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A real-time fault identification and correction method of

sensor systems

Student: Ren-Zhi You Advisor: Dr. Tsung-Lin Chen

Department of Mechanical Engineering National Chiao-Tung University

Abstract

In a sensing system that was constructed by employing redundant devices (components),
the conventional approach for the fault-identification was done through the “voting equations™.
However, when the outputs of the devices:were contaminated by noise, the conventional
fault-finding measure had to set:up-a threshold values:and an observation periods along with
voting equations. Due to the setup of an observation period, the conventional approach can
not be done in a real-time manner. As a consequence, the real-time fault-correction was not
possible.

In this thesis, we proposed a novel real-time fault-identification method to solve the
problem above. Furthermore, the proposed method can combine with various feedback
techniques to achieve real-time fault-correction. The proposed method uses the novel “output
equations” along with “voting equations” to describe the relationship between each device
output. After that, the real-time fault-identification problem was formulated into a nonlinear
state estimation problem. The method of the newly added “output equations” was the key to
the success of the proposed real-time fault-identification method. Furthermore, in order to
handle the sensor drift (or time-varying fault) problem, we use the “Kalman filter with fading

memory” techniques for the state observer. Moreover, we use state feedback techniques for



the purpose of the correction of fault, and the corrected device can be kept in the
“fault-tolerant of sensor system” to increase the accuracy of system output.

We can estimate fault signals successfully by simulation of 3 sensors of the system, and its
error standard deviation is about 107%.For drift, its standard deviation of estimation is about
1072.The minimum fault value that estimated is equals to 1/2 times of standard deviation of
noise approximately. Besides, the state feedback technique give a fault correction to sensor
output which has fault and, thus, a corrected signal is approximate to ideal signal. More facts

shows in the thesis.
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1 ﬁ’l
] Eﬁ‘% FEEHIF: (Real-time fault identification)
2.1 [Ek %2857 [F=0 }ﬁ% =3 (Conventional fault-tolerant Systems using Redundant Devices)

— ez — [[:E{?‘[f‘ﬁ =3k (fault-tolerance system)ﬁfﬁl B 2887 [ (redundant devices) I
e ERRIEEAREO™ (VbR - G 2ERT FERL- AR AR IR (P T
P (parity equation) » A g AR P S PRIR (T S -

1 STl HAE= (parity equation)
IS W 2R R puENETH S
m=Hx+ f (2.1)

x € R" Eh AR i Bl - HEL FFPE" JE I (measurement matrix) o f iia‘iﬁ?“ﬁ?

LT SUFSR > 11 1l %"f?*(nmse)ﬂlﬁﬁ?ing*ﬁ(fault)ﬂ YRS s me R“?F,p SRLT P
FA (FERLBFIER ORI m=[m m, --m JeR" o P48 » ¥ e~ [R9EIIV ff H H =28
TP Lt 2P T2 17 -

VH =0 (2.2)

iﬁﬁﬁv P H 9% ] (null space) « I8 H RLE!# P4 ¢ (W3 ORI (rank(H) = ¢) »
s % [?E % n—c ([ W@ HJE 'JEPEE LL["%E'UFFIJEW%EL_’U[I T g ]'#5’?%5*}
O E o Q)RR :

Vm =VHx +Vf = Vm = Vf (2.3)

IR > Vm A B ST R (parity equation) o o RO PRV F DR > ST AR R



HIVmM=0Fm o Bon Y sg A R S RS A Y 0 BR L iR TR AR %
5" (generation of residuals)[1] > xgpkL v SRERHIFl s POIEE > TGRS (SR
IR R i R T SRR A IR 2
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AR (e g R ERA (-

2 STES R

FI SRR WIS > SRR (ot L FE b )
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—Euﬂ

L P D i f PO A = ELRIAR LR R O S osP Iy RS B3 5T (e TS
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TS IR RS B § TR S - F T ALB S

o (R A S RS RO L

2.1.3 Voting equations

5P 2,11 TR > FRIE M PR R R R % o SR o %
BT [ I L B RS T "ﬁﬁkﬁifﬁ’%" o WHIREE S [T n TS
i - Z5 = D+ L P s - TS - n e 2 WS ST
PZE S PIFERTS 2o 23 ([0 2GRS A T n+ 2 RS A Y
q\‘jg'[ s f@?g\[ J—‘ [ﬁéjg_f‘k fﬁ?{'ﬁ]ﬁ [f"‘ [ "_f‘ji/\lFL‘r"TﬁHl s 1& [Fﬁl:[ [Jiihpl#[n [[E[ [E[—ﬂ% —=C
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il /‘-{fjﬁ@%mﬂip HE~ H5ER (n+2)x (n+2) PO s & H S seol 3555 0 - (1)
HEET AT 0 ST IR CE LR o S A P i voting

equations" » El ¥} ﬁ%ﬁ‘%ﬁﬁfﬁﬁ[@ FL"voting matrix" e

0 Ci Cis Cl,n+2 Cvot 1
C | Ca 0 Cos Coniz | Coot 2
voting — : : - :
Cn+2,1 Coizo Cn+2,n+1 0 Cvot n+2 (2 4)
m, m,
. . m, m,
Voting Equations =C, ;. , m=| |

I"nn+2 mn+2

Cuot 1™ "Coot sz 1% Cuoting FYTII[IES = [T voting vectors PSS A= FlIRY ) B AR5

ﬁﬁl |75 FT ] voting matrix  C e prromk it Rl A= E | C g H = OEIfJEfJ['%T': , [ﬁj?f%ﬁ*%
Cvotingm = Cvoting f ° :'EIIEE‘I2E[}':{J{F§E|EE'JE “ Cvo’(mg O (25)

2.14  voting equations %ﬁ%ﬁ}ﬂ?&t

FI#] voting equations » SFFIYT ' I JAE Hy FL PARVRLEEIC o DI — AR Y
voting equations ¢ % ’él (7 [ 5 2 SRR - [ voting Fll[f B %’T - &
FUEL 00 WERLFY A A “T £1 F R ENERpY T (o (I e P WA A
Hiéﬁﬁﬁ [t > ArE H P91% voting equation £ fﬁ' B 0 o ZE[ 1 (HYI87— X voting equation
%0 [FIE BRIV voting equations $5971E5 0 ZS PR I Fo _FHBELRL my A7 (458 & SHE - IRy
T PFEEIE EF A o AR YT R o T %’T | = f = % voting
equation FIVJETLIES 0 o PRI 22, Tui% (5 ]357lPH=C RS voting equations lEfﬁ?{%HU/B/U‘EE

P TISE S O B K S THIR -



215 RGN YRR Y R R

AR SRR E ) o) BB R IR AR P20 o PR IR R = iy i 7
BRI (74D 0 K PLRL- M 4B IR B AR IR e
FEFVRUEIR o (TR (R TR S AR = P D e SRR Hrsd ST
5 (Gavssian noise) P RLE 15 (White noise) & £ S5 0 FORfHER] > T IS LTUAL 1 E 5
R o SR ST SRR IS O U JIE S A R
R o T PRSIV R R SRR BT PRSI S T 8 0 0 A
RS 2 - T o I PR ISR R - )
SR Y I 2 SRR 7 -

