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State feedback H-infinity control

of linear singular systems with time-delay
DONG Xin-zhuang, ZHANG Qing-ling
(Institute of System Sciences, Northeastem University, Shenyang Liaoning 110004, China)

Abstract: The problem of H-infinity control for a class of singular systems with time-delay is considered. By means of lin-
ear matrix inequalities (LMIs) , a sufficient condition is obtained for a singular system with time-delay to be zero solution asymp-
totically stable and satisfied the H-infinity norm constraint. Then the existence conditions of static memory-less and memorial
state feedback control laws are presented, and the explicit expressions for such controllers are derived in terms of the solutions of
LMIs. Finally, an illustrative example is given to demonstrate the effectiveness of the proposed method.
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1 35| & (Introduction)

HMT) NARSGEEARE R AE WA
G, EERT LRGEHIRZR T EXE, HBRET
EFMABR B THFEEBWEREKER P
BHMNAREHSHR, TRAEEFLSZ WG
HEm , HmMttR e LRAFER T ULERN . WE
I"XARESEENHRRERLHERNT LRAER
AEER  HEMEMRE R . XTHaT LRGNk
EVEMEE, BERLE RIS BXTHE XA
Bing H, 3H], X k(6] REERTRE
TRAGHENEE, S REF BRI -
SR —REHRE, M AR RI T
R FHIBDTAERAR KA HEEHS
H. LR T4 544 B TE R B JIr
B, TR AE I SRR ¥ £, WA, B g
THALRZS AR M 25 (U AURIE I R R S & He T
BAREM A BE LR RENEER.

Wtk B #1:2003 - 03 - 31; WelBeiRE H 38:2003 - 10— 16.

A AR IS TR A il o Oy R R A A
M) X RGEH) He I H [ RE , ARG H 1AL,
FHALHESEEAS, B RAGERTEREHER
B H WEARM T M, I ERE 25T
TICRZMEFICIZRER BIEHE, FERARRER
B IRIBEERE . PT84 , 5 THEPLEHL.

2 973 #HiR (Problem statement)
FENT EARSHENEEEE LRE.
Ex(t) = Ax(t) + Ayx(t - d) + Bo(t),
z2(t) = Cx(t) + Cyx(t = d) + Dw(t), (1)
x(t) = &(t), t € [- d,0].
HA: x(r) € " BRE, 0 (1) € R™ BETHHE A,
2(t) € RBF BR¥ERBME;, £,4,4;,,B,C,C;,D BR
AAHMAERMSESEE:d > O RENHEH. A&
HMERE ©(t) € C[ - d,0],rankE = r < n.
w(t) € L]0, o). RBRRGE) KRR EHEW
FUET XF, p(A) BB B AN EZ B
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p(A) = maxl1 A 1:4 € o(1,A)},0(E,A) = (X €
Cidet(AE - A) = 0,2 € ¢ F A BAERTE.
ZEENMTHERMARSL:
Ex(t) = Ax(¢) + Agx(t - d). (2)
EX 1 B ()R N REMETERER, I
BTG HMEEVEFEFTRENE () 1
R limx(t) = 0.

=

GRFERERS (E, A) TE, W AFFE RS U, V

Heh NEREE A AEFHA(E,A,A,) BIZ
FREMTEX.

31 12 BB (E,A) EW, JGHK
(BN =0,s = r) HEGZQ)IHL

a) p(An) < 1;

b) s(E,A) c C;

o) [GE - ) '44] . < 1.
W25 (2) REFEHLREN .

HTEEFR p(Ap), AHTEHATIHE.

