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Abstract This paper investigates Ho/H.. filtering for com-
plex multi-channel hybrid networked systems with different net-
work delays and packet dropout in each channel. Unlike the
widely existing Ho/Hoo filtering methods under single network
environment, where multiple signals are encapsulated into sin-
gle packet and transmitted through one common channel. The
characters of hybrid network are firstly analyzed, which are then
described by analytical formulations. A comprehensive filter-
ing error dynamic system model which contains multi-channel
hybrid network communication constraints is then established.
Based on the Lyapunov-Krasovskii theory, the designed filter
enables the multi-channel error dynamic system to be stochasti-
cally stable and to guarantee a prescribed H,/H., performance,
under the known maximum network delays of wired and wire-
less networks. Simulation confirms the efficiency of the proposed
method.
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FRAERE P(i,r) F1 P(5, 8), HPE Grms, Goiry Yzme, m' =1,2,3,
i'=1,2, H(,7), O(,7), Ct(i,r), Ml NEREASE A &AL

—P(i,r) 0 EiT
* —I E.I' | <0 (15)
* * =3
—P(i ~T
Gr) C7Gir) ] 0 16)
* -1

P11 pi2 P13
A, P(iyr) =

P21 D22 P23 ](pm’n’ RYSERE m/ =

P31 P32 P33
1,2,3,n' = 1,2,3),

Y = diag{Y,Y,--- ,Y}
— ——

TXd
Y11 Y12 Y13
Y = { Yoz Y2z O ]
Y31 Ys2 Y3
¢11 ¢z P13
E1= |: ¢21 P22 O ]
31 P32 P33

b1 = A gry + C o HY (i,r) + AT g
p13 = AT 13 + Al a3

211 = OT(i»T)

psir = CT (I — 0i0) TH (i, 7) + A3 Fair,
S T

011-/ = BTgli/ + DTHT(i, 7"),

b3z = A3 Tss

i'=1,2

>\i THi-El TP(T7 0)7 )\'L TH1+1 TP(T7 1)7 Y
Xi-IL 7T P(r,d)}

r=I[,1I,---,1I

I =diag{I,I,I}

WIE SR 2285 RGN E, FliAL Ha/Hoo PERE v, JFH
JEBER IS ECN

Aglior) = (58) " 06

By(i,r) = (s8) Hr)

JERR. MRIESIEE 1, 2 1 A (12) TSR0l

—P@i,r) 0  AT(i,r)0Y
% -1 B( MUY | <0 (17)
* * Q-Y-Y"T
L, wo=[1 1T -~ T]
—_——————
TXd

8 AGi,r) M BG,r) A ERX (7)), 54 H (i,r) =
B]T(i,’l“):l?227 OT(i,T) = A?(i,r)ﬂm m‘?ﬁfﬁu/f\%ft (15).

8. wH 2 T AZEERWMERGEAN T, &
Gif Ha/Hoo JEWASSHRT LUEKRAR (15) A1 (16) W4T
EEEN

SE 9. TEHE 2 Py hE I R, A R
Ho/Hoo JEB IS RUARIER B, 2, 45 v R4, @t LT
SERE 3 Wil th s Ho/Hoo JED 5.

IR 3. A5y ARFIN, 78 CAITT 2 W 45 RITE 26 W 45 ) 33
FEB KM ERIEIN - M d BIERT, &AL EEXN KR
SERE P(i,r) R PG, 8), HBE Gims, Yoiry Yam, m = 1,2,3,
i = 1,2, H(i,r), O@,7), Cy(i,r) LAEBEL p, MU0 NHEBE
NS T

min p
{ s.t. (15), (16) (18)

X, p =2, MIPEIRZE B RGN E il Ha/Hoo
TERE .

4 hEHIF

18 TR P R g S 20 e s AR A A
PeYEM PRI, JF Hizde ﬁ*ﬁf*ﬁé@%ﬁ’fﬁﬁi*’l‘%ﬁ?ﬂ
TN | AURERTEILE h f BB, S AR {SCRARER (1 i AT
F193 0 5E LA 01 A O, FEFIIHA u(t), WIASRIAR 4 )15
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Table 1  Comparision of the minimum noise attenuation level
1 0 0 0 6, (t) . AR R
0 1 0 ba2(t) | BB ()
00 Ji 0 St | KR Ha /Hoo W7 0.0046
00 0 Jy d2(t) SR [15] 5 Hoo W% 0.1306
0 o 01(t) 0 3 BT I 24 AN P R 2 R R T S, 1
o o0 0 1 02(t) " 0 u(t) *4‘@@ k=1 %100, {55 Wi L MGG %M 4%
-k k —f f 51(t) 1 BIAUEPAE, B3 AT —FIEN R RAOIRES B (S
ko —k f —f 82(t) 0 10 23%, A 20 21 %, PiAs 3: 24 %, A 4: 32%). %
w(k) =0 BRGNS N 2(0) = [0.2,0.6,0.1,—0.8], &
4 JEIRT 3 PRI SRS T EB AL VIR 2, T LRI IR
W% L = Jo =1, Kk = 03, f = 0.004, IS

wRAERMA T 0.1s H J& i # H 8% wu(t)
10%[—0.1591, —5.9343, —0.0172, —2.8604]2(k), 3% I 3C#k
[15] BEEME A T7IE, 19 2030 8 I B LR GOk T 1R

z(k+1) = Az(k) + Bw(k)

