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Introduction

UTAESR , RGUHY H, JED ARV B 2 mrse 5 1, 8
BT F T 085 WA Ge e Bk, i LA A
PENST T LI R A5 A S B P R A AR B R
ZCHRR R T A 5 1, IR AR AT AT

i T 41 7 R GELE L ) R G0 I @A A ) B AE 22 0% B R H At i,
H Iz A BB T IR A TS, & T4 53 R G0 I8 Uk (] R
Wb 2 Z Irge " AR 1L T 45 0 T R i RS B bk 1,
PRPERBUEE , (H 32 30T B AR E I A8 A 28/ 1. AR SCel SCHR[ 11 ]
WL ARG K, T PE T AN 2 I 27 52 RG0S H, IR A%
TR . 3 5 Lyapunov-Krasovskii 2 bR S — R B A AR 43 A8 45 57 13K
BT IEWR B RGN H, VERERHR A S G , 4h B T R AR5
(AR H DRI ASAEAE (1) B s MR 1Y) 78 40 25 A (EAS8 th i 2, 4R 3
JITHR 0 5 R RIS I i AT d (1) < 10 = 1,2) BYRRI.

ASCRHUTFICS 02K X X PR, X =0(X >0,X <0,X<
0) F/R X NP E M RE (IEEMFE , e R, FUE ) s i M
FORHE M GBI 7 FORXTFRARE Y 0 A 2 S R 1Y)
B T A0 433 7R3 2 B B B R P A S

1 o) @ik
Description of the problem
I TR 45 5 R4
Ex(t) = (A+AA)x (1) + (A, + AA))x(t - d, (1)) +
(A, + M) x(t - d,(t)) + Bw(t),
y(t) = (C+AC)x(t) + (C, + AC))x(t - d, (1)) +
(C, + AC))x(t —d,(t)) + Dw(1),
z(t) = Hx(t),
x(t) = ¢ (t), Viel[-d,0]
K x(1) e R" y(1) e R" z(1) e R 73510 RGERPIRZS 0 oh
ARG S (1) e RV R L,[0,0) 2SI THEAGE.
A A, A, B.C.C, C, D HJNE A5 S w i, H E Al RE

(D
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A, AR, R rankE = r < n;AA AA|
AA, AC AC, AC, 2 H AT Y AL AN 2 B AR 4
M R EA e

A AA, AA,

AC AC, AC,
Hrp: Ly L, M, M, M, J& B A8 G500 2 A5
WHEF (1) A ST E R B Tl 2

F'(t)F(1) <1 (3)

e (1) e C([-d,0],R") pRi%l, KR RGN IR
Bid, (1) (0 = 1,2) HRGHYATAYA S A2 B
Hi e

]:[Z']F(t)[Ml M, M. (2)

0 <d (1) <d,(t) <d,
0<d(t) <d, i=1,.2. (4)
HARGH R TAFREMILE L X T8 57
Ex(t) = Ax(t) (5)
AT HAE X
SIE 1Y ARG (S) IE WY T bk b i 78 43 4
BRI RATEHRE Q e R, ffif5
E'Q=0'E=0, A'Q+Q0'A <0.
I:FESL 1:12:
1) ARG (5) 2N Jehkif iy,
2) w5 RG(S) At Lyapunov #L R E 1Y
W37 5 R G0 (5) B R E 1.
MAEFZ W T XTME S z2(0) it ny 2Bk
Wt :
x(1) = GE(1) +Ky(1),
{f(t) = H£(t) + Dy(1).
H G K H D 31 5E I I W as S 5.
B SCHE )RS )
{XT(D = [x"(0),# (1) ];
z(t) =z(t) —%(1).

X, =0;

(6)

(7)

A=A+AM, A =A +AMA,,

A, = A, +AA,, C=C+AC,

C, =C, +AC,, C, =C, +AC,. (8)
M =C(1) 530 (6) 1520 I8 IR 2 3 & R G AT
LR N LA T IER
Ex(1) = Ax(t) +Ax(t -d, (1)) +

Ax(t —d,(1)) + Bw(1);
z(t) = Cx(t) +C,x(t —d, (1)) + (9)

C,x(t —d, (1)) + Daw(t);
' (t) =[¢'(¢),0], VYiel[-4d,0].