312 fEHEMAE (E,A,A,) HFTEZREMN
B3 B, 0(An) FIFAZE.

iE EZEEEMAE (E,A,4,) B —ZRENE
RN ABRAFET SR U, Vv, #15

I 0 A, 0
U,EV, = [ ,], U, AV, = ,
0 N 0 I,

U A Vv [All Alz]
1134V = — - ’
Ay Ap

MR IR (7 ]0B s = ¢, HEFEAETEESE T, €
R, T, € R(n—s)x(n—s), {78
U = diag(Ty, T,) U, V = Vidiag( Ty, T51),
A = TYA, T;', N = T,NT;!,

Rl
UAdV = dlag( T] 3 T2) UlAdVldiag( Tl_l ’ TZ_]) =
T\VAu T TARTS!
TAnTi' TyAxnTs! .

WA An = TAnTs', TR LA SR B Y
H5| 3 2 7150, BAR p(Ap) , AR A

(E,A,Ay) H—ZREWIYABIAT, X 77 LU 3C
fik (7] PR ML A T AR
A EEN H, MR, N THENER ¥ >
0, EEMGEEMG T, RE
[ 2(e)ll2 < yHa(e)l,, Yalt) € L,[0,%),
MHFERFE (1) EH Ho BEAE 7.

ZIEM T LG LREK:
{Ex(t) = Ax(t) + Bw(t), (4)
z(t) = Cx(t).

513 3% R (4)EW. FaE. Lhkeh H

I C(sE - A)'Blw < ¥ IFRE SR, AR
M P EAER
E'P - P'E =0,
A'"P + P"A + C"C + y*P"BB"P < 0.
3 H.1$8E4#7(H-infinity performance analysis)
EEB1 MTFREDMAEER ¥y > 0, R

FrEA[YHEE P #EAER
E'"P = P'E = 0, (5)
ATP+P'A+I P'A, P'B (T
AP -1 0 C} <0, (6
BTP 0 -y DT
C C, D -1

HEEAG)PEHE o(4n) < 1, MRS FHHE
BEHEH Ho B 7.
E EFEAZ(DKWEHEFEEEE. ©
w(t) = 0, R(6)RILEWHE T AMIL:
ATP + PTA + I P4,

: < 0. (7)
Alp -1
B Schur #MES, MiA
ATP + PTA + 1+ PTAALP < 0. (8)

g4 R(5),(8)FB| 3 3 4, M % (E,4) EN K
Bk, o (E,A) c ¢~ B|(E - A)"Ag] . < 1,02
() FEHN = 0,5 = r, REATHLOGMEIH 1,
BRRG() REFHILREN.

FHEZZ()AH H 684E 7. B

V(x,) = x"(¢)E"Px(¢t) +J.j_de(s)x(s)ds.
(9)
S V(x) =0, iTEHBE
V(x,) - }’sz(t)w(t) + zT(t)z(t) =
[«"(¢e) aT(t-d) w"(¢)IL-
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% 6 ] U % M T Y R GEAOIRAS 5 B B 043
[xT(¢) 2T(i-d) &"()]" HRUERE.
Hr BAEE B IO RS B R i
[A™P + P"A + 1 P"4, P"B u(t) = Kx(t), (11)
P 5o s 45 R (10) L B (1) S BRAEFR R HOBREF R 5%
L BTP 0 -y {Ex(r>=<A+BlK>x(z> + Ayx(t—d)+Bo(t),
- o 2(1) = (C + D\K)x(t) + Cyx(t—d) +Dw(t)
(12)
ct|lc ¢, D).
LD;’}[ o FRAIERUE BLAH HL GRAH .

B (6) LT, i Schur #MEFRIFE L < 0 807, WA
V(%) < Yo" (D)w(t) - 27(t)z(2).
R R RS0 (1) B Ho TEHAE 7.
4 H. = %1%t (H-infinity control law de-
sign)
FERMTHARHBANEG X R%:
Ei(t) = Ax(t) + Agx(t = d) + Bw(t) + Bu(t),
{z(t) = Cx(t) + Cyx(t - d) + Dw(t) + Dyu(s).
(10)
Hep u(e) € B BEHIHA, By, D) RAHM AR

AX + X"A" + B\)Y + Y'BT + I A, B

Ad
BT
CX + Dl Y

WRBEMEXT (E,A + BK) I[EW KRk np, WA
TER]WAERE U, V 548

Y
VEV = [ ]

0
104 + BK)V [A' 0]

+ D, = 0 ]n_, ’ (13)

- A, A
AV = [~u ~12].

