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Robust H-infinity filter design for a class of uncertain systems with
infinitely distributed time delay

MA Da-zhong, WANG Zhan-shan, FENG Jian, ZHANG Hua-guang

(College of Information Science and Engineering, Northeasten University, Shenyang Liaoning 110004, China)

Abstract: A robust H-infinity filter is proposed for a class of system with parameter uncertainties and nonlinear infinitely
distributed delay in both the state and measurement equations. The robust H-infinity filter guarantees the filter error system
with parameter uncertainties to be stable and to satisfy the prescribed H-infinity performance requirements. The robust
H-infinity filter can be solved by using the linear matrix inequality(LMI) technique. The effectiveness of proposed design
method is demonstrated by a numerical example.
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() =

(At AA)z(t)+ (Ag+ AAL)a(t—)+ (A +

Ada) [ K(t-5)f(a(s)ds+Buult), (1)

y(t) =
(C+AC)z(t)+(Cy+ACy)x(t—7)+(Car +

ACw) [ K(t=s)f(a(9)ds+ Bow(t), @)

z(t) = Dx(t), 3)
z(t) = ¢(t), Vt € (—00,0]. 4)

Hrp: z(t) € ROZERGEMIRE, yt) € RTE‘
RGN EEH, 2(t) € RUEH M IHHIE S

w(t) € RPZERGINTTHEIN, A, Ag, Aar, C, Cd,
Ca1,B1,Bo M D2 18 M 450 i LA FE B, AA, AAy,
AAqy, AC, ACGHIACY KR RS AL Z A
SE A FINRE FE HL

AA AAy AAg
AC AC, ACy,

M,
M,

F(t)[Ny N2 Nsl.

)
Horp: My, My, Ni, NoFIN3 & 4E 800 24 (1) & n
R, F(6)2 R B B 2P < 1,
olt) 5 (—oo,O] EfIE R K(s) =
diag{k1(s), ka(s), -+, kn(s)}. 1% Hik;(s)s2 A

& XLAEO, —i—oo)J:EI’HFﬁﬁ%Qﬂ; B H o 2 ST A
EOPE%E] N

fo ki(s)ds=1,j=1,2--,n. (6)

f(z(s)) Rz (s) M —A=E S 1t o% $ H.9% /2 Lipschitz 4%

A

[f(z(s)|l < Lj=(s)] - )

1 P [ f(a(s)dsR L N

VEIY ) EUIAE S {zEl’JlJm“M 18] 15%%“75#235?

554 %ﬁaﬂrﬁj K (t — ) f(2(s))ds G0 M H oo BE 1] 51
FEA HOTL. Erﬁ PR = ] 0 0T T A PR 43 AT
FR G M Hoo YE I 28 AL 7 VL HANE T4 6 55 A i
W RS IAE O, HEHME AUEE T AT A R R 4 1 E 55 40 A
L.

NI 6 A AR LA S T S0 A I (1) 2 XA
FERYE, B R RIIER A

(t) = A (t) + Bry(t), ®)
5() = Crir(t) + Dry(t). ©)
/H\:EP: fj(t) S Rn’ é(t) S Rq, Af, Bf, CﬁDDf?J%?E
WU A 2R st M THE S IR 2=
PR
2(t) = () — 5(8). (10)
Le(t) = (z(®)T2(t)™)", Ay LATS B P8 2% 8 22
A P

é(t) =A(t)e(t) + Aq(t)He(t — 1) + Bw(t)+
t
Adl(t)f K(t—s)Hf(e(s))ds,  (11)
zZ(t) =C(t)e(t) + d(t)He(t —7) + Buw(t)+
t
Ca(t) | K(t—s)Hf(e(s)ds.  (12)
N q:‘.

Alt) = A+ AA, Ag(t) = Aq + AAy,
Ay (t Ag +AAy, Ot) =C + AC,
Cd( ) = Cq+ ACd, Cdl( )= Cq1 + AC’dly
Cy = —D;Cy, Cyy = —D;Clyy,
ACy = —D;ACq, ACqy = —DiACy;,
_ A 0
B, =—-D¢B,, H= A=

1 ¢ Bo, [I 0], B.C A
= Aq - Aa
A == A =

By T T | BiCay
_ _ AA O

= — — AA =
C=[D-D;C —C%], BAC 0|

_ AAy _ AAy

T BACy| TN T BACy
B,

A

C =[-DiAC 0], B B.B,

fle(s)) = (f(@()" fla(s))"