Hrp.

- E 07 A 07 A0
E=[0 1] A=[Kb G]’ 1=[KZ1’1 0]’
- A, 0 - B
A2=[K£‘2 0]; 8=l

C=[g-pc -Al

FIA—APERESE R
J = f:[ZT(t)Z(t) - Yo' (De(t)]d. (11)

EX 2 HEBAHENHar R (1) Lk hE
FARICCLL) SR 45 58 IS0 y > O AT 0
RR(2) F(4) MSEAHEN, FAE— DB
(6) HIUEP AL

1) JEPRZESNERGE(9) EIEN Johknl,

2) WPOARZENERG(9) #LteE,

3) H, TERESRPRIAL T < 0,

WFRIE AR (6) ZRGE(L) W—EHE H, I8,

AL B IR R GE (1) Bt — A
(6) Mya=fr&ts H. UE¥.

SITE 217 N EE YA Q RS,
Q ZxHR,

Q+TFO)E+EF ()" <0
STEFA L F' () F (1) < THBEFE F(t) or, 5 H
OB FE—N 5 E e > 0, ffifs

Q+7'IT + 255 <0.

B138 3" (Schur #hEIH) X &4 A2 1) %) R 46 [
Sll Sl2 -
S :[S ],ﬁt}n S, e R, LT3 M&fhRs%
INIOR
1)S <0;

2) Su < O’Szz - STZS;llSlz < 0;
3) Szz < O’Sll - S125£2IS|T2 < 0.

2 EHH, ST
Robust H, performance analysis
e IR BRZE B RGN EE H, PERER
M. Dt 5L B AE
n'(t) = [0 -d)X @ -d(1) o' (1) ],
A4
Ex(1) =[A A, A, Bln(1).
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X1 () Fx(e), BIA TR AL,
Ry N 45 SCFE S T Y A PRAIE B Pk B EE 2
1EHI.

SIE4M (BAA%ER) #x(t) e R HA
— B i 22 T, WX B M W R N, e
R N, € R N, ¢ R",W € R"", A AR B i
d (1) >0,dy(t) >0, HLIF SRR

- t:::fc"'(s)E"'Ei(s)ds <

n () [ + (dy (1) =d,(1))Y'Y]n(1).

o,

e |
Y=[N, N, N, WI; N, =[" |,
0 0
(N, 03 (N, 0
e DA TR Y B T I E
0o NE _N'E 0
g _|* NMELEN, EN-NE EW
« « -NE-EN, -E'W|
® * * 0
ARG 4, IR #A T IR R ZESE RS
(9) &8 H,, HRES T 780 551
EE 1 XMEEW R (4) BN AZR 4, (1) (0 =
1,2) ML E Ay > 0, WERAFAE IE & F I

P >0.0 >0.0, >0F%%S.N, N, N, Wif5.
_‘!211 'QIZ ‘QIB 014 ]\71l AT CT 1

* 2,0, EW N, A (|
« + 0, - EWN 4 C
2 = ® ok ok — yzl w' B' D' <0, (12)
* % % *= —dl 0 0
¥ ok % * ¥ —dl 0
S * * * = ]-
Ho

02, =A'"PE + E'PA + A'RS" + SR'A + Q, + Q,,
02, =E'PA, + SR'A, + N/ E,
02, =E'PA, + SR'A, -N/E,
02, = E'PB +SR'B,
2, =-(1-d")Q, + N E +E'N,,
2, =E'N,-N,E,
2,.=-(1-d")0,-E'N, -N, E,
HR e R AL ER = 0 (5,
MPEPRZESHS R GE(9) & HefaE Hi 2 H.. 1
fiE y.

