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Abstract : The problem of designing Hw robust fault detection filter is studied for a class of nonlinear systems with

model uncertainties and time-varying delay. By applying an observer-based fault detection filter (FDF) as a residual

generator , the problem of robust fault detection isformulated in the framework of Hw filtering. Then the L yapunow

Krasovskii functional approach is used to analyze the performance of the resdual system and a sufficient condition for
the existence of a H« robust FDF is derived. A solution to the H. robust FDF isobtained by solving a set of linear

matrix inequalities. Finaly, a numerica example shows the effectiveness of the proposed approach.

Key words: Fault detection filter; Timevarying delay; Observer ; Linear matrix inequality

(19655 ,

1

1
(4]
, Ha
(FDF)
H ] y
He
( H-)
He
, FDF
Ho/ He Hol H. (sl
Riccati ;
Ho (ee1
(LM1) ,
: 2007-10-24;
(20058 S01007) .
(1981 ,

30

[5]
FDF

: 2008-03-18.
(60774071) ;

FDF
FDF : ,
He FDF
HOO

L yapunov- Krasovskii

FDF . ,

(20050422036) ;

FDF



108

24

x() = (A+AA(D)) x(D) +

(AL +A AL (1)) x(t-T (1) +

Bu(t) + Bad(t) + Bef (1) + g(t,x(1),
y(t) = Cx(t) + Du(t) + Dad(t) + Dsf (1),
x@) = #0).,6 [-n,0].

(D
:x (1) RY

f() R

R",y(t) R™, u(t) R’ d(t)

u(t) ,d(t)y (1) L>
0<T(t) €N < o,
:A,A1,B,Bq4,Br1,

;ol(t,

()
T() <p < o) P
C,D,Dud D+
x(1)) g(t,0) =0,
I g(t,x(t)) - g(t,z()) I <all x(t) - z() I &
AAMD)  AA(Y)

BAAMN AA(D] =
“M,N N:
FT (D) F(t) <

MF()[N Ni1].
JF() R

(2)

FDF
Yy >0, FDF,
r(v

Fr-wi(9fllz <yllwllz, Vw(t)
(3

w(t) = [u' () dT () FT()]T, Wi (9

1 Wi (9 =

H o

Hoo

(3)
Wi (9 =1
We (9 =

Wi (9 ,
ri(9 = Wi (9 f(9

Xt () = Awrxs(t) + Bwi f (1),
re(t) = Gwexe (), x:(0) = 0.
R™ s Aws , Bwsr

sxs (1) Cwi

FDF:

8(1) = AR(D) + Bu(t) + g(t,%(D) +
Hi(y(t) - 9(9),

& () = Aw&e () + Ha (y(D) -

() = Cx (1) + Du(D),
r(t) = Gwiks (1),

y(1), O

L]0, ) .

3

Ay =

Ag(t) =

DA Ar ()] =

0,

H1 H2
e(t) = x(v - %(v),
e (1) = xi (O - % (D,
re(t) = ri(t) - r(v).
(1,4 (5
x(t) =

(A+AAMD)) x() + (AL +A AL (D)) x(t-T () +
Bu(t) + Bsd(t) + B¢f (1) + g(t,x(1)),

e(t) =
(A -
(Bg -

e (1) =

- H2Ce(t) + Awrer (1) -
H2D:) f (1),

(Bwr -

HiD:) f (1) +
g(t,%(1) ,

H2Dqd (1) +

re(t) = Gwrer (1) .

x(1)

(v = [ e(t)
e (1)

A1

A1
0

N =[N O

Hi
J o
H

=[0 0

(@
(1) =

’ H o
He

Mre()) 2 <y I w() Il 2,

(5]

g(t,x(1) -

w(t) =0

0

il

Aws

¢ Bt
Bw

0 0],

A
0
0

us]

v )
a

0
A
0
B
0
0

.|

g(t,x(1))
g(t,&(t))

0], Nex = [ N1

:[E],Q

CGw], D =[0 Ds¢ Di],
MeF(D[Ne  Nex].

=[0 C 0],

A - HG +AA (DX (D) +
(A +DA A (D)X (L-T (D) +
(B - HDe)w(t) +A gD,

re() = G& (1),
£6) =[¢'6)

0]",6

[_ r] !0]
FDF :

(7)

Vw (t)

L]0,

HiOe(t) + (A +A AL (D) x(t-T (1) +
HiDg) d(t) + (B¢ -
A A x(t) + g(t,x(1) -

(6)

(7)

) .

