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Abstract A new robust actuator fault diagnosis method for nonlinear systems with
modeling uncertainties 1s proposed in this paper. First, an adaptive observer structure is
designed. And an iterative algorithm of the fault estimation is given according to least
minimum square theory. For modeling uncertainties of the system, dead region value
treatment technique i1s adopted to realize robust fault evaluation in the algorithm. Ro-
bustness, sensitivity and stability of the method are analyzed. Finally, a simulation ex-

ample 1s used to illustrate the effectiveness of the method.
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B RGP LR EN TAHEMRENRITHN AR AERZR L. HATHELZ 8
FEREERRGBGENURTE KRPETRATEMRES. ERN AR FRBESG TR
FPRES, SEMA LA RE, REREFEERN . ZHE. X7 EEREAERD T 2t
R, EIER TN L TELE BB RGBS AN TR REETER, A RELR
BRI, B TFTERREARAN TR ANFE, MECHNEGEEMRRE LEEMETER
X

FrXTFARLYE RS, VB RSB A A T (R, SCER( 6~ 9 18R 5 T B & N WA 3 28 5 [ 12
7785, T SCRRL10~12 00 X & R i i ) B R R 04T T 5%, o U (12 )4 MG BB IR R
R IT 8 B S NI A%, A SCE X SCRRL12 48 H AL R4, Xt F & A AT 85 BB
W, BT 7 HEN RIS, Al TR R B EGTTEE, R0 xd 05 2% 18 e 1
Bt RSB EHT TN RER N TIHERIESR.

2 RAMRE
FRM T HBAELRTERS
x(k+1) = Ax (k) + Ba (k) 4 E(Cx (k) (k) + {(x (k) (k) k) ,x(0) =0 (la)
¥ (k) = Cx (k) +¢ (x (k)i (k) ) (1b)

EXP x(DERNRETR ;uk)=+diag(f1, s F2))u(k) ,ulk) eR*:jbﬂr:i&ﬂﬁEﬁE
HHARBR (B =f,(3a () sy (B)) s f.C D REHI BB Yy (B ERHEGHEE H
Yn(RDERPAZRGHBWEE; S =T D) [TER ARG AT I 1 25 BRI p&E, 2
f"=00 ,RARRATHERE .S A0, BREREEREMELE ;E(Cx (b, u(B) N RS
FELRHID ;S(x(R) u (k) k) e (x(B),u (k) ) HBZAREIRS, HEBRER, S EA
& e %% A.B,C AEELEE.

itk — 285, R T R4 AL

Big& 1. (A,C)ET W K.

Big 2. JELERE £(a,B W B Lipschitz &4, B

!g(“n ')‘"g(az! ')]ng ’“1 _‘a-?l! lg("ﬁl)'—g('!ﬂz)|gL2lpl —ﬂzl-

Rig 3. HARHEEREHLE|C|<A, ¢ | <.

RiZ24 RERMARBFRHN, B | uk) | <u,.

BigS. RANRTSERAEMERNARFE R, M xc ...

3 M2

MEPRGD, AAFEREE LR, REREM 0T MRS
x(+1) = Ax(k) + Bu(k) 4+ &(y, (&) ;u(k)) +G(§, (k) —y,.(k)), x(0) =0  (2a)

Yn (k) = Cx (k) (2b)
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B, R UE A4+GC B E.
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x(k+1) = Ax(k) + Bu(k) + &(y,. (k) ,u(k)) +

Gy, (k) — y, (D)) + Mk f(k—1) —AMGE—1) f(k—2) (3a)

y,,(E) = Cx (k) (3b)
A A, =A+GC, M(BOFEER TR
M) = ¢(k) + A M(E—1), M(—1) =0,.,, k) = Bdiag(u, (k),+,u,(k))

(4)
A N(B)=CM) , MAKE /D Ry, B W TFEFEMNLITHEE
] A NT(E)D(e,(k+1)) 5 .
—_ _— ; Y ) -—1 —_— — — mx
f(k) = f(E—1) T TN f(—1) = f(—2) = 0, (5)

FRPe (k+1D)=y,(k+1)—y, b+, HEGB K ITIRE ;e NIER . ERBEREEIER;
DC- ) )ARXEREF,HEXERXN
0, if le,(k+ 1| <e

D(e,(E+1)) =+ 6)
€tk ot e,(k+1), otherwise (

2o e B bk I
4 HEREST AT

4.1 WMEHETH

—BELRT  FEEREHEZHETRMAFZRERE LM ITRERLETNZF. I AF
B, BREBEATLHE; AN . EREHE. N TAFHERE R R, A TEBRUEZHKA]
B EFRERER, FERHAGEEAR BF AR TR - SRES RN T8 AR, AT K
AR AR BIERER YA HEHERT N —-BERARAREAS , KAHRERERAR. &
Fib  AXFRHE-_MHFE, NG R, Y2aHEMAITRENTEEN,AiITEX
AFEH, YR THAEAS A FIHES. T EAEXRE e FIR/D.

