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Resilient guaranteed cost control

for singular interval systems with time-delay
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2. Institute of Mathematics and Information Science, Jiaxing College , Jiaxing Zhejiang 314001 , China)

Abstract: The problem of resilient guaranteed cost control was investigated for a class of singular interval systems with
time ~ delay. A condition for the existence of resilient guaranteed cost controller is derived. Furthermore, it is shown that this
condition is equivalent to the feasibility problem of a linear matrix inequality(LMI) , and its solutions provide a parametrized rep-
resentation of resilient guaranteed cost controllers. On this basis, the design problem of the optimal resilient guaranteed cost con-
troller for the systems is formulated as a convex optimization problem, which can be solved by the existing convex optimization
techniques . Finally, an example is given to illustrate the application of the proposed method.
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1 5|5 (Introduction)

AR, X PRI L RERARE R T A%
HHEWIZRE, FBIS T EBA R . Sk (118
5T HI LRARRE BE MR R, 83T
HE UGS R TR 200158 T AR E i
AENEBRREEMEBEEME, HETHER
ST L RKRBREMT X IR EERE R T LR Rl
B SCRRES, 4T3 TR T L R BR i bR 25 i i
H. BEHIBIE, A1 THEMBORIT S . &iE, 2T
IEH RGH M6 R BE A T AR IR
-8 B T LR G AR LB 4 RaE R
D UARSCMBFR T — 2B X B R G R B AR
PERB A M 0] R 4y 0 3 o 25 1% 35 B A ik i sh
M AP BE R BT . R EEER

oA H #1:2003 - 12 - 23; W iR H 31:2004 - 08 - 18.
HEWH L THEESRFRFTLAESEHIE (124210).

SR, T TSR EE SIS Rl
MU WHEEZ RS, T BRI SRR TS An B
B/ ER.
2 ([ #IR 5 & AiH (Problem formulation
and preliminaries )
Z BT XX BIRS
{Ei(t) = Alx(t) + Ahx(t = d) +»B’u(t),
x(t) = w(t), t € [-4d,0].
(1)
Hep: x(1) € R BRAEMRS , u(1) € R™ ZFEH
WA, d>ORMERBIEL,w() REAEHHIHRRN
BEESREE € R BEBPUEM, H rankE =
r< n,Al,Afi 1 B! #R R X BIAE RS, B
Aly = [A™, AM] =
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534 wof A
{(a;) € B""|aff < aj < alf,i,j = 1,2, nl.
(2)
Hean = (o) F1AY = (o) MEHERE. S
AM — Am A"+ AM
H = (hy) = 5 A= 2

) ¢ SCRR[ 9 ] %0, X (A B (2) T S iR

Ay = [A™,AM] =

{A+AA,A = D F,G, | F\ € Fi}. (3)
Hep
Dl=[\/h_llel""ﬁ/h_lnel"“’\/h_men""’men]’
Gr=[V ke, o/ hinens o/ harers o R 17
FH EE fH =
1F1|F1= diag[ell’“"eln"“’enl’“"enn]’
lejl < 1,05 = 1,2,--,n},
e (i =1,2,,n) A i MTERIHRTERON
FIRE. IR FIF) < 12, 1,2 0 n® B8 . 2540
M, W18

Ay = [AZ,AY] =

[Ag + AAg, Ay = Dy F2G,| F2€ Fol,  (4)

B': =[B",B"] =

{B + AB,AB = D3F;G5| F3€ F5i. (5)
TR, ZE(DFNM RN T I AL

Ex(1)=(A+D F G)x(1) +
(Ag+ Dy FyGy)x(t—d) +

(6)
(B + D3F3G)u(t),
x(t) = w(t), 1€ [-d,0],
HRITLESR
{E.x'?(t) = Ax(t) + Agx(t —- d), N
x(t) = w(t),t € [-4d,0]

HRGE(6) TR L RS .

HEREX (E,A) R XESH EXx(1) =
Ax(t). FEREHGAR S, FELUTHE 5|3

EX 1T 1) HEEEST (E,4) FRMRIENR,
WRFFEPRR s, {18 det(sE — A) 5 0;

2) HEEXT (E,A) RO BTk, R
deg(det(sE — A)) = rankE,

513 12 RN (E,4) REMBEE
Bk, MBS & LR SE(T) #E[0, + o) RFFEME—
fi#, IRk

B 2P 1) B X RGE (RN RIENH

BBk, i (E,A) IEN BTk
2) B X RG(T) AR ER, R IHE
HFe >0, f1E 8(e) >0, HH/BXTHE
sup0|| w(t) < 6(e) BIEBHABEG &M w(t),

—-d<isg

£%(7) B x() WRIx(Dl < e, B x(1) —
0(t— ),
5138 202 mHEE RS (7) = E WK, TRk R
BRaE, RAEAEER P MXFRIEESEREQ, 1%
. EP" = PE" >0, (8)
AP + PAT + APTQ'PAY + Q < 0. (9)
WRER()MERE P 2ATHH, TRBTIHE 2 M5F
MR, ‘
B3 3 BHET XRL(7)ZENR, Thkeh E
R g, WRAFEN s P MIXTFRIE €5 Q, (#18
E'P = P'E > 0, (10)
AP + PTA + PTA,Q-'A%P + Q < 0. (11)
EX 3 BT XESE6) (u(t) = 0) AR
BEHRREN, WRMEBM F € F.(i = 1,2), &%
RIEMF Tk rh BRRE .
AR—fet, U REERE E BATHER
E - [I' O]. (12)
0 0
Hep 1 2 By,
E LR G (6) IPERETE IR N