(8)



0
- T T>'<T(t+s)W>'<(t+s)dss

Lo T e
x(t-1) W - x(t-T)

1, 1 (7)
(8) :
1 y >00a>0n>0 p >0,
A >0f >0, P,Q,R
H
[wl W,
Y = . WJ <0, (11)
(7) (8).
(W, Wy, Wy, Wy
L P 0 l']AiTlR
Y, = * * Al 0 nR
* * -V2I W,
- . N . R
[GY PM: & N{]
0 0 &EN
W, =| 0 0 0
0 0 0
L O NRMe 0
W; = diag{- I, -€1,-€1}, K :[S] ,
Wy = (A& - HG) P+ P(A - HG) +
Q- R+0AAI,
Wi, = PA: + R,
Wi = P(B - HDe),

Wis =n(A - HG)'R,

1 He 109
, Wy =- (1-p)Q- R,
J(n Jin: Wi =N (B - HD)'R,
2 5 vz diag{ 1} { }
J(r) = r() M2y = r(y)r(ydy
(J"l ) ( )
=t - t; (9) L yapunow- Krasovskii
Jn = sup ll r(t) 2. (10) V(1) =
EORO [, FTOE s
J() > In = = .
IM) < Jn = .r"”(n - t+ 98T (9 ORE (9 ds,
3 Ho FDF :P>0,Q>0,R>0. V(1
V(1) =
: ET() ((A - HG +AA) P+
11 W R™",W = P(A - HG +AA) + QE (1) +
w'>0, T>0 x [-T,0] -R", Z7(0) P(A +A A)E(t-T (D) +

Z7(0) P(B - HD)w(t) +
Z7() R g() +&7 () O°RE (1) -
L-TORT(t-T(M)Q (t-T (1) -

J‘:_HE'T(S) N R)X (9 ds. (12)
: A A (1)
A ey (1) (1) . I g(t,x()) I <
all x(o I,
A g(t) I 2 =

Ig(t,x(9) 1%+ I g(t,x(1) - g(t,%(0) I'?
a’ll x(0 12 +o® 1l x() - () 1% <
a’lig (o2,

IN

Ag (DA g(r) -aZ " (D€ (1) < 0. (13)
1

_qI:_nz'T(s) R (9ds <

G ACLICTEE

(1) ]T[-R RFM € (1) ]
[E(t-T(t)) R - & (t-T (1) - 19

A>0, (12 (19
V() <€£T()((A - HG +AA)"P+
P(A - HG +AA) + QE (1) +
ZT(0) P(Ar +D M) (t-T (D) +
Z7(0) P(B - HDe)w(t +
27 () A g +&7 () O°RE(D -
(L-pPRET(t-T())Q (t-T(D)) -
A g' (DA g(1) +aE T (g (1) +
[ € (1) ][ R RFM & (1) ]
E(t-T(D) R - RLG-T())}"

(15)



110 24
(7 . w(t) =0, Z7(0) P(B - HDe)w(t) -
(15) L-PRET(t-T(0)Q (t-T (D) -
V() < q ()=q(1). (16) yiw () w(D) - M g" (DA g(t) +

q) =BT &T(t-Tt()) Ag (D],

|:qJ11+AAETP+ RAA Wi+ A A P

* Yo 0| +
* * DY
AN’RAT,
(A - HG +A A)
A = (Per +A A1) T ]
|
Schur M =T+l
<0 = <0
_qul Wi, p Wis
FL = * Y, 0 nAL
* * =M nR
|+ * * - R
AATP+RAA RAA: O NAAR
* 0 0 NnA AL
M, =
* 0 0
L * * * 0
M- =[M'P 0 0 NMR]",
Nk =[N N1 O O],

€ >0, :
Fo =M-F()NF + NFFT () M <
€ 'MrM7 +€NFNr.

, [ <+ "MrMf +€ NP Nr. Schur
(11) , T +8 "M M7 +& NP NP
<0, =<0, V() <q®M=q(t <0, Vq(1)
z 0. , (7 w() =0
(7 (8).

N RGO RIS
V(o) 20V(0) =0, (15

Jw =

J':(rl(t) re() - y*w' () w(t) +
V(t)dt- V() +V(0) <

J':ET('[)((AE - HG +AA)TPY Q¥
P(A - HGAA) + G Qr +

aADE () +Z7() P(AL +
Api)(t-T()) +Z7(0) AAg(D) +

ET(DN*RE (D +
Sl 12
E(t-T (1) R

J’:ZT(t)qz (1) dt.

R & (1) } _
- J[E(t—T(t)) )dt'

T (v _:[ET(t) ET(t-T(Y) Ag'(y wi(]',

Oy Wi + A A P Wy,
" W
o - 2 0 0 .
* * _)\| 0
* * * _y2
_ ] A -
mZR){ }
L (B - HDe)" (B - HeDe)™

Oy =Wy +AA P+ AA + GGt

Schur P <0 O =0 +
0, <0
Wy + GG Yo P Wy Wis |
* Wy 0 0 nNA:R
O, = * « _Nl 0 nR
* * Y2l Wy
L * * * * - R4
AAP+RAA PAA; 0 0 NAAR
* 0 0 0 NAALR
Q. = * 0O O 0
* * * O O
i * * *  x o |
Me =[M'P 0O O O nNMR]",
Ne =[N N2 O O O],
€ >0, :

@2 =MoF(t) Ne + NOF' () M <
€ "MoMé +8N5Ne,

© <0O; +¢ *MeMé +E N6 NO.  Schur
, (1) ©; +&€ "MoMé +ENéNo < 0.
(11) ., O <0, Juw £ 0,
Hre() 2 <y Il w(t) I 2. O
, (11)
PH: , H' P,RH:  H R, LMI
(11)
diag{diag{ I,1,1,1,PR '}, 1} ,
[qu W,
. LPJ <0, (17)



