Jan. 2012

2012 1
29 1 Journal of Chongqing Normal University Natural Science Vol.29 No. 1
DOI 10.3969/]. ISSN. 1672-6693.2012.01. 010
*
236037
Gxt t Fxt-71t T 07t <h
u=-Mi, t +u,
S =-Kx, +x, =0 2% ¢t TP, || x t -
Tt ot <2x t TPx, t-71 Lyapunov 14 —
2 <0
0231.2 A 1672-6693 2012 01-0056-05
Sliding mode control
15
25
1
2
2
2
LMI
1
[Exz:Axt+Adxt—7t +But +Gxt t +Fxt-71t t |
xt =¢t
rank E =r <n A A, B @t T ¢
07t <shGuxt t Fxt-11t ¢
b 6 VieR"
G xt ¢t | <dbxt t [[Fxt-1t ¢ | <Sxt-711t 2
VieR" ¢ 0t =60t =0
® 2011-06-20 2011-09-12 2012-01-15 18 09 00

No. TS11496

http //www. cnki. net/kems/detail /50. 1165. N. 20120115. 1809.201201. 56_010. html



57

1
2

n—-m X n-m mxm
Ay Ay e R B, eR B,

Adl2 K

A, A

B,

2

12

VAeRdet AE-A #0
rank £ B =n B
EAA, B
I, O
(0 E,

Lyapunov

T A, +A,K + A, +A,K "T =-1-

E AB

E A B rank AE - A

P — (]nm _BIBZ_I)
0 1

D In—m
PB = (
0

I

1

A]l
A21

- Ble_l

AIZ) (Adll
A22 Alel

All AIZ

rank E B =rank PE PB = rank ( -

PEQ = ( ) PAQ = ( j‘z) PAQ = (

E,, Ay = A, —E, A, A,

rank AE - A B = rank APEQ - PAQ PB = rank (

Ar]lz

d22

W= W, W, W e

= A,

E21A12 A

Ale

) (5

K A, +A, K

Adll +Adl2K ! Adll +Ad12K

PQ

=nrank EB =n B

Rm>< n—m W2 c Rmxm,

o A

—E, A, A, = Ay,
AL, —A,
- A, AL, - Ay

Adll Ad12 )
Ad2| AJZZ

Ay Adlz) PB = (0 )
A B,

- E21Ad12

)
B,

Ad]l +



58 http //www. cqnuj. cn

rank A/

n—-m

-A, A, =n-m 8 PBH A, A,

-A, A, +m=n
rank A/

n-m

1 1

t = Aux, t +Apx, t +Ayx, t—-T7t +Apx, t-7t +PFxt-71t

(K31
EElxzt =Ayx, t +Aux, ¢ +Apx, t-Tt +Apx, t-T7t +B, u+Gxt t 4+
g
H P,F xt-71 t

t =t VYVite -hO

S =-Kx, +x, =0 %, = Kx,

%, = Kx, 5
%, ¢t = A, +KA, %, ¢t + Ay +KAy, x, t-7t +PFxi-71t 1
5 E, M E, + M|#0 5
u=-Mi, t +u,
8 5
E, +BM i, t =A%, t +Apx, t +Apx, t -7 1 +

Ap¥, t -7t +B,Gxt t +P,F xt-7t ¢t +Bu,
N= E +BM "' 9 N
X, t = NAyx, t +NAyx, t + NApx, t —7 ¢t +NApx, t -7t +
NB,G xt t +NP,F xt-71t t +NB,u,
6 S = - Kx, +x,
u, =-B;'"N"' NA, -KA,, », t + NA, —KA, », t + NA, -KA, x
x, t—7t + NAp — KAy, 2, t—-7t + NP, -KP, F+m

5 6 12
1 12 m  m= |N| |Blldxt t +8 B >0
8 12 1 S=-Ky +x, =0
5 10 11
S=-KAyx, t +Apx, t +Ayx, t—-7t +Apx, t-17t +PFxt-7t¢t t +

NAyx, t +NApxy, t +NApxy t -7t +NApx, t -7 1 +
NB,G xt t +NP,F xt-7t¢t t +NBu, =
NA,, —KA,, x, t + NA,, - KA, x, t + NA, —-KA,, x, t—-17t +
NAp — KAy, v, t-=7¢t +NB,Gx ¢t t + NP,-KP, Fxt-7v1t¢t t +NBu,
12
S=NB,G xt t -m< |[N||Bllg xt t —-m<-p