Ay Ap

EE 2 XNTRHEO0), MBEFEMMDERE X
MERFEY HREA%ER.

EX = X"E" > 0, (14)
X'c' + Y'p?
-1 0 Ct
. . D: < 0, (15)
—y
¢, D _

HE K = YX"8R(13) BF p(Ap) < 1, WEELICICRE R B2
u(t) = YX '%(¢), (16)
ERARRZ(12) FMENLARTE A RA H 0K 7.
iE X5 SBNET Q = diag(X', 1,1,1) R Q"I K = ¥X',P = X' 155

(A+BK)'P+P(A+BK) +I P'A;, P'B (C+ D,K)"
T T
Adb -0 Ca < 0. (17)
B'P 0 -y D"
C + DK C, D -7
BROODHAR X THR X IHE P = X188 MBERES (E,A4 + B\K,) EW).Fhknk, W #ZEE 7]
E'P = P'E > 0. (18) WM O,V {#15

SR8 (17) ATHEM R EM 1 H, Y54
A6 H AR RFE (1) BRIk EAL AR
Ho {03 v,

BEREAZ10)MATICIZRE LR EH 25
u(t) = Kyx(1) + Kya(t - d). (19)

HA K, =0, MAK RGN

{Ex(t) =(A+B\K)x(t)+(As+ B Ky)x(t—d) + Bw(t),

2()=(C+D1K)a(1) +(Co+ D\ Ky) 2(t —d) + Do (1) .
(20)

SR Ir 0
i < [ 1],
0 0
U(A + BiK)V [A' 0] (2
+ B K =lo 1 I’ 1)
. . Ay, A
U(A, + BK)V = [A” '2].

21 A22
FIRSER 2 BIIERA L8 FERS5E .
R 3 MFRE00), IR EER X,

Y RIETEEWBETEMNASR,
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944 # % B 5 A 821 %
EX = X"E" = 0, (22)
AX + X'A"+ B,)Y + Y'BT + T A, +BW B X'C"+Y'Df
T T pT _ 0 CT WTDT
Ad + W Bl I i 4+ 1 < 0’ (23)
BT 0 -y DT
CX + D| Y Cd' + D]W D -1

BY K, = YX', K = WHE,R(21) FF p(dn) <
1, WAFER LIRS R R H 28
u(e) = YXx 'x(¢) + Wa(e - d), (24)
FS ARG (20) T EnteE BEA Ha W
.
5 @i+ (Example)
IR G XR%E(10), HF

1 0
e- [0,
L0 0
-1 1.2 0.9 0.4
T S T
0.8 0 0.6 0.8
1.2 0.6
s (0w - 100,
0.8 1.5
Cc =[1.3 0.4], ¢, = [0.8 0.3],

D = [0.4], D, = [0.8].
SAARG(10) ERM{EARK ™ B ¥ = 1, |/ Matlab
LMl TE4RmL(14). (15), B3R — AT
)]
X 5.8282 0 ]

1.4363 12.5849
Y =[-11.1183 -7.0247],
K=[-1.7701 -0.5582],

BIHH p(An) = 0.9555 < 1 7, EH 2, L
IBIZRE R GHERIEN

u(t) = [-1.7701 - 0.5582]x(1),
MEEMEAA RE T ML E B R H 0BV F 1.
6 %5t (Conclusion)

THE TR RS 5238 LA b i o fa
X RGH H, BRI & A A EEAER,E
ATRGEFHRELREHEESR H. WBAFH K
4, ZEML LAY b, 2 B8 e R A ISR S R
BEHE ETHARRE LA ARNERE. SEHEE
RAHE, BTSSR, B FIET 5.
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