IERR SRR ISR ZE SIS RS (9) I IEN] G
fkapk. 4 T = PE + RS" il E'R = 0 75
E'T=TEz=0.
HT 2 <0HQ >0.0, >0 RESFRLLIF AT
BT :
A'"PE + E'PA + A'RS" + SR'A = A'"T +T'A < 0.
W1 1A RIEBIR =SS R G (9) IEN] Tt
o e
NIRRT BOR E S RS (9) WL FRE.
BN Lyapunov-Krasovskii 727 pR
V(x(2)) =V, (1)) +V,(X(2)) +V;(x(2) ) +V, (x(¢) ). (13)
Hrpr
V,(2(t)) = x"(¢t)E'"PEX(t) ;
ED) = [ (@) ds;

t=d (1)

M) = [ E (9@ ds;

1=dy (1)

V,(2(1)) = f)d jjj"‘(.gE"‘Ei(.;)dsde.
M V(x(e)) WEIBIEIRZE NS RGE(9) HFEHN
V(x(1)) =V, (x(2))+V, (2(2) ) +V, () ) 4V, (x(2)). (14)
Hrfr,

Vi (%(1)) =

" (\)E'"PEx(t) + X" (1)E'"PEx(t) =

(1) (A'PE + E'PAX(1) + 2% (OEPAX(1 - d, (1)) +
25" (1)E'PAx(1 —d, (1)) +2x"' (1) E'PBw (1) ;
V,(2(1)) =

X (0)Qx(1) - (1 -d (1))x' (1
Vi(2(1)) =

X (0)Qx(1) = (1 -dy(1)x (1 = dy (1)) QX(1 = dy (1)) 5
Vi(x(1)) =

dx" (1) E"E% (1) -j ' ()E'Ex(s)ds <

t—

- d|<t))Q15‘7<t - dl(t));

t—dy(t) , .
RN EEx(s)ds =

t-dy(1)
dx" (1)A"Ax (1) +2dx" (1)A"A,x(t —d, (1)) +
2dx" (1)A"Ax (1 — dy (1)) +2d%" (t1)A"Bw (1) +
dx"(t —d,(1))A] A, x(t —d, (1)) +
2dx" (t —d, (1))A] A% (1 —d, (1)) +
2dx" (t —d,(1))A] Bw(1t) +
dx" (1 —d,(1))A) A, x(t —dy(1)) +
2dx"(t —d,(t))A) Bw(t) +dw' (1) B'Bw(t) -

dx" (t)E"Ex (1) —f
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t=dy (1) |

J %' (s)E"Ex(s)ds.
t—dy (1)

AN R E'R = 0, 255135
0 =2x"(1)E'RS"%(1) =

2[Ax(t) +Ax(t —d, (1)) +A,
Bo (1) ]"RS"%(1).

PR, iR AR =0 (15) g | BE(4) iT 45
V(x(1)) =

Vi(x(1)) + Vy(x(2)) + Vo (x(1)) + Vi (%(1)) <

X' (1)[A'PE + E'PA + A'RS' + SR'A + Q, +Q, +
dN| N, + dA"A]x(1) +

(1 —dy(1)) +
(15)

2x"(t)[E'"PA, + SR'A, + N[ E + dA"A, +
dNI N, ]x(t —d, (1)) +
2x"(1)[E'PA, + SR'A, - N/ E + dA"A, +
dN| N, Jx(t —d, (1)) +

2x"(t)[E'"PB + SR'B + dA'B + dN| W] w(1t) +
£ (t-d())[-(1-d")0, +N'E +E'N, +
dAT A, + dNy N,]x(t —d, (1)) +

2% (1 = dy (1)) [E'N, - N'E + dA" 4, +

dN, Ny ]x'(t - dy (1)) +

25" (t =d, (1)) [E'W +dA| B + dN, W]w(1) +
¥ (t-dy(1))[-(1-d")Q, -E'N; -N, E +
dA} A, + ANy N, ]Jx(t - d, (1)) +

25" (t —d,(t))[-E'"W + dA, B +
AN;W]w(t) + w' (1) [dB'B +

dAW'W]lw(1). (16)
M w(t) =0, AT
V(£(1) < o' (1)3w(0). (17)
Horr
3y 2, 35
Y= % 3, 35
* R Y

v(t) = [X'(1) X" (1 -d (1)), (1 -dy(2))]";
3, = A"PE + E'PA + A'RS" + SR'A +
0, +0, +dN/ N, + dA'A;
S, = E'PA, + SR'A, + N'E + dA"A, + dN" N,
3, = E'PA, + SR'A, -N'E + dA"4, + dN' N, ;
3, =-(1-d*)Q, +N, E+E'N, +dA| A, +dN, N,;
3. =E'N, -N'E +dA" A, + dN' N, ;
3. == (1-d")Q, —-E'N, -N'E + dA" A, + dN'N,
HR e R LR 2 E'R = 0 (9513 Bk 1.

