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Bilinear detection filter and its fault detectability condition
BAOYIN He-xi, LI Jun-feng
(Department of Engineering Mechanics, Tsinghua University, Beijing 100084, China)
Abstract: The fault detectability condition of bilinear detection filter, a class of nonlinear system, is investigated. A de-
tection filter is designed, and its fault complete detectability condition is obtained. The result indicates that, to make the system
faults completely detectable, the systern must be of the same number of sensors and independent systemn states as that of system

faults. According to linear space characters, the result is correct. An example is presented for detection filter at last.
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1 5|5 (Introduction)
WEHRER—LFHRMNERMERR, HEN
MRBEE ZHMAME, WESRE ERAHE
A5 REBEF AR RLE SN g REAER
ZRIFMER, M ENRRER TREBFNE. LR
BYIE T W&t R g — BORE S #2, vul A
Yang!*J26 A BF 5T T XU4k 14 R 75 WL 10 8% 7046 0 38
/AL EEY BT Yu M Shields ¥ TH, BT —
AR AR 08 B A%, HAR B T DR HEAS 1 8 U 2%
AR 58 2 1T A B 1Y FEAR 4k 44 AN Yu F Shields #) 45
REZEHHMTTRIZGRATEN, FEITIEN
B4y AR E % R AR DT RS (A B, 40 % 18 7] B
TEEES UM% ERBREEESEEEENS
kXM S % SCER(S].
2 ZR%HiA (Description of system)

X BINT BSEB WEHERSE
2(k+1) = Ax(k) + uCk)Nx(k)+bu(k), (la)
y(k) = Cx(k). (1b)

Hf, e R"HRERE,y EF"NGERE, s €R

FMIATE,A,b,C, N —RAMERN RZEER.
2% 3 R GE R 43 b A RN BT SRR
B, A0 A PRk P — A R R BAT VLA SRR RO Bk e, 5
HE MR R — AR R AL AR M . L, B R AR Y
REAIRA N
w(k+1) = Ax (k) +u(k)Nx (k) +bu(k)+ Fy, fulk),
(2a)
y(k) = Cx(k) + Foy fou(k). (2b)
K, fi. € R REBEWATOHRIBH W BEE; £, €
RYRBRAGRBME; F,, Fou HENEMNRE
5ERE.
3 TSR K % HY B AT 4 4 &K 4 (Fault
detectability of bilinear system)
Xt FR G (2) 4 1 40 T T 3 A XUER 1 TR 2%
2(k+ 1) = Az(k) + u(k)Kx(k) + By (k) +

hu(k) + Nu(k)y(k), (3a)
e(k) = Liz(k) + Lyy(k), (3b)
6(k) = e(k) - LiALse(k - 1), (3c)
2(k) = Te(k). (3d)
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Hh, 2 € RP,e € R®, &6 € R?,A,B,h,N,L,L,,
Ly, K T AR AN EBERE. s ELLT 3
N

® 4 fiulk) = 0,foulk) = OB, lim(2(k) -
Tx(k)) = O, {RIESRI 2F AT LI E

@ Bfulk-1) =0,f,(k-1) = 085,6(k) = 0,
PRAUE TR RE BT M 2R R WA M T

Q@ % foulk - 1) 5 0 fin(k - 1) = ORF, &(k)
# 0, RUEER A MR WRFHRELRETE, BIE
EAY R RERE R WU B . AR SR 28 (3) 0 R4 (2) MR
HS ) 318 O A%

XU 25 A TR 22 0 B o #E
e(k+1) = 2k +1) - Tx(k + 1), (4)
B, ¥
TN - NC = K, TA-AT = BC, h = Th, K =0
(5)
i, (4)2 R
e(k+l) =

Ae(k)~TFy fu(k) +(B+u(k)N) Fo fou(k). (6)
ERFH, M A (A) | < 1B, R ©, L8 E
A SR 2R ZEWIL L TE. A, (A) ERANE AN
FHE{E . FFEX

LT + L,C =0, (7
RAK(3b)75
e(k) = Lie(k) + LyFoy fou(k). (8)

(8L, R (6), (7B , OMOR] Bt BRI .

