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Fuzzy H,, Filtering for Nonlinear Networked Systems

Subject to Sensor Saturations
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Abstract
existing of transmission delay makes that there may be one or multiple data, even no data arriving at the receiver side

The Ho filter design problem is investigated for T-S fuzzy-model-based nonlinear networked systems. The

within one sampling period. A redundant strategy is proposed to solve the problem of sensor failure caused by sensor
saturation. In order to reduce the conservatism, the fuzzy-dependent-basis Lyapunov function is chosen to analyze the
stability of filtering error systems and a sufficient condition is given to make the filtering error system mean-square
asymptotically stable with a specified Hs performance. The parameters of the filter are obtained by solving a set of linear

matrix inequalities (LMIs). The simulation results illustrate the effectiveness of the algorithm.
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—— ——
6(d+1) 2(d-+1)
d1ag{<I> q) (I)} KEX Af] = RQAfJ7 Bf] = Rng],
- Rz Afav Bf] - R2 ijv CfJ - Cf]: Eﬂ_t (20)

BT 0.
5. A% (18) M (19), M KM~y
Ak 1

min w
Py>0,Q;>0 (4=j=1,2, ,p)
Apj By;,Crjrei>0 (=0, ,2d+1)

s.t. (18),(19) with w = ~?
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A AR R A MM Hoo PEREFRAR N v+ = ook, w1 PR UL ()
Hr ok 2 o BERRE. Table 1 An example case of the received data at
6. fE—Sul T, ETHBIEN (2) 4Rk the recelver S
PRG (1) WEBSAE—E @R E. FKik k & & Gx
iR, EEEMERS (1) ATASEM TN RS ; 1 (1) 2
Y2
p
Tyl = Z hz (All'k + Bzwk) + Afk i 8 (1) 53
=l 5 1 1 Ys + Ya
Hrp, Afy = fog) — le hi (Aizy + Bywy) &8 k
IR, KB IE I A B AR S SRR 5T 7 ) S RLRAFIVER 1, WTPARFEL LR o7 = 5.7774,

4 fhEHIF

Y5 UEAR SCRT B SR A R, 5 I8 SCRR [21]
I — AR B R R S

’jjl (t) = T2 (t)
iy(t) = _ 2@ 0) + G ()
antlay (t) sin (24 (1))

4l
3

o, @y () FR AR SR E TN, () 2
FEBE, g = 9.8m/s” RE ML, m 2 E T
JTikt, a = 1/(m+ M), M 2/ NERTE, 21 265
PR, b SRS S ) e B, w(t) 2
TH AL HRESCHk [21], m = 2kg, M = 8kg,
I=0.5m PAK b=0.5Nm/s. ¥RGIEREAK
= (£60°,0) kbLkttl, RBEFL T = 0.01s &
1, WIHSH% F eI B ] T-S ORI Y

0
0.1

0
0.1

Cn =06 06], Cro=[0.6 0.6]
Coy = [1 1}, Cop = [1 1}
m:@1ym:@1ym:Lm:1

LR, BREAER d = 1. Jé = 0.3, &
— 0.2, 6 = 0.6, BIWLISLH R BUCIHE 2 4 0.3,
— 35 HE R Y 0.14, F 4R 0.56.
1 RPI T Y &Y (0= 0,1) BUR RN,
P BRI MG 1 A, Y k =
1,2 B, SORIER G Y k= 3 i, SOREA,; Y k
— 4 i, BOHRAER BB Y k= 5 i, B
42 AR

amlcos?(xy(t))

— amlcos?(x,(t)) + 10uw(t)

0.9921  0.0098
—0.1702 0.9748

1= 3 1 —

0.9927  0.0098

2 = 3 B2 =
—0.0577 0.9773

0.9834  0.0088 —0.0012
f1 = ) Bfl =
—0.1658 0.9648 —0.0130

0.9896 0.0103 —0.0026
f2 = ) Bf2 =
—0.0585 0.9653 —0.0120

Cpi = [0.0252 ~1.0167]
Cpr = |-0.0436 —0.9814]

WHGRIB R BN hy = ooy he = 1 — ha, 1%
JRASME R RECH 9(Crizy) = wclixk + %
x sin(Cizxy), ¢(Coizy) = wc&ixk + w X
sin(Cyizy), i = 1,2, Hoft My = 0.3, M, = 0.4, M,
= 0.6, My = 0.8, 4MTHE wy, = 1.2sinkx e 02,
v = 1.2sink x e 2% WHAHE N zo = [0.1 0.1]T,
Fo = [~0.25 —0.2]7. {FELEMIE 1 Fi, AT
PAF H AR SCHR S DB R 2 A R

