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Event-triggered Finite-time Stabilization of a
Class of Uncertain Nonlinear Switched Systems
with Delay

Mengxiao Deng, Yali Dong* and Mengying Ding

Abstract—In this paper, we investigate the problem of
event-triggered finite-time stabilization for a class of uncertain
nonlinear switched systems with time-varying delay. Firstly, we
propose an event-triggered sampling mechanism and an
event-triggered state feedback controller. By using the Lya-
punov-Krasovskii functional method and the free-weight matrix
method, we give new sufficient conditions of the finite-time
stabilization  for nonlinear  switched systems under
event-triggered state feedback control. The design method of
controller gain matrix is given. Finally, a numerical example is
provided to illustrate the effectiveness of the obtained results.

Index Terms—Switched systems, finite-time stabilization,
uncertain, time-varying delay, event-triggered controller.

. INTRODUCTION

HE switched system is composed of several subsystems

and switched strategies acting on them. Stability and
control design are very important topics in the theoretical
study of switched systems, and many results have been re-
ported [1-3]. In [2], Liu et al. investigated stability and sta-
bilization of nonlinear switched systems under average dwell
time. In [3], Dong et al. dealt with exponential stabilization
and L gain for uncertain switched nonlinear systems.

The research on stability of switched systems generally
focuses on Lyapunov stability. Not much attention was paid to
finite-time stability. However, for some systems that operate
in a finite time, it is extremely important to study the finite
time stability [4-8]. In [5], the problem of the finite time
control for switched stochastic nonlinear systems was con-
sidered. In [6], Wang et al. studied the finite-time stability and
stabilization of switched nonlinear systems with asynchro-
nous switching. In [7], Chen et al. considered the finite time
stability for switched systems with stable and unstable sub-
systems.
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Because of external disturbances, time delays and uncer-
tainties often exist in actual physical systems, which leads to
instability and degradation of some performance. The stabil-
ity and stabilization of switched systems with uncertainties,
time delays and external disturbances have become important
research topics [8-12]. In [8], the authors designed the fi-
nite-time control for switched linear systems with interval
time-delay. The stability of a class of switched linear systems
with uncertainties and averaged well time switching was
considered in [9]. In [10], Shen et al. gave the stability anal-
ysis for uncertain switched neural networks with time-varying
delay. In [11], Lin investigated the problem of stabilization
for LTI switched systems with input time delay.

An event-triggered mechanism strategy is different from
the time trigger mechanism: it controls the system by de-
signing an event-triggered controller. The advantage of
event-triggered controller is that it can effectively improve the
utilization rate of system resources by reducing the sampling
update and network communication frequency of controller.
It can also save system resources by reducing unnecessary
sampling and calculation. In recent years, scholars have be-
come more and more interested in switched systems and
event-triggered control. Therefore, a number of research
results have been reported [13-15]. In [13], Ma et al. con-
sidered the finite-time event-triggered H_ control for

switched systems with time-varying delay. In [14], Liu et al.
designed the event-triggered controller for nonlinear systems
with state quantization. In [15], Zhang et al. studied the
event-triggered control for networked switched fuzzy system
based on average dwell time. However, to the fullest of our
authors’ knowledge, the problem of event-triggered fi-
nite-time stabilization for uncertain nonlinear switched sys-
tems with time-varying delay has yet to be explored.

In this paper, we investigate the problem of finite-time
stabilization for nonlinear uncertain switched systems with
time-varying delay by constructing an event-triggered con-
troller. We give the sufficient conditions for the finite-time
stabilization of switched system and design the
event-triggered controller gain by using matrix inequality
technique and averaged dwell time method.

The remainder of this paper is organized as follows. Sec-
tion Il gives the model description and preliminaries. In Sec-
tion 111, the new criteria are obtained to ensure the finite-time
stabilization of uncertain switched systems with time-varying
delay. Section IV gives a numerical example to illustrate the
validity of the results. Section V summarizes the paper.

