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Robust absolute stability of interval discrete-time Lurie systems
SUN Ji-tao, ZHANG Yin-ping
(Institute of Mathematics, Tongji University, Shanghai 200331, China)
Abstract: The problem of robust absolute stability for interval discrete-time Lurie systems containing an arbitrary number

of monotonic sector bounded memoryless time-invariant non-linearities is researched by Lyapunov function, an algebraic suffi-
cient condition with interval matrix inequlity form is obtained for the interval discrete-time Lurie system, and relationship be-
tween the stability of interval symmetry matrix and this criterion is established.

Key words: interval discrete-time Lurie system; robust absolute stability; interval matrix; Lyapunov function

1 5|5 (Introduction)

75 A3 E ST, Lude BB REN B EHE
MEZB THEZENIEENENR, FXFHH#ITT
FEHPRE, M FERHBEHREHEBBINTFE
B RN MEREE T LA REEREE
DIERHERAGERLE - EWAHEE, MERTRE
BEAFRSBAHEN, B FTAHRERATED
BatE, BAX[6 ~ 111118 T #E L KX [8] Lurie &4%
HESHEREXTRENE, BEMEX, BIIXTR
/8] Lurie = R LW B 4 X B EHERIEH R
A&,

B, X[RIMEERERE W EEEHE
Lurie BV 3 H R AR BT R EHHIT TR, F 4 H
TRUMEBASERAE. AT, B BF8ERS BE
%of X [B] B B Lurie & 450 B E XTI E R . &
X Lyapunov EREUMIER B A SR FE, ART
X[ RIEMrWASRARERHNEZLEREXEE
# Lurie BliEH REN B ELEXTIREN, A TERE
AERMRBHIE, H S KB FRIERFREL THRR.
2 X6 EH 2 %A 8R4 XY #8 E 1 (Robust

* YHEEH9:1999 — 11 - 04; W45 R H 39 : 2000 - 10 - 30.

absolute stability of discrete-time system)

x 8 X B B B AE LK ¥ Lurie R
{x(i +1) = N[A,A]x(i) - N[B,B]1o(y(i)),

y(i) = N[C,C1x(i).
(1)

XH N[A,A],N[B,B]FIN[C,C]%5R nxn,
nxm,mxnBXEERE,NAA] RBREWXE
B, H oy (i) B y(D) B AR, 6(y(0)) =
[D,(51(i)), Pa(y2(i)),, Pulyn (D], B, - )
BENNAZESBRESYIELET, B §(-) BA
TR R R TE R

®.( _
@,(0) = 0,0 < 2 o) <8, %o %0, (2)
. (g,) - O,(0,)
0< V-9 22, %t o) = 02, (3)

o1 — 02

ST(y(iNIA D (y(i)) - y(i)} < 0.  (4)
XE,RITE 27(G) = [2() 1T, 7)) = [8(D)]7,A
= diag(31,,8n). & (2), (3) M (4) AT 18

5, (i)
0< Io ®;(s)do, (5)
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y.(i+1)
j'(  8(0)o< GO+ D) (50 + D-3(i), (6)

(5 (i+ 1)) (53¢ +2)- y,(z+1>><j " 2,(a)d,
7

yli) _
OsjcJ {Sja—Qj(a)}da. (8)

SIMLEM A € N[A,A],B € N[B,B],C €
NC.Cl, RINEEEBES
{x(i +1) = Ax(i) - BOy(i)), 9)
y(i) = Cx(i).

EX EXMNEELEN A€ NAA)L,BE
N[B,B],Cc € N[C,C) MW RERK () ~ (4) B
O(-), RGE(9) R BT E &Y, W Fr X 8] B BL Lurie
RE()RBBREXEEN.

A

Ao = A+ (1 -2)A,

Bo = A, B+ (1-24,)B,
Co=A3C+ (1-23)C,

A € [0,1], i = 1,2,3,

AA = A - Ay, AB = B - By,
AC = C - Cp,

. rdo O] , B
io= g ol =10
Co 0 0

AA O AB
’ A Ba = [ ] ’
AC O 0

Mt E®M A € N[A4,A],B € N[B,B],C €
N[C,C], R (DMTUENR
{x(i+l)=(Ao+AA)x(i)—(Bo+AB)§D(y(i)),
y(i) = (Co + AC)x(i).

.

(10)

we e = [T 15(10) 7T LU

E(i+l) = (/ia+AA )5( )= (B, +AB)D(y(i+1)),
it}

x(z+l) ] P

y(i +1) =
[Co+AC,018(i),y(i +1) - y(i) =
[Co+ AC, - T]e(i). (11)

EFEER P, > 0,K* = diag(k{ >, k) =0
M K~ = diag(ki, ", k) = 0, MEBKMH(2),4),
(5),(8)H , %40 T XA Lyapunov &

V(i) =

ET(i)P£CI) + 22 Zm) DTy, (D) 1y (1) -

1=0 j=1

_ m y (i)
S7(y (D)) + 220k ) @laddo +

m (i+l)
2> k;j: (3,0 - &,(c))da.
j=1

V()= 0BR VG)X(T &G) RREAXRM . Z@
I B 2 43

AV(i) =

V(i+1) - V(i) =

ET(i + DPE(i + 1) - E"(i)PE(I) +

2Zm) k;j”z:”qﬁ,-(a)da . 2Zm] k;j”(”z)
20(y(i + ) {y(i+1) - A 1@(y(L+1))l+
y(1+2)
ZZk J‘y(H) i
EHEQ(G) 5x(7)ar
m yj(i+1)
2§k"jyj(i)
ZZM: k}

221: JY( s D;(c)do =

¢](U)da +
cdo.

