrary switchings [11]. However, for the cases of IP 6=
∅, IN 6= M and IP 6= M, IN 6= ∅, there is no result for
stabilization under arbitrary switchings. In this paper, we
assume that IP 6= ∅, IN 6= ∅.

The objective of this paper is to design control law that
can globally asymptotically stabilize the switched nonlinear
system (1) under a pre-given switching law having any given
dwell time.

To achieve our control objective, we need to introduce the
following lemma [22].

Lemma 1. Let x and y be real variables. Then, for any
positive integers c, d and any function γ(x, y) > 0, the fol-
lowing relation holds:

|x|c|y|d ≤ c

(c + d)
γ|x|c+d +

d

(c + d)
γ−

c
d |y|c+d

.

3 Main Result

In this section, for any given dwell time τ > 0, we de-
sign control law to globally asymptotically stabilize the sys-
tem (1). By backstepping, we first design individual state
feedback controllers for subsystems, each of which contain
a tuning parameter, say λk > 0, k ∈ M , and then proposed
a parameter tuning mechanism to tune these parameters on-
line. Lastly, the global asymptotic stability of the closed-
loop switched system (1) is analyzed.

3.1 Individual Controller Design
In this subsection, we assume σ(t) = k, k ∈ M . The state

feedback controller uk (e, λk) with λk > 0 being a tuning
parameter for each subsystem will be designed by backstep-
ping technique [23]. We assume λk is a fixed constant in this
subsection.

Let e1 = x1. We consider the following e1-equation of
subsystem k:

ė1 = f1,k(e1) + g1,k(e1)x2. (2)

We now view x2 as a virtual control and design for it the
following stabilizing function

α1,k(e1, λk) =
−1

g1,k(e1)

(
1
2
λke1 + f1,k(e1)

)
. (3)

The time derivative of

Vk(x, λk) =
1
2
e2
1 +

1
2
e2
2,k, (4)

along the solution of the system (1) is rendered negative def-
inite

V̇k = −1
2
λke2

1 −
1
2
λke2

2,k = −λkVk, (5)

by the control

uk (e, λk) = −1
2
λke2,k − g1,k(e1)e1

+
∂α1,k

∂e1
(f1,k(e1) + g1,k(e1)x2) , (6)

where

e2,k = x2 − α1,k(e1, λk) (7)

Then, by [23], it is straightforward to show that the closed-
loop subsystem k is globally asymptotically stable if λk > 0.

Although each closed-loop subsystem is asymptotical sta-
ble, the whole switched nonlinear systems (1) with (6) hav-
ing fixed parameters λk, k = 1, 2, · · · ,m maybe unstable
under the pre-given switching law with dwell time τ . One
reason for this result may be that the values of the Lya-
punov function at the end of each interval may form an in-
creasing sequence. To make the values of the Lyapunov
function at the end of each interval form a decreasing se-
quence, we propose a tuning mechanism to tune the param-
eters λk, k = 1, 2, · · · online. The tuning mechanism is pro-
posed in the following subsection.

3.2 Parameter Tuning Mechanism Design
To guarantee the globally asymptotically stable of the

closed-loop switched system is under any given switching
law with dwell time τ , we will design a parameter tuning
mechanism to tune the parameters λk, k = 1, 2, · · · ,m, on-
line.

In fact, the value of Vji
(x(ti)) dependents on both

x(ti) and λji(ti), that is, Vji(x(ti)) should be writ-
ten as Vji(x(ti), λji(ti)). For simplicity, we write
Vji

(x(ti)) for Vji
(x(ti), λji

(ti)) and Vji−1(x(ti)) for
Vji−1(x(ti), λji−1(ti−1)).
• Initialization:

set λk(t0) = b > 0, k = 1, 2, · · · ,m, b is a constant,
t0 is initial time. x(t0) is the initial state, τ is the given
dwell time, d is a positive constant.

• Tuning mechanism:
at the switching time ti, assume that the system
switches from the subsystem ji−1 to the subsystem ji

at the point x(ti),
if Vji(x(ti)) ≤ Vji−1(x(ti)), set

λji
(ti) = λji

(ti−1);

if Vji
(x(ti)) > Vji−1(x(ti)), choose λji

(ti) > 0 such
that the following hold:

ln
Vji

(x(ti))
Vji−1(x(ti))

− (λji
(ti)− d) τ < 0; (8)

then, we substitute λji(ti) into the controller (1.8) and
the process is repeated at the switching time.