Notation. N represents a set of natural numbers. R™" de-
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notes the set of nxn real matrices. A" and A™ are the trans-
pose and inverse of A, respectively. X <0 (X <0) means X
is a negative definite (semi-negative definite) matrix. * is the
terms below the main diagonal of a symmetric matrix.

Il. PROBLEM STATEMENT AND PRELIMINARIES
Consider the following switched nonlinear system with
time-varying delay:

X(1) = Ay X + Ayoy OX(E=7(1)) + B,y u(t)
+ fo i (X)) + gy (X(E—7(1))), 1)
X(t) =) te[-z,0],
where x(t) e R" is the system state, u(t) e R" is the control
input vector, z(t) represents the time-varying delay which

satisfies
0<z(t) <,

O<z(t)<7<1.
o(t) eC*([0,7],R") is a continuous initial function.
o(t):[0,0) > M ={1,2,---, N} is the switching signal.
{(i0, %), (i, t), -+, G 8 )yl eM k=01, } is a
switching sequence, where t; is the initial time instant,
andt, is the kth switching instant. Whent €[t, ,t, ), thei,th
subsystem is activated.
Ao®)=A,+4A, 1),
'A\m([) (t) = Aia(t) +AA15([) (t),

where A, A;;,B, are known real-valued matrices, and the
matrix B, has a full column rank. AA_, (t) and AA,_, (t) are
the time-varying parametric uncertainties satisfying

[AA ® AAji (t)] = Hi Fu (t)[En Ezi]- 2
where H,,E;,E, are known constant matrices. F,(t)isan
unknown real-valued matrix function which satisfies

FTOF@® <1, vt>0.
f,(x(t)) and g, (x(t—z(t))) (i€ M) are nonlinear functions
with f,(0)=0, g,(0)=0(i e M) and satisfy
“ fi(r )—f( | |Ui(r-B)| vr.peR,

g (7)-9 |V y=B)|.Vr.BeR",
whereU,,V, e R™" are known constant matrices.
Lemma 1 [16]. Let X, U be real matrices with appropriate
dimensions, and a matrix F(t) satisfies F' (t)F(t) < 1. Then
for anyv > 0, the following inequality holds

XFOU +[XF@OU] <v*XXT +wU'U.
Definition 1. Given time instantsT and T with0<T <T,
let N_(T,T) indicate the switching number of o(t) over

T, m). If

®3)

| <

N, (T.T)=N,+(T -T)/x,,
holds for constants N, > 0,7, > 0, then 7, is called an average
dwell time and N, is called the chattering bound. Without loss
of generality, we choose N, = 0 in this paper.
Consider the following system

X(t)=A o (t) Ox() + Ajo(t) Ox(t-z(t)
+ o0 (X(0) + 9y (X(E-2(1))), (4)
x(t) =o(t) te[-z,0],
Definition 2. [17] Given a positive definite matrix R, and
three positive constants T,c,, c, with ¢, <c,, and a switching

signal o (t). If
jusp {X" (s)Rx(s), X" (s)RX(s)}<c, ©)
= X (t)Rx(t)<c,,vte[0,T],
holds, then system (4) is said to be finite-time stable with
respect to(c,,c,,T,R,0).

I1l. MAIN RESULTS

We develop an event-triggered mechanism:

Jec” = mce)l” ®)
where e(t) = x(f,) — x(t), 0 <7 <1is a given event threshold
valve. { }f , Is a sequence of event-triggered instants
withf, <f,,.
designed event-triggered mechanism (6). We denote x(f,) as

The event-triggered instant is determined by the

the sampling state of the triggered instantf_, then the next
sampling instant is determined by
f, =inft> £ | |e®[ =n|x®)[>- @)
For anyt €[t ,t, ), the state feedback controller can be de-
signed as follows:
u)= Ko’(t)x(fs)’ (8)
where K, is the control gain of the ith subsystem. Suppose that

there is no Zeno behavior.

For the convenience of discussion, let
l l 1 1

NH—'

P=R?PR Z,S,—R SRR -RRR
Z = RiEZi R? & = 2in (B, 2 = 2 (B),
o = A (R, Ay = A (50, A = A (Z5).

