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Motivation

" In industry, model-plant-mismatch (MPM) is a
common and challenging problem for existing
model-based control, e.g. MPC.

" |In academia, MPM is still a difficult problem in
the research area of fault detection and
Isolation (FDI).

Dec. 14™, 2005 Group Seminar 4



Literature Review on FDI

Process
Performance
|
| [ | |
Poor Controller Faults Process o Process
Tuning Nonlinearity Uncertainty

Parametric Inaccurate Unknown
Faults Model (MPM) Disturbance

Stoustrup & Nieman, 1999 | | Q: Can we develop
Li & Jiang, 2004 a scheme to detect and

isolate MPM?
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Problem Formulation
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Problem Formulation
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" Consider a LTI Discrete Time (DT) system:

{ x(k+ 1)
y(k)

Aoz (k) + Bou(k) + p(k)
Cox(k) 4+ o(k)

= MPM effect:

Can we detect the mismatch?
Can we isolate the matrices that have mismatch?

A=A,+
B=B,+
C=GCo+

AA
AB
AC

= A DT system with MPM:

{ x(k+ 1)
y(k)

E Rnxn
E Ran

(Ag + AA)x(k) + (Bg + AB)u(k) + p(k)
(Co+ AC)xz(k) + o(k)
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Problem Formulation (con't) X

" Rewrite the MPM effect:
a(k) = AAx(k), b(k) = ABu(k), c(k) = ACx(k)

= Rewrite the system with MPM:

{ z(k+1) = Agz(k) + Bou(k) + a(k) + b(k) + p(k)
y(k) = Cox(k) + c(k) + o(k)
;";;f{'/;'j";&j';"&i";6"
b(k) #0=AB#0
(k) #0=AC#0 |

_____________________________________________
--------------------------------------------------------------------------------------------------------------------------

__________________________________________________________________________________________________________________________
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MPM Detection and Isolation
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MPM Detection

® By stacking the equation for the system with MPM

@s(k) Tk — 5)
W)+ )

y(k—s) | - C,
k—s—+1
ys(ky = [ YRS H L ¢ g 19 = | Cofo | ¢ gmoxn
N y(k) | mS:m(3—|—]_) i COAg |
0 0 0] 0 . 0 o]
CoBo 0 . e : : C() O o : :
H=| CAB, CiBo . 0 0| Gi=| CA, C, . 00
5 5 0 0 : : ... 0 O
| COAg_lso COAg_QBO c vt COBO 0 | CoAg_l COAg_Q e CO 0 |
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MPM Detection (con’t)
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= By stacking the equation for the system with MPM

WOF(S) — IS e R™MsXN s \W, € R(ms—n)xms
es(k) = Wo[ys(k) — ngS(k)]
Primary residual | — | W, [os(k) + G2%s(k)] HHWoi{cs(k) + G2as(k) + bs(k)]}
vector (PRV)

A 4

es(k)

random noise vector

Zero-mean, Gaussian distributed

el (k)

Non-zero vector, if there is MPM
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PRV Properties

= |f we assume the covariance of p(k) & o(k) as

Rp c Ran , Ro c Rme
" Then the covariance of ps(k) & os(k) is:
Rsp =L41 ®@Rp € RM™s

Rso=L1 @R, € R7sX™Ms

" Then the covariance of ei(k) = Wolos(k) + Ggps(k)] is:

Rs,e — Wo(GgRs,pGgT + Rs,o)Wg
e R(ms—n)x(ms—n)
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PRV Properties (con’t)

" The PRV follows multivariate Gaussian distribution

No MPM | es(k) = ef(k) ~ R(0,Rs.)

ve | es(k) = ex(k) + el (k) ~ R(el(k), Rs.e)

®" The PRV can be further transformed into a square

weighted residual which is sensitive to the mismatch
in{A,B,C} .

napo(k) = (es(k))! x Rg 2 x es(k)
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MPM Detection Index (1)

® |t follows chi-square distribution if
there i1s no MPM:

napc(k) ~ x3,, _n ()

" Given a confidence limit, e.g. a=1%

This Is mismatch in A

) >x2  (« =
napc(k) > X, _n(a) or B or C .