J = j;w[xT(t)Sx(t) + u"(e)Ru(e)]de. (13)

Hrep S MR R ERIXFREEERE.
BE R RS TTI . X F A% (6), Wit T
TE A AR B8 S 45 1 2%
u(t) = (K + AK)x(1). (14)
R KFBRERSFEE,AK BB ES. %
LT BAMIE AR 30

i) mgXEsh

AK = DyF,G,, F1F, < I; (15)
i) ek

AK = D5F5G5K, FgF5 =< I (16)

HA: Dy, Ds, G F Gs REBIERE, F, F1 Fs &R
HIPLBh AR .
5 (6) 5EmaE(1)MBI T AR RS
{Ex(t):(AK—AAK)x(t)+(Ad+D2Fsz)x(t—d),
x(t) = w(t), t € [-4d,0].
(17)
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He: Ay = A + B(K + AK),AMg = D \F,G, +
D3F3Gy(K + AK).

AR B AR R G (6) W IR A% (14)
HEAARG(17) R EHERER, RS, 15 H30ME
RETEAT ‘

J = [TTRTWLS + (K + SKOTROK + 0114

(18)
AR, HA B EE/D R BRI RrE
Hil2e (1OFRN & R G (6) B — AR A R R A ik
TRPEREE 28 .
3 FTEZHE(Main results)
W E AR R12) Sint MR KERE P A

B R p:SiN
e
TLPy, P
WARER (10), P 184EE P BB FHIE5H
Pl O
P = [Pz, P4]. (19)

Hp. pe m BSHRIEESERE, Py € min-rx(n-n)
R WERE. TR, 51 3 mHRR Y

EE1 FEEERAR2) AT XFE
Hi(7) BIEWKY, Kk b HfaE, MR EEE R
(19) WRUEERE P IXTARIEE R Q, #15K(11)
BT

P ER 1L,ABUTEX:

EX 4 HARRE(NDHARET X _KEE
B, AR X (19) R B P FIXE AR IEE
EREQ,HEMTAR F,(i = 1,---,5), REAER

(Ag + Ag)TP + PT(Ag + AAg) + PT(A, +

Dy,F,6G,) Q7' (A + D,F,6)™P + Q < 0, (20)
WA ARIE 2% (14) R R 50 (6) WPIR AR 15t — iR 3k
FEHAS .

BR, RGN KR EWRIE T RENEER
B

EE2 MEFESERE K, BN 09) R
M P HIXIARIE €W Q, (FEXFAER F(i =
1,-+,5), WU FARER
Q+S+(K+AK)TR(K+AK)  P"(Ay+ Dy F>G,)

(A + D F,6)'P -Q <0

(21)

Hi 0 = (A + M) P + PT(Ag + OAg) + Q, W
FFREZ(17) R X K& ER, H A R R
8 B UL F &4

J < wi(O)E"Pw(0) + fo in(r)Qw(z')dr,

(22)
WL EEHES u(t) = (K+AK)x(t) BRG(6)W
RS R Z R SRR R il 4%
iE T S>0,R>0, AERQDEETR
JROL
n PT(A;+ D, F,Gy)
(Ag+ Dy F2G,)™P -Q <0
(23)
FI RS Schur b, 7(23) 5 FRF4 -
02+ PY(Ay + DF,6,) Q" (Ay + D,F,G,)"P < 0.
(24)
HEX 4,ARREUNDET L KEEY.

4:7\

p(x(1)) = XOEPe(o) + || #7(2) Qx(o)dr,

W w(x(e)) MR W TS E0H 2
v(x(t)) =
LEX(e)"Px(¢) + x"(e)PTLEX(e)] +
xT()0x(t) - xT(t - d)Ox(t - d) <
x"()[-S~(K+AK)"R(K + AK) ]x(¢). (25)
K25 03] THHE
x"(TE™Px(T) - x"(0)E"Px(0) +

|7 0 0e(0rac - [ witorow(0)ar <
rd T 4 T T <

- f:xT(t)[s + (K + AK)TR(K + AK) ]Jx(¢)ds.
HTFOIESHARRGERE KR EN, AKkS T —

=)
+ o, I

J;wa(t)[S + (K +AK)TR(K + AK) Ix(¢)dt <

w(0) E" Pw (0) +J(idwT(r)Qw(r)dr.