Now, we have the following theorem.
Theorem 1. Given a positive definite matrix R, and positive
scalars c¢,,c,, T withc, <c,, the system (4) is finite-time
stable with respect to (c,,c,,T,R,o(t)) for any switching
signal o (t) with average dwell time 7, satisfying

Tinu

T,>17, = » (9)
In(4,.c,)—In(c, (4, + 74, + A, + 25)) aT
if there exist positive definite matrices I,R,,S,,Z,, ieM,
any matrices W, W, ,T,,T,;, and positive scalars

o, A, Ay Ay Ay s, 61,6, 21, Vi, | € M such that

Yl Y
Zi :|: * 222j| < 0, (10)
P <uP,,R <uR;,S <usS;, Z-S,uZ- Vi,jeM, (11)
c (A4 +7h + 74, + = /15)<ﬂlce (12)
where
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I AR I -1, R fiT (@) f, (x(©) < X" (OUU;x(0),
* 2R RA®) 0 R g (X(t=7@®)g; (x(t—7(1) <X -7V, Vix(t - 7(1)).
Zin == * 2_}33 Ty 0 | (18)
* * * R 0 It then follows from Jensen’s inequality and (14)-(18) that
* * * . -y Vi) -av, (1) < X" (O(RA () + AT ()P)X(t)
P 0_ 00 W, T, i + X" ()R A, ()Xt —7(1)) + X" (t— (1)) A} (P,
POOO 0 O x X(t) +2x" (t)P f, (x(t)) + x" ()R x(t)
X2=l0 00 0 W, T, +2x" (PG, (x(t—7(1))) - X (t—7)Rx(t —7)
0000 O O +X (1S, x(t) - (- 7)X" (t -7 (t))S, x(t - (1))
0 000 O O t-r) g

- L,O)XT (S)ZiX(S)dS—L X" (s)Z,%(s)ds

= 1 1
57 —diag(-¢,1,-<R,-25, £%,-=2,,->2,),
' 9C= o g ) —ax' (t)Px(t) —gji X" (s)dsR. Li x(s)ds
S =PAM+AT (P +R +S +W, +W, +&UU, —aR, ’
_ o rt t . .
I8 ZPA () -W, +W,) +T,,, —?J.H(t) X' (S)dSSiLf(t) x(s)ds + X" (t)Z,x(t)
57 =~ 0)8 Wy Wy +T5 T, + VTV, S22 s (opsdoz, [ [ K (s)dsdo
599 _ _2_az 2-2 -7 Jt+0 i -7 Jt+6
B + 20X (W, + X7 (E =z (O 1[X(1)
Proof. Choose the following multiple Lyapunov-Krasovskii o T
functionals: = x(t=7(1) - J.H(t) X(s)ds]+2[x (1)T,,
Vi (1) = Vg (0)+V, (0)+Vy (1), (13) X (=2 (O)T, IX(t - 7(0)) - X(t - 7)
where t-r(t) T
V, (=X )PX() - [T x()s]+ 2X ORIA BX(O)

+ A (Ox(E - 7(1) + f (x(1) + g; (x(t —2(1)))

Va0 = [ X Rx(ss + [ ()x(5)ds X1+ 04 (OUTUXO~ £ (), ()

V, (t) = j° j:m K (5)Z,%(s)dsd 6. L, (X (t— NV Xt — 7 (1)
Calculating the derivative of (13) along the trajectory of (4), —g; (x(t—7(1))g; (x(t—7(1))))
we have <ET O +WZ W +eTZITE)

Vi) —avi () <x" (O(RA ) + AT (OP)X() LS oaR ] X
+X (R A, (Xt —7(t) + X (t— (1)) A" (P, T e
x X(t) + 2x" (t)P f (x(t)) + 2x" (t)P.g(x(t - z(t))) —%J‘;m X" (s)dsS, J‘;m x(s)ds
+XT(ORX() = X" (t = )R X(t —7) + X" (t)S;x(t)

20 (0 ot g 0t o
+ X (OZ,X(E) - L— DX (t—®)SX(t—7(V)  (14) - L) e)sdoz [ ] X (s)dsdo