Bt ORE T AT A LR TS 55 O A I K SRS L
AN 32 A BT 1) B PR B A B U 1) 8L ) LR &5
N 8558 — AN AT AR G T 95 0 A I ) 2 4
A E R~ H M REH bRy > 0, Bt B
130 I H JE B A, TRIUENE DA IR 22 R (1),
(12) WL AR E 1 HAEF AR A F PRI A%
Flw(t) € Ly[0, oo) R AL 45 € 25 A (1 ZHU A € Pk
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IE BN PR REFE bR & XTI Lyapunov-Krasovskii b8 44 :
12]ly < v lfwlly- (13) V(t) = Vi(t) + Va(t) + V3(1), (19)
RS AR ST B T I H E B A e vt vk Hore
LAY, Jegy &ﬁiﬁﬁﬁﬁﬁ@ﬁﬁ/\glﬁ Vit) = e(t)"Pe(t), (20)
SIFE 10 e A RUIRREA, M, NAIE ¢
i R iwu Valt) = |, __e(s)"H PiHe(s)ds, @n
1) Xj‘ﬂ:q:iig/]S > 0, ﬁﬁﬁﬂ%x, Yy € Rn’ Vvs(t) — Z 4 L kj(O') :_ f] (Ij( ))drda (22)
20T MFNy<ela" MMz +ecy" NT"Ny. (14) J=1 7
2) A FAEEE> 0, #/2Q — eDTD > 0, 1 HVORBRAARTE,
(A+ MFN)'Q ' (A+ MFN) < V(t) = Vi(t) + Va(t) + Va(t), (23)
AT(Q —eDD™)A+ ¢ 'NTN. a5y He
BIEB 205IGhT R ) % T AT R4 S I B Vi(t) :26(t)TP(tA(t)€(t) + Ag(t)He(t — 7)+
$ip(x) g (), A F T AR (t) f K(t—s)Hf(e(s))ds), (24)
(] p@aasy< [ p@yds [ s Vy(t) —e(t) H™ Py He(t)—
(16) e(t — T)THTlee(t —7), (25)
3 JEWE S TE(The design of filter) = i q; joo k;(o ))do—
I T A A AR L MR TG 55 40 A I ) 2 EAN le "
5E RS R L, DR RSB T 73, BIACSC I o j o) f2(2;(t — 0))do. (26
PR, =t
EE 1 EEWAEKET, S TEERwE) e AR

L [0, 0o) R A2 55 11 1) 2 B AN 1l 2 1, 45 78y >
VeninFIT >0, W AFAEH $ey, g0, KRR IE B
MEP > 0, Py > OFIXHAIFFEQ = diag{q,;} > O &
L PR A A

[© PAy PAy PB CT PM; 0 E&N{T
x —P 0 0 CT o 0 ENF
* ok —-Q 0 C_'dTl 0 ENF
* ok x —2I Bf 0 0 0 [<0,
* % * x —I 0 DiMy 0
* % * * * —eil 0 0
* %k * * * *  —eol 0
R * * * * x  —&l |
(17)

T 8 3 4% 1R 22 R Ge(1DAI2) 2 i Faoe 1, H
fEw(t) # OB AL PEREFRFR || 2], < v [|wlly. 22
©=H'LQLH + H'P H + PA+ A" P,
M,
B¢ M,
E ESEAFE RGN T, Mw(t) = 0,
MR ZE B2 geh (1) T LS L
é(t) =A(t)e(t) + Aq(t)He(t — 7)+

An@) [ K@= s)Hf(e(s)ds.  a8)

5251+52,M1:|: :|,N1:[N1 0]

2¢(t)"P(AAe(t) + AAgx(t — 1) +
Adg f_too K(t — s)H[(e(s))ds) <
erte(t)"PM M e(t)+e1p(t) " NTNp(t). (27)

p(t)=le®)", z(t—7)", p1(t)T]"N=
pi(t) = (ff K(t—s)Hf(e(s))ds).

HFf () < Lllz(s)[l, H L = diag{l;},
J=1,2,-  n. WHEGE20T LA F]

Vi(t) =

FH(()Qf (x(t) —

n

> qu ki(o)do IOOO ki(o) f7 (x;(t—0))do <

[NDNZ)NLB]?

<.
=

e(t)"HTLQLHe(t) —

i:l% j k(o) fi(x;(t —0))do)* =
e()THTLTQLHe(t)—p,(t)"Qpi (). (28)

M LA A 38 FISchurth 5 7T B4 51
V() = Vi(t) + Va(t) + Va(t) < p(t)"Zp(t). (29)
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@ PAd PAdl PMl E—:lj\[;T P1251T2 — I_Pllslly
B * —Pl 0 0 51N2T F11:ZA+ATZ+P1+LQL,
E=1*x x —Q 0 &N
* % x  —el 0 y=ZA+ A" P +C"Zy +Z] + P+ LQL,
ES ES * % —51[ i F16 = DT - CTZI - Z§7

MRADITLLAIES < 0, Bt AR 4 289y n] LL 15
HV (£) < 0, B LEw(t) = ORI, JEI iR &
G R RAGE 11, 52 Ui R 25 RGN M RETs
PR

121, < v llwll, - (30)