KBEH fou (k) F fou(k - 1) —BARILH,
BRER, HMEEEAERBAR, TRARK fuul(k)
= C(foulk - 1)), G:RI > RI. XPNBRHEERE
& A SRR R g,

Fou foulk) = Ef(t) Fou fou(k - 1).  (9)
Hep il £ RERMEN R RIS, — R WRE. e
PR AR S = B ST R FIE I, X B A e,
£BR(8),(9) RARBe), B% LALL = LA, 8
Sk - 1)}

ok~ 1) (10)

&(k) = F[

He
F=[-LTF,| Li(B + u(t)N)Foy +
LIAL Ly F o + LyEf(£) Fopl.
MERTTR, EHEQ, A
rank(F) = p + gq. (11)
R U T AR R I SCRR 1,2 RIS . BH S M

WEEMAERE A PR, B ESR() WEER.
MEERRA = o, ¥ 1 g; 1 < 1, WA(5)RHE
T(A - al) = BC. (12)
BRABERE C MERSRTE
T(A -ol)V, =0, B = T(A - o) V5, AU,

(13)
T™NVY, = 0, N = W, AU, (14) -
T[(A - sl)VY, AVY] = 0. (15)

Hep €= vla, ollva Vo], u €B™",A, =
K™V, € R™, Vi € RO i M= (A -
s VT, NVLT, M ERATH, Y rank(M) < n BHFF
EETEET.HEG) X BE M OFELET A
AFRH

T = WUT,. (16)

K*;A[:[Uml UmZ][Am O][le},WGRpxqﬁ,
0 0 Vm2

EEERE, BRE rank(T) < ¢ = n - rank(M).
FscER(1,2], RITEA
LAL,L, = LA, oL LL, = qL,,
LiLsLy = Li=L; = Ly.
Hoe, LT RRERE L W) SGEERE XH 8 W,
L, #1 Ly 87t , REWER(7) #1R (1), Bp5E e
My MEERE CHWEFETHE, L, L
P
LTV, =0, LTV, + LU, A, =0, (18)
Lywut, v, =0, L, = - LiwUL VI AZNUCY.
(19)
e, ULV, € R*O-m) | okt SeBr b se ka8
MRITE25EK.
wE— MR, XERITN R ERREA A%
HFTAFATRER R & (1) . T g X A .
#.(13),(14),(17), (18) fR A (10)78
F=LTl -1 AVRAZWUY + WhAZWU (k) -

(17)

Fn - } . (20)

out

VLAZlUZlEf][

M BB, R R B R B AR A A B SR W R
rank(Fy,) = p, rank(F,) = gq. (21)
R LA &G, N —5F
rank( F) < min{rank(L,T),n,p + ¢}. (22)

M (18) 40, 5B LT BB KT B m, B
rank( F) < minim,n,p + ¢}. (23)
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XL 6 300 U i A B L R T 4G AR 1

RV, BB SE 2 T R B B AR AR
mzp+qg,nz=p+q. (24)
R (24) UL, BHBIEIS LR AR RS, 2D
A p + g DRSS R RARLHAED
HHREE M RE. R (21), (24) BIVR R
TEUE AR B PR SE & TR A AR . A SUER[ 1] &St
MU n,m=p +2¢ WER, BAEHESEHNAH
EXRPE, R p + ¢ MW EE, REFMER %
R PEzs | BT B B4R Yu R EIEE TR .
4 HBI(Simulations)
BREQ)MENREERER:

C=1Iyg,b=[111 1]T,
[~ 0.5 0.5 0 0
0 -06 1 0
A= ,
0 0 -0.7 0.5
L 0 0 -0.8
[1 0.5 1 O
0 1 0.5 1
N = ,
0 0 1 0.5
Lo 0 0 1
x]O“lS
4t — _ A
2+

00 16 2‘0 30 40 5.0 60 :/O éO éO 100
INFF} /s
(@) FGEH Gbat ] 5k 2 i £

(a) Residual curve for fault-free system
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(¢) Residual curve for sensor fault

(d)
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1 0 1 0
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Fin = ’ Fom = .
0 1 0 0
0 0 1 0
M LT )% REGERER

rank(4) = 4, rank(B) = 4,

rank( Fi,) = 2, rank( Fo) = 2,
WRTHOBEMBESFERSG . BRITERY: O
®A=0.5Q®T=1 QMEX12),8=(4
-0.5N)C@N=N; O %L =1I; ® AR(7),
Ly=-C ' OBRERUT),L; =L = 1. FEFR
mE R . E(Q N EERMBREMEZ  BOLEL
W fi, = (1 0.5]"BAABRZ A B () W REK
BE fon = [1 1)TBSMEREZEM L B (d) W RIBT &4
B fio = [1 0.5]",fou = [1 1]TESMIRRZEML;E
(e)HRAEMMBE fou = [0.1 0.11Tk BFRFRE ML ;E
()NEEMEE fi, = [0.1 0.05]"k AR L.
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(b) Residual curve for actuator fault
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(d) Residual curve for actuator and sensor faults
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