—ax (t)Px(t) - jt X" (5)Z,%(s)ds - ;m[e” (OW, + X (s)Z, 12, "W, £(t)
—af X (RX(s)s-a j;(t) X" (5)S,x(s)ds +zx@ds- [ UIEOT + K (92127
0t g . x[TTE() + Z,x(s)]ds,
—-a j jw X' (5)Z,%(s)dsd . 18)
For any matrices W, ,\W,,, T,;, T,; with appropriate dimensions,  where
one can get E@) =[x (1), X" (1), X" (t—7 (1)), X" (t—7), f,7 (x(1)),
2IXT (OW, + X7 (=7 (D)W,,] (15) g (x(t—z (1)), Jt X" (s)ds, Jt x" (s)ds,
t . t-7 t—7(t)
x[X@®) - xt -7 () [  X(s)ds]=0, —
T T o sz.ua X' (s)dsde]",
2[X" (OT,; + X" (t—7(t)T,] » 16 W, =W 0] ,0,0,0,0,0,0]",
) <[X(t =7 (t) - X(t—7) - L %(s)ds] = 0. T =[T7,0,T7,0,0,0,0,0,0] .
In addltllon, note that t Fi“ ]—vi12
[ Xz x(e)ds=—] K (s)Z,x(s)ds L=l oz
[ t—z(t) (17) i

0K (s)Z,%(s)ds.

t-r

From (3), one has
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P 0O O
P 0O O
rz={o o o0 o,
0000
10 0 0 0]

It OATOR EF T, P

* 2R RAM 0 PR

rdE=lx o« 3@ o3 0|
* * * -R 0
* * * * _gll
=diag(-s,| ,——R ——S Z,).

Using Schur complement, it foIIows from (10) that
L +WZ W, +7T,Z7T <0,

So, we have

V. (t) —aV, (t) <O0. (20)
Suppose that at the switching o) =i,
o(t,)=j,Vi, jeM. Itfollows from (11) and (13) that,

V({K) <V ().
When t €[t,,t,.,), multiplying (20) both sides by e *, one
has

instant t,,

eV (t) <e “aV(t).
Integrating (21) from t, tot, yields
V(1) <e“C V(L)
< ue”V (L)
< ...

< u"e“V(0),
where N represents the switching number of o (t) over [0,T].
Since N >T /,, it follows that

(21)

(22)

V() < 1% eV (0).
From (13), one has
V(1) = Ay, (P)XT (ORX(1) = X" (DRX(Y), (23)

and
V(©0) =X (Q)Px(©O) + | X (SR x(s)ds

+ ji(o) X' ()Sx(8)ds+ [ [ %7 (5)Z,X(s)dsd e
< A (PIXT (ORX(0) + 74, (S;) sup {X" (O)Rx(6) |

+ T (R)) sUP {X" (O)RX(0)}

+ 520 (Z,) sup {X(ORX(0))}

2 -7<6<0

< (4, + 74, +T,14+%45)c1.

(24)
From (22), (23) and (24), we get

" ORK( 476"V (0)
X' (1) X()<—/71

(25)
1T (A + Ty + Ty +—

4
When 4 =1, from (12), we have

V(t)

%)Cl

<

X" (D)Rx(t) < —=

(26)
e (A, + 74y + T +— ﬂqs)cl
< <C,.

A

While z > 1, from (9), we have

Tz 27)
7, Inu
Therefore, it can be obtained that

Gt A
eaT

A
2’102 -aT

X e
(A, + A, + 74, + L ﬂg)c
Based on Definition 2, the system (4) is finite-time stable with
respect to (c,,c,, T, R, o (t)). This completes the proof.

