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Abstract: This paper investigates the H-infinity filtering problem for a class of uncertain systems with both time-varying
time-delay and saturation. In these systems, bound uncertain terms exist in their state equations and the saturation appears in
their output equations; process and measurement noises are of unknown statistical characteristics but are bounded in power.
For these systems, we propose the generalized dynamic filter architecture, and develop a novel method for designing the
filter. By using the stability theorem of Lyapunov-Krasovskii and employing linear matrix inequalities (LMI), we effectively
handle the time-varying time-delay, the saturation output and the bound uncertain terms. The parameters of the filter are
obtained by solving a special kind of linear matrix inequalities. The designed filter also meets the requirements in H-infinity

performances. The analysis of an illustrative example shows that the proposed method is effective.
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G UL S HARSR RGN, RGURES TR
A I AR I R A S AN 2 I, i e 7 R R S A R
T, A% RS R G0 2%, W GUHMERE TR, A
I TTERAE T 1) MIE T3 4 P Lyapunov-Krasov-
skii R 25, 73 31 7 OR S¥ P B DN (RIS S RH OG0 S E
5. 2) I GNP E — 8 S AF 1) A AT S
SFIW, 345 7 5 ILA G R A S HCR R A L TR
I, 2% LS8 I 2% 1) % 326 bR B 1, S SOk Ad A 4k
AN GWIRRIAX, Fi T SHsH.

S BIAT 5: R RndE S o) 5 2% [|], R
Fann x mdE SRR PR LK 2% 8], La[0, 00) 1[0,
oo) FAF I nI BRI AR A, || 2| o7 nl FEa ) Lo 76
£, Lo hm x e ST B, 3 7 R B TR 6T R &5 44,
diag{ -} =X MEHOEE BE; SHEAELX > YA
X 2 YRR X — Y2 IE e FF 1 H .

2 [\ B3R (Problem formulation)
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(t) = Az(t) + Ayx(t — 7(t))+

[t x(t), 2(t —7(1))) + Buw(t),
y(t) =sat(Cx(t)) + Dw(t), (1)
2(t) = La(t),
z(0) = ( ), Vt € [—d, 0],

Hr, z(t) € RPERFENIRE, y(t) € RTZ2RGM
{)” i, 2( ) € qu'%ﬁfmﬂnﬁ P(0) /& T ENE
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—JTPI>0e
I X] ~

P >0,
B PSRRI S A B
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01, 61 A B 65 I 0
x S XA, 5 LT X Zy
* *  Hag 0 0 0 0
* % 0 —~% 0 0 0 |<o,
* * 0 0 -1 0 0
* * 0 0 0 —& O
* % 0 0 0 0 —eol
(21)
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d(P, + Py) 4+ £,CTC + e1al )R,
O =A+R'ATX + RFYZ,O)V' + R Z, +
R_l(Q +d(P,+ P,) + £,CTC + eral),
O15 ;= R'LT — R7'Z,.
WS A, BeFICe 350
Ay =S ZITR'W-T,
By = S~'7,, (22)
Cr=ZJRW-T,
) 2 5
RWAFST = 74,
SB; = Zs, (23)
RWCF = Zs.
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<0,
x 0 0 -1 0 0
x 0 0 0 —eI 0
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/\[:I:I
W= AP+ PA+ H (10l +
e,CTC +Q +d(P, + P,))H.

Cy(sI — Ag) 7' Br. 5 :XQMRN, 17
G(s) =
ZERW T [sI-ST ZFRTW T ST Z, =
ZiR ' sSWT — ZIRY 71 Z, =
ZiR'Vs(I-XRYW—-Z'R''Z, =
Z3s(R—X) - Z5 2, =
Zi[sl — (R— X) ' ZI "R - X)" ' Z,.
HT AP T A, DB 1O S BT Ok 320, XA
TEUE A AR SR AR ST IR T AT PR REAR bR,

=y
FE 3 EEAEW, B AAHX, RIEE KR (18),

AXARFXRVEAFHXR™Y £ 1, FE5IANAIER 40
FESAIW AL i L X R + SWT = 1, 3% & 1F i
LRI T PRI AR S HOR R A R (22).
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4 #1545 H(Example and simulation)