E{ }: Average value

> Threshold = faultioccur (2.6)

E{Vm!=E{Vf E {Vf
{m} { }:‘ { }‘{ < Threshold = no fault

FVE Bq.(2.6) Ty LA AR AR [l o o PN - it
S TR

P JE i (e > v RN R R VA o) » Pl L S
A 2 SRR

@=Vm=Vf =V

col _1

f+-Vy, f.+-V f

col_jj col_n+2 "n+2

2.7
|l > Threshold = fault occur (2.7)

P = (R POBRRIERL - () oy Sl sry T s » RUERLRLY IR e 7 -
5= LY ST ORI (R (0 B B
R FEF PR ER IR (B o Y B SRS T UG B
B 2 ORI BB ] o iy S v



22 13 HE?}%F’;?{%HHE‘Q (Real-time Fault Identification)

22.1 #EFHA (governing equations)

AR F5 R - FE IR SRR, o ok Tl CERREENT L R [
[ [FH?E[JE M F|E fi(states estimation problem) » T-F&H T “PHEIET-ERILES" (Extended Kalman
Filter) & &7 Fﬁ‘[ 2 127 (Fading memory)HE= E Aoy Hy FUT ISR iy (state: observer)
Ay LG [’ﬁﬂﬂﬂé‘ 3 (state estimator) » i 5 — 7 VR B[V IF‘IIE[JL“ PRI gr=ty sk 20
BT 7T o B P B R 1 1 0 (RS AT -

m1 mreal_l dl e1
m, |=| Mg ; [+ d; [+] & |[=>m=m, +d+e (2.8)
_mn+2_ _mreal_n+2_ _dn+2_ _en+2_

 Eq.Q 91 my [O S S G B 7o S iy, (ST PRI
ol > d; IDRLZS Ao BRI PORRGP SRE d LU Husialdon > o Rl s
o PURSRL PR R T R P RS - [y R
B EDRRVE » ST © W AR AD ) o TS MU i B
FAGTE > R lﬁﬂEUF' s £ (i El (constant) » FIAFFT lﬁﬁkﬁ? (i g ) ) R
(governing equations) i’ I'| FE/Y

d,

continuous—time : d=| d. |=0 (2.9)
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discrete —time:

Cdk+1) ] [1 00 0 dy(k) ] 100
: 01 0 :
dj(k+1) = 1 d,(k) | A= 1
n+2(k+l) _0 O 0 1__dn+2(k)_ _O 0 0 1_(n+2)><(n+2)

=d,,, = Ad, k: sample

222 fEHHRER

| E AR YRS % (observability) % 0 TS I’F'EJ%TE‘ ([EFED n + 2 AU BT

n+ 2 PR o (S Eq. QR (WIS fE(static) =A% (PN d =0) » Al | BHIS L EIf 3 iy

HUOEEERS TN SR L )

dl My — My e m,
7 - Cvot 1 d2 _ Cvot 1 m; = mrea|_2 5 Cvot 1 m,
P Coot 2 | : Coot 2 : 8 :
d Mo = Meea oy m,.,
! n+2 ) 2 I_n+2 2 (210)
d, 0
d 0
Zas :Cuotng| - |"Ui-di=| .| 1=12,--n+2
_dn+2 _O
=
Output equation z { P (2.11)

C
I u, F— fESE - izwww{“ﬂ%@’ﬁﬂ Chlfe! i voting equations

VOt 2

HIEUE;E; —}yFJ “[HJE‘( wot1l Cvo'[ 2) ’ F I{UHHTTVT [rl l?‘/J”ZI j\)f‘ﬁﬁ-&yz IE[J
(R < 107 Ba@I0VF » [T my, R < SRR 3 9 TR /TR - i )

11



C

C...m _OFUFTJ[ s BTl Cvotl m=| g .
voting " "real C Cvot 2

vot 2

FSE R B IPT 2, A ERRRLE T R - Tl
CIURAEREY AN =Sy F’ﬁéﬁf‘ﬂi%ﬁéﬁj@pf@ o SR ST UL P
U BT o R P SR R A R BT

(AR FRTOL A A 2,,, - 25U Zauxli%?ﬂél‘ﬁwik e S
F1Eq.Q.10) % E) > Z,, U F\Iﬂﬁk‘fqufj’ voting matrix [1f95~ F[f&} %6 ¥ ARSpso L)
[FRIES 0 V7 (4 © )29 {F11 voting equations %ﬁu{%ﬁmi (2.1.4)5! FJ gﬁalg,g ﬁ’léﬁ o Eﬁ
FJERN+11% voting equations 7 5% 0 {80 {50 RS TR voting
matrix 7 BV voting equations iy ¢ A N I[ GEL 0« 75 P R AT

q1:C d:C(dwde' n+2)

votl
q2 VOIZd C(dla d31 n+2)
: (2.12)
qj Cvo”d C(dl, , -1 J+11 n+2)

qmz. Cuotniod =C(dy, ..., 1)

f@i;[lqz,qs,q‘l....qmziﬁﬂf?“ FEAEN T ER 0 iy B 0 0 Pl d, & e — o ZH MR R m,
Al g 2 SR THOITQL, O, e Ol 2 R RIE N TG 0 [ 0, 55 0 [l d, i
- ST R m, g ﬁﬁ?{ (MFREAE > O RHIET S, (5% F ENER = ATl 2,
F%ﬁﬁiyii;ﬁ 0,05, 0,0, 7 F 5 JL EF’?*—*}’{J/EJC' ‘F[ﬁ]}t['{*dﬁﬂ()ﬁffﬁk}blipiﬁﬁf
PRI AR PO A o YIRS I SRR

g,d, =(Cyo f)d; =(C\pud)d, =0

votl

0y, = (Co )0, = (Coed ), =0

vot2

(2.13)
qn+2dn+2 = (Cvot n+2 f )dn+2 = (Cvot n+2d )dn+2 = 0

12



PR RS R L b4 2 = BRI B4Ry — e 1 3 2 SRR T
TP FET M SR IS E - (W, B o $2 parity equations * voting equations
FOMSITGEFE — 39 o f e Al {2 a9RQ% o8 (=0 Eq. QIR T = Fip Rl
o R FEFCR PR R AR PV RIS et ) 2 il (Measurement noise covariance
matrio) f F | P B TGS £ -

qldlz(cvotlf)d _(C d)d =V

votl

0,d, =(Cip, F)d, =(C,pd )d, =V,

vot2

| =L =R Y .
qd =(Cp; f)d; =(Cojd )d; =, v, K- RO (2.14)

qn+2dn+2 = (Cvot n+2 f )dn+2 = (Cvot n+2d)dn+2 = Vn+2

12, 71 2,,, (O S TSl 0 BRI (= 3 R 2
~ RIS P E T 1 SR ?F»rpElﬁﬂEH SRR < SR F B
CEATENCEINTTIREEE F = T 7R e ﬁﬁ?@%ﬁﬁ[ﬁu—
ot [ﬁﬂEH* L"%Eﬁ EEa i P 1251 ol ol AR Ll ey fsﬁaifm B TIgE T
VIR PO R - FTJ%?Q'EIL— il [ VFE'FTJ AE T