Remark 2. In fact, there must exists a finite constant
λji(ti) > 0 such that (8) holds when Vji(x(ti)) >
Vji−1(x(ti)) at the switching time ti. If λji−1(ti−1) is finite
and Vji−1(ti) 6= 0, one has

lim
λ(ti)→+∞

[
ln

Vji
(x(ti))

Vji−1(x(ti))
− (λji

(ti)− 1) τ

]
= −∞, (9)

If Vji−1(ti) = 0, it is trivial since x(ti) = 0 and Vji
(t) =

0, t ≥ ti. In addition, when ‖x(ti)‖ → 0 and Vji
(x(ti)) >

Vji−1(x(ti)), we can verify that lim
x(ti)→0

Vji
(ti)

Vji−1 (ti)
is fi-

nite when λji(ti), λji−1(ti−1) are fixed. Therefore,

lim
λ(ti)→+∞

lim
‖x(ti)‖→0

[
ln Vji

(x(ti))

Vji−1 (x(ti))
− (λji

(ti)− 1) τ
]

=

−∞. So one can choose a finite constant λji(ti) > 0 such
that (8) holds when Vji

(x(ti)) > Vji−1(x(ti)).

3.3 Stability Analysis
Now, we are in a position to summarize our main result.

Theorem 1. Let τ > 0 be any given dwell time. Suppose
Assumption 1 holds and the stabilization control law (6) with
the proposed tuning mechanism in Subsection 3.2 is applied
to the switched system (1). Then, the closed-loop switched
system (1) is globally asymptotically stable under any pre-
given switching law having the dwell time τ .

Proof. Let t1, t2, · · · denote the time points at which
switching occurs, and write ji for the value of σ(t) on
[ti, ti+1) , i = 0, 1, 2, · · · and ti+1 − ti ≥ τ .

For the switched system (1), define the following piece-
wise Lyapunov function candidate:

Vσ(x) =
1
2
e2
1 +

1
2
e2
2,σ, (10)

where e2,ji
, ji ∈ M, are defined in (7) when σ(t) = ji ∈ M .

Then, for any t satisfying t0 < · · · < ti ≤ t < ti+1, the time
derivative of Vji

(x) along the trajectory of the closed-loop
switched system (1) with (6) is

V̇ji
(x) ≤ −λji

(ti)Vji
(x), (11)

that is,

Vji(x(t)) ≤ e−λji
(ti)(t−ti)Vji(x(ti)). (12)

In the following, we will to show Vji−1(x(ti−1)) >
Vji

(x(ti)). We know that

Vji−1(x(ti−1)) =
1
2
x2

1(ti−1)

+
1
2

(
x2(ti−1)− α1,ji−1(ti−1)

)2
,

Vji(x(ti)) =
1
2
x2

1(ti) +
1
2

(x2(ti)− α1,ji(ti))
2
.(13)

First, if Vji−1(x(ti)) ≥ Vji(x(ti)), we know that
Vji−1(x(ti−1)) > Vji−1(x(ti)). Then, according to the tun-
ing mechanism, we choose λji

(ti) = λji
(ti−1) and obtain

that
Vji−1(x(ti−1)) > Vji(x(ti)). (14)

If x(ti) = 0, then, one has

Vji−1(x(ti−1)) > Vji−1(x(ti)) = Vji(x(ti)) = 0, (15)

and choose λji(ti) = λji(ti−1).
Second, we consider the case Vji−1(x(ti)) < Vji(x(ti)).
On the other hand, if x(ti) 6= 0 and λji

(ti) > 0 obtained
by (8), then we substitute λji

(ti) into the controller (6) and
have

Vji
(x(t))

≤ e−λ(ti)(t−ti)Vji(x(ti))

= e−λ(ti)(t−ti)
Vji

(x(ti))
Vji−1(x(ti))

Vji−1(x(ti)). (16)

Let t′ = ti + τ ≤ ti+1. We have

Vji
(x(t′))

≤ e−λji
(ti)(t

′−ti)
Vji(x(ti))

Vji−1(x(ti))
Vji−1(x(ti))

= e−λji
(ti)(t

′−ti)e
ln

Vji
(x(ti))

Vji−1
(x(ti)) Vji−1(x(ti))

= e
−λji

(ti)τ+ln
Vji

(x(ti))

Vji−1
(x(ti)) Vji−1(x(ti)). (17)

According to (8), we choose λji
(ti) such that

ln
Vji

(x(ti))
Vji−1(x(ti))

− λji
(ti)τ < −dτ. (18)

Thus, one has

Vji(x(t′)) < e−dτVji−1(x(ti)). (19)

When t = ti+1, from (17), one can obtain that

Vji−1(x(ti)) > Vji
(x(ti+1)), i = 1, 2, · · · . (20)

The sequence Vj0(x(t1)), Vj1(x(t2)), · · · is decreasing
and positive and therefore has a limit l ≥ 0.