WY < 0, W Schur #h 5| BLAG 25547 19 A
Fal:

T

|

r, r, r, NlT
Iy Iy Nzl 1[
=1« Iy Ng K;

2|

< 0. (18)
* ® x«  —dl 0
L % ES ES k - ;ll'
/\EP:
I, =A'"PE + E'PA + A'RS" + SR'A + Q, +0,;

I, - E'PA, + SR'A, + N'E;
I', =E'PA, + SR'A, - N E;
I, =-(1-4")0, +N2]E +E'TN2;
I = ETN} _NZE;

r, =-(1-4")0, —ETN3 —ME; d=d".
HR e R LR E'R = 0 (3B,
AR R AT A IR 2 < 0,00 I < 0. BpaX
(14) JEUE PR 22 3N 2 R G0 (9) Wik £ € 19 58 7
At

N EIEER RIS R GE(9) R KT
(V(x(1)) ‘ L0 RS <0

t=

U DR TS R (9) R R 0
(V@) | =00 A FEEEEN w(b)

—

e L,[0,0) A
J = f:[ZT“)EU) - Yo' (Dw(t)]d =

[[12'(02(0) - Yo' (De(n) + V(E(0)) Jdi +

VE) | v | s

©

[T 02() -y (D) + VE@) 10 (19)

Hrr
Z'(0)z(1) =

¥ ()C'Cx(t) +2x" (1)C'Cx(t —d, (1)) +
25" () C"C,x(t —d, (1)) +2%"(1)C'De(t) +
¥ (t-d (1))C Cx(t-—d, (1)) +
25" (t —d,(1))C] C,x(t —d,(1)) +
2x"(t = d,(1))C] Dow(t) +x" (1 -
d,(1))Cy Cox(t —dy (1)) +2%" (1 -
d,(1))Cy Da(t) + ' (1)D'Dew(t).

S

Z(102(1) -y (Dot) + V(£1)) =" (1)On(1).

(20)
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Hop Hop
0, 6, 6, 6, E, =, 5, 0 5. 0
o-|* 0, 0, 0, ; (21) « E, B, 0 5, 0
* * @y Oy (= o « . H. s 0 '
* * x @, THIexe T % xS, 0 0’
@, = A"PE + E'PA + A'RS" + SR'A + Q, + * xS B
0, +dN| N, + dA"A + C'C; * * * * -

O, =E'PA, +SR'A, + NJE+dA'A, +dN/ N, +C'C,; it en Ao

@, = E'PA, + SR'A, -N'E +dA"A, +dN' N, +C'C, ; Ep NACK(H-DC) 5, 0
O, = E'PB+SR'B + dA"A, + dN' N, + C'D; = 00 G -H 05,
@, =-(1-d")Q, +N,E +E'N, + (5. = E'W NiA!C/K" - (DC)" 0 0

dATA, +dN, N, + C| C; 0 00 0 0 0 0

O, =E'N, -N,JE +dAT A, + dN, N, + C| C,; _E'WN'A'C'K" -(DPC,)" 0 0

@, = E'W + dA" B + dN} W + C!D; o 00 0 0 o0 o
O,=--(1-d)Q, -E'N, -N'E + o

AT A, + N' N, + C'C,; -yIW B DK -(DD)" 0 0

O, =-E'W + dA" B + AN'W + C'D; *# o-d 00000

0. =y + dB'B + dW'W + D'D. corodo 00

HR e R SERhR E'R = 0 (95FER: (B)pp=| * * x —d 0 KL 0
W @ < 0, M Schur 5 FEFIL(12). [ # % % % -1 -DL 0

