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Siding mode tracking control for a kind of discrete-time sysems
with time-delay and distur bance
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Abstract: Tracking control strategy is proposed based on diding mode for a kind of discrete systems with time-delay
and disturbance and the structure of the disturbance is known. By consdering the switching function as the output of
the system, the diding mode reaching problem is converted to a tracking problem for the ideal control system. Based
oninternal model principle, a state-feedback control law is designed based on the union system constituted by the error
system and the disturbance signal model , and the disturbance reection is realized. Therefore, the state of the origina
system can track the state of ideal system. The chattering is avoided for the state of the system on switching plane.
Finally , a numerical example for the smulation shows the feasbility of the desgn method.

Key words: Discrete system; Time-delay; Siding mode; Tracking control ; Internal mode principle

1 1 1
19 70 , , : [9]
30 , ,
(a1 ( ),
' [10,11]
’ ) (12]
[1] y
[58] ,
1 2007-05-25; 1 2007-10-24.
(60674020) ; (2006 Gl11) .

(19819, , , , ; (19569,



875

x(k+1) =

AXx(K + Asz(k- i) + Bu(k + B (K) .

(1)
x(k R u(k  R™
W (K R
;A B AL ,B,Bs
B Bo
R™™, B. = BD;h
x(0) = Xo, x(i) =0,i <0.
vik+1) =Tv(K,
wW(k) = Wv(K).
vk R*w R™ T

det(B1) # 0, B =

B
|: Bj ,B1 R™™ Ba R mxm (D)

Tx (K ,

Im 0
T= o .
- B2B: In
B

Ax (K + _ZALx(k- i) + Bu(k) + Bw (K , (2)

A= TAT', AL = TALT ',

I

ARl

z(k = (xX"(W x"(k-1)  x"(k- 0",

(2) :
z(k+1) = Gz(k) + Hu(k + H& (K. (3)

A A ARt AT
In O 0 0
G=| 0 I 0 0
L0 O In 0-
B Bw
s 0 H = 0
0
1 (3
(2) :
L yapunov z(K
x(K) .0
4
4.1

G121 (K + G2z (K + Biu(K) ,
Guzi (k) + Gz (K.

z(k+ 1)
z(k+ 1)
(4

[zl(k)] [Gn Glj
z(k) = , G= ,
72 (K) G &

z(k R™, 2K R™"™ G;@i,j=1,2

s(kl = Cz(K = z(K + Gz (K, (5)
s(kk =0
{Zz(k+1) = (G- @2,
zn(k) =- Gz(K.
G
(G2, Ga)
C, Co =G - Gl .
1 Go , Q,
GoXGo - X =- Q
X.
s(k+1) =0,
W (K =- (CH) 'CGz(K , @)
s(k #0, (7)

s(k+1) = 0.



876 23

4.2 e(k = z(K - za(K ,
y(K) = s(k) - sa(K),

u(k) = ur (K + ug (K,
2 : (4) e(k+1) = G(K + Hur (K + H(K ,
a . (9)
. y(k) = Ce(k).
Q=0 nQ,, Q1 ={s(k] Is(k Il <e}, u(k) s(K)
Q. ={z(®| 12K I Azt )\j”‘ b,
Al = miin{)\i(Q)} Az = mf'iX{l)\i(GzTo PGa) |}, , y(k)
As :miax{“\i(GQTlPGzl)H, Z o
P GhXGw- X=-0Q .Q ) 5
£ SR ’ ' :
s(k = Cz(k Ns(KI <t
(4) 2(K  s(K '
P (Ka D) = oz () + Gus() xe(K+1) = Acxc(K) + Bey (K . (10)
] S(k) I <eg. Ac Rmxm, B. Rﬂxm’BT — [0 1]’
L yapunov r B
V(K = z2(k Pz2 (K, { _ ] [ . J
Ac = . ,Bc = . .
r
AV(K =V(k+1) - V(K = 3
2 (K (& PG - P)z2(K + z (K & PGas(k) +
s"(K) G PGoz (K) + s" (K Gh PGaus(k) < ' 1
Al 2R U2+ 020 1s(k) I+
Aall s(k 112 <
Ml zWI2+A£ ]l 2(K I +A£2 < 0.
Iz (k) I >M¥§\jme,
Q, !
Q. 0O ’
gi;(Z) GQ(Z)
2 S(k) y ¥ > 0, k - G(Z) = 1+ Gc(Z) Gp(Z) ’
o lz(k I <rt )\2”‘
! ~ _ G (2)
G2 = Gu(2 1+ G(2G(2°
4.3 G(2 Gu(2) , G(2)
G(2)
. gd
, : Xxe(k+1) = Acxc(k) + Bey (K ,
{Zd(k+l) = Gzq(k) + Hue (K) , ) W = - Kexe(K).
sa(K = Cza(K) .

k =- Kie(k).