Rt o) = [ 6i(k) 62(h) Gi(k) G2k |

A=
02035  —29.6580  0.0142  —14.2960
0.0012 09871  0.0000  0.0944
~15.9256 —592.9813 —0.7168 —285.8330
0.0188  —0.4451  0.0007  0.7980
B f—
T
0.000150 0.000305 0.0001565 0.0000525}
REW B E N 2(k) = La(k), FHARGE W I
Hy = Cx(k) + Dw(k), LP,L:[1100],
1
_ 0o00]  [1
010 0 0.5

LT T 0042 19 e 14 1 2k 4 B R ) T 4 B A
T 22 W B E 2R I LUK A . BTG 26 19 45 R 4 ) 4%
Wi KM F S LN d R - #o 1, BT b Wi R g0
dy = [di,d?] € {0,1}, 7 = [1¢,78] € {0,1}. BT k %

e =1, d, _ ]IC,—TILJE;E@Jk%FIHT?JTkJrlfj,korl =
s, p=1,2, A 4 PR, MN A D REFRBVEER T
g A | 03 0T e { 04 06

0.6 0.4 0.5 0.5

WA e B 3, LR AF (18) T FHm LB TR E RESR A5,
5 SCHR [15] PSRRI Hoo DEVE 7 VEAEAR [ 1) 199 24 F1 5%
AT LG, A 1 PR, IR 1 T ORI, E16 2 2l iE
AR AR AL R ST, ASCHTEER) 735 30k [15] 7k
L, HABARKI R R bx, B AT 5w (P s e ok g
J1, Bk, BA AR AR IE.
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Fig.3 Networked state (Numerical values 1, 2, 3, 4 represent

100

mode 1, 2, 3 and 4, respectively.)
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Fig.4 The error of filtering error dynamic system
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MR F A %2 I A GBS QORI M2 R S8 Ha/ Hoo VEBWTH 2671

551 MBS RIS S HL

[ —0.3817 0.8901  0.0341  —2.2918
A | 00095 00647 —0.0004 —0.1775
—~1.0912 8.3936 —0.0214 —24.8248
| —0.0087 —0.2234 —0.0002  0.6107
~0.9183  1.8441
B_ | 00214 —00445
8.0810 —15.9983
| —0.0374  0.0743
Ci = 00753 —0.8498 0.0238 2.1940

o 2 MRS M IEBAR S B

[ —0.3863 1.8598  0.0565 —5.4073
4, _ | 00127 00510 —0.0010 —0.1282
—0.8371 3.5267 —0.1560 —7.2597
| —0.0174 —0.2155  0.0009  0.5670
[ —0.6283  1.2684
B, _ | 00163 —00343
51763  —10.1474
| —0.0293  0.0583

02:[0.3829 —4.4264 0.0743 11.0991

o 3 P M IR IS

[ —0.3227 15876  0.0560 —4.4976
4y _ | 00110 00462 —00009 —0.1199
0.5201  0.1436 —0.2869  1.6498
| —0.0171 —0.1767  0.0008  0.4682
[ —0.5716  1.1504
B, _ | 00145 —0.0300
6.6188 —13.0995
| —0.0204  0.0587

Cs = [ 01697 —0.2428 0.3824 1.8844 ]

o 4 MBS FIEBSR S5

[ —0.0279 2.0997 0.0371 —5.8463
A _ | 00033 00180 —0.0005 —0.0436
—4.0069 —4.0050 —0.0718 12.0040
0.0008 —0.1143 —0.0001  0.2997
[ —0.5961  1.2009
B _ | 00168  —00346
53150 —10.4793
| —0.0318  0.0636

Cy = [ —0.0666 —0.0404 0.0143 —0.0058 ]

T T E 25 3 BT 9 2 AN iR RE A DR 30 BB A T RE 1A 5

Wy, BRAEFYIRAIE S, THREMAN

w(k) = { 8'27

2 T AN E SRS T ks A v Refabr, Al
DU IR AR AN 1] 9 2R T 198k 28 Ve e 48 hn AN S AH 7],
HET AV E A Ho/Hoo VERETRFS v ¥/ T4 EM 1, X1
— RN T SO TR TR I R
* 2 AR TR Ha/Hoo PEREREAR
Table 2 The H,/H. noise attenuation level under

21 <k <50
1<k<20,51 <k <100

different modes

BA (%) &2 (%) BAS3 (%) BA4 (%) Haf/Hoo WS (v)

23 21 24 32 2.1894E—-005
27 18 29 26 2.0471E—-005
30 19 25 26 2.0048E—-005
AN
5 it

RS AT M AT 5 ) B S R ) 24 4 Jre 2 SN 2 2% (1
2 MIE A4, AT TSR 1 R o 2 A A Y 2%
TEAEARIEBOR ES SR LGB, L] T O ALK
A 23 1G22 190 265 0 S A A TR B B R 2% 15 3 SE IS DL T, BT i3t
T R 8 A 8 13 DB R 25 RGN E B Ha/Hoo Y
AE, Mg T 525 0% 22 0008 S A I 45 T A 40 SR EY I 48 A0 R
Hy/Hoo JEWESVEVE L. (HAL, 755740 W 2% 2R GE 0 P s e vt
TR AN L I A 7] — I 220 LA S AN ) I 221 £ 190 2% 1% <3 A2
It ] EANSA ], AT A S PEB BT SR A T — 22 T
PR, BEAb, T Io 2 Al Y R8s A& REFE RN HL I 2% 15 9
FEAR, % EERIRESE R U R sen v g, AT T
TOE AR I ni i AU B 560 P 45 R e g s vk, 4
JEAEAHIT T — A5 ).
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