Remark 1. The lower bound of the average dwell time can be
estimated by the condition (9) in Theorem 1.
When AA, , (t) = AA,,,, (t) =0, the switched delay sys-

tem (4) can be written as follows:
X(8) = A, X(0) + Ay X(t—7(1) + T,y (X(1))
+0s0) (x(t—z(1))),
X(t) = p(t), te[-7,0].
Corollary 1. Given a positive definite matrix R, and positive
scalars c,c,,T withc, <c,, the system (29) is finite-time
stable with respect to (c,,c,,T,R,o(t)) for any switching

X" (H)Rx(t) <

(29)

signal o (t) with average dwell time 7, satisfying (9), if there
exist positive definite matrices P, R;,S;,Z,,ie M, any ma-
trices W,;,\W,;, T;;,T,;, and positive scalars o, 4,,4,,4;,4,,
A, &,&,, 421, such that (11), (12) and the following ine-
quality hold for any i, je M,

N Dl v
zi{ P }o, (30)
* 2_22

where
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Pi 0 0 0 Wli Tli
PO0OO0OO 0O 0
32=10 00 0 W, T,/
0000 0 0
0000 0 O]
52 _diag(-e,l,~ %R ,~%5,-2% 7,17, -17),
T T T T T

j}ll =BA +ATPi +R +5; + W, +W1iT +‘91UiTUi —aPb,

Sim = PlAjl _Wli +W2Ti +T1i'

2_}33 = _(1_f)si _WzTi _Wzi +T2i +T2Ti +‘92\/iTVi-

Because Theorem 1 contains uncertainties, it is incon-

venient to apply. Next, an improved result of Theorem 1 is
given.
Theorem 2. Given a positive definite matrix R, and positive
scalars c¢,,c,, T with ¢, <c,, the system (4) is finite-time
stable with respect to (c,,c,,T,R,o(t)) for any switching
signal o (t) with average dwell time 7, satisfying (9), if there
exist positive definite matrices P,R;,S,,Z;, any matrices
W, W, T,;, T,;, and positive scalars a,4,4,,4,,4,, .,
£,6,,0,,0,, 1421, such that (11), (12) and the following
inequality hold forany i, je M,

11 12
= {A* 2‘4 <0, (31)
where

AR I -, ROR

* 2B BA;, O PR B

a | * * ¥ T, 0 0
Al I -R 0 o0 [

* * * * —gl 0

* * * * * gl
00 0W, T, Ef PH 0 |

000 0O 0O O 0 PH,

2 |00 0W, T, E, O 0
A=looo00 0 0o o o]

000 O O O O 0
000 0 0 0 0 0

/11_22:(_ZRi’_zSi,_Z%Zi,_lzi’_lzi’
T T T T T

—(51 +52)71 | 1_5]_' 7_§2|)1
5}11 =PA +ATPi +R +S;, +W,; +WliT +5‘1UiTUi —-aB,
Silg =B A; —W; +W2Ti +Ty,
IF = (-8, W,y —Wy + T, + T, +6V/'V,.

Proof. From (2), the condition X, < 0in (10) can be rewritten
as

5 =5+ QRO + & F ()2 32)
+ R OP, + 0 FT ()42, <0,

where

Q! =[H'P",0,0,0,0,0,0,0,0,0,0]",
Q, =[0,HPT,0,0,0,0,0,0,0,0,0]",
@, =[E;,0,E,,0,0,0,0,0,0,0,0].
Using Lemma 1, the inequality (32) holds if
3+ 8100 + 5, 2,2, +(6,+6,)B] D, <0. (33)
Furthermore, by using Schur complement, (33) holds if
{z} R I T P,
* ~(3,+8,)"
Then, by Schur complement and (31), we can obtain (34).
Therefore, according to Theorem 1, the system (4) is fi-
nite-time stable with respect to (c,,c,, T, R, o(t)).
Under the controller (8), the closed-loop system is given
by:
X(t) = (A, (1) + B, K )X(1) + £, (X(1))
+Aio Ox(t—-z(1)+ 9o (x(t-z())
+ B, Koe(®)-
Definition 3. Given positive constants c,,c,,T withc, <c,,a
positive definite matrix R and a switching signal o (t). If the
following condition is satisfied
sup {x" (s)Rx(s), X" (s)Rx(s)}<c,
UL X (O)Rx(t)<c,, Ve[0T,
then system (1) under the event-triggered controller (8) is said
to be finite-time stabilizable with respect
to(c,,c,,T,R,o(t)).
Theorem 3. Given a positive definite matrix R, and positive
scalars ¢;,c,, T with ¢, <c,, the system (1) is finite-time
stabilizable with respect to (c,,c,,T, R, o(t)) for any switch-

