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Delay-dependent passive control for linear systems with delay
ZHANG Xian-ming' %, WU Min'
(1.School 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; The delay-dependent passive control for linear system with delay is discussed. First, a new integral inequality
based on quadratic terms is established . Secondly, the inequality incorporating with the Lyapunov-Krasovskii functional method is
used to derive the delay-dependent sufficient condition based on linear matrix inequality , which ensures that the system is pas-
sive . No model transformation is employed. Finally, some numerical examples are given to illustrate that the new results are less

conservative than the existing ones.
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EEHREHRR, i REMELEPH—1
FEBRS. M TF—-RORE, ¥ A LEEAEIES
¥, LR AL BT R R G0 I IR AE 43 b S TR A% il JLAR
SREF|IBANMRKMIEHE, XK1, 21108 T 48T
WRFEHTIRE RN Z R SERER /D TR, B
HEERANEFE. CER[3]3] A Leibniz-Newton 23
=, Ky B BB R 6 R R G5 A o B A B R
4, FIH Lyapunov-Krasovskii iZ bR 77 2, 3K 18 T IR
ARG HEAHE TR 38 4y 24, CRK (4 98 1, 3X
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Lyapunov 1Z 88 5 L4108 T R A BT HiF R G I B HiFAH O
TR, BN E R H U B A B/MMIfR
SPHE B, EASCER[6 1 B 4s th B, UK [ 5 ] ;07 %
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2 A HiR (Problem statement)
KBRS
{x(t):on(t)+A1x(t—h)+Blw(t)+Bzu(t),
z(t) = Cx(t) + Dw(t) + Dyru(t).
(1)
RF x(1) € " HRFERE, u(r) € B RIEHIEA,
w(t) € RO AWBEA, B w(t) € L[0,0),2(1) €
RYCHARGRE LB R € [0,h],h > OHEE Ao,
A\,By,B5,C,D, Dy, ARG E MAERMERELE
B A RN, A CBRIRAZE(DMIIEREANE,
Bp
x(t) =0, Vvt € [-h,0].
EENHERET,RE (DN w Bl : WIEIEE
2355]

G(s) = C[sl — Ay — Aje"17'B, + D.
FIATICICRE R GHEE Hl 25
u(t) = Kx(t) (2)

A EEHMET
1) FREAK (DT u(e) = 0 MIHHT BT
KICIEME KM
2) WITTE I (2) M GIC IR AR S 6 25 fiF
BHFRER TR
KT AT EE X .
X 17 g
4Uﬂnanm;o (3)
0

EENHREHT X Vo= 0B MRRGE (DR
p vt/ Si
SCRR[8 R g T 5 — M RAEBRERNE
B2 MMRAEE v =0, E15
2 "Wl 2()de 5 - [ WO w()ar (@)
0

EFNHRFHFT M Ve = 0 oL, WAL (D)2
/L o
3 F F Lyapunov-Krasovskii 72 B8 b & iTiE &R 5
() WIETRAER LI, B 28 — MR AER.
SIE1 &) AR L RAESZ—NFED
)8 e, X v My, M, A € R, ¥R = R" >0,
Vh =0, LFARERMK:

_ v[l_haéT('L')ATRAaé( t)dr <

- MTA + ATM,
E(t) +

. MIA + A™M,
§(t) v .
- MiA - A™,

My
hET(t)[MT]R"[Ml M,]&(1). (5)
2

Hep £7(1) = ["(u)
iE 18

Y: = [M; M,] € R,

[RWA R-\?Y

) 02nxn OZn)(Zn

(¢t - h)].

] e R3""3".
WH
ATRA  AY .
[ ] = G G = 0.
Y'a  Y'R 'Y

dr = 0.

¢ 12(z)" x(t)
Jt-h[f(z)] [ YTA YTR Y”E(t)

#HR(6),153
_ J;_ th( t)ATRA% (7)dr <

(6)

2$T(t)YTA_r_hx(r)dz- + RE"()Y'R'YE(r) =

26"()Y'ALT - 116(e) + RE" () Y'RTYE(e),
g X, BpER(s). TEEE .