223  SRRpVEIEE

IS A Lt {let? e RARITRE Gl AR B 2R AR > T 21
AL 7 WA 5 1 (observability) fIRE - 2 Seult o AR o1 14 3 (observability
matri) £ EWo = V[2 27 -] pusid s apE(d =0)  IV[2 2] =0 -

RS AR - R RS S T

13



ayo| @ 9 . 0
177 ad, ad, ad, .,

vz =v| % |- O | . O 5| . _0 |5
Z,ux adl Zux adj Zux admz Z,ux

Cvot 1
Cvot 2
_ Cvot 1d Clzdl Cl,n+2d1
C21d2 Cvot 2d Cz,n+2d2
_Cn+2,1dn+2 Cuot 28z Jinsayniz) (2.15)

:‘E'liL_(dl -, ...dn+2)F|1[’{~ "EJ@] ; EUV{ Zp}

aux

W vz, il R R R g

d=d;

Bl R 55 WL sy - = FIn+ 2 (WY Vg, ﬁ': R I n R Y

IR (ERERD Y B R b - Iﬁ[ﬁ [ I S F RN+ 2 (rank=n+2) > ﬁ?
A AR S P TN £ 2 [R5FSRHL » 2T b (e e -

224 ]@ﬂ TR [~ p J‘f E B (ttme-varying fault or drift)

DS (PTRLA = | ST R de-offset) J AR G SR FOSEMI AR 1 11 - Sy 35
TR IR [~ ISR R TR g™ 4 0k = & Eq. QO RLBREd, L HEeT
(= (L ['[iﬁlﬁ%ﬁiﬂ%ﬁﬁﬁ%ﬁ [T A2 [ FR > =5 PIEINED ™) Bq.2.9) » F UL

T iﬁ B [ ERLFEE £ - JUBR ] (sampling time) [l » I PRV F 0 g
Mt OO RRRIIRR R o BT ABAETI  B <l o T AR [ Foggi 3 et 1 mﬁ@r’
(=5 PIRURE S % PR IFIFY RS F a5 Y > dyy = Ad TSRl 4 R =
(R o b UL Ao L R FERLE S SR A I I (bl > HEIRZS Mg
FNFTdy.y = Ady (SEIRRE R - AT RBTF REIERIL T I8 - [RLPE

OB R 8 IR e E AR~ A B R o I
- ARSI AR @RS (ISR (estimation delay) 1 F RO ARG

14



A R Pl AR R A A SO T (adaptive) RS, - T G RLER
e RS B (Fading: memory) e - Vil A = F |y s b= BRI £
E\éj@?&?ﬁlfﬁ@g@ o

225 [EppE

® X (real-time)i& BT RV ﬁl?&'ﬁ%ﬁ I P SRS Of-line) Y Tk -

© AT LRIV R SR S R R A
VRO 1 DR PSR [ D& -

® TRl AR TR EISHRG W P 9D R

2.3 I’%@?'Tﬁ%’\ BRI 38 (Ralman filter with fading memory)
231 FEEH

#1960 % » {11 R.E. Kalman il i E[EJTN FIT o FIJ P [ (recursive) W BT REE
el PRSI RO THIRE o b IR PR T O PP gl o PRI AR A A
TR R ‘ﬁli@if[lﬁﬂéiﬁl EIfJ’FiJIZI‘a’EE%E'J °

AR AL FER ([ (RS o T T S T R R
AR PSERBRY > e BTSSP R ) 2 (Gaussian noise)[Rf > A &RV AR T

Z[l ] {puIs T EEE (mean square error) ©
232 BTV HS (Extended Kalman Filter, EKF)

{@ﬁMéiﬁ“#ﬁﬁ’ﬁﬁWﬁ@ﬁ%ﬂ’@¢w e e

15



RN U

state equation: x,,, = f (k,x, U, )+Ww, n: plant noise
measurement equation: z, = h(k, xk)+vk Vv : mearsurement noise (2.16)
k: sample

PRI R R AR YRR R 0T BRRY I o B LPERY il (prediction of states) 2,14

[19f% [(correction of states) = " SRV " klig @iﬁﬂ—ﬁ“p@ﬁkﬁuﬁﬂ q\gl’ﬁﬂﬂu—l\ ~ %

[ U

)‘(k‘+l =f(k,%.u,)
P =ARA +Q,

SIS L prediction equation > FF 1B L I % 11154 ) £ il (state covariance

(2.17)

matrix) * ETEW P = E[(X, — X)X = %) X, EIJEI’F‘[?EUEU}{J{% (il » Q FL - RFEHAYIH T,
Z AR i RS STERUHS T s AR EGRI T PET] - (W RIS - 1
AT R -

K = PoaH i (HiRoaHE + Rig)

P = (I - Kk+1Hk+1) P (2.18)
residual =z, —h(k, X_,)

Xy = Xy + K, - residual

FUHIEL 7 correction equation 0 R A ELENAFEF VR AR o K, AR TR
(Kalman gain) * || r“iiﬁl'[ﬁ'*ﬁ RRAVE %ﬁﬁﬁﬂiﬁf[ﬁ'ﬁﬁ s 21 e A A LT E
(AL T 10 ﬁﬁ@[ﬁﬂﬁﬂﬁﬁvﬁﬁf‘ﬁ? > o ff IR fL7 folZ %ﬁ‘lf[ SRR
e SRR - mhLE ’FE'IHE‘ AR BRI i (ST TR o
17 Eq.2.17)A1 Eq.2.18)F[1HY A ~ H g™

o<

OX Ny

— ahk+l
k+1 8X

(2.19)

X=X41

16



Z5 e T J4e EKE 2R A

State at 7,

Input at £,

N

X = Tk, 2,0, )+ w,

-

",

State estimate at 1,

“r

State covariance at 1,
F,

&

“k+

=hlk.x,, )+

L 3

State prediction

Xo, = Tk X000 )k

¥

A 4

Evaluation of Jacobians

k+1

I

Discrete system

e T T T P PP P P P P

L

""'.ku

L 1

Measurement residuals

residual = z,,, — Ik --‘:';..1]

F

'Ttﬂ = 'Th-]

Correct estimated state

+ ‘K"h-]

A
a": x‘--.f.