This is no mismatch in A,
B and C .

nABC(k) < X%@S—n(a) =
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MPM Detection Indices (2) & (3)

" Other two MDlIs are proposed in the similar
way:

» nac(k) is only sensitive to the
mismatch in {A,C} ;

»  nc(k) is only sensitive to the
mismatch in {C} .

Dec. 14™, 2005 Group Seminar 15



' : S
Isolation Logic 1k

napc(k) mnac(k) mnc(k) Fault Matrix
1 0 0 B
1 1 O A or AB
1 1 1 C or AC or BC or ABC

'l": the according MDI does indicate MPM
'0". the according MDI doesn’t indicate MPM
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Isolation Logic (con'’t)

® Usually, matrix C is the sensor gain matrix,
which is unlikely to deviate.

" Therefore, If we assume there is no mismatch
In matrix C, the isolation logic becomes:

ﬁABc(k) UAC(k) Fault Matrix
1 O B

1 1 A or AB

'1": the according MDI does indicate MPM
'0": the according MDI doesn’t indicate MPM
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Numerical Example
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The simulated process

" The simulated process Is a second order dynamic
system.

" The system matrices in discrete time domain are:

A. _ | 0-6082 —0.0100 | 5. _ | 05602 0.0008
0= | 2.02668 0.0364 | 0= ] 1.3760 0.3026
|10
Co=1g 11

= Matrix C is the sensor gain matrix and we assume
there is no mismatch in this matrix.
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>

10% mismatch in A matrix;

: =
3000 samples of input and § 200

output data;

A

100
Mismatch is introduced at % 500 1000 1500 2000 2500 3000
500t sample;

60
Noise-to-signal ration (NSR) a0l
for the two outputs are =
11.19% and 2.73%. S

Dﬂ" Eﬂﬂ . 1 1500 EIJID EEH . 3000

® Remark: The MDIs have confirmed that there is mismatch

In matrix A.
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Case(2): mismatch in B matrix

» 10% mismatch in B matrix; 1$_ ' ' -
. = 60
» 3000 samples of input and g M%WWNMWMM%WM@W
a0
output data;
Eu- -
1]

> Mismatch is introduced at 0 500 1000 1500 2000 2500 3000
500t sample;

» Noise-to-signal ration (NSR) L
for the two outputs are =
14.81% and 4.12%. =

PRt e T L) P e ey e TN WY sl il L LEFA i.. Y, &k
0 500 1000 1500 2000 2500 3000

" Remark: The MDIs have confirmed that the mismatch is
only in matrix B.
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Case(3): mismatch in A & B matrices

» 10% mismatch in A & B 800 ' ' J | ' +
matrices; 600/ U-J W'W V“WVHH W 41 LW M
e ‘f W ‘l i VL
_ B 400 .
» 3000 samples of input and &
output data; 200
u 1 1 1
> Mismatch is introduced at 0 200 1000 1500 2000 2500 3000
500t sample;
60
» Noise-to-signal ration (NSR) a0l
for the two outputs are X
6.94% and 1.74%. ) 20
uﬂﬁm lm El]lI! . 3000

® Remark: The MDIs have confirmed that there is mismatch
In matrix A.
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» Case (1): 10% mismatch in A » Case (3): 10% mismatch in A & B

= napc(k) Is sensitive to both mismatch in A & B

= 7n4c(k) is only sensitive to mismatch in A
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Conclusion
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Conclusion

®" The types of faults that can affect process
performance haven been reviewed.

®" Three different MDIs have been proposed to detect
MPM.

= An isolation logic framework has been proposed to
Isolate the system matrices that have MPM.

= A numerical example has been presented to
demonstrate the efficacy of the new scheme for
detection and isolation of MPM.

Dec. 14™, 2005 Group Seminar 25



Acknowledgement

Dec. 14™, 2005 Group Seminar 26



Acknowledgement

" NSERC, Matrikon and ASRA for
financial support

= Colleagues of CPC group

Dec. 14™, 2005 Group Seminar

27