E 1 RORNET - KETMESASR, ] A = 1
BPAS SCER(9]RY 5 IR 2.
3 FELF (Main results)

X—W, T MERE(DEEXL 1 5EXL 2B
T B B A S T TR A A R TE TR e R Ry
® B, WEFHHEATFESH

I' = 1A € R™":AB, = 0}.
B Lyapunov-Krasovskii 72 B8 :
V(t) =x"(2)Px(t) +

0 1
J JxWﬂNHMhMﬂ8+
-h’ 48

|* s x()dr, 1)

Hpaer.
3.1 WX IEY S 47 (Analysis of delay-depen-
dent passivity)
X—W, N8RS (1TE u(t) = 0 BT EHFAR
KRB FM ERWMTHL.
EE1 HEAECT,h>0.MRHFEP =P >
O,R=R">0,0 =0">0,UKk M;,M, € R**",
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(9, Op O3 AASA'R  RM{ ] x(t) = e (iwl — Ag — Are”™ )™ By,

*x 9, 0 RATA"R hM} z(t) = Cx(t) + Dw(t),

% g 0 0o |<o. ® M x(t),w(t),z(t)?ﬁ/i%ﬁ.(l),?%

N . N _iR o z(t) = “G(iw)wqy,
L * * * * —~ kR A

20T()z(t) = wdl G* (iw) + Gliw) Jwyg.
Hep

9y = PAg+ ASP + Q + MTA + A™M,,
9, = PA, - MTA + A™M,,
93 = PB, - C", (9)
9p =—- Q0 - MIA - A™,,
83 =—yl - D -~ D",
n
i) RE(HEEXL2HWELFX vh € [0,k]
=R ;
i) y = OB, ST A B2
det[iwl — Ag — Aje "] £ 0 (10)
M w€ B, ARG (1) M wd FMEREFC EIELH,
B
Gliw)™ + Gliw) = 0.
iE D VQe) ERE(HSEHN
V(t) =
22 () Pi(t) + ha"(t)ATRAL (1) +
xT(t)Qx(t) - x"t - R)Qx(t — h) -

J:_th( ) ATRAY (¢)dr.

() = [2"(1) &t -h) W], FIFTIEI,
FHRmEER B3

V(t) -2:"w - yu'w <

EY(1){E, + hETATRAE, + hZSR'E;1 £(1).

(11)
L911 l912 19]3
* dn 0 |,

* * 033
» =4 A B,
Ey=[M, M, 0]
3t OB ¢ B4R (11), B Schur #H7!, &
IMIB) &, M () B, AT RZE (1) FEE X 2
HEXTFTELTER.
i) 1’ o WERMH(10),

A
~

Hep

1)

n

]

w(t) = e“wy, wy € RY,

5E X

mRG3), X Ve =08
ZJ;le(t)z(L)dL = hywyl 6" (iw) + Gliw) Jwy = 0.

M owe BEREM:, M )Rz, EE.

T2 IM)FEBEBENG)TEENE
EBTATR, % v = 0,D = 0, IMIGB)E L3t H PB, = CT,
RBTATR = 0,01 AB, = 0,B1 A € I'. W[, £ Lyapunov-
Krasovskii 2 66 (7) 95| AR B, EFLAF A B40H).

E3 WBIMGBMTF A = ohBSL MELK()E
B LR TCIRAY .

3.2 H#HHEXTIREH &A% (Design of the de-
lay-dependent passive controller)

AR () EXICICRE IR ()ERE s B A
WEKH

£(t) =(Ag+ B, K)x () +Ayx(t~h)+ Byw(t),
{z(t) = (C + DpK)x(t) + Dw(t).

(12)
THERERS TR RS (12) 8 5L TR
I FES &, RIET 45 il 7 IR EEHIZR AT B
EB2 BEACT,h>0,6,6eER,e,0.
MBEHFEP =P >0,0=0">0,R=R"> 00U
REE MR Y, FELUF LML BT :

Pu P P13 Pu 0 P T
* * @ 0 0 0 <o.
* * * — hR 0 0
* * * * - AR 0
L % * * * * _ (__)a

(13)

Hep
(@1 = AP + PA{ + B,Y + Y'B] —

165 (A1Q + QA]) - efe3Q,
P = PA" + 165" QA" + €5'4,Q + €,€3°0,
¢35 = B - PC" - Y'Dy,,
@1a = h(PAS + Y'BY — e,e5' QA1) AT,
on = - €3 (QAY + AQ) - €3%0,
ou = hei'QATAT,
¢ =-yl-D - D".