=
C‘"ﬁkﬂ |
&L‘ =R

4

HA'+1 =

State prediction covariance
Fy=4 P;-I{ +0O.R,

L 4

Filter gain

-residual [

Bl 2.1 433+ 8 gk BiAZR

Measurement

mamsRaRaRaRaRaRaRa RNy

residual

= = =1
!‘H = PMHL {HMPL:|HL| + Rh-l}

I

Correct state covariance
Pv‘ul =”_KMH|¢| ]"F:u

EKF

B T P e PP EE P LT TS

H
H

'Ti'+l

R R RS RS SR R

delay

L 3

Hh—l

SA RS E R RS EE RS AR

S SR SR RIS NI SRS MA ISR R IR EA RIS IR EAE
H
H

Bl 22 %

17

e PP e

1t

delay |

MBI R ik B R

"'.k+l




233 f%@?"l‘ﬁ’@%i ¥ (Fading memory)

AR [ ORI P et R AR I SEPTRALAR o SO R 5
el A AR B P R PSRRI T I fE ff a f(divergence) i
T = R ™R RS 7 P AT e SRR 4 < R a0
FUEES AR E u,é[ FAREITESE S SR (2.2.4 &) o PSR AR A 2 yg T’f@gfwa"ﬂ%ﬁﬁﬁr
A 7ﬁbﬂ—f'ﬁi—ﬁqﬁaﬁ@ﬁjfigﬁ%ﬁ Bl ?ﬁ“'fﬂip‘ﬂﬁuﬁﬁ Al IR Y RL A T E
[T o P9 R 2 R LB, L e R AR PR RT < PP P R R
B T RAVER R ( Kalman Filter with Fading memory) » 38 % v ¥ RA{O][10)[L1IFI 1%
HRE] > B2 PSR R R R ISR S R e 2 S I
PRGN (= R (08 0 T s il g = gt & 2B g -

— AR AR PR Lk 5 £ [l covariance prediction equation
IS Rey = ARAT + QR 18k il RLRLS S et FI= o KRB &1 @] - FIY
S (e 2 S B Al SRR | A e R PR R I
(residuals) 12 B EIEGIRE R F YR o QTHTAVEY > WRRL AN (e e o i
fo 2 S PO e R AR RIS RS T A RV SR e )R R
B 19 [ERARL T o1 3 [REREE 1 bl ) 2% S YR R U e S i - f‘rlf'w?ﬁ?“'
T ﬂfﬁ%"‘wt > FRLE T NASR] S TR 12 R covariance prediction
equation = ' RLJEET IS E | RBEIR QR IR fohl = R PRI 3R & A [ iR LT S
SR T I*Eﬁf’w&ﬁﬁﬁﬁl”@fﬂ A2 1 ey BT R R e
ISR B SIS A B I T Il » b TR 3 R ] 3
i AR R FTAORBEEL - [fFJ B P B YO [ JRL Y — [ B P
(forgetting factor) A » [ 3K [ Ak ARV &R RBOROREY =R < p 7 R

RS PR B ilq‘j;??"ﬁ%" prediction equation :

Pei = AaARA +Q, (2.20)

18



A 2L g llp S TR RL ARl - E R TR R AL ?‘[El%»
ARV o P R AR O IR L SV, PSR T

B IR R PSRRI I g PR A R R R (Y
RLTD o Frie o AEh R R ER I 2 (covariance of residuals) |

C, = E[residual, residual ]= H P H, +R, (2.21)
F1Eq..21) > fHCy, - R, =H,P H{ 'K Bq.Q20)f% * i

ikaA<-1Pk—1A<T-1HkT = Co - Hka_lHkT - Rk (2-22)

M = Hk A<—1Pk—lA11——1HI-<r

TP 5 . (2.23)
j]: J N =C, -HQ_H —R
[l Eq.(2.22)i@55 A,M = N B0 FLA KENME 41 (2.24)
o] Ba.(2.24)=7 PRl VIR (trace) 2 RIS RS, 1 FVRH =

1 4
A = max{l,atrace[NM }} (2.25)

ZBN PR A
A =max {1 trace[N]/trace[M]} (2.26)
R IR Ba. 260 i iy LR, [ g 1 -
= j,:;l}frj:*g Fﬁ»@;@ﬁ s El ;ﬁ, E']L-{J"Fi:lﬂﬂ J@Eﬁ@ﬁg—r‘ﬁ?wiﬂg o TG, el W py
HESRL T BT K (P O [ [ A R R - SR > LT ST K+ [l
P i AR FIH RS (LA > SIC, R P
Eq.Q2.2)INfU H~ QR T ﬁ%ﬂ BTN rﬁfi@* o 11 trace[N]/trace[M ] ¥ &1l

—@&Fi“ A 1AV 7 LER Eg.2, 26)[@%'7@** (et [ OB [N [R5

19



(HOHA AR et 14 > FIM =N - FERLA =1 Sglffied (=T g2 (57
T 224 AFIHREPRE R [ USRS [“tr'ﬁIF'EJF"F}‘Kl’ﬁf?ﬁﬂﬁ%ﬁ?&?%ﬁﬂ’l"@?}

~ AR FAR(A ¢ identity matrix) » TR HESHERT AR (R R 0 2 EUREIE - R TRy

I RIsA@ > FTfogl 738 7 o R IRUBEE, T ey

FEP R RS R Y BKE kAR -

State at 1, o Inputatr, State estimate at 1, State covariance at [,
Xy A _ X P,
. - L‘ Evaluation of Jacobians
X = FlE xp 1 )+ W, » State prediction N
. o 3
Xpo = f X1 1 A= ”rk
Xy
............................ -
I _ Ol
r Covariance of residuals fa O

|

C, = E[resichial residual} |

i

= hik, xp,, )+ vy,

l

“k+

|

M =H, AF, A Hy,

Measurement residuals N=C,-H, 0H;, -R,,

B = AR +OR,

l

residnal = z,,, — (k%) |

}

‘ Forgetting factor ‘

]
1
]
|
]
]
]
1
i
]
i State prediction covariance
e
1
i
]
L]
]
1
]
]
]
]

1

_ A, = max {1, race[N]/ race[M]} Filter gain
Correct estimated state ) . . i
............................. By = Ry Hea | Hen By + By )
Xy =X, + K, - residual Fading memory procedure ) p 1
1 4
Fa Correct state covariance
_./

PI‘:I:I ' I Kklljikll b'f:n-I

g] 2 3 'pEI i? FU'P@?&% FVF ﬁ //E/)i pp/”"%g.gl
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24

25

fRlr = | R B sk

o TR B o R 0 A R o R

i3
r
#1117 B QORI IR T ) dy,, = Ad A IRFOTIN £ 25

0] Ay = Ady PR T RS RRL -

azk+l
od

R H,

Zy

A

IWLLI 21}1@5&%@% [’ﬁ rESiduaI - |: :| - Z(k' d\k_+1) = Zk+1 - Z(k! d\k_-*—l) = Zk+1 - Zk+1 °
k+1

aux

R

~ s R
A

ﬁlj}y [,Fﬁj:p state COITCCHOH equaﬁon : dk+1 i dk_+1 + Kk+l (rESidaUI) = dk_+l + Kk+l (Zk+1 - Zk+l)

EH1 > output equations zg‘?ﬁﬁ?ﬁlﬁﬁ}\]ﬂ”[ﬁjg} m Em%gl'ﬁ?% .