MEEE

BUTELS B RS (6) B9 R 3P AR v RE 45 i 23 1Y
Bk PR TR0, LU T A 2 SO UE B MR

ER 3 YEH S EEAn AR Q5)E, B
HHERETEAR(13) BB T LR S8 (6) FATE Ik 3tk
1R HERERS B8 (14) , S HAOUSTETERRE A, > 0,4, >
055/ Z IR X FOXHRRIE E4ERE Vv, (#18
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He: I FRMEAERBEAERE,
Hy =AX" + BZ + (AX" + BZ)" + A,(D\DT +
D,DY + DyDT) + A,BD,DIBT",

Hy =Z + A,D,DIB", Hs, = G3Z + A,G3D,DIRB",
X, X2]
0 xJ’
X, € R BRMFRIEEHER, X, € Riv-7xn-0) BAT
ﬁé@l@ HHE, MERER(26)F—A17E A,,4,,

2, X v, RRRAS R SRR

u*(t) = (ZX + DyF Gy x(t)

RARG(6)M— WA R SR, B

J* = wiO)k; w.(0)+f wT(2) P w(c)de

Hss = — A1 + A,63D4D{GY, X =

(27)

(28)
RABM AR — 1 E R X E: w(0) =
[WI(O)
w(0)
DT EHAETRE(6) MBI - KRR

R RIAR IR

;wi(0) € R, wy(0) € R*".

B 5 M H B0k
[ Hy AV (Hy)" b (el (Hs)" 0 X6, X X
vat - v 0 0 0 VG 0 0 0
Hy 0 —R'+xDD] 0 (A6DDDT 0 0 0 0
GX" 0 0 - Al 0 0 0 0 0
Hs 0 A2G3D,D} 0 Hss 0 0 0 0o |<0. (26)
0 GV 0 0 0 -x1 0 0 0
G, X" 0 0 0 0 0 -XI 0 0
X7 0 0 0 0 0 0 -V 0
L xt o 0 0 0 0 0 0 - s

T 4 NRL(6) BRI AR(13), IR LU
B AL 5180
(29)

min a + tr(M)

Ay sas Z, X,V M

Apsdys

15
i) K(26);

i) [WI(O)
iii) [ -

_Xl
NT]

AR £ (25) R0 A
BEEHB . SR] w (o)W (e)de = NNT, M AEREFS

1EESERE . _

B (29) B— M BARMEBEAEFRXARM N
HRALE] 8, B B LMI SR .

EHE S YEHFIWENTEHHNRU6)H, R
BHERBTER(13)WETRE T X RS (6) FE K #H
RYERRIE R (14), YSEUEFERE A, > 0,2, >
0.5 7z, ¥4 X MIXMRIEEERV, #15

Hy AV (Hy)T XGT (Hsp)T 0 (6s2)" X X
vAl  — v 0 0 0 (&) 0 0 0
Hs 0 -R'+A,DsD? 0 (A,63DsDDHT 0 0 0 0
GX"T 0 0 i 0 0 0 0 0
Hsy, 0 A263DsDT 0 Hss 0 0 0 0o |<0. (30)
0 GV 0 0 0 -1 0 0 0
GsZ 0 0 0 0 0 Al 0 0
X7 0 0 0 0 0 0 -V 0
L XT 0 0 0 0 0 0 0 - s\
H
Hy = AX" + BZ + (AX" + BZ)" + A,(D,DT + D,D} + D;DY) + A,BDsDIRBT,

&
Il

Z + A2D5D5TBT, H5| = G3Z + A2G3D5D§BT, H55 = - All + A2G3D5D5TG§
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HH, MERERGOE—AITHEL LA, 2, XV,
MPRZS RIR I 28
u (1) = (ZX T + DsFsGsZX"T)x(t) (31)

REAG(6)H— kR g iEHI 48, H=0(28)
RAHDN B FFERE R AR — S R

T RS R (29) AU AL IR R, FT A5 B AR
TR RR I HIZR (31) .
4 FEEB|(Numerical example)

Z AT XX B RG (D), HRESHCHN

1 0 0x0.1 1x0.1
O O P e
0 0 0Fx0.1 0x0.1
/ 0.6x0.1 0.5F%0.1 , 0.8x0.1
i =[50
0.630.1 0.5x0.1 1F50.1

BHRER wi(e) = ¢*',wy = 0,t € [-1,0]. B

1 0
s<[' 0 Jr-t
0 0.5

i) HEEH s AE AR, K

Dy~ (V36 0616 o |VO6 m]

MATLAB #% {449 LMI T E 5, @168 (29), 18

BAL R R R I 2R N
u (1) = (K + DsFsGx(1t),
K =[-8.8693 - 7.2366],
AR RGBSR /D LA R T = 31.5198.

i) HEHEESAEEREN B, Ky
Ds = Gs = V0.6, i MATLAB #{4#9 LMI T E%,
FEARDL B A AL B R, 18 B A — ok M IR M RE 4R
A

u*(t) = (K+ DsFsGsK)x(t),

K =[-8.4862 -6.6677],
TN K Rt RETe R/ D ER A T = 38.1255.
5 #5i2(Conclusion)

AR T —2RAHT X B BRI BAR
RIS SRS A9 R R B SRR A R
ARERARBMR LRI, 7T A5 BRI RUm AR
HEREFE GRS TR IS RS A NERAR RS
FmX ke, m B RIEASR RIS EE R/
PR ZHRBEFULEA T O AR R
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