EEWGE &M T, N TEZEERRw) €
L[0,00), JE3 4% 1% 2 R G MH M BEFG Ax 0T LS
J:

J =

[T @R = T (tw(e) + V()]

V(o) +V(0) <

jooo FT(0)2(t) — 2w )w(t) + V()]dt. (31

7 I Schur Fh 22 B 2438 24 032 1 7
J() < [T @eu(b)dt. (32)

Hr: o) = [p®)T wt)T]", & Ra7E X,
MNP < 0, BIIEXT T & Mw(t) € Lo[0,00), #B
AJ() < 0. X T4 50 o wr > 0,
Rzl <y lwllin. EE

R 2 AN FLMI ) DL oK R
PeH  JE IR 48 2500 1) e .

EE 2 XA AR TC T o AT I I S 4L
ANE RGE(1)~Q3), L5 E MR EY = YT >
0, W ARAFAEH Key > 0, e > 0, X MRHFEP, >
0,511 >0, Py > 0, X A FEQ = diag{q;} > O
VEZy, Zo, Z3, Zyith a2 1 THI R 2 MR PEAN S5 2K
[, e ZAgq ZAqy ZBy T'ig ZM1 0
* Ing Ipg Twy Ius Ing Iny 0 ENT
x « —-P 0 0 CIf o o0 &n}
-Q 0 CH o o &ny

0

N ]

E *

x % * * —721 B;F 0 0 <0,
* % * * * —I 0 ZyMs O

* ok * * * * —e1l 0 0

* * * * * * * —eol 0

* * * * * * * * —zl

(33)
P, — S >0. (34)

[y =P A+ AP+ 2,C+CT Zy + P+ LQL,
I'ys = P11 Aq + Z,C4, Iy = Py1Agy + Z5Cqq,
Iys = Py By + Z3By, Ing = D" — C"Z],
Iy = Py My + ZoMsy, € = (61 + €9).
WU A7 Al 26 1 TG 55 4 AT A I R S~ B
B H oo DB A5 (8)FN(9) A2 W] A (1), & FRHL JE I #5(8)
MO &S H PR A = PR 218155,
By = P! Z,, Cy = 73511515 » Dy = Z,.
UE R T B, UE BB
¥ 2 ASGEE I —ANHH Lyapunov-Krasovskii i
B, ERPRIAT TE 93 00 AT R I S B OR i e ARG R 4, fe
Tl A BT VR, I T LA ok 2 M R AN
AT KA, 2 FiH5
4 i E(Simulation)
T ISR AR B TR R R, AEIX B
ANEUEAT B 7R AT R IE.
i A AE £k P TS 55 o A B I S A e R
G()~Q)MZSHN T Prios:

—-2.2 0.5 -1 0.6
) Ad = )
0.2 —1.8] [ 0.5 —0.5]

I_ 10 Ay 0 -0.3 ’

01 0.2 —-0.5

0. —9
B, = 0.3 = 0 ’

0 1 —-0.6

[ 04 —1 2 0.7
C — ;C — ?
171203 —0.2] at [1 0.3]

1 1 1
B, = p-|t0 M, = 0-11
0.3 02 0.3

0.3
M, = [ ] , Ny =[—0.1 0.1],

A=

0.2
N, =[0.1 0.5], N3 =[0.3 —0.1],

Iy = 0.6. 1 MATLABILMI T H AR R 20(33)
(34), AT LI EI U N A BE B 55
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07 %

o) =

~3.79 —0.31 | 51) + 0.07 —0.73 ®
1.44 —1.97 —041 o017 Y%

2(t) =

~010 ~024] .\ [-024 055]
—0.47 —1.32 0.07 —0.38 | 1\

58 RAMWIMEIRE B = (0.8 —0.5]T, REM)
AR B (1) 9 g B 0.0011K 1B 7. 78 R AL
BRARMENER () = sint. FR G0 HIRA W 5
KT, JEIRBIRZE RGMRZZ () W 2T 7R,
17 LI 45 ] DU 2 T3 v 185 0 H o 98 30 2 3l A2
Pt 2K

0.8 T T T T T T T

I —x 0 |
0.6 ---xz(t)

0.4}
02t
0.0 L\
-02} .
-04F .

706 1 1 1 1 1 1 1 1 1
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Fig. 1 The state z1(¢) and z2(t) of system
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Fig.2 The error z(t) of filter
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5 458 (Conclusion)

AL T 2 ARG M JE 5T 40 A I )
SHANE RGBT T EWH L IER AR . R
FETLMI 7 i B v 16 & e Ho JE DR 2% 1T LR IR
VEPE R IE RGN T8 58 I S B P 2 Wil Ao
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