(35)

ing signal o (t) with average dwell time z, satisfying (9), if
there exist positive definite matrices P, R;,S;,Z;, any ma-
trices X;,W,;;,\W,;, T;;, T,;, and positive scalars o, 4,,4,,4;, 4,,
A, &,8,,0,,0,, 4 >1,such that (11), (12) and the following
inequality hold forany i, je M,

_ {Hi @i}
A= <0, (36)

‘{fi
where
17, :HiT :(Hijk)8><8’ @. :@iT :(@ijk)sxs'
7 :WiT :(injk)sxs!
ITH=PA +A"P +R +S, +W, +W, +£UU,
—aP +B X + X,B" +27l
Hilz :AiTPi+xiBiT'Hi13:PiA1i _Wli +W2Ti +T1i'
11 = T, 12 =R 114 = R 117 = 2R,
a7 =RA 117 =P, [17 =P, [T =-T,,

Hi33 = _(l_TA)Si _WzTi _Wzi +T2i +T2Ti +52ViTVi'
Hi44 :_Ri,niss _ _51| ,Hiee :_82| ,

Hi77:_gRi’Hiss:_gsﬂsyin:_z_?zi'
T T T
22 1 3 1 44 -1
Y*5=-=2, ¥°=-=Z,, ¥."=—(6,+5,)" |,
T T
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pE=-51, ¥r==51, ¥'=-1, ¥¥=-1,
@i12:W1i1 @i13:T1i’ @iM:Ena @i15:PiHi’
O =BX], OF=RH, §"=BX],

OF =W,, 67=T,, ©*=E;, BR=PB,

and all other sub-blocks in 77,6, and ¥, are 0. Furthermore,
the controller gain is given by K, =P X[
Proof. Consider the multiple Lyapunov-Krasovskii func-

tional (13). Calculating the derivative of (13) along the tra-
jectory of (35), we have

vi (t)- av, (t) < é:T (t)(ri + TWiZiil\NiT + TTiZiilTiT )§(t)
+Xx" () (RBK; + KB P)x(t) + x" ()P,BKe(t)
+e (K] B/ Px(t)+ X" (t)PB Ke(t)
+e (K] B Px(t)+ X" (t)PB K;x(t)
+x" (1)K B Px(t)

=£T(DAL(),
where
A=A+WZ W +eT 27T

P 00O
411 412 Pl 000
4:{* 422]412_ 0 0 0 0},
0 00O
0 0 0O
711 412 jils T1| Pu ]

* * * _Ri 0
i * * * * _gll
A? = diag(-e,1,~ 2R~ s, - 2% 7)),
T T T

A =BA®+ATOP +R +S +W, + W, +5UU,
—aP +PBK, +K/B'P +251 + PBKK/B/P,
A*=AT (R +K[BP,
A% =-2P+PBKKB'P.
According to Schur complement, we get 4, <0 if and only if

4 W, T
= 1
4=|* -=Z 0 |<0.
T
* * _lzi
T

We have that A4, <0, if
6 = A +6 420, +8,"2%,62, +(6,+8,)B D, <0,

where
. Y-_ll 2'\.12
4 = * A\fwizz !

e sPoT, R
= X RA, 0 P
Y'ill — * * 2_}33 _TZi 0 ,
* * * _Ri 0
* * * * _gll |

Y*"=PA+A"P+R +S +W, +W,] +PBK K'B'P
+gU/U, —aP +PBK, +K/B'P +27l,
I;? = ATR+K[B[P.
According to Schur complement, we can get that @, <0, if

A+0762 + 6,42, @
* ~(6,+3,)7
According to Schur complement, (37) holds, if

AN
A :{ . ?’J<O’
where

T =PA +A"P +R +S, +W, +W, +gU/U,
-aP +PBK, +K,"B'P" + 251,
I1? =ATR+K'B'RT,
éi17 =RBK;,
6" =PBK,
and the other sub-blocks in 77,6, are the same as those in
11,,6,. Let X, =K'P. FromB]P. = P.B and (36), one has

fli <0.

