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Generalized H-two filtering for networked systems with
bandwidth constraints
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Abstract: The generalized H-two filtering problem is studied for a class of networked systems with bandwidth con-
straints. The quantized measurement signal is used as the input of the filter. Then, by using the logarithm quantizer, we
model the filter-error system as a time-delay system with norm-bounded uncertainty. Sufficient conditions are derived for
the asymptotic stability of the filter-error system by the Lyapunov stability theory and the linear matrix inequality (LMI)
technique; and the design procedures for the filter are also provided. A numerical example is provided to illustrate the
feasibility of the proposed method.
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Fig. 1 Structure of networked filtering systems with

bandwidth constraints

B b A 2 F () o B A s, G S &
WAEEL, F5(t) = fly(t)). 5& SLRAIR Ze, (1) =
fy() —y(t) = A)y(t), b At) € [-6,0], B
R SCHk[61 145 L, ARG 70 < 1.

BT BB A AT a0 R S5

{ I(t) = A3 (t) + Bei(t), )
A(t) = Cri(t).
o Ay € R, By € R™, O € RP*™ 24552 [H)
VeV AR BB, T WS IAFAE, 72550, hIN 21, Y€
WA AN
{(; #(t) + Brf (y(ixh)), )

||
i%:

(t) = Cri(t).
& T (t) —igh, t € [ikh + Tig, tp1h +

Tine1), k=1,2,3-, WAaRG) TS E K
{ Z(t) = Afa?(t) + Bef(y(t — 7(¢)), @
i(t) = Cra(t).

EX 1 (EMKIREET, (ths1 — ) h 4+ Ti g1 <
nk=1,2,--, nE X BN ARV FFH(MADB),
Hr(t) < (igy1 —ix)h + T g1 < 1.

MR FE Al 22 (1) S, JEIAs B 2 AL A

{ Z(t) = A (t) + Be(1 + A@))y(t — (1)), )
3(t) = Cea(t).

e(t) = z(t) — Z(t), WIDEPDRZE R G0 vl LAFEIR

t)+ EKE(t —7(t)) + Bu(t), ©

7828
—_

E=E(lt)+A(t)E, B= B(t) + A(t)B,

L2[0,00), [le]loe < Y||w||250L, A4 ZRGE6)HAT)
XHPEfe bRy, Horp:

lelloe = sup v/eT(t)e(t),

vl]2 = f:ovT(t)v(t)dt_

ASCHYH 58 vk i ) I g B s, A1
JEPARZE R GGy AT, B WK CHy M
REFbRy.

3 )7 XH,M: 8 4> #1(Generalized H, perfor-
mance analysis)

I 1 WHRet) € RUgE WM& 3K
K, W AT A EM,, My, My € R™", Wy, W, €
R”Xmu&XﬁmEtfﬁlﬁR € R ", 47

ff ds < KT ()(® + nYTRY) k().
o
@ =
[MT+ M, My —MT+M;, W, W, ]
« 0 —MT 0 0
* * *M3 — M:;T *Wl *WQ y
* * * 0 0
L * * * * 0 |

=[My My, M; Wy W],
k(t) =[z"(t) T°(t) =T (t - 7(1))
wh(t) Wttt —T()]".

UE K SCHRI71H B0 AN S8 X e B 7 v, ]
FHEA T HE,

T X EIEILE 7 RA6). W T4 10,
.y > 0. WRAFHESEER > 0, P = R f,u&
3

ﬁ%éﬁﬁm%ﬁlﬁthMQa M37 Wh WZ%“*ﬁig > 0,
4



%3 TRPHEE: 7 5 IR S RGN SCH IE 379
= nI'TR nYT 5, Q, =54+ n9I'RI +nYTR7'Y,
2, = * Tk 0 0 <0, @) ~ 21 (e (s
* *  —nR 0 Ei=| % 2 oy | +5AZ+ Z7AZ,
| x * x  —el ok (g
Pl P2 LT i/ == [Ml M2 M3],
_ _ T - -
Go=1]x B =G| >0 ® Z,=[BFPY BFP, 0]", Z5=[0 0 C].
* x I Pre
. ‘ (7)) T 45
B, WIBERE 22 R o) diEREr, R D ONT o
CH, M RESR by, Forh O 1 3 nAS nMy] PBg
_ - * 922 923 0 T]MQT Png
1 219 Sy 15 N « 0 0 MT 0
* .(222 923 P2TB PngD 33 R 1M < 0.
51: * * 033 —W1 —W2+62€CTD 5 ¥ ¥ ¥ 1 0 0
N . N ] 0 * * x —nR 0
|« « « « _I+52€DTD_ | * * * * * —el |
._(233 = 933 + (SQECTC, Fl = [A O O B O], (10)
Z,=[BfPy BfP; 0 0 0]", X 10) I Schurh s, 41
Q=P A+ AP+ M+ M, fhy (hy $hy nAT nMY
912 — PgAf + ATP2 + MQ, * '(222 ‘(223 0 nMg
T
Q5 = P,B;C — M + M;, £,y = P,B+ W, * ok (3 0 nMy |+
—-nR 0
Q15 = P,BiD + Wa, (200 = P3As + A P, * i ) K
* * *  —nR |