AT, RS AN LB AT B, USSR
AT TR H R DR o BT TV A R

S — AN A BRJE IR R 0 R an 1
P, ' HEE . T A S e AR . B 1moh
SR HOTUR, BRI, ctdfico e, T, co N
FEAH PR JE, o A HIRH S, A8 ok it i Hem 47 #5.
HIEFIHJE I F = c,an] LAE H, I 7 AR Sk
H T340 RE T, R TR B AR A (RN IR
R PR AR o M, P A e e b R D R, %
R A R IR A

0 1 0 O
H=| k|04, _cr]-
Bt (1)) + (b, 2(8), 2t — 7(0)+
—0.45 ;
| 0.9 w(t),
y(t) =sa((0 1]a) + w(t)
A =0 1s(0),

(24)
e m=1k=1 ¢ =2, ¢ = 0.5 Bfk%E
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REIS (¢, 2 (L), x(t — 7(t))) I 2 K AFQ3), XHa =
0.01, 3 = 0.01; ¥R & Fsat(-) =@ & X, w(t)H
I A5 .

k ;éc

X

K1 R d SRR RS
Fig. 1 Single degree-of-freedom mass-spring system
AR SO 58 BE2oR B vt R QDI DM HLIE B
%%, R FIMATLAB LML T. L4 K fift . 5 45(24)
AN (18)-(19), 13
2.2157 0.8138
0.8138 1.6879 |’

1.8706 0.6354
R- ] ,

0.6354 1.0849

= 172,

~ 10.0167 0.0065
"7 10.0065 0.0157

0— 0.2444 0.0251
~10.0251 0.9942 |’

| 01258 0.2742
YT 202888 1.1774

Zy = 0.0804 7y = —0.0009 ’
—0.5588 0.9950

€1 = 9.4569, 5 = 0.3229, v* = 0.8718.

Kok A SCE ER2 T A A O 2. B

S DA A 2R(20), 4% ST BT 10 5% (R B U 3 5
oy

| -0.1528 2.1797

P71 20.4094 —2.5971

—0.8408
1.1754 |’

Cy = [—0.0009 0.9950].

PIE SATIN wo %) -4 & IS B € LR 8 2 N NS i
17 T B IR 42 (0) = (0.4, —0.2), 2(0)
(0.6, —0.3), FEIF 1] B [2s, 4 8] 48 SR 4h R G AN —A
WEAE A B A b | 4

Y

(25)

=

flt,z(t),z(t —7(t))) = [0122151_(?(75))] ’

(7L B2 5%, ok 2 (1) FO5 () O 2%,

HT B2 0] 501, M8 PURS fa e Al VA5 5 AR R4
HE2(t), MTHRZEZ(E) = 2(t) — 2(0) RPN T%.
P RR M YRR ARH AT R HXT SR T AT 8
SRR E R

2.0
—z (1)
1.5F = Z2(1) A
1.0F

0.5F

z(0.2()

P

0.0F

-0.5

10 15

t/'s

2 {5

Fig. 2 Estimation signals

H T R AR SR A RbE, AR S5 Sk
[291101 45 SRAE T L. 1 R GeiB 4k A I fAS
fiff o T A T, ok, A SN s BE2 R T %
RGN NH JEP 2%, WL TSy = 0.1000(H
SR T SCHR (2917 I+ = 0.6680), X M ) % A H o
TEW A SEN

0.0000  0.0000 1.0000 0.0000
A — —0.0001 0.0000 0.0000 1.0000
"7 | =12.0005 0.9999 —0.5001 —0.0000 |’
2.0000 —2.0000 0.0000 -1.0000
B; = [—0.0001 0.0001 10.0005 — 0.0000]",

Cr = [0.0001 0.9999 —0.0000 — 0.0001].

LR, AR SCHZH IS 28 34T F. 7 g5 R
LIP3, B4 Sk [29]145 H 7 B 45 2. LA B3
K4, AT H A SC &8 AR AL B 5  0 I s AR
T SCHR [29]11) 45 5.

1.5

z (0. 2()

25

1I5 2IO 30
t/s
Kl 3 AR BT 1) F A R

Fig. 3 Simulation of degradation model
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Fig. 4 Simulation of [24]

£E 18 (Conclusions)
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