877

Xe(k+ 1) = Acxc(K + Bey(K) ,

e(k+1) = G(k + Hur (k) + H®(K ,

e(k+1) = Ge(K + Hur(k) + H(K),
Xc(k+ 1) = Acxc(k) + BcCe(K) .
(11)
ur (K)
ur (k) =- Kie(k) - Kexc(K) .
F' =[H" O]R =[Hs O],

[e(k)] [ } O]
(kK = . E= :
Xe (K B.C A

(11)
O(k+1) = B(K + Fur(k + Rw(K . (12
4% (E,P
(12) u(k =- Wk =-
Kexe (k) . K

Kie(k) -

1 (Gz2,Gu) (E,P
U(k) = g (K + ur (K , )]

(2 . O

[1.2 0.5J [0.5 o.ﬂ
A = , An = ,
0.7 - 0. 0.3 0.

B =  Bo =[1 0]7,

Ac=1,Bc=1, h=1.
x(0) = [1 - 0.5]".
(0.3,-0.3,0.1),
C=[1 - 2275 0.593 0.228].
G =1 2.275], G« = [0.593
0.228], (0.5,0.4,0.3,

-0.2,-0.9,

K=1[0.7 1.509 0.143 0.11 0.431].
Ki =[0.7 1.509], Ko =[0.143 0.11],
Ke = 0.431,
u(k) =- Kix(K - Kox(k- 1) - Kexe(k) -
(Ki + GA + Ca) Xa(K) -
(Ko + G Ag) Xa(k- 1).
3 6
u(k)
3.5

2.5

X Xy

1.5

0.5

1.2

0.8

Sq

0.4

t/s

0 10 20 30 40 50
point



878

23

( References)

[1] Welbing Gao, Yufu Wang, Abdolah Homaifa. Discrete

time variable structure control systems[J]. |EEE Trans

on Industrial Blectronics, 1995, 42(2) : 117-122.
[2] . [M].

, 1996.

(Gao W B. The theory and design methods of variable

structure control[ M]. Beijing: Science Press, 1996.)
[3] , , .
[J]. , 2006, 21(8) : 941-
945.
(LuJ N, Zhang Y H, Zhao G Z. Memoryless state
feedback stabilization for discrete switched systems with
time delay[J]. Control and Decision, 2006 , 21(8) : 941-
945.)

nonlinear systems [J]. Int J of Robust Nonlinear
Control , 2007 ,17(9) : 803-828.

[71 , , :

[J1. , 2003, 37(1) : 108-110.
(Sheng Y, Wang C, Chen J B. Variable structure
control based on modified exponential approach law for
structure control [J]. J of Xi’ an Jiaotong Universty,
2003, 37(1) : 108-110.)

[8] . [3].

, 2004, 19(11) : 1267-1270.
(Li W L. Reaching law of discretetime variable
structure control systems[J]. Control and Decison,
2004, 19(11) : 1267-1270.)

[9] Chih-Chiang Cheng, Ming-HsungLin, JiaaMing Hsao.
Siding mode controllers design for linear discrete-time
systems with matching perturbations[J]. Automatica,
2000, 36(11) : 1205-1211.

[10] Xinka Chen. Adaptive diding mode control for discrete
time multi-input  multi-output [J].
Automatica, 2006, 42(5) : 427-435.

[11] Shengyuan Xua, James Lamb, Chengwu Yang.

systems

Quadratic stability and stabilization of uncertain linear
discrete-time systems with state delay[J]. Systems &
Control Letters, 2001, 43(1) : 77-84.

[4] , , . [M]. [12] : : :
: , 2004. [J1. , 2002, 28 (4) :
(GO CC, Yuan F S, Xiao H M. Timedelay variable 625 630.
structure control system[ M]. Beijing: Science Press, (zhang X Z, Deng ZM, Geo C C. Quas-sliding mode
2004.) V SCfor discrete linear constant system with time delay
[5] Xiao Yanhong, Zhou Jinglin, Ge Zhaoyan, et a. The [J]. Acta Automatic Snica, 2002, 28(4) : 625630.)
reaching law for variable structure control of discrete [13] ) [M]. : '
time system based on attenuating control [J]. Control 2002.
Theory and Application , 2002 , 19(3) : 450-452. (Zheng D Z. Linear system theory [M]. Beijing:
[6] Veluvolu K C, Soh Y C, Cao W. Robust discrete-time Tsinghua University Press, 2002.)
nonlinear diding mode state estimation of uncertain
( 873 )
[14] ) [M]. [3]. , 1997, 24(2) : 25
, 1997 : 96-99. 32.
(Lu Q S. Fundamentals of modern mathematics[ M ]. (Li HJ, Qin Y S, Xu Y M. Data reconciliation and
Beijng: Bejing Univerdty of Aeronautics and gross error detection in chemical process[J]. Control

Astronautics Press, 1997: 96-99.)
[15] , ,

and Instruments in Chemical Industry, 1997, 24 (2) :
2532.)