W, MR EZHDETRR (9) F£FV M6 KM % & % * —ed 0

(V)| =0) LT <0, iEH. I

;H\:EP:

3 &% H_jEKsEigit E, =A'PE-CZ'E+EPA-EZC+A'RS" +
Design of robust H_ filter SR'A + 0, +0,, + e MM, + e,MM, ;
R 1 ARG E UL L uE 5, =CZ AP, -EX+0,,, + 0o

L SIS Y —— E; =E'PA, +SR'A, + NE -E'ZC, +

BL T SR ELARTE DR 7 e MM, + &, MM, ;

2 XTI (4) M AR (1) (i = E. =E'PA, + SR'A, - E'ZC, - N'E +

1,2) RHE i ar s R g (1) FvEREe bRl (11). e MM, + e,MM,;

bRy > 0, WRAFLE IR E /4 E, =E'P,B +SR'B —-E"ZD;

P [ P, -Pz] >0, E., = (E'P, + SR")L, - E'ZL,;
-p, P 2, =X +X+0,, +00;
0, = [Ql,“ Ql,lz] >0, E., =ZC, —-PA,;5, = ZC, - P,A,;
0y E, =ZD -P,B;5,, = ZL, - P,L,;
Q2=[Q2,11 Qm]>0 E,=-(1-d")0,,, + N;E+E'N, +
Oy e MM, + &,Mi M, ;
S N, N, Ny W X ZV Kb e >0, > 2, =-(1-d")0, ;
0 fdifs E, = E'N, = N,E + &, MuM, + &,M)M, ;
=_ | Bles (Blea 0. (22) E,=-(1-d")0, »;
(e (B)ra Z,=-(1-d")Q,, - N'E -E'N, +
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e MM, + &,M,M,.

By =-(1-d")0y 5 EHy=-(1-d")0; .
H R e R LRI E'R = 0 (3l B 4
M=(6) HFRGE(1) W& H, B, BEAJ <0
HIEAR I SEEE R G = P, X K = P;'Z, HAh
I PIANSHAEREH F1D it (22) AT LA .

WERR 7EE R 1 a3t b, =0 (21) e
P=[ P, _P2]>0, 0, =[Q1,11 Q1,12]>0,
- Pz Pz * Q1,22
0, = [Q2,12 Qz,lz] >0, R= [R] , <= [S] (23)
0 0 0
F% e L (10) , ansk 4
PG =X, P,K =7 (24)
JIlES)
(A, A, A; 0 A; 0 A
Ay Ay 0 Ay 0 Ay
* Ay By Ay 0 Ay
A =| = # x«  Z, 00 0 0 | (25)
* * * * Ay e Ay
* # # # * 000
L * * * * * * A77_
K

A, =A'"PE-C'Z'E+E'PA-E'ZC + SR'A +
A'RS" +0Q,,, +0,, +dN|N, +d(A'A +
C'K'KC) + (H-CC)"(H -CC);

A, =CZ"-A"P, -E'X+Q,,, +0, , +
dC'K'G - (H -CC)" H;

A, =E'PA, +SR'A, -E'ZC, + NE + d(A"A, +
C'K'KC,) +dN|N, - (H-CC)" CC,;

A; =E'PA, + SR'A, -E'ZC, -N/E + d(A"A, +
C'K'KC,) +dN|N, - (H -CC)" CC,;

A, =E'PB+SR'B-E'P,KD - (H-CC)"CD +
dN| +d(A'B + C'K'KD) ;

n =X +X+0Q ,+0,, +dG'G +H H;
» = ZC, -P,A, +dG'KC, + H' CC,;

,, = P,KD - P,B + dG'KD + H' CD;

A

A

A, = ZC, - P,A, + dG'KC, + H' CC,;

A

Ay, = -(1-d)0Q,,, +E'N, + N,E + d(A] A, +

C'K'KC,) +dNiN, + (CC)"(CC));

Ay = E'N, -NJE +d(AT A, + C/K'KC,) +
dN,N, + (CC,)"(CC,);

Ay, = E'"W + (CC,)"(CD) +dN,W +
d(A|B + CIK'KD) ;

A, = -(1-d)0,,, _ETN3 —N;E + d(A;Az +
C'K'KC,) +dN'N, + (€C,)"(CC,)
A, = —E'"W+ (CC,)"(CD) + dNW +

d(AlB + C,K'KD) ;
A, = -yI+ (CD)'(CD) +dW'W +
d(B'B + D'K'KD).
H.R e R™"7 JLRGH AL E'R = 0 B8k 1.
IR A <0, W dy Schur #b 5| 34T 3] 25 4 (19 A
.

