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Abstract : For a class of discrete uncertain system with time-delay, an output feedback variable structure control
algorithm is proposed, which does not need to full observe the system states by employing the algorithm. By studying
nonsingular tranform of the system, the diding surface is designed based on linear matrix inequality (LMI)
technique. The sufficient condition for the existence of stable diding surface is gained. In addition, the influence of
parameter uncertaintiesin systemis equivaent to exterior disturbance of time-delay system. The disturbanceisonline
estimated by usng time delay technique to cancel the effect of uncertaintiesin system. The controller is desgned by
using discrete approach law. The smulation results show the efectiveness of the proposed agorithm.
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LMI

x(k+1) =
(A+AA) x(K + (Ad +A A x(k -
T) + (B+AB)u(k,
y(k = Cx (k). (1)
:x(K) R"
y(k R

(1)

z(k+1) =

(A+AA)z(k) + (A +A Ag) z(k -

T) + B(1 +AB) u(K , (3)
y(k = Cz(K).

|:Zl(k)] ., |:A11 Alj
z(k) = , A= MAM* = ,
22 (K) Az A

Aan Adlj
Aei Ax

AAn A Alj
AAn AA
AAg A Adlj
AApcy AAe

As = MAM ! :[
AA = MAM :[

AA:s = MAAM ! :[

zn(k+1 =

(A +A An) z (K + (A +A A) 2(K) +
(Amr +A Aq) z(k-T) +

(A +A Age) 2 (k-T) , (4)
z(k+1) =

(Az +A Az1) z2(K) + (A2 +A A») 2(K) +
(A +A Ap1)z(k-T) +

(Aze +A Aw2) 22 (k-T) +

Im(1 +AB) u(k) . (5)
3
3.1
LMI
s(k)
s(k = Gy(k = GCz(K = 0. (6)
[8] , 1
2 :
s(K = GClza (k) z(k] =
[GCilz (K + [GC2]z(K). (7)
rank[ GC2] = m,z(k R",
s(k = GCz(k =0,
(k) =- [GC2] " (GC1) z (K. (8)
(8) (4) (n- m
zn(k+1) =
(Au - A (GC2) ' GC1 +A Au -
A A (GC2) 'GC1) zi (k) +
(Aas - AdlZ(G(:z)-lGC1 +
AAgr - A Aaz(GC2) *GC) z(k-T). (9
GC =1, (9
z(k+1) =

(An - A2GCi +A A - A A GC1) z1 (K) +
(Aa1 - Aa2GC1 +A Aas - A A2 GC1) z1 (k- T).
(10)
4 AAnAAL AAm AAa

A AuA AA AuiA Aw2] = DF(KW[EBE B B E].
(11)
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4
DB, B, B,E :
F(k) , [Ar Aa]'P[Ai Aa] +S<0O0. (15)
: FT (k) F(k) < 1,1 Schur . (15)
(11) (10) Q- P * *
zn(k+1) = 0 -Q * < 0. (16)
(A - A2 GCi + DF(E - EGC1)) zi (k) + AL Aa - P!
(Aar - A2 GC1 + DF(B - EGCi1)) zi(k-T). (11) , (16)

(12)
(12) G,
1 Y,D,E,
Y ,
Y+ DF(kE+ E'F(KWD" <0
FT (K F(K <1 F(K
A >0, Y+ADD' +A *E'E
<0 .
1 P,Q w,
A >0 (LM1)
(6) (10)
H- X * * .
0 - H * *
< 0.

AuX + AW Am X+ AW X *
EX+ EBW EsX+ EBW 0 -A
(13)
‘H=P!'QP', X = P"W =- GG X,X =

- X +ADD', *

k-1

v(k) = zl (K Pzi (K + zZI(a)Q21(G),

(14)

P Q .
_ [ z (K } |:Q- P O
“Tlaw-nl 7T o QJ
AL = Au - A GC: +A A - A A GGy,
Aa = At - Aaz GC1 +A Aas - A Auz GCr
v(Kk) (10)
Av(k = v(k+1) - v(k =

k

Z(k+1) Pz(k+1) + Z 71 @) Qz: @) -

k-1

z (K Pz (K - zzf(ﬂ)Qzl(O() =

721 (K ([A1 Aal’ P[AT Aa]l +9z(K.
Av(k) <0, (10)

I+ DE(WE+ EF(KWD' < 0. (17)

Q_ P * *
r = 0 - Q 1,
A - AGCi Aai - Aa2GC: - Pt
D=[0 0 D],
E=[E- BEGC: EB- EGC 0].
1 . (17) F' (k) F(K)
< | F (k) : A >
r +ADD' +A"'"E'E < 0. (18)
Q_ P * *
0 - Q * o+
Aun - AGC: Aa1 - Aa2GCi
A'EE<O, (19)
X =- P'+ADD".
Schur , (19
Q_ P * * *
0 -0 * *
Au - ALGC: Aai - AaeGC: X * <0
E - BGC E- EBGC: 0 -A
(20)
(20) diagt P, P 1,1},
H=P'QP*', X =P'W=- GG X,X =- X+
ADD', (13, 1 .0
1 (13) LMI, Matlab
W X, G,
s(K) .
3.2
(4)
z(k+1) =

(A +AA)z(K + (Ad +A Ay z(k -

T) + (B +AB)u(k =

Az(K) + Asz(k-T) + Bu(k) + &K, (21
MK
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Mk =D Az(K +A Asz(k-T) +ABu(k =
z(k+1) - Az(k) - Asz(k-T) - Bu(k. (22

qTs(K) .
(23)

s(k+1) - s(kk =-€Tsgns(k -

(6) ,(21) (23)

u(k =- (GCB) '[GCAz(K + GCAaz(k-T) +
GCP(k) - (1 - gT)s(k +& Tsgns(k)].
(24)
GCH(K) ,
Mk - 1)

Hk-1) =z(K - Az(k- 1) -
Aaz(k- 1-T) - Bu(k- 1). (25)

5
Hk- 1) MK ,
u(k) =
u(k- 1) - (GCB) '[GCAz(k) - GCAz(k- 1) +
GCA4z(k-T) - GCA4z(k-1-T) +
qTs(k) +& Tsgns(k) ]. (26)
4

z(k+1) =(A+AA)z(K + (Ad +A Ag) z(k -
T) + (B +AB) u(k).

1 0.05 - 0.0055
[O 1 0.221 ]
0 1.3846
- 0.0055 0 O
St
AA =
0 0.06sin(0.ITk) 0.03sn(0.ITK)
! 0 0 0 ]
0.01sin(0. It k) 0 0
0 0 0
AAd:[0.0SS'n(O.]Tk) 0 0
0 0 0.06sn(0.1Tk

0
B = ,AB = 0
0.04sn(0. ITK

1 - 0.05 - 0.0055
An = , Az = f
0 1 0.221

- 0.0055 O
Ag1 = 0 , Adz = )

1 0 .
D :[O ]] , F(K = 9n(0.1TK ,

5 _[o 0.06‘1 _[0.0053]
“lo o L oo

SE P
SR

LMI , G=[1.627 1]. T =
1,x(0) =[0.111]7,9= 10§ =0.5,T=0.1,

k =10 5 Matlab
72,2,z  u(k , 1
2
lte— >
_ -17’\2'
CA N
-3 i
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1 21,22,23
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