We have

0 = l − l

= lim
i→∞

Vji
(x(ti+1))− lim

i→∞
Vji−1(x(ti))

= lim
i→∞

(
Vji(x(ti+1))− Vji−1(x(ti))

)

≤ lim
i→∞

(
e−dτ − 1

)
Vji−1(x(ti))

≤ 0. (21)

Thus, Vji−1(x(ti)) → 0 as i → ∞. We also know that
Vji−1(x(ti)) is positive definite. Therefore, x(ti) → 0 as
i →∞.

Next, we show stability of the origin in the sense of Lya-
punov.

For any ε > 0, for all x ∈ Ωε = {x : ‖x‖ < ε}, we
choose a finite constant λ∗ji

> 0, such that

ln
Vji

(x(t), λ∗)
Vji−1(x(t), λ∗)

− (λ∗ − d) τ < 0. (22)

Since Vji
(x, λ∗) is positive definite, radial unboundedness

and Vji
(0) = 0, then there exist some class κ functions

αji
(x), ᾱji

(x) , defined on [0, ε), such that

αji
(x) ≤ Vji(x) ≤ ᾱji(x),∀x ∈ Ωε. (23)



Then, there exist α(x), ᾱ(x) such that

α(x) ≤ Vji
(x) ≤ ᾱ(x),∀x ∈ Ωε,∀ji ∈ M. (24)

For the same ε > 0 given above, we choose

δ(ε) = α−1 ◦ ᾱ ◦ α−1 ◦ ᾱ(ε). (25)

If ‖x(t0)‖ ≤ δ(ε), one has

Vji(x(ti)) ≤ ᾱ(x(ti)),
‖x(ti)‖ ≤ α−1 ◦ Vji−1(x(ti)),

and then obtain

Vji
(x(ti)) ≤ ᾱ ◦ α−1 ◦ Vji−1(x(ti)). (26)

Since Vj0(x(t1)) < Vj0(x(t0)), Vj0(x(t1)) ≤ ᾱ(x(t1)),
and Vji−1(x(ti)) < Vj0(x(t1)), we have

Vji
(x(ti))

≤ ᾱ ◦ α−1 ◦ Vji−1(x(ti))
< ᾱ ◦ α−1 ◦ Vj0(x(t1))
< ᾱ ◦ α−1 ◦ Vj0(x(t0))
< ᾱ ◦ α−1 ◦ ᾱ(x(t0)) = α(ε). (27)

For any t ∈ [
tji , tji+1

)
we can conclude that Vji(x(t)) <

α(ε) because Vji
(x(ti)) ≥ Vji

(x(t)). With the help of (27),
we obtain that

‖x(t)‖ < ε. (28)

Therefore, the closed-loop switched nonlinear system is
globally asymptotically stable under a pre-given switching
law with dwell time τ . This completes the proof.

Remark 3. Compared with the classical dwell time
method, the dwell time τ in Theorem 1 is an arbitrarily given
constant, which is dependent on neither the subsystems nor
the Lyapunov functions of the subsystems. For any given
dwell time τ > 0, we can design feedback controllers with
the proposed parameter tuning mechanism to asymptotically
stabilize the switched nonlinear system (1).

Remark 4. The Theorem 1 can be easily extended to the
case that each subsystem has its own dwell time if we modify
the condition (8) in tuning mechanism. Specially, the dwell
time τji

for subsystem ji is not equal to the dwell time τji−1

for subsystem ji−1. To deal with this case, we can use τji
to

replace τ in (8) to compute the parameter λji(ti) when the
subsystem ji is activated at the time ti.

4 Robust Stabilization

In this section, we consider the uncertain switched nonlin-
ear system of the form:

ẋ1 = f1,σ(t)(x1, d(t)) + g1,σ(t)(x1, d(t))x2,

ẋ2 = f2,σ(t)(x, d(t)) + g2,σ(t)(x, d(t))uσ(t), (29)

where d(t) is an unknown continuous disturbance and/or pa-
rameter belonging to a known compact set D ∈ Rs. As-
sume that all functions are sufficiently smooth satisfying
fi,k(0, · · · , 0, d(t)) = 0, k ∈ M , i = 0, 1, · · · , n.

