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Asymptotic stability for a class of nonlinear systems with state time-delay
based on sampled-data controller
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Abstract: This paper studies the problem of asymptotic stability for a class of nonlinear systems with state time-delay
by using sampled-data control method. The key technology to solve this problem is the dispose of time-delay, as well as
the error estimate of state growth which is resulted by using sampled-data methods. Since the time delay is a constant,
it can be divided into several intervals which have the same length as the sampling period. Based on this division, a
mathematical induction approach is proposed to estimate the state growth. A scaling gain is introduced by coordinate
transformation to deal with the nonlinear terms of the system, and then the state observer and controller are designed,
which contain the scaling gain via the sampled-data control method. Combined with the Lyapunov functional method
of nonlinear time-delay systems, the stability of the closed-loop system is analyzed, and finally the appropriate scaling
gain and sampling period are determined to guarantee the asymptotic stability of the closed-loop system. The numerical
example verifies the availability of the method and the obtained results.
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R A
HQZT(t)P g H<(261+62>Amax(P)|lZ(t>ll2+

e Amax (P Z(t:)|1%, (62)
Forb Xax (P) NEERE P BB R RFAEAE.
xF 2 (60) A3 Z(t) — Z(t) AT A 1. %+ T
0<t<7MT =7/N,N > 1,5 (58),(61)FMH
1Z@)] < dul|Z(@)] + do || Z ()| + dsl| 6(0)]],
B i Y

-

A
0

0 _
A | +a
dz = L(IA| + V2| K[), ds = &,
UL A2 51 B8 1 46 . o 51 B8 | R 7 B B () 678
12(t) = Z(t)ll < S(T)(1Z(t) = 2l + 12,
Vit € [tk,tk+1). (63)

X T AE R S I I 35 B e, 24 T F590 MK, 6(T) < e.
FNe)

1ZONZ@) = Z (&) <

2L (P) | i i+ | 2 lio1)-
2O, ¥ i) )

Fi5(62) #11(65) A (60), 7
V(Z() < = [L— (28 + 2+ 2L(V2K] + A}
2 ) as(P) = A @) 120
ain(Q) = e P Z (8],
Vt € [tg,try1), (66)
S A (Q) 1 A (Q) 4 B4 Q BRI/
fIEAR. 8 B HUE 2 1 P AT Q, 7T LA B A\in (Q) —

EZAmax(P) > 0. iﬁﬁliﬁ%’lﬂ‘]iﬂ,ﬁi@f
1

o(T . 67
D < AE e 11
FSJieE]
V(Z(t) < — (L - %L — (261 + &) Amax(P)—
Max(@)) 1212 (68)

EHMT = 7/N R, 06T 2R, B
L>max{1,2(2¢1 +& ) max(P)+ 2 max (Q)}.  (69)
H = (68) f1(69) AT %1, % Tk = 0,1,...,N — 1,
HZ(ty) # 0,Z(t, — 1) # 0,MV(Z(t)) < 0,¥t €
[thyther). FHIRIEV(Z(tyr)) < VI(Z(ty)). FH5E
EHV(Z(t)) Emi%@é‘r%ﬂ] V(Z(t)) < OFT &1, % FAE
FFEAL{t} €[22 4 ) BV (Z(8) < 0
BUBI T FP 8 {tn} C {tn},jlifgo tin = thr1, WA
{t]n} - |:tk +2tk+1atkt+1>a
Vz(t) >V (2(E)) > VZ).
X i AN 2 3P v [R B B PR, PT AR V (Z (te1)) <
V(Z(tx)).
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F4 X (63)~ (68) ZTEXH T € [0,7) L3 EI
iR vt € [r,27), IR PSR T 1 8] X 8] [0, 7)
R R A W R, T X AN R A WS SR T D 46 %
£ (0). t T p(0) i 2 A B 1 H 1 2% A (5), R e 47
x(t),Vt € [0, 7)) 2 [|[z(t)|| < m*||z(7)|, XEm* >
LR M 4518 (63) ~ (68) fERT [A] X [A] ¢ € [1,27) I

FH 51 BE 3 A2 () B St vl

z(@®)] < Cnv(m)[|=(7)]], vt € [0,7),  (70)

FFE BB 1 RS54 (5), Rt 52 3K (63) ~ (68) it
2. 3% B 464 (70) P 2o (4) SRV 1 ¢(0) S

HA (63) ~ (68), \T 24t € [r,27) I, V(Z(1))
< 0. FIFGEHEER V(Z(t) < 0,Vt € [ir, (i + 1)7),
i=0,1,.. ,BIV(Z(t)) < 09t € [tg,tpsr) k = 0,1,
ooy N=1,N,N+1,... [’k RS 1 FERFE i H S
EHIEE Q) EH T 22 REiTizoE 1.

3 HEBIT
RSN T 2 HEAR NI i R G
Z1(t) = 22(t) + 0.2sinx1(t) + 0.5 cos 1 ()1 (t — 7),

Zo(t) = u(t) + 0.3sinz (¢)x1(t) + 0.5x2(¢)+
0.2z1(t — 7) + 0.4ao(t — 7),
y(t) = z1(t), z(0) = ¢(0),0 € [-7,0]. (71)
AT LLBSUE R4 (T W 2 RiE 1. FIHUEMVE € [t,
b1, RFEFEH 4%
21(t) = Lao(t) + L (21 () — 21(1)),
Zo(t) = Lo(tg) + Laa(z1(tr) — 21(1)),
v(tg) = —k121(t) — koZa(ty) (72)
AT LAA JRHE RS (T 08B T = 18,\ = 3, A2 = 6,
ki, = 35,ky = 5L = 3,N = 50, KFEIAIFEA
T =0.028. % T —1 < ¢ < 0, ¥JIR R EHUN
[xl(t)] B ll.?cost] [fcl(t) B l0.5cost]
x2(t) —1.5cost| |Za(t) 0.6cost |
(73)
P R 1 ~ B3 pos. B 1R 2 A RAS

1.5

0.5

state

-0.5¢

-1.5
0

t/s

Bl 1 RS2 () F0 21 (¢) BIME R Lk

JS2 () A1 (t), B 3 D RS 2% (t) B, 117 FL 45
R, AR LA R e (T1) FERAEAE ) 45 (72) 1 H
AL E .

[0}
s
0 1 2 3 4 5 6
t/s
2 R o (t) T2 (t) BINE R HRLE
60
5 20}
E
=
S -20
,60 L
o0 1 2 3 4 5 6
t/s
B3 REEFEHIES u BIEE
4 & ®

2 3 F) F Lyapunov-Krasovskii 12 B 5 72 A1 K B
FHITTER L T — RS A WA IEL M RS0
4 JR) AT AR S R L I i R R 4 R SRR TR R A A
I K FE AR 00 B ) X ], I T e 1 3 25
BT L AT G 25 SR s s ) 2, s 0
A HE 24 1R A 3G 2 ASRAT: (8] B, £S5 15 PRI 22 4 A
T AT .
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