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| Objective | identification |  Diagnoss | Application |

Obijective

. Diagnosis using Parameter estimation

-

applied to a physical process.

[INo knowledge on the physical parameters

[INo additive signal !

r A
ﬁ LA fast and simple estimation

method
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| Objective [ Identification | Diagnoss | Application

Choice of a model structure
and an estimation method

[0 ARMAX MISO discrete model
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M good numerical properties
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Residual generation for detection

The tracking model The reference model
S — -
Es -[01 Hp] o Es' =[e, .. 0,]
short horizon long horizon
estimate vector Witl/?f estimate vector\(= 1)
Y
RESIDUALS
r =0 -6
E{rj} = E{G)J.} - E{é’j} > 0if no fault occurred !
CESA 1998 Fault Detection and Isolation using 3

Multiple Model Parameter Estimation



| Objective | identification |  Diagnosis | Application |

Actuator fault example

Two different forgetting factors
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Residual fuzzyfication

Probability density
No detectiol

Variance

4 Mz Hp ' The membership function of the fuzzy
1 sets POSITIVE and ZERO :

b= mi I, (K| - 03505, (k)
" (k) = min Lmax 055 k) - 0.3505, (k)

(k)

Mo (

0.355; '\ 20, 1, (
Uncertaint

Member ship functions
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Signature table generation for isolation

The signature tablB(n,h) defines the relation
between faults and short estimate veéigf

y.=F,u;+F,u, model1l

y,=F;u,+F,u, model 2 } yi=Fsu, + Fs Y, model 3

Fault on D(n,h) Ess EsS Es;s

u, 9, 1 1 1 o
0 S 1 1 0 > isolation
yl %yl 1 0 1
Y5 S o 0) 1 1
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Symptom Aggregation

FAULT @ a global perturbation of residuals for the mod¢l i H)

The symptom & is based on the residual vector :

The symptom is defined by two complementary fuzzg s
Gp & Globally perturbed
Np < Not perturbed

The membership functions for each model are congpoyean aggregation
h

1 P
uep(sh):ﬁ_zlup(\r{‘\) and  4np(sh) = 1= fgp(Sh)
J:

h
r
ph

Aggregated symptom vector
match?

S = | tep(s1) .. -Hap (S )] S < .
n
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Isolation function by distance computation

The Isolation Functiok,(S3g,) represents a degreeldfeness
betweerSand the fault signatur&g,
Model 2

2 F(S S,)=0 no fault n
1 + %1(1,1) o ..
b 0<F/(S,&g,) <1 faultn suspicion degree

D1 F(S, S =1 fault n

5(07.02) * po
g : : :
Using the Hamming distance

e, S%(1,0)
A' | 1 H
Model1 1 FI(S’Sgn):]-_thliqu(Sh)_D(n’h)l
=1
1 1
D(n.h) =],
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Isolation function by distance computation

~elimination of insensitive dimensions is useful faultiple fault analysis

1 H
Fi (S,89n) =1- o 2 {l #sp(sy) = D(n,h) D (n,h) }

-

Wn h=1 M. M
I\? 1 0 Sg
1 ng D(n,h)=10 1| Sg
0.8 S, 1| <«—— nocombination
=R o
— F| (So,Sgl) =0
So=[o o F\ (So,Sg,) = 0
1 (Sp,S02) =
i 1 OF .S = 0.7
s, =[07 0.2 1 (51,50,)
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®F, (S,,S5g94) =0.7
.F| (82,892) =0.8

s, =[07 0.8
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|__ Objective |

| dentification

Diagnosis

Application

Application

After off line parameter estimation:

A (ah). Ty(K)=B1a?). Qu(K-d;p)+By,5(ah).uy(k-dy, )
A01).Qx(K)= By Aa™) . Ux(k-y, )

As(0h). Ta(K)=B3x(a™). Qu(K-037)+B3,A0™).Us(k-dgy,9)

Redundant transfer function generation:
A11(0h). Ty(K)=By 1 A01).Up(K-dy 1) +B1 1 (0) Uy (K-dy )
Asa(a1). To(K)=BgsyAd™). Ux(K-033,)+ B33 {d™). Us(K-03,9)

Fault on D Es, Es, Es Es TS
T Sor1 1 0 0 1 5
oF. Sth? 1 1 1 0 0
Ts Sors 0 0 1 0 1
Ug Sdu 1 0 0 1 0
up Sai2 0 1 0 1 1
Us Sdi3 0 0 1 0 1
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Conclusion

{7 Process fault

{7 Sensor fault
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Future work

Parameter estimation method using prediction error
to a Box-Jenkins model struture

allows decoupling transfert function estimations
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Actuator fault example

| Objective | Identification |  Diagnoss | Application
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