CVO Cvo CVO
RS { tl]m _ { t1:l'(mreal +dk+1) _ { t1:|'(dk+1) _
Zk+1 - =/ C - C:votz - Cvot2 = Vl

(o]

vot2

vot2
Zz

aux

z Zaux 2.

aux

Visa k+1

Ty 2% (R d ORI

2(k.d,)=2=|[ C

E[’?,”dkﬂzdk_ﬂ-l-Kk+1 Vl_C

C -
|:Cvotl:| . dk_+l
vot2

votl

A

) dk_+1 ) uj ’ dk_+l

L Cvot n+2

[g } (0 —0i)

vot2

[RED e (R

A

dk_+l ’ uj ' d|<_+1

v ., —C

n+2 vot n+2
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Bl 8 ldoyuydoy | ] ¥ di, = Ady 0 T
Cvot n+2 0
_ C A
|: V0t1:| A dk _dk)
R R Cvotz
dk+1 = Adk + Kk+1 V]_ (227)
L Vn+2 _

2 PIEA A BRSHRUI (SERITIVEEE e, = d, —d, - JHH 27 Ba Q2D

En = Ag =Ky v, (2.28)

FRL e [ﬁKk+1@lE'@ HO ﬁ'ljlﬁ’ﬂﬁﬂlﬂﬂﬁ%“ S 0 P G )

ISR = ]y iﬁ‘ﬁi—/ﬁ"f—rl _"'fﬁ%:l_ V3

Fault

System output: y Measurement
noise

(plant noise)
I Iama] [
! : . Redundant |« !
B [
L]

System noise

U =+ Actuator Plant | SONBOE " Measurements
e P =t q
Axiad sysom s
‘ Form the parity
_ equations
Model as static Fault detection and m‘ Formulate into H"IE
RS vuting equations
system p [ 2, |
d=0 | Ll |
Extended
>

" Kalman filter with

fading memory Estimate fault type size cause

Bl 2.4 TrpRes Rk S
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51> i
ﬁﬁﬁ?fﬁl T—(Fault correction)
31 Fp

F IR RO R P PR e 2 SRRV W o ) 2 AR
[ e 2 i T S RL I RGPS [ B L B (de-of fset/time-varying  drift)* = (R~
P EE RPN 2.2.2 AR S5 IPTE R ELEPE AR SRR T IR
el p U= o [ FRERE - S pRLIRR N — fla 5 = SRR =il i~ i 5
~ MR FF R HPERNE © BRI R SRR AR R SRV E Y W R R
(- £ 0 7 (O30 8 SRR T B o (el = T3 IR 1 R T
%ﬂwFﬁ?%ﬁ’%Wﬂﬁ%ﬂ%Wﬁ?ﬁ%—ﬁﬁﬁwﬁﬂﬁ%%wO

3.2 E[pAE (state feedback)
321 FF

AR P TSRS AR A L R O E T
A TR [Py =4 iy oy R T P S R SR
B OFS PRI P R 54 H o R S RIS Rl (O SHRGeR -
5 IR SR 2 e SR T, ) (B9 S Ry m, S

[PPSR A RO - SR E LS mey_, T TP -
322 AREREE R 5

A

F'1 Eq.(2.15)f1% state correction equation [i* ! d, =d, + K, [ZM —z(k, C]kll)} (3.1)

BRI d- HL R AR o R ARL B AR PR = -

23



A

d ;‘Fl = Aak

e N (3.2)
dk+1 = dk+1 + Kk+1 |:Zk+1 - Z(k’ dk+1):|

Trekl'] Ea.2.25) %% - 'ﬂiﬁtﬂ SR (L BTSN (observer-based) 0 K HERLL A
a1 ER R A A

Mt - ﬂﬁrﬂéﬂ U ——Bad o bl [H‘T"szﬁﬁ?ﬁ ’ xﬁl‘{ﬂﬁﬂé‘ S (ERLEY [R5
ANRE[ps ﬁfﬂ:ﬂtﬁﬁﬂ |fﬂ ﬁ ﬁ o I ﬁt [ =0 Eh— Ry El@fi[?jrjﬁ_tﬁﬂgw {*H(proportional
control) © Eq.2.25)f"' I'Je¥F5Y -

d;,, = Ad, - Bad, .
ak+1 = d\k_+1 + Kk+1 |:Zk+1 - Z(k’ dAk_+1)j| ( . )
I 2SR B - E1 A PSR R et (2 ARl e g P
”ﬂﬁ&ﬂﬁi\ RLFR 2 [l (BRI B @%’?ﬂ RO RGN LR - [ AL iR

» R R < 22.2.3, ARG AR € S g 1 ) AR RN B -
Bl F{,l»fy[f'ﬂcj|Elﬁ&%@l@g’ﬁ(Iﬁljﬁﬂgg)qsii_gg;{&%[ﬂ@g;/JGF [E'ﬁ%:ﬁgjr , JD A S A
it~ fﬂ“'?ﬁ[‘ﬁ SER > [N T EERCE (Separation principle) AR EE S PEIE T
#J;r%?,f s Hf L MpVENRE AR [Fﬁ?ﬁh}idkﬂ—Ad +Bu (3.4)
Fll Eq.3.3) " I JRZ R A A
Ad|<+1 = dk+1 - ak+1 = A(dk - ak) - Kk+1(zk+l - Z(k, d\k_+l))

= A(dk - ak) - Kk+1(zk+1 - 2k+l) = AAdk - Kk+1(zk+1 - 2|<+1)

d,,, = Ad, — Bad, = Ad, - Bad, +Bad, - Bad, = (A— Ba)d, + BaAd,

di,y | [(A-Ba) Bal| d, 0 35
:>|:Adk+1j|_|: 0 A:||:Adk:|+|:Kk+l(Zk+1_2k+l)j| ( . )

PV T TR ™ 1 M R OB TR RL Y B R B R
IS R IR o BT B QAR MIBHCEREEE o I - Ea.G4)%
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fp &1 Z éﬁﬁi(z-transform)ﬁ@%& (7 O 2[R B, 7 det(ZI - A+Ba) =0 (3.6)

LR AR
3.3 AR L (stability)

”F'E%'Vﬁﬁf sl e F Rl T EUTNR [ sy R AR o [P Ak U’F‘ﬁ QiR
(characteristic equation)ElffF\ﬁ f%'ﬁ@(eigenvalues)(@%’!ﬂﬁ:ﬁ?@ﬁ? HG [l Qunit circle)[*| © I') Eq.(3.5)

FLI5) > 0 (A - Ba) O OISR NG o FIISROTE[Y 4 SR 1 - g

I S TIRRE pe S I e N TR e L RS S N T

34 SRR GEIEAE R

T 3.2 BT S PP RS SRR A 11, = Ad, + Bu > SV ST
1 48 R U SHRGSRT - RO SR - HRLA (R R
et S u b B SRR R SRR g T

PERIAE %

A~B fQFEEFl""j'%EKﬁI » Eq.(3.3) & Eq.(3.4)FI’E[5FF'\‘J,”?9 :
ak+1 = Aak - Baak = d\k - aak (L{Srﬁ%\rﬁij K (Zea = Z1) Ff’%l@b% 0) (3.7)
d,., = Ad, —Bad, =d, —ad, (3.8)

b= =25 PR PR

d, =d, - ad,
d, =d1—aal=d0—aa0—aal
: (3.9)

k ~
d.,=d,—add,
j=0
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ﬁlj E[I Eq<27)_}9 I,Fﬁj:]:[ M=M, + dk+1 +e > E[ﬁéj EQ(39) ILQ K fﬁ