®;(o)de <

Gi(y5 (i + 1))(5(i +1) - 5,(i)), (12)

2Zkf¢j(JVj(i + D)y +2) - (i + 1)).

(13)
i)

221:[

¥+ K™ Ay (i42) T (i+ DK™ Ay (i+1) =
ET(i+1)[ Co+AC, 01K~ Al Co+AC,0]8(i+1) -
GT(l)[CO + AC,O]TK— Z[ CO + AC,O_]&(I),

3
AV(i) <

ET(i + DPE(i +1) - £7(i)P£L(i) +
22 k(i + D)o+ 1) = 5;(2)) -

7{i+2) _

0jodo =
7 (i+1)

22'") 05+ D) (3(i 4 2) = (i + 1)) +

2®T(y(z+l)){y(l+l)— Ty (i + 1)}
prg::y

P, = 13,, + [Co + AC,O]TK— Z[Co + AC,0].
XtE R (11) 5

y(i+1) - y(@i) =
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[Co+ AC, — T]E(i),y(i +2) —y(i+ 1) =
[Co+ AC, - I]E(i + 1),
i3
AV(i) <
ETCi) (A, + AA,)TP, (A, + AA,) - P1EG) -
DT(y(i+1))(B,+AB,) P, (A, +AA,) E(i) -
ET(i)(Aa+ AA)TP (B, + AB)D(y(i + 1)) +
OT(y(i + 1))(B,+AB,) P, (B, +AB,)D(y(i +
1))-20"(y(i+ 1)K~ [Co + AC, - T1{(A, +
AA)EC) — (B, + AB)®(y(i + 1)} +
20T(y(i + 1))K* [Co +
AC, — 116(i) + 20" (y(i + D[ Co +
AC,0]16(i) - A'd(y(i + 1))} =

£(i) T £(i)
Oy (i + 1))] [LMI][cp(y(i A
& LR, RITE .

EBE 1 WREEERE P, > 0,K* = diag(kf,
k) = 0,K = diag(ki, ", k7)) = 0,4; € [o,

1],i = 1,2,3, {#18
[LMI] = [X“ X;‘] <0,
Xy Xz
| X 6] B # Lurie R4 () BRBLEXTRE .
XE
X = (A, + AA)TP (A, + AA)T - P,
Xy =- (B, + AB,)P,(A, + AA,) +
K*[Co+AC, - I] - K [Cy +
AC, - T1(A, + AA,) + [ Co + AC,0],
X» = (B, + AB,)"P,(B, + AB,) +
(B, + AB,)"[ Co + AC, - T]"K™ +
K- [Co+AC, - I](B, + AB,) - 2A7,
P, = P, +[Co+AC,0]"K- A[Cy + AC,0].
F WREZS (1) NAA]NB,B]
Nl C,Cl AR mMEREN, HE®E 1 o7& 3x[12] $
E 2.1 HEE[LMI] 2 X E X FRERE, AT d 3
[13]9F &SR, X (8 X PR 58 B
L[P,Q] =
{A = (aglnxn | Py < @45 < gy aj = G
i,j=12,,n,P = (Pij)nxnsQ = (qij)nxn}
RENKTERGERHWAERE V[P,Q] = 14 =
(aidnxn § a5 = pjBay = gy,a; = a;,i,j = 1,2,

=, nl BRE.

ERVEC X
EHE2 WREE P, > 0,K = diag(kt, -,
k) = 0,K™ = diag(ki, ", kn) = 0, 1%
[LVLM] = [{(” ’fg‘] <0,
Xy Xp
W X B B Lurie R (1) B BEAXNIEE.
XE
X, = ATP,A - P_,
Xy=-B"P,A+K*[C, -I]-K-[C, -T]A+[C,0],
X»=B"PB+B"[C, -IlK-+K~ [C, -I]B-2A"1,
P, =P, +[C,0]"k~ A[ C,0],
A= (aij)nxnf B = (bij)nxm’ C = (Cij)mxns
ay = a; Ray, by = by by, cy = ¢; ey

M E
BTt [ET D] M BE,E D - ETM'E

M E -
suEnt, | o | wIUE. @ FRG) = N4,A]

B, N BB AYH Lyapunov 7 72 Bl HIFFTE IEE
KERE P, #15X, e, ATTA

EE3 MESH(DP NAAIRE, BFELE
EF&E P, > 0,K*= diag(ki, ", k%) = 0,K =
diag( ki, ", k7)) = 0, 18 K A X FREHE Xp -
X X' XT3, ARE, W X 18] B9 8 Lurie 7 46 ( )& 4aXf
BE . XE X, Xy, Xy INEE 2 FEE.
3 4518 (Conclusion)

A3 Lyapunov 5 $0# — 26 X 18] B 8 Lurie &
GHEHELITRENS X EX R EREN IR EE R
TR, FAE TEEASREXNREHE.
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WA AT 6E /N TF - 1.0085. FE— B R T 18
PREE TP RIA A RO TE BB TR AR TT LUAH N S5 4 S 4
MEMETBREA SRR . YXEEFEFRIUAF
ARELEMBHE, A ERBBEELFTHE—F
Prax .
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