Assumption 2. For i = 1, 2, |gi,k| is away form zero, i.e.,
i = 1, 2, |gi,k| > a,∀d ∈ D.

The objective is to design control law that can globally
robustly stabilize the uncertain switched nonlinear system
(29) under some switching signals having any given dwell
time τ for all d(t) ∈ D.

Firstly, with the help of backstepping technique in [24] we
design the individual controllers for all subsystems of (29).

Step 1. Consider the x1-equation. Let V1 = 1
2x2

1. Then,
one has

V̇1 = x1 (f1,k(x1, d(t)) + g1,k(x1, d(t))x2)
≤ x2

1ρ1,k(x1) + g1,k(x1, d(t))x1x2. (30)

The choice of a virtual smooth controller is

α1,k = s1,k(x1)x1, (31)

where s1,k(x1) are to be determined later.
Substituting (31) into (49) yields

V̇1 ≤ x2
1 (ρ1,k(x1) + g1,k(x1, d(t))s1,k(x1))

+g1,k(x1, d(t)) (x2 − α1,k) . (32)

To make

ρ1,k(x1) + g1,k(x1, d(t))s1,k(x1) ≤ −λk

2
(33)

hold, we choose

s1,k(x1) ≤ 1
a

[
−λk

2
− ρ1,k(x1)

]
, if k ∈ IP ;

s1,k(x1) ≤ −1
a

[
−λk

2
− ρ1,k(x1)

]
, if k ∈ IN .(34)

Here, we choose

s1,k(x1) =
1
a

[
−λk

2
− ρ1,k(x1)

]
, if k ∈ IP ;

s1,k(x1) = −1
a

[
−λk

2
− ρ1,k(x1)

]
, if k ∈ IN .(35)

Then, from (32) we have

V̇1(x1) ≤ −λkV1(x1) + g1,k(x1, d(t)) (x2 − α1,k) . (36)

Step 2. Let e2,k = x2 − α1,k. This change of coordinates
transforms the x2 equation of (29) into

ė2,k = F2,k(x, d(t)) + g2,k(x, d(t))uk, (37)

where F2,k(x, d(t)) = f2,k(x1, d(t)) − α̇1,k. It is easy to
know that there exist functions r̃k(x), rk(x1, e2,k) satisfying

|F2,k(x, d(t))|
= (|x1|+ |x2|) r̃k(x)
≤ (|x1|+ |e2,k|) r2,k(x1, e2k). (38)

Now consider the following Lyapunov function candidate
for the subsystem k:

Vk =
1
2
x2

1 +
1
2
e2
2,k. (39)



With the help of (36), it is easy to see that

V̇k ≤ −λkx2
1 + e2,kg1,kx1

+e2,k (F2,k(x, d(t)) + g2,k(x, d(t))uk) . (40)

By using (38) and Lemma 1, one can conclude that

|g1,kx1e2,k| ≤ 1
4
λkx2

1 + g2
1,ke2

2,k

≤ 1
4
λkx2

1 + ρ̃2,ke2
2,k, (41)

and

|F2,ke2,k|
≤ |e2,k| (|x1|+ |e2,k|) r2,k(x1, e2k)
≤ |e2,k| |x1| r2,k(x1, e2k) + e2

2,kr2,k(x1, e2k)

≤ 1
4
λkx2

1 + e2
2,kρ̂2,k(x1, e2k) (42)

for some nonnegative smooth functions ρ̃2,k and ρ̂2,k.
Substituting (41), (42) into (40) results in

V̇k ≤ −λkx2
1 +

1
4
λkx2

1 + ρ̃2,ke2
2,k +

1
4
λkx2

1

+e2
2,kρ̂2,k(x1, e2k) + e2,kg2,k(x, d(t))uk

≤ −1
2
λkx2

1 + ρ̃2,ke2
2,k + e2

2,kρ̂2,k(x1, e2k)

+e2,kg2,k(x, d(t))uk. (43)

We choose the state feedback controller of the following
form:

uk = s2,k(x)e2,k, (44)

where s2,k(x) is to be determined later.
To make

ρ̃2,k + ρ̂2,k(x1, e2k) + g2,k(x, d(t))s2,k ≤ −λk

2
(45)

hold, we choose

s2,k(x) =
1
a

[
−λk

2
− ρ̃2,k − ρ̂2,k(x1, e2k)

]
,

if k ∈ IP ;

s2,k(x) = −1
a

[
−λk

2
− ρ̃2,k − ρ̂2,k(x1, e2k)

]
,

if k ∈ IN . (46)

Then, the controller (44) with (46) is such that

V̇k ≤ −λk

2
(
x2

1 + e2
2,k

)
= −λkVk, (47)

which immediately implies that each subsystem is globally
robustly stabilized at the origin by the controller (44) with
(46).