>4, (3.10)
IFEE;':T ’ “Iw* “[:HI#;IQVRFLJE “%?DF[H EEHUCT f‘ im o _’ ]mcom ?E‘j °
—aYd (3.11)

j=0

M EUASHE RIS ORI TR 1) B, BREOF BRI [ 28748
Kk

P DR IEFOT SRR TR o Z o CRRAEE A BRI B
%al%?ﬁpﬂj m :{yﬁﬁ:’f % EIHIFAE mreal ’ EI“ Meom = Mgy © B o %”EIJEIEQI&EQE”EHE@ ]LQ
5 ﬁtlﬁﬁg;c zflr o fﬁ;p[(ﬁﬂgﬂgg ,'ﬁ@ﬂgg&gﬁaﬁ@; Zd i [WJLT E 8 (i

2 ENEIE Y m S EE R

A AL (S P T BRI b - S AL A1) B G
(20— [T R B JD— azd pligr mEJElr (LR 125 kLIt
FHERL O - LA R AU M SR R TR
o Ypm R EARI = gy g E R B R 1&[Fﬁﬁ’?ﬁ%ﬁpﬂtln
S TS [ E S/ R = S i W A

Kalman filter with fading memory

______________________________

Measurement :m  Zp,

=
-

Bl 3.1 F &gt Bt REvR> HE

26



AR o SRR (RS [T
e

= Fault

System noise System output: y Measurement
(plant noise) noise

I" “““““““““““““““““““““““““““““““““ l
i I
o A ; .| Redundant _j. :
u T Actuator I—’| Plant SensSOrs = : Measurements
I

___________________________

Actual system :
‘ Form the parity

equations Corrected output eq.
. . ! : (ie. Corrected
Model as static Faultdevection and id. F:;p:lu'ﬁ:e‘:g?n:;e measurement
system . [ Ing €q : signals)
r=| ° - s et e
| JZG _z.'u.; * - - - — —;—_ — — —h
. [Feedback gain|
A ! State
Extended } Feadiaio
" Kalman filter with -
fading memory Estimate fault type ,size ,cause

35 [ REEEE I TSRS 3 U T RV g

P DRI S e R 2 T2 0 [P @ TR R 0 R -
P96 F1 T 0 @Y Pk R N R CE IR & E 0 Y
54 Eq.(2.9)Hl[gVV:t‘ j =C I T K T ER (K, K,] o 1 Supp e 7 4

R RRT

d=-ad
. (3.12)
d=-ad+K(z-2)
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fiﬁaar%ﬁﬁ RSO nﬁ%aﬁ%?%o’mﬁm“ﬁﬁﬁ?“z{ } , 2{ ] °

Eq.3.12) [ dFr 4%

d=—ad

o . 3.13
d =—ad +[K| KZ]{Cd ij] o

0- f(d)

T L

d 0 —al d 0

H_ R ) (3.14)
u {ch —al-ch}LJ {—Kzf(d)}

AR fld >0 - d—0 - i = —ald > 0 H1d - 0(a EMIEA ]

Fcuy@) PJ}[—jd—)Oﬂ[d—)OEJFTJ[n'I?F[ b o
d=K,Cd -0 (3.15)

(f(d) FRZESETE > B d TR > AR d > 0] F(d) > 0) -

1 Ea.(15) %1 > C I BRI » ¥Rl d pUssR sy £,C g% 1l
space) * HICd =0 » P kS d =0 - d T F i -

%'Frm RO SR TS A R E %Cnciﬁ'ﬂﬂiﬂz\%ﬁf{’:Cnc=0’ﬁ'J Ne ¥ kb d [y
S - Fld = me (r ERRTEDER I Crng =0 « TR C A5 ERd - [ A I -

E[Jd 0 > SFF i N R If s K d —> 0« il > r ISR Ol S RLd = n,

fuE=skf lef P ERLEY AL AR |1 d Y 8 C PR RIS TR < g
PURE LRI P PSRRI R SRR 1 B FDRTEIRUTL = = 0 (L R e
FIHFTHER 27 ] Cd = O &4 Ty ) - HUPSEIp A= 2 RpHE R = 0 -

28



S
Tﬂ%’iﬁ?}iﬁ:—‘ﬁ‘]‘ ﬁ%(Simulation result and discussion)

BRSPS WA R T - P ERECR Matlab (ST

F‘Jﬁxéﬂlaﬁ'%gﬁf@%'°f&|F'EJlE§{L;— (B TR ORI R 5 527 |~ R sensor)
BRI PR R R BRI~ SRR £ 576 - £ b

$FHMh’Pﬂ$ LR AT IR - BN £ 0.1 BRI -

4.1 SFSHEGER] AP

IS EE = MR )b P R = 28 | 1) o [‘FTJII -

m, = 0.5m,
m, =0.2m,

CEL T Tm, ~ my s, 55 FDRREIE M, ~ M, ~ M Ve (4.0

HCVER L e

d, -0.5d, =0 »
d, -0.2d, =0 (4.2)
F" B4 1 parity equations » voting equations *
arity equations : 1 0 =05 m= 0
partty &4 11 202 o ["T]o

0 1 -04 0 (4.3)
votingequations: |1 0 -05m=|0

1 -02 O 0

5 FIFRE g A e e e RS SR o H AR B
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dl
1 05 O
Z, = d,
[1 0 —0.4} ;
3
4.4
(d, - 0.5d, ) d, “9
Zax = (dl_o'2d3)d2
(d, - 0.4d,)d,

RSB M, B Y 1 :1-cos(wf -t) , wf =0.75 ra%ec (4.5)

4.2 AP SHREEH AR
421 [ # AR

o 2.2.225 [PIFP TSRS A SR plR 1 - b 19t =S PR B singular value)
TR o 1R o+ 2 (IR ol A i R T n+27 £SO pop £
(= PR AR 1 P 2 | BRGNP TFIRET R S 1 B T B
oA (™ o [ 4.1 APt 3 [P O gl s =5 P il 3 (S -

configure: 3 sensors

1.8 ‘ ‘ ‘ . 1.45
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1.2
e ]
0.8
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0 2 4 6 8 10

Bld4.1 3BRPI~EHEE
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=y ﬁi@%@?iﬁﬂa“ PR a8 & 1 UEFE‘@*EFF Ei— 4—’[’@%?&%%@00%&) 0 Jl%t—ﬁ“ﬁfﬂ@
SPEIELET (IR (Sensor M, ) « AEFTT Matlab 105 [PITRSaH PN s e AL -
[ 4.1 Fl TS £ ORI RO BRI 0 R ks R P ET )
Al o T SERURARER M N BB A (SR RERYAT - TR e D e
- R T 42 H o FIRUES PHES PRSI R o TP S
SHRPBIRL - (R BRI £ 1 PO i B PR RO P B 2 E | O B Y
F o e A RIEI SRS RS 0 < iR 4.3 plEE SIS 0 S Sl S
(o T 2.2.2 AkEHEE] ,Ef[? S [t FFL"%E:*] » FREPIEAY voting equation bﬁﬂo o Hl')
P RFITE M, 19 voting equation £5 0 PR =2 [IeT GRS My RLEDERS «