(14)
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MAFRLG(12)% v & € [0,h] BEIER, TIEE
HE K = YL

WE 4 Ay = Ag+ ByK,Cx = C+ DK, 8 Ax,
Cx Sy BI%H: LMI(8) /Y A, C, 157

‘I’K'
. ck ,\A' r[ 0 ]7
o w[UHST Al] vl
x  _yl-D-D" 0 0
* * —hR! 0
L x * * _]—lR'l a
HA
el wla= [ 2
M M, A - A

& = WAk + AYW + diagl Q, - O}.
TRHEER 1R ¥ < 0, NARRE(12) R
/-1 e

My = P,M; = £,Q,¢, %0,
W wa, B
P! 0
_ ElEz—lQ—l -lQ~l

BT = diag W, 1,1, 11,3 O T AEZR: &£
T EF T REHES Y = KPP = P1,Q =
Q'R = R™'. &5 BH R IMI(13) A R, W
B Schur %M, TTO,T < 0, Ifi ¥k < 0. HHEH 1
HMR RS (12) R LEAT. TEEE

T4 EB2KBT SN e, e, WEY, FEWSCHEL 10]
£ RemarkS FriR , Z 4 18 R B 500 F R 505X 2 5 B B 4R
HE, X —RIEA] 8 Matlab 6.5 B484LE B2 (40, Fminsearch)
EH.

S5 B WARMEFHOREREHE—K, EF Wi
B B WAEFAEF, EBEL () EIFHNBRRHH AR
h X—FEHEX— SRR F.
4 B {EHIF (Numerical examples)

B1 EEAgDS

{x(z) = Aox(t) + Ayx(t — h) + Byw(t),

2(t) = Cx(1t).

w-t =

(15)
A

T B P B

-[[l.c-t0 n.

D = 0,8 3CHk[3] MERR 2 MR B R ¥ =
0. CHK[2] 5B RS (15) WX IR 747 & 14
Hia; >0,a; > 0,62 < a%.m a, =1,a; =2,¢c =
2.3,k = 2.2, BARSCER (2] RIS X XA BB TCR
MiSCHk(S] 58] 7 2L (15) thRIRH XX TR
W, Al WL SCRk (S ] B Cmk[2] BAB/MORSFIE, 8
ZEREK ¢ WEL,BR ¢ = 2.7, 3CER(5]1 188 T R4 (15)
TR BRAERBENO< h <9.8.
FIFASCE®RE 1, BT AB, =0, A, € ']
A=A, Yy =08, BP =10 PB = C".HH,
Ba =1,a0=2,c=2.7,k =228 LMI(8) , 1%
ZG(15)XIE b = 0 IR EIERY . 4kEEE K ¢ BI(E,
B ¢ = 2.8283, RE(15) VIR A LR TIRA . 7T I,
AR SCHYZ 68 Rk 2,3, 5 | B8 BUNRSFHE.
Bl 2 EEALS
£(t) = Agx(t)+A1x(t-h)+Byw(t)+Byu(t),
{z(l:) = Cx(t) + Dpu(e).

(16)
Hr

A R ]

(o 1] Dy, = 0.1.
fo Y = 0.2. CHR[5] 1§ B RS (16) IR BB A AT
REAH R <1.26,% b = 1.26 B, BRI T FEH
BAK=[0.0143 -99.4224) FIBHATEE?2,
FAB =0,8A, €T, A = A4,,¢; = 1,g, =
-1, f& LMI(14) , 5 B R4 (16) TIRBI B KA HF R
A h < 1.4142,24 b = 1.26 B, 1536 IR E
A K = [0.20600 —-22.5725]. BEHAAR LI

CHRLS | BB B /MR,
5 5t (Conclusions)
ASGESEY — MRS AER, TR TR

PR RE M BT R R T IRE . FIB X — B A%
A UA K Lyapunov-Krasovskii 32 pA ¥, 3518 T2 T
LMI FY B i K TR 4544, BB 45 ) 7 g2k
SRR LEAER SRR S, AL RRE T
R AR B AS f  BUE B TR 9, A SO R Bl
RO A (2,3, 5| BAB/MIRTHE.
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