923:P3.BfC_M2T, 933:—M3—M3:F.
UE JEEUWT T I Lyapunov pf 1
V() = Vi(t) + Va(1). ©)

k(t) = [27(t) &7(t) «"(t—7(1)]",
I'=[A4 0 0]
FIFHGIEEL, A
V(t) < kT (8)2.k(t).
Hrp:

Ze 12 + 2fes?=5 < 0.

A b 2 R SCRRI614E BN 5 P 10 7 ik, T 4902, <
0. ATy
J = t V(t,a)da <
ih4Ti K

[k (a)2k(a)da.

ik h+Ti K

EE] Ej [lkh ik+1h] = [tO,OO
ﬁﬁz% JE(6)HTIL R

jvTﬁ»@J%ﬁ(@H‘Jf)‘(HzﬁﬁE, % & T
CASSEAE

j - V(t) - V(Zkh + Ti,k) —
Lih+7i,k ’UT(a)v(a)da-
RS, f7

J= LZHT V(1) -~ v (@)p(a)da <

frren F@)

2,=Z2, +nI'TRI + nYTR™YY,

e
®
TN
£

(oW

b
=



380 oW s N H

07 %

_Qll 012 913 914 015
* 022 923 PQTB PngD

= x x (s =W, W,y | +
* * * -1 0
* * * * -1

_QA_g + ETAZT,
=[BfPS BfP; 0 0 0 0 0],
=[0 0 C 0D 0 0]

K H Schurth 51 B DL SCHR[6] Ak B AN #f 52 1 1
D5V, A J < 0. Fx(8) 1 Fi Schurkh, 1J 45

él](

c,[cal](

et (t)e(t) =T (H)CT(H)C(1)E() <
YEL () PE(L) < ¥V (1),
i
Y(V(t) = V(irh +7ix)) <
52 ;hmva(a)v(a)da.
H—2fH

PV = Vito) <7 7
FEFHIUGZIET, V(o) = 0, W

e(t) < VQLOO vt
O T v € 1a[0, 00), Hle]loe < Y|[v]]2, MR
gu6) HA T XHohfeiebry.  EE
4 JEP A E(Filter design)
EHE2 NTY EE’Jn, v > 0, WERAFLEIE B
WPy, U, R, 5l M,, My, Ms, Ny, Ny, Ny, W1, W,
Fikrte > 0, i1

U-P <0, (11)

(2, nITR YT E,
*  —nR 0 0

v, = <0, (12
* *  —nR 0 (12)
| * * x* —el
‘P, U LT

U,=|* U —NJS| >0 (13)
x x0T

BT, WAFAE AT SCH P Bey IR UE S A (2). o
(21 T2 Tz NoD + W, ]
x T Yo3 UB N>,D

Ei = ES ES .(233 _Wl —WQ + 52€CTD y
* * * i 0
* * * * —I1+6%DTD ]

Z,=[Ny NI 0 0 0],

Tio = N1+ ATU + sz

Tis = NoC — M + Ms,

Ty, = Ny + NI, o3 = N,C — M.
B, REFEMENA; = N\UY, By = N, Cy =
N;U.

WE B TUIEE, W AFEAE R B Py IR FEP; >
0, iU = PPy ' PF, 2 X

M, = M,P;' P},

Gy = diag{I,P;'PY, I,1,1,1,1,1},

G, = diag{I, P; ' P}, I}

FE0, s o 3 AE e A RMEPEGT MG, F52 X

Ap = P;N\U'P,, By = Py ' Ny,

Cp = NsU'P,.
¥ X (Ar, Br) % #e 4 (Ar, Br), 13 310, =
G102,Gy, 182, < 0, WI13w, < 0. [FI 7L, P I

Oy IR A T BEGT I Gy, 3144 30(8) H 1 Cp B 4t
j\ij, ?%@J U, = G;FQng, EEQb <0, ﬂ?%"@b < 0.

