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Abstract: A class of uncertain interconnected time-delay systems is considered in the paper, where the uncertainties are as-
sumed to satisfy the boundedness condition of the norm. For such a class of systems, a linear filter is designed for each subsys-
tem by using the outputs of subsystems as inputs. With the new augmented vector composed of both the state vector and the fil-
tering error vector, a new augmented system is derived containing the system state equations and filtering error equations. If the
filter parameters can be designed to minimize the gain from disturbance noise to augmented system output, the influence of noise
on the state estimate is the lowest, and the real state can be resumed at the same time. Under such conditions, the problem of
filtering for the original system is equivajent to mimmizing H-infinity gain of the augmented system. By selecting a proper Lya-
punov function, the sufficient conditions for existence of the filter are derived on the basis of the Lyapunov stability theorem. In
order to simplify the process of designing filter parameters, a new matrix transformation is introduced for the uncertain parameter
matrices in sufficient conditions, and via a series of equivalent transformations, the above sufficient conditions are transformed to
a systemn of easily solvable LMIs. Based on the LMI toolbox of Matlab software, these LMIs are directly solved. Finally, the

numerical simulation proves the validity of the main results.
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2 [a)F & (Problem description)
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ki(t) =(A,' + AA,)x,(t)-{-Z(AU.f.

AA,-]-)xj(t—r,-j)+B,-w,-(t),
yi(8) = (C+AC) x,(t) + D wi(2),
z(t) = Lix (1),
x(t) =0, ¢e€[-7; 0], i,j=1,2,-,N.
(1)
Ha: (1) € B%,y,(1) € B™,z(1) € BL p51R
FiNMTEEAORERE BB RgMs T E;
wi(t) € L[0,») REAGHRFERMAGS, HEHE
HROE Y, o, ARERETHE ; SECATEE A, A4,
AC; W R

A4; H;
[AC] = [Hl.z] Fi(t)Eili AA,J = M,Alj(t)Ngr

F'F. < I, AE-A,—I- <,
(2)
T Hyy o Hpy M, Np(3,j = 1,2, N) 938 SHERE
HRAERE.

XFFRBRETAE R G (1) , B BT LRk 2%
£,(t) = Aix; (1) + By (1),
fi(t)=£i£i(t), i =1,2,-,N.

(3)
EESEA LB AL, EE - TFREMNIERIRE
£(t) = z(¢) - 2(0) N FRARRIETSEA T EN
BUNTHER v, R, HERR ERBF IR/
HTPHEHE, € LT HEEMREEE

vl om0
o= g AT W)

P P B PR L
flj = 0 ’ fi = ﬁiHiz ’ f; = O L)

(4)
{Ef,-:[E,-l 0], U;=[I 0], Ly;=[L - L],
% (1) = [27Ce) =TC)]"

(5)

MR (1) AR R LILA
Jéfi(t) =
(Af, + HfiFi(t)Efi)xfi(t) +

N
DA+ My A (DN Upxg(i-7,) + Brwi (1),
j=1

zr; = Lpgwpi(2).
(6)
3 FELE(Main results)

AR BEHAR(DMWESE H IS TE
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Api = Api + HpF (0 Ey,,
Arj = Ay + My (1) N ™

EE 1 WTABEXRBKEHASRSE (), %
E R >0,7 >0, MRS (3) FEMTHFMR:
FHREEXNHER P, € R, Q; € 3%y, 18
T EAAEEEA AT

r AT i A
[:4f,-P,-+P,-Af,-+ ¢, PB,
o, - ; U}‘jSUi"'L}iLfi <0,
ol -Ja 0
: B}.P; 0 - yul
(8)
UPUT < 7R, (9)
Hrp
D, = [Pi/iﬁl PiAfiN],
Jin = diag {Qu Ot
U; 2R (S).
BRI R RO
V(i (1), t) =
n N )
2 {xf P s + Z}J x5 (s)UTQuU; x4 (s)dst.
i= j=17 -7,
(10)
R2E
V(zi(1),1)) =

N N
2l (TP + PAy + 2 URQU) x: +
i=1 j=1
N
22 x}F,P,Aﬁ]x](t - Tq) +
J=1
N
=1

}

£ 1805 Ef T
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J = Z(L (zf;zpi=Ywiw () +V (a5 (1), ¢)de) + He 0, = ATP, + PA;; + E UNQ.U; + enEfEy,.

V(x7(0),0) - V(x;(0), ). (13)

BT V(g ), o) > 0, BAHE FRMT

J < EJ 77 (¢) Cp()de + V(x,,(0),0).