0.4 T T

$£%%%‘l

100 150 200 250 300 350 400 450 500
ISy /A
K1 2 HSCER Heo JEUI(E

Fig.1 True value of zj and its filter

Sy R RSO AL A S B BT BT P D B A8
AT ARRAR PRSP, K5 A SCE BRI A0S 7 34 (BRIl
It Lyapunov p& %} Lyapunov i FES5 B HLIN T
K) PR 286 =02, 0 =0.6 fREFAL, 2
o M 0.1 3] 0.9 A2k, Pyl Hoo PERESEFR 7
RN 2 PR, R 2 P RTDAE Y, BORIRUUK
T 7 VTR v BINT RIS ) 73k, R
A AR LR AR BT A PR RIS, BEE Rl (e
FACERIE R (R & ZER), Hoo PERESEAR 7*
N, RERPIT ARSI

0 50
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P2 BURIRLAR IS 5RO S )~ AR
Table 2

basis-dependent and fuzzy-basis-independent methods

Comparison of v* between fuzzy-

£ ORI A ORI A 7 175 e
0.1 5.8237 7.7774
0.3 5.7774 7.2734
0.5 5.1049 6.0407
0.7 4.1155 4.6130
0.9 3.2347 3.4826

FAVIE— 2B A T AL TR RN U AR AL T A
GNERERYSEI. 24 o M & A, 1T 6 M 0.2 223 1
i, Bl Hoo TERESEDR v* HH3R 3 . i3k
3 HIHI, BEE O BBER, vt BEZ SRR, R g AL
Ar PR AL R O P RE B A

%3 Bl Hoo MERBSEIR S MR ERAREA A MR 0 X FR

Table 3  Relation between optimal Ho, performance and
the sensor saturation occurrence rate

5 v*
0.2 5.6159
0.4 5.7171
0.6 5.7774
0.8 5.8047

1 5.8116

R T Ut B R S R AR R SRR 5
Wi, FATT 43 30 85 S 5 R I i A — 25 15 A R IR Ry
AT ORI, WK 4 PR, WK 4 HRAEH,
TEIEF A A M A BT T, 24 2 AR,
RS — W A Hoo TERETEAR 7 BRI
WA I DS, BRI R G RITE K, RGETE
ABAEZZ. [AlI), YR GEIEE R R, BEE &
48 ARV, v W DN, RGER T
il B B

F4 BORWHE— L HWE R " R
Table 4 Comparison of v* between one-step and

two-step maximum delays

&/&1/& Py Py Pirop v
0.2/0.3 0.24 0 0.56 5.8221
0.2/0.1/0.2222 0.08 0.16 0.56 16.6811
0.4/0.3 0.21 0 0.42 5.7386
0.4/0.1/0.2222 0.07 0.14 0.42 13.6758
0.6/0.3 0.12 0 0.28 4.8987
0.6/0.1/0.2222 0.04 0.08 0.28 10.2688
0.8/0.3 0.06 0 0.14 3.7947
0.8/0.1/0.2222 0.02 0.04 0.14 8.2085

Bela, BAMER S5 4yl 75 30k [22] 1905
FHCREE R, SCHR [22] % S8R 2 1A (R Eas 1Ay

NCS #i#] Heo JEBERBOT, HE0 A — Mk
AT IEBAR BT T R, @A SRIEH 6 =0, X
Wk [22] AR d = 1 (RDEC B IR # B,
FE— SR, BE £ 5R). AR R AY IR H ot R
Fl— AR A AT T, ATHER T/l Heo 1
ey MRS PaTUE T, ASOETS v 194
FESCRR [22] M. RN EEA AT — R A
SR 2 2 AL AME SR, IR FE BT I ] A
TAILI] (S 1 7 3%

RS 50K (22] RITER T HE

Table 5 Comparison of v* with the method in [22]
/& AL 3k [22)
0.2/0.4 5.8443 7.3637
0.3/0.4 5.8356 7.3509
0.6/0.7 5.8143 6.5984
0.7/0.9 5.8023 5.9142
5 &g

IR0 85 42 il 28 40 FH Y B 0 G o 2 AR R R,
94 5T R AR 19 12 JE%s th 2> Hh BRI AR 2R ME L A
ASCE R e et Ry T-S BORIRIL A Rk
LMER G, X T I R ] B R 1Y g CF I8 1)
A, AR ORISR AR5 SR IR P A, A 24
FIME TR A 25 X AR ST SR T RO AL U 4
R AR, M BEPL M7 IR 2 T BRI R AR
ST R E H € Hoo PEREMI— T80 5%
£, M LML $ERGEIDER 88 S B . 05 E
GERAZH, ASU LN AR 14 75732 EUASOR RO 2ok 57 75
TR R CATRAT R/ N PR ST, TR] P i 2 28 G e 114 34
K, REMIEREAEZE. ACPrR AR T-S AR DA
AR T R G AL, (BAESLER T, RGERI AR
SETERR) AN, X R G EER AL, AT
DA IR 2R A XA 2 H T-S Bop s 2],
ISR ] S R R RO SRR SR Z0 i R S
AW E L IR B E G RO R 4, s
WA I IRRAE LRI R GRS, AR R A
B TE. XA LR R AR 5 S e i = 207 ).
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