—J7i, (1) P, —U = P, — P,P; ' PF > 0,
P ‘ N
AP =" 2| >0, WHRE I, BT e
3
W T LLS Ky

{ﬁUz&wO+&ﬂW—ﬂmx(m
(1) = Cear(1)
PR B 2(t) = Powe(t), W LT 8464
{m>=ww 0 + NSyl =),
Z(t) = N3U & (t).
L@ s, RT3 ds RECERE. IkbE.

5 ¥ H H(Numerical example)
ZIERSQ), K REOEFE T

-2 0 B— 1 7
0 —-09 -3

C=1[05-07], D=1, L=[1 0.6].

A:

4 € B2, 4 '€MADB7, #) JIMATLABH
FILMI Toolbox, R ff AN Al AL K o5 X Hy M fE
Fabry Z MG R. g En = 0.4 I, § 5~ [ 11
KEHEN: 6 =037 =0.6038; 6 = 0.5, v = 0.67;
d = 0.8,y = 0.7730. 7] W, ik B £ Ak D1~ 38
i, /ﬁ/ﬁiw%%é}ﬁmr B AR 2.

b, F4ES = 0.5, Al FFANF fn BT 5
Ky, W:n = 04,y = 0.67;n = 0.6, v = 0.7271;



%33

TRPFAE: A7 R BRI LA RGN L H IR 381

n=0.8,v=0.7678. AJLLF i, o4 E M, N4 I
SIS S BCRGIHEN L HPEREAR 2. [R]IN,
S = 0.5, 7 = 0.6, JEH & RN

—11.2325 39.6978

Af = )
—2.2095 7.5286
—0.0633
B = = 10.3827 — 1.8497]|.
; 0.5k | - Cr = (03827 —1.8497)

6 45i&(Conclusion)

ARSIV T — IS L M i 42 R R G AE iy v 52 B
W 28 IREE T ()T SCH B8 % Il . K FH G 250 A 4,
FEDEWE 18 25 RGN — AN TO BT FEANH 2 I8 R
4. K| H Lyapunovis & P LS FILMIE R, 25 T )8
PR ZERG WL R e H B — i) XH MR
FRARI T8 70 45 A LA S BB 2 (R e vk 7 v, BUE 45 R
KT P Wk ik AT .

£ % C#k(References):

[11 ZHANGL Q, SHI'Y, CHEN T, et al. A new method for stabilization of
networked control system with random delays[J]. I[EEE Transactions on
Automatic Control, 2005, 50(8): 1177 — 1181.

21 E R, A BOWR, %8 SC B A BEALE RN LE YR M 21 R 4
M H oo BEBE AR BT [I]. #1218 5 R H, 2007, 24(3): 366 - 371.
(WANG Wu, LIN Qiongbin, YANG Fuwen. H., filter design for

discrete-time networked systems with random communication delays[J].
Control Theory & Applications, 2007, 24(3): 366 — 371.)

[3] SAHEBSARA M, CHEN T, SHAH S L. Optimal Hs filtering with
random sensor delays, multiple packet dropout and uncertain observa-
tions[J]. International Journal of Control, 2007, 80(2): 292 — 301.

[4] SAHEBSARA M, CHEN T, SHAH S L. Optimal H filtering in net-
worked control systems with multiple packet dropouts[J]. Systems &
Control Letters, 2008, 57(9): 696 — 702.

[S] GAO H, CHEN T. H., estimation for uncertain systems with limited
communcation capacity[J]. IEEE Transactions on Automatic control,
2007, 52(11): 2070 — 2084.

[6] FU M, XIE L. The sector bound approach to quantized feedback con-
trol[J]. IEEE Transactions on Automatic control, 2005, 50(11): 1698 —
1171.

(71 5RIGHI. BT B0 AN A5 2075 12 10 I 3 AH DG 55 MR PRI 9 D], K
THRIRAE, 2006.
(ZHANG Xianming. Study on delay-dependent robust control based on
an integral inequality approach[D]. Changsha: Central South University,
2006.)

A A

S (1985—), Ui, WL WEFA, BFFUIT 1 DA g 5
il B R S84, E-mail: Jason_Zhang 19850626 @hotmail.com;
(1961—), 53, Hf, 1 222 M, BF5075 1) 4 190 2% ) 3
8t IR S BT )4, E-mail: lyu@zjut.edu.cn;

TK3cE  (1982—), i, WE-LBFFAE, BIFFT ) WA SR 4 I i

A %%, E-mail: wazhg@hotmail.com.

@ ar