BRI YESZEOHHEBR1IZ2BESFABMFCOMEITRERS, M HHER X
HEF R EREI T AR

le, (B) | << A (LA, + 4, + |Gl A)+ 4, = e (7)

ok h R | 3 CAL| < mER

ER. M TFEASRBEELE FBRR L BRZUANRETEHER (D, M iR, 3)H

OB RERETRETBEIRMERETEN
e, (k+1) = Aje, (k) +E(Cx (k) ,u(k)) — &y, (k) ,u(k)) + 4+ Gg (8a)

e, (k) = Ce,(k) +¢ (8b)
A e, (B)=x(k) —x(R) HRETZEBIITIRE e. (k) ER".
FTRB k41 B

k
e,(k+1) = C) Ay (§(Cx () ,u(i)) — (v, (D) ,u()) + &+ Gg)tg
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k k
e, (k+ 1) | <<|C AN (E(Cx () u(i)) — ECyn (D), u)) |+ |CD AL (G4 Gg g | <
t=1{) t =10

k
SYNCAY |, (LA, + 4 + |GlloA )+ 4, <
: =10

h(LiA, + A+ [|Gl24)+ 4, = e (9)

R, YRR, RS H H R ERANE R TR, EBISIE. -y

EREBA N AR KBNS R E R R AR SIEE S — R, LB
R, BT DA SR B B (8 /N B b R
4.2 TAIERAMESH

B R B R P R 2 KB BE AT AR I i sl A gE s g A ) S 9 — A b, XA R
B RS W R, R T Y i TR E RS .

EE2 YERZDOWHERBRR 1 ZBRE S5, AARMEOHBITRERERE, R OG) 5k
BT AR £ R | £ | >2e BERT I .

fUFT) = CAT D f +C AT (§(yn(),8(0)) )~ E(yn (i) yu(i)))
iR, HRERAERER  BHEAHREBERXA (DN, REREBREFTBRE LR

ZHEA
e.(k+1) = Aje. (&) +E(Cx(R),u(k)) — &y, (B),u(k)) + &+ G+ 2R f*  (10a)
e, (k) = Ce (k) +¢ (10b)
TRE

k k
e,(k+1) =CD Ay (§(Cx (1) ,u (i) — E(yn () ,u()))+ C DO AN () f* +
=0 t=0

k
CY, A (§+Gg))te
=10
MA=AAFRER,A[H
k k
le,(B+1) | >— 'CZA’S“' (E(Cx (i) u(i)) — &Cy, (1) ,u(i))) |-—— ’CZA;S‘*’ &+ Ge) ]_

1+ 1A D) [ >—hLid + A, 4+ |GlAD)— A 4+ | FUf D) ==+ | £
AW, % R A | >2e 8, e, (h+1) | >e, B BEL Wi E 3% 2 5, SR 453
yEEE.

4.3 REMESMH
EE3 SRADHEARE 1 ZB/E S MARR S OMEHRERS, H A Gk
REFEFT A, BRI E.
M. HRAHEFE R K &4 0] s, 5B
e.(k+1) =Aje, (k) + MG f(h—1) — AMG—1f(k—2) +

§(Cx(k)u(k)) —&(y, (k) ,u(k)) + 5+ Gg (11a)
e, (k) =Ce. (k) +¢ (11b)

Rp fR)=f" —FR)HMBHITIRE. 2 Y+ 1D =e, (b+1)—MGR) f(k—1), H v, (&),
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v, (k)N vy (k) R UNT 2 57 77 R W) 1%
V(k+1) = A (k) +84-Gg, v(K) =0

v,(k+1) = A v, (k), ¥, (K) = e,(K) —M(K —1) f(K —2)
vi(k+1) = Av; (k) + E(Cx (), (k) —E(y, (B),u(k)), v, (K) =0
M e, (k+1) = N FGR—1D)+Cvi(k+ 1) +Cvy(k+ 1)+ Cvy(k+1) +¢
i’ it Lyapunov pRE A

Vet = S FT R f + 3

= k42

4C|Cv, (D) |24 |Cvi() | )
& + | N(D |3 (12)

lEs]
AV(k+1) =V(E+1) ~V(k) =

N (B)D(e,(k+1)) 1(NT(k)D(ey(k——-l)))T(NT(k)D(ey(k—l—l)))
&+ [NR|E 2 & + | N(&) |3 eo + | N(R) |}