Therefore, it follows that

V. (t) —aV, (t) <O0.
The other proofs are similar to that of Theorem 1, which are
omitted here.
Remark 2. In [8], the finite-time control was considered, but
the authors only studied the linear switched systems. In this
paper, we investigate finite-time control for uncertain non-
linear switched systems. Compared with [8], the results pre-
sented in this paper have a wider range of applications.
Remark 3. In [12], the robust control for a class of nonlinear
switched systems was investigated, but the finite-time stabi-
lization problem was not concerned. In this paper, we con-
sider the finite-time stabilization for nonlinear uncertain
switched time-delay systems and give new criteria of fi-
nite-time stabilization.
Remark 4. In [6], the finite-time stabilization problem was
investigated, but the event-triggered control was not consid-
ered. Compared with the traditional time-triggered control,
event-triggered control can effectively improve the utilization
rate of system resources by reducing the sampling update and
network communication frequency of controller. In this paper,
we solved the event-triggered finite-time stabilization prob-
lem for nonlinear uncertain switched systems with
time-varying delay.

} <0. (37)

IV. NUMERICAL EXAMPLE

Consider the nonlinear uncertain switched systems (1) with
the following parameters:
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_[-0.02 o0.01 _[-0.03 0.05 .
A= 002 013 ®*|-002 004)
{0.05 0} {—0.04 o} 25¢ 1
B = , B, = ,
0 007 0 003 Al
[003 002 _[0.04 002 -
A=l 002 008 7| 003 —005| : er
{o.oz 0.03} {0.13 0} I
E, = , E, = , 3
0 008 0.03 0.04 ;|
{—0.01 0} [—o.oz 0} '
H, = , H,= ,
0 -001 0 -005 o
gl(X(t—T(t)))2{8(0):55::((:12:22));))}, I ét1'0“ 2 16 8 20
_|0.07 sin(x, (t—z(t))) Fig. 1. The switching signal o (t).
G (x{t () = [0.07 sin(x, (t - r(t)))}
1 0.04sin(x, (t))
hx(t) = [o.o4sin(x2 (t))}’
[ 0.06sin(x, (1))
F2(x(0) = {0.0Gsin(xz (t))}'

z(t) =|0.1sint|.
Take
¢, =0.001, ¢, =4600,T =20,R=1,a=0.5,
7=05,7=0.3,7=0.1, £=1.001.
It is very easy to get

U_o.o7 0 U_0.08 0
"' o o007 2 | 0 o008/

State response

009 O 008 0
D R T N S
0 0.09 0 0.08 0 2 4 6 8 10 12 14 16 1B 2
Using Matlab LMI control Toolbox to solve inequalities ) . mete) .
(11), (12) and (36), we obtain Fig. 2. The state trajectory of the switched system.
—6.5454 —0.0375
1{ 0.1037 —5.1627] 2
8.1486  0.1770 18F 1
: {—0.0071 -11.1121}’ 6} |
and 7, >z, =1.9803. According to Theorem 3, the switched 14 1
system (1) is finite-time stabilizable with respect 12r .
to(c,,C,,T,R, o). Inthis paper, we choose the average dwell 1o eee & 066 06 GO 6 BOEE 66
time 7, =2. Fig. 1 shows the switching signal. The state 0.8 .
response of the switched system is shown in Fig. 2. Fig. 3 06 .
depicts the event-triggered instants 0al |
0.2r B

Fig. 3. Event-triggered instants: logical value is true
when an event is triggering.

V. CONCLUSION
In this paper, we have investigated the problem of finite time
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stabilization of uncertain nonlinear switched system under the
event-triggered control. An event-triggered sampling mech-
anism for nonlinear switched system with time-varying delay
and uncertainties has been proposed, and an event-triggered
controller has been designed based on the system state. The
sufficient conditions of the finite-time stabilization for un-
certain nonlinear switched system have been developed.
Finally, a numerical example has been presented to demon-
strate the effectiveness of the main results.