Next, based on the parameter tuning mechanism in Sub-
section 3.2, we give the global robust stabilization result of
the switched nonlinear system (29) under the given switch-
ing law with dwell time τ .

Theorem 2. Let τ > 0 be any given dwell time. Suppose As-
sumption 2 holds and the stabilization control law (44) with
the proposed tuning mechanism in subsection 3.2 is applied
to the switched system (29). Then, the closed-loop switched
system (29) is globally robustly asymptotically stable under
any given switching law having the dwell time τ for any
d ∈ D.

Proof. The proof of Theorem 2 is similar to the one of The-
orem 1, and thus omitted here.

5 Numerical Example

In this section, a numerical example will be presented to
demonstrate the potential and validity of the result obtained
above.

Consider the following switched nonlinear system with
two subsystems:

ẋ1 = f1,σ(t)(x1) + g1,σ(t)(x1)x2,

ẋ2 = f2,σ(t)(x1) + g2,σ(t)(x1)uσ(t), (48)
σ [0,∞) 7→ {1, 2} ,

where

f1,1(x1) = −x3
1 + x2

1, f1,2(x1) = −x2
1 − x1,

g1,1(x1) = 1, g1,2(x1) = −1,

f2,1(x1) = f2,2(x1) = 0,

g2,1(x1) = g2,2(x1) = 1.

Our purpose here is to design a set of controllers such that
the resulting closed-loop switched system (48) is asymptot-
ically stable under any given switching law with dwell time
τ = 0.24.

First, consider the x1-equation of each subsystem and
view x2 as the input. Choose

α1 = x3
1 − x2

1 − λ1x1, α2 = −x2
1 − x1 + λ2x1.

Then, define

e2,1 = x2 − x3
1 + x2

1 + λ1x1,

e2,2 = x2 + x2
1 + x1 − λ2x1.

Following the design method in Section 3.1, our proposed
individual state feedback controllers are

u1 = −x1 + α̇1,1 − λ1e2,1,

u2 = x1 + α̇1,1 − λ2e2,2, (49)

where

α̇1,1 =
(
3x2

1 − 2x1 − λ1

) (−x3
1 + x2

1 + x2

)
,

α̇1,2 = (−2x1 − 1 + λ2)
(−x2

1 − x1 − x2

)
,

where the parameter λ1, λ2 are tuned by the tuning mecha-
nism developed in Section 3.2.

The simulation is carried out with the following choices:
the initial state x(t0) = (1.5, 1.9)T , the initial values
λ1(t0) = λ2(t0) = 0.1, d = 0.01. The simulation results are
depicted in Fig. 1-5. The state response of the closed-loop
switched system is depicted in Fig. 1, which indicates that



the closed-loop system is asymptotically stable. Fig. 2 gives
the switching signal. The control inputs are shown in Fig. 3.
Fig. 4 illustrates the tuning parameters. The function Vσ is
drawn in Fig. 5. As we can see, the values of Vk, k = 1, 2, at
the end of each interval form a decreasing sequence, which
is desired in our controller design.
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Fig. 1: The state response of the closed-loop switched sys-
tem (48)
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Fig. 2: The switching signal for the switched system (48)
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Fig. 3: The control inputs u1 and u2

6 Conclusions

The paper has studied the stabilization problem of a class
of switched nonlinear systems via designing control law.
Our proposed controller for each subsystem contains a tun-
ing parameter, which is tuned via a tuning mechanism. The
result of asymptotically stability of the closed-loop switched
system has been proved under the any pre-given switch-
ing with dwell time. An extension of the proposed design
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Fig. 4: Tuning parameters λ1 and λ2
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Fig. 5: Lyapunov functions

scheme has been presented to deal with a class of uncertain
switched nonlinear systems. Finally, a numerical example is
included to illustrate the effectiveness and efficiency of the
theoretic results obtained.
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