<A1)6><6 (A2)6><5
= T (26)
(A2>()><5 (A3>5><5
/\[:FI
All AIZ A13 0 AIS 0
Ay Ay 0 Ay 0
* * Ay By Ay 0
(A1 >6><() = — H
* * = =, 0 0
* * * * Ass Hi
% * * * ® B
A, N A" CK' H-CO
A, 0 0 (' -H'
(AZ )6 x5 = E[W N2] Al] CIIKI - ( CA'G )T 5
0 0 o 0 0
-E'W N, A} CK -(CC)'
0 0 o 0 0
- I W B DK -(CD)"
* -dl 0 0 0
<A3>5><5: * * —dl 0 0
* * * —dl 0
* * * * 1

L

A, =A'"P.E -C'Z'E +E'PA -E'ZC + SR'A +
A'RS" + O +0:;

A, =C'Z" -A'P, -E'X + Qi+ 050

A, = E'P,A, + SR'A, - E'ZC, + N'E;

Ay = E'P,A, + SR'A, - E'ZC, - N'E;

\
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A, = E'P,B +SR'B —-E'P,KD;
Ay = X' +X+ Ql,zz + Qz,zz; Ay = Zt‘l _PZZH

Ay =ZC, -P,A,; A, =P,KD -P,B;

A33 _<1 —d*>Q1,u +ETN2+N;E;

A, = E'N, - N,E;

As =-(1-d")Q,, -E'N, - N;E.
HR e R ML L E'R = 0 [R5 B .

ZEH)A(2) (8), N T2 2 155 M A
(22). XULB T TR IE B A R A e
H, THHIEE y.

s, B (24) AT A5 U8 1Y S 2 BUE
G = P,'X MK = P;'Z HAWM WA S 506 R F1C
FH REL R AN 22X (22) AT A

EEE.

4 HH
Calculation example
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Table 1  The maximal time-delay , attenuation degree ¢ and corresponding filter matrix G K f} \CA' for different d~

d d ¥ G K a ¢
0.1 01772 2.3170 ( féé?ig _1(5);31 3) ( _8: ;gi; _3:;49133) (0.1291 0.1162)  (0.0511 —-0.1689)
0.3 02016 2.1309 ( __12: 22?(1) 12: ;;‘ g) ( _8: ;i; g _;: (1)2; 3) (0.1052 0.0969)  (0.0448 —0.1410)
0.5 0.1130 3.1375 ( ‘7(3):2?3(8) 42:?2??) ( _ézgggg ‘1(3’:‘7‘2; 2) (0.1324 0.1217)  (0.0471 —0.1211)
1.3 0.0314 5.6934 ( -1 g;?i 1_2222) ( _‘]“9): 3(2)23 _légggi (9)) (0.0702 -0.0860) (0.0634 —-0.0697)
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Design of delay-dependent robust H_ filter for uncertain singular system

HAI Quan' BAO Jundong'
1 Mathematics Science College,Inner Mongolia Normal University, Huhhot 010022

Abstract The design problem of full order H_ filter for continuous singular system is addressed in this paper,in
order to design satisfactory full order H_ filter with regular and impulse-free filter error dynamics. Lyapunov-Kra-
sovskii functional and quadratic inequality method was used to get H_ time-delay criterion of filter error dynamics.
A sufficient condition of robust H filter existence of singular system is provided. Finally,a numerical example is
given to verify the effectiveness and practicability of the design method.

Key words singular system ;uncertainly ; delay-dependent criterion ;robust H, filter