41OV +1D) P+ [Cve (B +1) %) (13)

% e, (k+1) | <<e Bf,D(e,(k+1))=0,AV(E+1)<<0; % | e, (k+1) | =e B, LA F 45 £

_ (—0.375e,(k+ 1)+ O (k+1) +¢) e, (A + 1)
1) <C : > 14
AV D < e F NG (1

— fT(k—1)

s
&l
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i
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Fig.1 The diagram of results of the tault diagnosis
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Fig. 2 The diagram of output estimation error

AXRE T ~RFERUEREANTHAEERY S ZSHNF TE. XM REFEARHEH,

i T BEMRW A R TTE®. AT ERAE 88N, X TRl g LHTH
BT EERE. T RERAHE T ERA U,

10

11

12

References

Hu Shou-Song, Zhou Chuan, Wang Yuan, Pattern recognition for composite fault based on wavelet neural networks.
Acta Automatica Sinica, 2002, 28(4) ;:540~543 (in chinese)

Frank P M. Fault diagnosis in dynamic systems using analytical and knowledge-based redundancy——A survey and
some new results. Awutomatica, 1990, 26(3):459~474

Alcorta E G, Frank P M. Deterministic nonlinear observer-based approaches to fault diagnosis: A survey. Control
Engineering Practice, 1997, §(5):663~700

Hengy D, Frank P M, Component failure detection via nonlinear state observers, In: Proceedings of the IFAC
Workshop on Fault Detection and Safety in Chemical Plants. Kyoto: 1986, 153~157

Zhou Dong-Hua, Ye Hao, Wang Gui-Zeng, Ding Xian-Chun. Discussion of some important issues of observer based
fault diagnosis technique. Acta Automatica Sinica, 1998, 24(3):338~344 (in chinese)

Wang H, Daley S. Actuator fault diagnosis: An adaptive observer based technique. IEEE Transaction on Automatic
Control, 1996, 41:1073~1078

Marino R. Adaptive observers for single output nonlinear systems, IEEE Transactions on Automatic Control, 1990,
35(9):1054~1058

Wang H, Huang Z J, Daley S. On the use of adaptive updating rules for actuator and sensor fault diagnosis. Auto-
matica, 1997, 33(2).:217~225

Yang H, Saif M. Fault detection and isolation for a class of nonlinear systems using an adaptive observer. In: Pro-
ceedings of ACC, Albuquerque. New Mexico, USA; 19973. 463~467

Seliger R, Frank P M. Robust component fault detection and isolation in nonlinear dynamic systems using nonlinear
unknown input observer. In: Proceedings of the IFAC/IMACS Symposium on Fault Detection, Supervision and
Safety for Technical Processes., Baden-Baden: 1991. 313~317

Michel Kinnaert. Robust fault detection based on observers for bilinear system. Automatica, 1899, 35(8) 1829~

1842

Arun T V, Sensor bias fault diagnosis in a class of nonlinear systems. IEEE Transaction on Automatic Control ,



1 3 FHAXE: BRTHENRMFN - REXTRESERELZNE 607
2001, 46(6):949~954

WA 53T 1995,1998 M 2003 FRB\ ALK FFE L B LB L 26, AARAKRFEIR ¥
STREBEVIE. O 5 m A RE8EL B &

(JIA Ming-Xing He is a prelector in the School of Information Science and Engineering, at Northeast-

ern University, P. R. China. He received her bachelor, master and Ph. D. degree from the Northeastern U-
niversity in 1995, 1998 and 2003, respectively. His research interests include fault detection and neural net-

work techniques. )

EHA AT 1982,1984 #1 1988 FRBAUKRFEERFITEFRE¥*L ML AE ¥4, 3
ARUKREZFEERFSIBFERERK . AR B ELAEFM AR AMARRAGSER . BREW. . ALK
SEMER.

(WANG Fu-Li He is Professor in the School of Information Science and Engineering, at Northeast U-

niversity. He received his bachelor, master and Ph, D. degree from the Northeastern University in 1982,
1984 and 1988, respectively. He is a member of Chinese Society for Simulation. His interests include com-
puter modeling methodology for complex systems, neural network techniques, fauit detection and toler-

ance. )
EEXEE 2T 1982,1984 1991 FEFRBRIAKFHFEERREIREEFE L ML B L6, B

NERIKEGEH¥E5IBEZRBFE. AKX AERRAAER . FREEH.
(MAQO Zhi-Zhong Received his bachelor, master and Ph. D. degree from the Northeastern University

in 1982,1984,and 1991, respectively. He is a professor in the school of Information Science and Engineer-
ing in the Northeast University. His research interests include computer modeling methodology for complex

systems and intelligent control theory. )