Sensor M1 : output Sensor M2 : output
3 3
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ER E
= =
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Voting equation:Sensor M1 absence
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Voting equation:Sensor M3 absence
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Voting equation:Sensor M2 absence

B 4.3 votinglequation ﬁs?l VB (45 22 5L - de-of fset)

Sensor M1 : fault signal
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Sensor M3 : fault signal
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Sensor M2 : fault signal

10

——- fault signal
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Bl 4.4 &R P B E G IR B (45 L de-offset)
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error of estimation : M1
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error of estimation : M2
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BB S M, M, M

3

AL 0.031825 0. 0025865 0.0050269

A1 ERRIECE 1046 BRI EEEL L

BRI R M, M, M,
Bt i 0. 0019061 0. 00026667 0.00012381

4.2 AR PR + 5 8~10 7f/1$7 CRR et AT A 45 1 i 3 4
4.2.3  SHFFOREL B R [ (time-varying)H Il 17

R 25 PR IR 2 S R SRR SR Y - SRS VRS
T FFRFEELET 2 [N (Sensor Mt SR P O™ 15 il 4.6 #4557 ]
VBRI > TR 4.8 R DERE LA GESE AR o [ 4.7 % % SRR

E’ﬂqﬁl 40 Fhk— 7 l—% g&ﬁ@:’jf a@?ﬁ]l{l Jﬁ}'@

-

I

d,(t)=2+0.4-sin(1-wf -t)+0.4-cos(L.75-wf :t)+ 0.2-cos(1.6 - wf -t) (4.6)
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Sensor M1 : output Sensor M2 : output
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Sensor M3 : output
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Bl 4.8 voting equation ﬁa?] Bl (45 3%  time-varying fault)
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Sensor M1 : fault signal

magnitude
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STD of estimation : M1

STD of estimation : M2
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B BRI AR AR ﬁd =0 (= Ed -0 Fhli Ay 4 Eq. (.14
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Sensor M2 : output (feedback gain=0.01) Sensor M2 : output (feedback gain=0.05)
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Sensor M2 : output Sensor M2 : fault signal

51 5
— wf time-varying fault, noise no correction
——- ideal 41| — correction
4| —— after correction S
o o 3
o =
2 2
c c 2
o (=)
[0 0]
S E 1
0
-1
0 2 4 6 8 10 0 2 4 5] 8 10
sec sec

Bl 4.22 REEEHEFL{ L

Sensor M2 : output Sensor M2 : fault signal
4 1.5
—— w/ time-varying fault, noise " no correction
3t — ideal ) E —— correction
—— after correction 1
Loh] 2 QL
o = b= ]
21 2
c € 05
o T
g 0 £
- 0
-2
-0.5
0 2 4 6 8 10 0 2 4 6 8 10
sec sec

W4.23 2 gEas
432 RS SRR T

ggf%ﬁﬁ?ﬁ_?ua%ﬁ RORIBS SRR TR « 7 T RISV
KR M~ M R [T IS 0.05 o P 4.23 1R E- R
Do B~ O R TR < [ 4,05 Fr SR T S R 5 R
Ll PR TR 0 P 4.6 0 4.8 SRS (BRI SR T H
FORAUE B (RIT-T RLED A 0 = (RIS LS e -

47



magnitude

magnitude

B 4. 24

1.5

maghnitude

magnitude

0.5

Sensor M1 : output

-2

0 5 10 15

sec
Sensor M3 : output

8
6
4
2
0
-2
-4
-6

0 5 10 15

2R R B d ik

ﬁ;;]

Sensor M1 : fault signal

10
sec

Sensor M3 : fault signal

® 4. 25

48

magnitude

el € b AT 0 ] (45 2850 5L

magnitude

Sensor M2 : output

-4

10 15

sec

—— w/ de-offset, noise
——- ideal
—— after correction

- dc-offset)

Sensor M2 : fault signal

b
e ¥

10 15

sec

——- na correction
—— correction

ERPIE kA FELL T (4535 D de-offset)



Error of correction Error of correction

1.2 1.2
1
L 08 o
2 2
g 086 5
[v] [v]
£ o0 :
2 2
¢ 02 @
o]
-0.2 -u.
o] 5 10 15 o] 5 10 15
sec sec
Error of correction Mean value of error of correction
2 0.2
) 0.15
3z " —— Sensor M1
= = === Sensor M2
= £ 94 L Sensor M3
E g
5 = R ——
v 0.05
0
13 13.5 14 14.5 15
sec sec

Bl 4.26 4F{ & FEBEFA5 - deoffset)

B RLE S M, M, M,
FATEE 0.036719 0. 072202 0. 1831

4.8 Sl & iEL T E (1315 #)

TSRS RLE R i I 426 FORMREIL > = RSOl s
TR - FUHEHTAEE 0.08 - iy (HHREHBETDNS -

d,(t)=2+0.4-sin(1-wf -t)+0.4-cos(1.75-wf -t) +0.2-cos(1.6- wf -t)
d,(t)=2-(1-€")+0.25-5in(0.6 - Wf -t)-0.3-C0s(0.45- f -t) +0.2- cos(wf 1) (4.8)
d,(t)=3-(1-e?) +1.2-sin(0.4- wf -1)

TR 5 P BB 1R R T IR M, M, o
PSR RLRR T M RERLYL S 7Y Hap S, IR - 7 Py

49



%ﬁ%%ﬁﬁf’ﬁiﬁwﬁﬂs—ﬁﬁﬂﬁ S8 —ww#w%mﬁ%,@v%
e SUR AR P IR P | 2 e o PR e T e R IR R BV S vy gt e
E“f*ﬂ FIRIRAIORIT T RS GIRI « 4 RLE b SRR T R RS MR |
[ - F20Rd, ~ d, ~ dy @IS C oy D FARRE R S SR
BRI TR o 1 TRF S TR - (D WG e
AP il > SRR E R T2 ARG [ (BRI Pl R
ﬁsﬁﬁ o P TSHE Y F,Eﬁ,ﬁu = Frfiﬁlfﬂ Hi- [ﬁﬁ » T PROLTEEEL Y e ] TIPS
P » 21 ) T A e R T ) R O - S
g N ([ %E"JEJE#"“‘E:TEJF,V&EE[E&‘[J’EJIJ:TT%“\&EEEJ‘#EIF’ﬁl%ﬂiﬂﬁﬁliﬁhgc

Sensor M1 : output Sensor M2 : output

magnitude
magnitude

“o 5 10 15 o 5 10 15
Sec Sec

Sensor M3 : output

—— wi time-varying fault, noise
——- ideal
—— atfter correction

magnitude

B 4.27 & RRIFE DB EA L LA B (% F5 0 tine-varying)

50



250

1.5

maghnitude

0.5

-0.5

Sensor M1 : fault signal

0 5 10 15

magnitude

®) 4. 28

error magnitude

o o o
2 ®» o =

error magnitude
e
[§)

