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Absolute stability for Lurie control systems with time-varying

delays in both state and control input
HE Yong'?, WU Min'
(1.8chool of Information Science and Engineering, Central South University, Changsha Hunan 410083, China;
2.School of Mathematical Science and Computing Technology, Central South University , Changsha Hunan 410083, China)
Abstract: Based on the linear matrix inequalty (LMI), some absolute stability conditions for Lurie control systems with
time-varying delays in both state and control input are derived. First, the delay-independent absolute stability conditions were
obtained, which were described by LMI for the free parameters such as the positive definite matrix and the coefficients of the in-
tegral terms in the Lyapunov functional. Moreover, new delay-dependent absolute stability criteria were presented, in which
some free weighting matrices that express the relationghips between the terms in the Leibniz-Newton formula were introduced.

Finally, a numerical example was provided to demonstrate the effectiveness of the proposed method.
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1 5| (Introduction)
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2 E%#iA (Problem statement)
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f?\gﬁ P > O,QL' > OaRL' > O(Z' = 1,2,"',1),
4 : co_
x(t)=Ax([)+EB,—x(t-—h,(t))+ Si=dlagis“,si2, ,si,"fBO(L_O,I,Z, 1),
=1 A = diagi/\l,z\z,"',/\m{ 20

DIDf(alt - hi(£))),

o(t) = C"x (), x(t) = (1), t € [~ h,0],
(1)
X
x(t) € 3", A,B(i = 1,2,-,1) € =mxn,
D,(i =0,1,,1) € =mxm,
C - (cl’CZ’...’Cm) € znxm
€ FMj =1,2,,m),
a(t) = (a1(2),05(e),,0,(e))7,
fa()) = (fi(o, (D) faloa(e)) s, fru (o (INT.
BEAR h(e) (0 = 0,1,2,-, 1) SR A8 % 42 o 40 B 1
Jis
ho(t) =0, 0< h,(t) < h,,
0 h(t) spi<,i=12,1,
KA, hyp(io = 1,2,,0) B, 3FH b =
max [h;(i = 1,2,, D). B—AEXHERIBTA
HEF ML ALE, B
f() € K[0,0] =
if,(s) 1 £(0) =0,
o, fi(6;) > 0a; =« O, j =1.2,--,m, (3)
HEAAAMRBEAYE, B
£0) € K[0,k] =
{f,(e) 1 £(0) =0,
0< 0,fi(a) < koo, z0), j = 1,2,-,m.
(4)
3 X8 E M AT AT R T 3K &% 4 (Delay-inde-
pendent absolute stability conditions)
2 EAAZHRSHIEREOER RS
(DFEXFBEMA )M TRETFRREt,f
EEB1 MAEMO< 1 < 1(i =1,2,-,1),

(2)

MmE LMI
D ‘plz D3+ CS Dy,
‘Psz Dy Dy Dy + ¥y
<0,
@’15 + SO CT @% @33 @34
ol oL+ v, @Ty Dy
(5)

HFEXT

RIETATAR , R GE(1) TETETF BB M (3) T R4 xf i
EW . Hh

I
: Y
ATP + PA+ N0,

D, =
o1
@, = [PB, PB, PB,],
@ = ATCA + PD,,
@ = [PD, PD, Pp,],

Gy =diagl - (1-p)) Q1, —=(1=p2) Q2,7+ ~(1=p) Qi1
@y = [AC™B, AC'B, ACTB,]",

i
0], 5 = AC™Dy + DICA + > R,

i=1

Op=[0 0 -

&y = [AC'™D, ACTD, AC™D,],
Oy =diag] - (1-p))R), ~(1~p2) Ry, ~(1-p) R},
V,, = diagi CS,,CS,,-*, CS,}.