REFERENCES

[1] H. Lin, P. J. Antsaklis, “Stability and stabilizability of switched linear
systems: a survey of recent results,” IEEE Transactions on Automatic
Control, vol. 54, no. 2. pp. 308-322, 2009.

[2] L. Liu, Q. Zhou, H. Liang, and L. Wang, “Stability and stabilization of
nonlinear switched systems under average dwell time,” Applied
Mathematics and Computation, vol. 298, pp. 77-94, 2017.

[3] Y. Dong, T. Li, S. Mei, “Exponential stabilization and L2 gain for
uncertain switched nonlinear systems with interval time-varying de-
lay,” Mathematical Methods in the Applied Sciences, vol. 39, pp.
3836-3854, 2016.

[4] F. Gao, X. Zhu, J. Huang, et al, “Finite-time state feedback stabiliza-
tion for a class of uncertain high-order nonholonomic feedforward
systems,” Engineering Letters, vol. 27, no. 1, pp. 108-113, 2019.

[5] F. Wang, B. Chen, Y. Sun, C. Lin, “Finite time control of switched
stochastic nonlinear systems,” Fuzzy Sets and Systems, vol. 365, pp.
140-152, 2018.

[6] R.Wang, J. Xing, Z. Xiang, “Finite-time stability and stabilization of
switched nonlinear systems with asynchronous switching,” Applied
Mathematics and Computation, vol. 316, pp. 229-244, 2018.

[7] G. Chen, Y. Yang, Q. Pan, “Finite time stability analysis of switched
systems with stable and unstable subsystems,” Asian Journal of Con-
trol, vol. 16, no. 4, pp. 1224 - 1228, 2014.

[8] G. G&khan, I. U. Baser, “Finite-time control for switched Linear
Systems with Interval Time-Delay,” IFAC-Papers OnLine, vol. 51, no.
14, pp. 130-135, 2018.

[9] L. Zhang, B.Jiang, “Stability of a class of switched linear systems with
uncertainties and averaged well time switching,” International Jour-
nal of Innovative Computing, Information and Control, vol. 6, no. 2,
pp. 667 - 676, 2010.

[10] W. Shen, Z. Zeng, L. Wang, “Stability analysis for uncertain switched
neural networks with time-varying delay,” Neural Networks, vol. 83,
pp. 32-41, 2016.

[11] L. Lin, “Stabilization of LTI switched systems with input time delay,”
Engineering Letters, vol. 14, no. 2, pp. 117-123, 2007.

[12] Y. Wang, W. Hou, J. Ding, “Robust control for a class of nonlinear s
witched systems with mixed delays,” Engineering Letters, vol. 28, no
3, pp. 261-269, 2020.

[13] G. Ma, X. Liu, L. Qin, G. Wu, “Finite-time event-triggered H_, control

for switched systems with time-varying delay,” Neurocomputing, vol.
207, pp. 828 - 842, 2016.

[14] T. Liu, Z. Jiang, “Event-triggered control of nonlinear systems with
state quantization,” IEEE Transactions on Automatic Control, vol. 64,
no. 2, pp. 797-803, 2019.

[15] H. Zhang, T. Wang, H. Chen, “Event-triggered Control for Networked
Switched Fuzzy System Based on Average Dwell Time,” International
Conference on Information, Cybernetics and Computational Social
Systems, pp. 475-478, 2017.

[16] M. Luo, S. Zhong, R. Wang, W. Kang, “Robust stability analysis for
discrete-time stochastic neural networks systems with time-varying
delays,” Applied Mathematics and Computation, vol. 209, pp.
305-313, 2009.

[17] Y. Dong, W. Liu, T. Li, S. Liang, “Finite-time boundedness analysis
and H_ control for switched neutral systems with mixed time-varying
delays,” Journal of the Franklin institute, vol. 354, no. 2, pp. 787-811,
2017.

Volume 51, Issue 3: September 2021