(=]

sec

Sensor M3 : fault signal

Sec

Error of correction

5 10 15
sec

Error of correction

Sec

Sensor M2 : fault signal

magnitude

sec

——- ho correction
—— correction

&R B Bk R Rt BU (45 3535 ¢ time-varying)

Error of correction
0.3

0.2
0.1

-0.1

error magnitude

-0.2
-0.3

-0.4
0

Sec

B 4.29 45 { &L B(453530E50 © time-varying)

51



Fr”upﬁ A Ucl%@[ﬁl#y i~ ﬁﬁ'lﬁﬁi} FI JEU/%B([%[ 4.20) > ¥ I ﬁ[[ﬁ”ﬁﬂ;d F g
= RS T-LDEHIE PP USSR G R < [ 4.2 RLPHSTEREES 0.2 PUT

/ .
314 :
Sensor M1 : output Sensor M2 : output
6
3] [}]
=l o
2 2
= =
o o
[v] [y]
1S £
-4 .
0 5 10 15
sec sec
Sensor M3 : output
15
—— w/ time-varying fault, noise
——- ideal
—— after correction
1]
o
2
'c
&
£
-10
0 5 10 15
sec
B 4.30 LRGP BEm s RA { A B(43EEL C time-varying)
44 i

P 2 e (r 5E F [RyRRE “%ﬁ?&%%ﬁ;‘;ﬁ > 2 R R T e
SHRUBEIEN | o SRR B ORI i 2 (1] 70 7 F - ¥ SRS R
S R TR IR AR ANANE S R1C T PR ERR A o 0 R R
SRR A PP TR S PTLFRIL (R - 2 R
T L] > [y ORI 1/2 WO T > = VSRR 173 108 -
m%;fféoafr,rﬂg[%}%fwiﬂua e TRt o IR s P R
ey <Lleropaat > BRSO Z LA IR (R (ERL R P IR RE

52



LT ORI 3 (B ORIPI P 30 (|« ST B R
T SR R R RO ) T O I o SRR
Ui 1] e FFEE % e (S0 R0 R -

53



tﬁ

SO
E’E'?Fsﬁﬁb F $s5F 3 (conclusion & future work)
5.1 ;Ti'%ﬁ%

i FIIM] voting equation St S L HORH S SRRSO AR
ﬁf’lﬁ% e RS ARy 5 i e 2 ARG SRR TR R
Rl 2 OSRERCEL o PR BR4] - 25 PEERY RIS RE SR = R 3]S1I617] »
Z5 [PTREE I FPS f Rk e st (on-Line) eI 9 i 1= 1y %ﬁﬁ&'ﬁi‘\ HERIEERER b
EFRRVE! (P TR - T iﬁﬁﬁ E‘Jﬁ*’i’ﬁ&[w#&? EEEI 3.4 TR TR 2
RIT-= R poffand > 4 E'SFT A [ e R PRIV R TR =0 F%i_él‘ﬁ:ﬁﬁ’@??ﬂﬂ

“ FFFNEI-E[ IIIEVTJI%I’:T‘\RL_“@%E[_L—-“ F S IE:Q[E[”’\J F e SR EU_:;A FIFJ%;TEISFT % [”F
FR T R T | b BT SRR S 0 ST A g

%%@°ﬂiinF’ﬂ[wﬁ[ﬁﬁﬁ’ﬁfWﬁ$w%ﬁﬁ%ﬁ%’%ﬁk@W
FrE uﬂrfﬁﬁjm IELES ﬁj"—l'@ﬂ[ﬁ%‘[ﬁﬂ/&f}"&?ﬁ 4 IR S T [ SR o

52 FTEE

B R R %wﬁ‘—?"%ﬁ“ﬁ?“'g*ﬂl}%i'ﬁ!?*% °
W SRR 0 R ) e RS AT N R
WU

54



=2 Y 2 (Reference)

[1] P.M. Frank “Fault diagnosis in dynamics systems using analytical and
knowledge-based redundancy a survey and some new result” Automatica, Vol.26,
pp.459-474, May 1990.

[2] J.J. Gerlter, “Survey of Model-based failure detection and isolation in complex
plants” IEEE Control Syst. Mag., Vol.8 pp.3-11, Dec. 1988

[3] K. C. Daly , E. G.i and J. V. Harrison , “Generalized Likelihood Test for IFDI in
Redundant Sensor Configurations,” Journal of Guidance and Control. Vol.2, No. 1,
Jan-Feb 1979.

[4] Asok Ray and Rogelio Luck ,” An introduction to sensor signal validation in
redundant measurement systems” ,IEEE control system,pp.44-49,1991

[5] Jin, H. and Zhang, H.Y.,Optimal:-Parity Vector Sensitive to Designated Sensor
Fault”, IEEE Transactions on Aerospace and Electronic Systems, Vol. 35, No. 35
pp.1122-1128, October, 1999.

[6] D.S. Shim and C.K. Yang,” Geometric FDI based on SVD for Redundant Inertial
Sensor Systems”, 2004 5th Asian Control Conference,vol.2, 1094- 1100, July 2004
[7] D.S. Shim and C.K. Yang,” Accommodation Rule with Faulty Sensors based on
System Performance”, 2004 5th Asian Control Conference,vol.2, 1101- 1106 ,July
2004

[8] R.J. Pattern, “Fault detection and diagnosis in aerospace systems usimg
analytical redundancy”, IEE, pp.1/1-1/20, 1990

[9] Efe.M and Ozbek.L,” Fading Kalman Filter For Manoeuvring Target Tracking”

[10] Q. Xia, M. Rao, Y. Ying and S. X. Shen,” A New State Estimation Algorithm
Adaptive Fading Kalman Filter’,31%' conference on Decision and Control |IEEE

vol.WP13 pp.1216-1221,December 1992

55



[11] Congwei Hu, Wu Chenl,Yongqi Chen and Dajie Liu,” Adaptive Kalman
Filtering for Vehicle Navigation”, Journal of Global Positioning Systems (2003), Vol. 2,
No. 1:42-47

[12] Silvio Simani, Cesare Fantuzzi, and Ron J. Patton.”"Model-based fault
diagnosis in dynamic systems using identification techniques.” Springer,c2003. New
York

[13] Bar-Shalom, Yaakov. and Li, Xiao-Rong, Estimation with applications to
tracking and navigation ,John Wiley & Sons, Inc.2003

[14] Grewal, Mohinder S./Andrews, Angus P. ,Kalman filtering : theory and practice
using MATLAB, Wiley-Interscience,2001

[15] Miller, Scott L./Childers, Donald G. ,Probability and random processes :with
applications to signal processing:and communications, Elsevier Academic Press,2004
[16] A. D. Pouliezos & G. S. Stavrakakis, Real time fault monitoring of industrial
processes, Dordrecht /Kluwer-Academic Publishers /c1994/Boston

[17] Jie Chen, Ron J. Patton;Rebust model-based fault diagnosis for dynamic
systems, Kluwer Academic Publishers/c1999/ Boston.

[18] Leo H. Chiang, E.L. Russell, and R.D. Braatz, Fault detection and diagnosis in

industrial systems, London ;Springer,c2001.

56