1 : Ho 111

g o 05 0] 4
o - x() =( . _os8*t A(D) x() +
(W W Yy - TP -0.2 0.1
1 12 P 1 N(A HG) P ([ 1] +AA1(t))x(t-T(t)) +
* Y, 0 0 ﬂA£T1P 0 - 0.
* * - 0.8 0.5 0.1d9n x (t
A0 np ' [ jd(tﬂ[ ]f(t)+[ . l()}.
* x o -y'I n(B - HD)'A 0. 1 0.1sin x. (1)
L * * * * _ pR’lp | 0.2 0
(t)ZX(t)+[ ]d(t)+[ Jf(t).
, B >0, : Y 0 0.
-B*R+BP- PR'P =
- BR- PR'BR- P <0, AA() AAL(D)] =
- -1 - 2 0.3
PROP<- BP+BR [oj F(9[0.5 0 0.5 0.2],
! 0 :
P = diag{ P., P}, ¥ = PH: —[J , T() =0.2- 0.200S t,
Y = P, H. (17) a=0.1,n =0.4,p =0.2.
[Ql W, Wi(s =1/ (s+1),
* W <0 (18) Awi =- 1,Bwi = 1,Cm = 1. Yy =0.8,
2 (18) B=1,
[Qu W P Qi Qs | A = 4.519¢ = 0.14388
s W, o0 0 nALR 14.629 - 0.81955
Q, = * * - 0 ne H =1 2.9562 9. 5937
* * * _ y2 | Q. 2.1804 6.4483
L * * * * st_ [01100] S ’ d(t)
Qu = AP+ PA-GY - 1 2 ¢ )
. 2
Y¥G' Q- R+0AI,
Qi = PBe - %D ,Qis =N(AP- G'Y), ]

Qs =N(BE'P- DXY¥%),Qs =- PP +B*R.

2 y >00>0n>0 p >0,

=
A>0B >0g >0, P = diag{ P.,
. Sl
P.},Q,R Y = H , (18) A
) 0 20 40 60 80 100
. He FDF ., H= P'Yy. t/s
3 (18) Bp 1 d(1)
B?R. , B, (18) 1.5
— fault
)\IE ,Pl,Pz,Q,R Y LMI: //—\/ ——-residual
LMI . B 8 WSpF ]
, B g T 'nl S
| i
B ’ - -0.5 \\\ R
4 [10]
. 1.5 - : : :
PR P. (17 LMI 0 20 40 60 80 100
LMI . tls
| | (101, 2 £ (1) r(t)
(10) Jn = 0.655,
' 22.8 v2
4 J(n = go r' (1) r(t)dt) =0.682 > Ju,

2.8s .3



112

24

= —————

6
— faulty case
- — fault free
4 L
=
4
2t
0 : ;
0 20 40
3
5
Hw
FDF He
Krasovskii ,
H ©0
LMI FDF
( References)

[1] Frank P M. Fault diagnosis in dynamic systems usng
analytical and knowledge based redundancy — A survey

FDF

L yapunov-

and some new results[J]. Automatica, 1990, 26 (3) :

459-474.

[2] ,
[M].

, 1994,
(ZhouD H, Sun Y X. Fault detection and diagnosisin

control systems [ M ] . Beijing : Tsnghua University

(3]

[4]

[5

—_

(6]

(7]

(8

—_—

(9]

Press, 1994.)

Certler JJ. Fault detection and diagnosis in engineering
systems[M]. New York: Marcel Dekker, 1998.
ChenJ, Patton RJ. Robust model-based fault diagnosis
for dynamic systems[ M ]. Boston: Kluwer Academic
Publishers, 1999.

Ding S X, Jeinsch T, Frank P M, et a. An unified
approach to the optimization of fault detection systems
[J]. Int J of Adaptive Control and Sgnal Processing,
2000, 14(7) : 725 745.

Hammouri H, Kinnaert M , H Yaagoubi E H. Observer
based approach to fault detection and isolation for
nonlinear systems [J]. |EEE Trans on Automatic
Control , 1999, 44(10) : 1879-1884.

ChenJ, Patton RJ. Standard H. filtering formulation
of robust fault detection [ C]. Proc of the
SAFEPROCESS 2000. Budapest , 2000 : 256-261.
Zhong M Y, Ye H, Shi P, et a. Fault detection for
markovian jump systems[J]. IEE Proc of Control
Theory and Applications, 2005, 152(4) : 397-402.

Han Q L. Absolute stability of time-delay systems with
sector-bounded nonlinearity[J]. Automatica, 2005, 41
(12) : 2171-2176.

[10] BB Ghaoui L, Oustry F, AitRami M. A cone

complementarity linearization agorithm for static
output-feedback and related problems[J]. |EEE Trans
on Automatic Control , 1997 , 42(8) : 1171-1176.