(14)
Hr
Vi(t):[x}i(t) x}i](t-fil)
MT <O/ NE

J:z}‘,-(t)zf,-(t)dt < )’,-(j: w()w;()dt + o)
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x}w( t—ty) wi(e)]T.
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[ (3 PAs;; - PAy PB; Ly PHy 0 PM;]
* —Qq - 0 0 0 0 eAN, O
N SRR S
x % x _Qny 0 0 0 Ny 0
x % * x _y1 0 0 0 0 |<0O.
* * * * *» I 0 0 0
* * * * * LY | 0 0
* * * * * * * —g;11 0
L * * * * * * * * —g; -
(15)

N
XA; + AT + D0 Qi + eaENEy

=1

H;, = v

YA + BriC; + Ar; + AX; + Z Qi + enEL Ey

j=1
e [X,Af,-] XArw  XBi LT - L],
* 7 lray, YA YBi+BD L

0 XM, ealVu  ealNp €1 Ny
Hi3 = [ ]9 5 = [

0 Y,'ML' 0 0 ot 0
Hy = diag {- Qis - Qas = 5 = Quw, — 7Y, - 1,

ELFEMRTE, X, ¥ BREESRER, B
BEMQT),EIBERBIET P WIEEH, S5 A,
= NAMTX,,B;; = NBC,,L;; = LMX,.

REEEREOZEMELR NM] =
vx;', WA TR

L -

- EiZII-
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P, - [Yi Ni] p-1 - [X_l M‘] (16a)
CTANT %) Mr o«

X—l 1,' Il' Yi
II; = [MT O,—J , lp = [0, NT] (16b)

;H\:EF: Xiin ﬁE%XjﬁﬁlgvMuNz y‘jzﬂiﬁﬁé@
IEE;_\E% P;'Hn = Hiz- IEJH:J-; y‘jT{%iﬂz P,‘ E@IE;'_E

Y, - X; > 0. (17)
B ¥, = diag {Hzlvl L, 1}, X1 (15) Pises 5
ERMATR v, v, B —0wEMAEHh, mTiE

EH 2.

EE 2 MTREMEHSRAZ(),HE
R, > 0,7, > O, INREEXNFRERE X, >0,Y, >0,
PARER 1 > 0,6 > O, 15 FHEAY LMI 5L

H, H, Hj

x H, Hs[<0, (18)
* *  Hg

Y, < ¥R, (19)

MAG)BARFK (D E— 858 . HF

N
Ar{Yi + /i;l;i + C?B}i + XA + E jS + EizE;'rl E;
j=1

N
ALY, + YA; + B;Ci + CBJ + 25 Qi + €nENEn
j=1

(20)
N ] , (21)
YH, + By H;
- E,:]I 0
]’ Hyg = [ ], (22)
0 - ‘Eill
(23)

H,-(s) =f,i(sl—ﬁi)l:}i = ifi(S(Xi - Y,) —/]fi)_léfi.

(24)
TR 25 S HRT LA BCA
A; = (Xi_Yi)_IAfi! B = (X; - Yi)_IBfi’ L = i'fi-
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N AR RAER LR R B IE B80T, R X 15— " l_0.0008) " 7?7 Lo 7897)"
Ay BN BRI E X — AR, B A L, = [0.0909 0.0909],

5 7 F IR F TR Y i HFR/DN FEEBRBIT 2,
AT LUK LA LMI (AR & -

N
min 2] p;
i=1

{inequation (18), (26)

inequation (19).
Hihp = v3(i = 1,2, ,N). IEEATUKBLRE
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4 ¥ {EFE 5 (Numerical example)

APHAE—MEEES, AR AR
AR IWHAERNA S, RENESENT .
-1.5 8 0.2 0.3
. | - | |
-7 -8 -0.2 0.3
-0.1 0.3 1 -0.11
AI2=[ ]7Bl=[]1C1:[ ]1
0 0.8 0 -0.15
-5 2 0.3 0.2
T I A J.
-3 -7 -0.8 0.01
A [ 0.12 0.3] B [0.24]
270 g2 o014 L b
A e R
SR O7 R O W R W T
[0.0003 0 ] [0.0028 0 ]
"Tloo 00033 T L 00 0.0007)
Ey = [0 -0.02], M, = [0.2 o0.01]",
M, = [0.01 0.03]", Ny = [0.3 0.01],
Dl = 0.4, N“ = [—0.2 0.01],
Ny = [0.03 0.01], Ny = [0.1 0.1],
Ly=1[(1 1], L, = [1 1], H, = 0.02,
H22 = 0.01, D2 = 0.4, E“ = I:O.l 0].

% EmERSE AT R (26), F| ] MATLAB #1735k

fil ] AR B An T AL A
. [_ 1.6321 8.1306]
D= 6as3 _7.7953"
. [—4.8719 2.0034 ]
2= [ 32050 - 10.0095)°

L, = [0.0833 0.0833], 7. = 0.037.
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5 4512 (Conclusion)
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