S'S<-BISI
g 12 1 6



2 12 1
2% ¢t TP, |6 x t =7t t <2x t TP, t—71
P, 17 3 R <0 #Z
7 8 12 1
Lyapunov
V:xthTx]t+f x, s Ry, s ds R >0 13
r TA11+A12K + A11+A12K TTz_[_ A(11|+Ad12KTAJn+Ad|2K
V 7
V=2t Ti, t +x{ t Re, t — 1 =71 x t-71t Ry, t-71 =

2, t T A, +KA, x, t + A, +KA,, x, t-7t +PFxt-71 1t +
x, t Re, t — 1-71¢t x t-7t Ry, t-71 <
x t T A, +KA, + A, +KA, "T x, ¢+ +2x t T Ay, +KA,, x, t =7 ¢ +
2x] t TP,F x t -7 t t +x, t Ry, t —x t-71t Rx, t-71
20, t TP.F x t =71t ¢t <2« ¢t TP, | |Fat-71t 1t | <

2% ¢t TP, |6 x t =7t t <2x, t TPx, t -7t

14 7 V<n'An
5:(”1 :2) 5, =T A, +A,K + A, +A4,K "T+R
* A,
Z, =T P +A,, +ApK Hy=-Rnm=col 5, t x t-71t
=<0 7
3
1
i 0 0g 1 1 0g 02 0 3
E:’lct = gct +|:|— @t— 13 +
S) 103 g) 103 ol agit-T
b o oU b o 11U U1 1 ob
ol O
U 8wt +6xt ¢t +Fxt-r11t t
O 0
U0

—2x -7t

|G xt ¢t | <xte™ |Fxt-rt ¢ | <3 t-71t e

o b e (D) [
Xyt = x, t + X, t + X, t-T7 1t + X t-7t +F xt-711 t

0 1 -1 -2 2 1
O=x,¢ +(1 QO t-7t - u+Gxt t +F,xt—-7171t 1
Xy, t 1 1
F,=PFF,=P,Fx t = K=(2 & A11+A12K=( ) o A,
X 1 -12 -7



60 Journal of Chongqging Normal University Natural Science  http //www. cqnuj. cn Vol. 29 No. 1

M=-1 1

49 32
+A4,K CC Apy +A K = ( )

10 10

Xl

u=4a,1t —12x, t —-20x, ¢t +9x, t +5x, t -7 —-16x, t -7 —-56x, t -7 +xt e " +

-2xy t-T -2xqy t-T —2xyp t-T

9% t -7 e —124}, t -7 e —2005, t -7 e +m

1 Yan X G Spurgeon S K Edwards C. On discontinuous static output feedback control for linear systems with nonlinear disturances
J . Systems and Control Letters 2009 58 314-319.

2 . J. 2004 22 2 159-162.

3 Gouaisbaut F Dambrine M Prichard J P. Robust control of delay systems a sliding mode control design via LMI ] . Systems and
Control Letters 2002 46 219-230.

4 Chan M L Tao C W Lee T T. Sliding mode controller for linear systems with mismatched time-varing uncertainties J . Journal of
The Franklin Institute 2000 337 105-115.

5 Roh Y H OhJ H. Robust stabilization of uncertain input-delay systems by sliding mode control with delay compensation J . Tech-
nical Communique 1999 35 1861-1865.

6 Dai L L. Singular Control Systems M . Berlin Heidellberg Springer-Verlag 1989.

7 . J. 1985 2 2 82-91.

8 . M . 2002.

Sliding Mode Control for Time-Delay Degenerate Systems with Nonlinear Perturbations

FANG Yuan
School of Mathematics and Computational Science Fuyang Teachers College Fuyang Anhui 236037 China

Abstract This paper discusses sliding mode control for degenerate time lag systems. It’s different from other article that systems in this
paper with both matched and mismatched nonlinear disturbances G x ¢t ¢ and F x t—7 ¢ ¢ which contain delay 7 ¢ 0<r

t <h. Based on strong controllable degenerate systems equivalent transformation the system is transformed to an equivalent form.
After that valid controller u = —Mx, ¢ +u, drives system to the sliding surface S = - Kx, +x, =0 and maintains motion on it quick-
ly. Atlast under the condition 2 ||} ¢ TP, |6 x t—-7 ¢t ¢ <2x, t TP,x, t—7 t and via Lyapunov functions V. we ob-
tained sufficient conditions of stabilization which LMI 5 <0. Numerical examples demonstrate the efficiency of the result in this arti-
cle.

Key words degenerate time lag system matched mismatched sliding mode control stabilization



