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Design of fault diagnosis observer for a class of nonlinear systems

SUN Rongf, LIU Sheng, ZHANG Yu-fang
(College of Automation, Harbin Engineering University, Harbin Heilongjiang 150001, China)

Abstract: Most of fault diagnosis algorithms deal with linear systems and nonlinear systems with states depending
linearly on faults. According to essential properties of a nonlinear system, we propose a fault diagnosis algorithm for a
class of nonlinear systems based on parameter estimation. The systems model is decomposed by the (B, K, ¢) realization
into models in which the states are affected nonlinearly by faults. By using the decoupling technology for disturbances,
we make the resultant residuals to be completely robust to the unknown input disturbances. Stability of the algorithm
is verified by using the Lyapunov function. Simulation results show that the proposed algorithm converges rapidly and
provides perfect diagnosis for a class of nonlinear systems.

Key words: fault diagnosis; nonlinear systems; design of observer

1 5|5 (Introduction)
JH AR P A 12 Wi 7SI o A R U P s
T, 4508 AT R 45 B UL G LR ARG R R4
TETC R SR () R e Se i 8., (T e R e
KA. RG] 4y ok Gl R ok e . S8 LA
JAIRAS AT B bz 110 R e (1) 45 M P s ] 5 28
RN N T, X R G AT 1 5 . 4004
B | AR R LU R T 4 B o o e v B 12
UL 255 SIS0 281, > 00 s ke 22 e S T ) BRI
RGO T, nl ko R A R P
BAE R R R R D, RGIARL KT
H g4, S5 bR, ZREEH 0 R ko,
Ferhlkok . XRE RS BRAEHN, T
3% W BRI P= B AR RN A0 T, #E200642 H 1 4%
Bt A T € K A R 2 R0 R R e B K 4 L
2006-20204F) H, TR R b R EEK B A iy T
MEA” F1) 4 75 B SRR AT R AR —, T

Wik H 391: 2012—12—26; Wi Stk 1 31: 2013—07—-10.
Ti@{5/E# . E-mail: sunrong@hrbeu.edu.cn; Tel.: +86 13613609856.

WA IR IR O HARZ —.
eI 5L, B2 W oR TG 2 T 58 Rk
FR R FEE, T B i B 12 KT BB e 2K P. ML Frank #0420
W R 12 W 7 R AT BL gy Dl BT B 1) U7 v (model -
based)!! =31 F& T 411 ) 77 4 (knowledge-based) 61|
FE A5 5 AL FR ) 174 (signal-processing-based)! 8. £
IRZ I VE Y, R RE 2 W VRO T2
Wr R4, SRR Z T2 RGE B e Bk, T
BT B R BEI2 W R R 0 R R G5 B, i
SEA FIT AR A T DA R A T i B i A, 493 21 T AR
(RS IORS BE. DAL, 6 TR ) Wi W B R 19 3 1
)00 SR, BT RGN AR VAR By
PR, BET B HESe I RS2 W T EAF IR AT
JT.
SCHR [T11EF 0 2t 2R GEA A IR I R 2% R 4R,
K A J i AW 2% (unknown input s observer, UTO)
HESE, Ko T —41UTO, 1A 2 T Ko A b 25 W ik (1) 2%

FEETH : ER BRRREASEE S ITH (51079033); Hh g s ABIINY 452 7 8120 H (HEUCF041229, HEUCF041205).



11

PIVESE: IARZE RSSO 2 BTt 1463

AR RGEAR LA TR R ILT T LR, 3
Mk (12125 T-UIOM) 775, B 2 Pk I 4k 22 48 1) e 18k
ATHE, (R R G AR M E AR TR 29 T L.
SCHR (131454 T B4 R 7K 2 38 ¥ (unscented Kalman
filter, UKF) S5 UIOH: A, X 3% £ 4 #F: & M. 2 (conti-
nuous stirred tank reactor, CSTR) & & #4171 W[ 12
WriIF 5T, UKFE AR T UIORM H 14 J& B PE, 50320
KA ARG (R B, R84 SR e D
WEAEL A Tt
IS ARG AL AR, A IR TV A
JE, ARSCHEH T TR R R LR M R e a2 W
TR, RHARSN(B, K, o) KUK # T &
GRS, I) At G (M R G, Wb AR 2R PE )5 i R 4%
IR, B T ARG TR0 R R N R R gl 7732
SRAG T 0w v BB DL SO AR A48l ) P s P 3
. B, KH Lyapunoveg %, J0AIE T vk k2 W
RGN ETTASE ).
2 [A8HEA (Problem statement)
FZRET AN ARGt R
j}(t):w<mvu7d7f1)a (D
y(t) = n(z, f1), 2)
Hr: k&R Er(t) € R, REEHlEAu(t) € R™,
ZAagiaimty(t) € R, d € RY, f € RATHE WK
Wk, bR (), n(o) I FIE ARG pR 2. R
=R (1D)-Q) B2 W 0 S k- werhin R B
IR 2 I 25
(1) = P(u,y, 2), (3)
r(t) =0y, 2), )
HHR AWM LSVIUIRE 2(0) = 20. MREEIZ WM
BERBEB)()INER 2 () 2 MU 1 5 W0, 1 A S
Pshd € RO sEmELZE, H H 2 Wil gs ik 2=
AT S SR B ZE ], BRI PR 12 WO 2 A R
N2 WU 2%, BRI 28 ke 22 X6 TP AR, %)
Rt A5 RBURPE. DAL, AR R Gk 2 X R, ATt
T8 T2 WO g PR ER TR 22, IR e 15 A 2k
SR, YRS H I 2 Y S i), SR 2Rt R G Y
(- FESEERIE RGPt & X f = [f
fo oo i)Y, MRS
j"(t):w(xvuvdvf% (5)
y(t) = n(z, f). (6)
FIE TN R(3)~(4) (P B2 W I 2, (B AHE R T2,
BETE IR B 12 T LI 4% 28 G0 ik 22 AN 52 Bz f e 1,
RAFMAIENd € R LI K FAb s SE AN i % 224512k,
FF H 2 WoW I s 1) 5 2= 8 i s S 21 2. ALt T
XoF 22 2 [7) s g e 12 TR 14D ) A R0 g e v — A5 A X
BRZERFE T 2 oI 2s . (U2, 7ESERR Y, X

FERIBIHRIN K, RG] SRz, B —e M
PR, ASSCER G 2 s e v T RS W B,
FER T LGS W I3 S5 A B 2% ORI .
FAy 35 1 WA 12 W R 2, A 5% 2 () 5 s f LA )
FRR, TR EEr AT 3 Az LA 5, R
Gres MREE Q1 s,

BB
S hak
ity

?ﬂb’j Lluj Yy 7 F - et

. [ SN
IS TR e LT

1 b2 WL s

Fig. 1 Fault diagnosis observer
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diagnosis observer)
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5 iELUE X3 HT(Simulations and analysis)
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