EE2 WFBEWO< o < 1 = 1,2,
D), IR LMI

D, D D3+ CKSy Dy
o Py Dy Do+ 2y
T T T <0,
‘I)]g+ SOKC (pz; @33 -250 q)34
oy, &L+ 05, ol Dy+0y
(6)
FEXT

P>0,0>0,R >0 =1,2,---,1),
S; = diagis,',,siz,"‘,s,-mf = 0(i = 0,1,2,---,1),
A = diagld;, 2, A, =0
FIR AT, MRS (D EARBIE A (4) T RAEX TR
EH . HAF
0y, = diag[ CKS,, CKS,.---, CKS;],
Qu = diagl- 25, - 25,,-+, - 25,1,
K = diagl k), by, k!,
Q,(i =1, ,4i <j<4) EXFKEG).
4 XT3 E MY R HE 5 85 14 ( Delay-depen-
dent absolute stability conditions)
xR EA Z RS e R RERN RS
(DFETFT WM (3) A (4) T X8 i 2 5 (2) i)
H#EXTFEE 1, iR
T = (Tyj)aar Ty = @5 + 5y + 6,

i=1,,4, i <j<4,
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= J= J= i=
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o i
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- N, -Ny - -Nj
! ! ! B ! B
By = 2 hYo, S = [0 0 = 0], Sy = diag (25hY,,, 20 h¥y =, 23 0¥,
j=1 =1 J=1 J=1
" (ATHA] [A"HB, --- A"HB,] [A"HD,] [A"HD, - ATHD,N
BTHA| [ BTHB, - BTHB,| [ BYHD,| [BTHD, -- BTHD,
B'™HA| | B'HB, -+ BHB,] L B'HD,] | BJHD, -+ BIHD,
@ = (@,) x = )
47| [D{HA) (DIHB, - DIHB,) [D{HD,) [D{HD, -- DJHD,]
D'HAl [ D'HB, - DHB/| [ DTHD,| [ DTHD, - DTHD,
'\ pal Lpwe, - DBl |DWHD,] LDWHED, - DHD,]]
-XOj 0 =" 0 0 0 - 0 MOj_
0 le R 0 0 0 0 M]J
0o - X, 0 0 My
!
H = ZTLJW,, Hj = 0 0 - 0 YOj 0 0 NOj y J = 1,2, 1.
! 0 0 - 0 0 ¥, = 0 N,
Mg, MY e MONG NG Nj WS
EE3 MAERL=0,0<y<1(j=1,2,, OFfEXT
1), WE—H IMIs, II; = 0(j = 1,2,-, 1) MIT < P>0,0Q >0, R >0(i =1,2,,1),
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S; = diag {s;1, 52,y 5,0 =0 (i =0,1,2,+,1),
A = diag {A,,2;,+,4,1 =0, X;

My, Ny(i = 0,1, 135 = 1,2, 1), W, = 0(j =
1,2,,0) WAITHRE MRS (D ETF BIEA3)
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Vo, SE LT R(S).
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HHEXT
P>0,0, >0,R, >0(: =
S; = diag {81,802, ysim! =0 (i = 0,1,2,+,1),
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T 1 FEIATHANMNEEEAAGEI LAET
FHIMER 2 MW EEZGE BAREAHSEER
W, =0(j=12,,0), X, =0,Y; =0,M; =0,N, = 0,(
= 0,1, 0 = 1,2, 1), EHIMEHEH 4R MERT
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5 &4l (Example)
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n=2,m=1,1=1,

-2 0 0 0.5

A:[o _1]’B'=[0.5 0]’

D,=[0 0", D, =[0.5 0.5]", ¢ =[1 -1T"
=k o= 0.5, =0, F|F MATLAB fEMR2 1 IMI
(6)FI K1, RGBT HE T XA E . RIS, X FAEBRER
B B O B 4 i ) — 4 LMIs L A, X
SUEIE 77 1 . A XX RELERRILT X

BR[31([3]RIBIHEF AN 0.69) . Bk — 4, FRiE
Pl THHEE 2 HEH 4 HBENARBE AR
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Table 1 Relationship between the sector and the upper
bound of delay guaranteeing absolute stability
£ty Kf0,0.5]  K[0.3]  K[0,10]
mo= 0 EEME (LR 0.71
g = 0.5  (TE[HE 2.84 0.52
i) = 0.9 2.66 1.38 0.48

6 451 (Conclusion)

A SO T BA 22 B AR A B i L & G55
WIE A R A A Lute % 24, X T ST
A LML, 73 53543 7 RGe0T i 0 L AR i M X 4
TS E RIHEN], e iR ¥ S A G RARTE, iR T
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