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Introduction and motivation

Two inference problems for monitoring
Hypotheses testing - nuisance parameters
Off-line FDI with nuisance parameters
Change diagnosis (detection/isolation)
Example of application

PP P PP PP

Integration of constraints in the decision-making
process

Conclusions
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“Detector”

N = stopping time

= final decision

Decision

_’H;

Yi = FXg, 0(k), &k, k) (N, v) H

- Yl Detection
y Isolation H
T 7
I S — (M
N -'Reconflguratlon T i
_ e ——— H

1 = unfortunately, it will not be considered in this presentation
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Two following situations are distinguished :

@ Hypotheses testing : the parameter vector @ is assumed to be
constant within the entire data sample Y7,...,Y,,.

@ Change detection/isolation : the parameter ¢ can change within the
data sample at an unknown instant (change point) ko (1 < kg <n).

“Nature” “Detector”
A ] Al

Yk — F(Xka (k)agkvk)

Y
.
=

<
S~——

S

0, Si k<k
e(k)_{o !

0, si k>k @
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@ Detection refers to deciding whether the monitored system is in its
nominal (safe) state or not :

nuisance nuisance

—— _ A ——
Ho: 0 €0, XeR? against H; : 0€0;=R"\0p X €R?

If some more information about is available, H; : 6 € ©; C ©.

@ In case of two fault modes or more, isolation refers to deciding
which fault mode occurred.

nuisance
—
Ho against H; : €O, CR™, XeR? i=1,...,K—1),

where ©;(1©; = () for i # j.
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@ Statistical properties of the tests are functions of both th e
informative parameters 6 and the nuisance parameters X. The
desirable relations between the error probabilities or the power of a

test and the informative vector 6 usually result from the application.

@ Sometimes, the statistician must define some additional con straints
(possibly artificial w.r.t. the application) resulting fro m the statistical
nature of the problem, in order to achieve optimal propertie s of the
test.

@ The main difference between 6 and X is the following : in contrast
to the informative parameter 6, the nuisance parameter X has no
desirable impact on the performance indexes.
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Static and dynamic models with faults and nuisance parameters

The measured data Y are viewed as the output of a discrete time system
[Basseville 1997]

r'Y,)
=7,)

where Wy ~ N(0,Q..), Vi. ~ N(0,Q,), Y, and Y, are the assumed

additive faults, and the fault gains I and = are full column rank matrices,
or

dynamic { Vi = HXp + JUp + Vi (+

static Y =HX +&(+M60), &~ N(0,%)

where the matrix M is full column rank (f.c.r.), X is a nuisance
parameter, Y € R", § € R, with rang(H) +m < r.

dynamic = static
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Goal : to propose a statistical test to detect/isolate a fault in a | iInear
(dynamical) stochastic system with nuisance parameters :

V=FXp,0,6r) = HX + £+ M0, &, ~N(0,021)

where X € R™ is the vector of nuisance, 6 ¢ IR is the vector of fault and
dim(Y) > rang H + m.
Results : UBCP invariant test in the class Ko={6: Po(§ # Ho) <a} :

s vy~ Ho it AYV)=25YTPgM(MTPgM)~*MTPyY < h(a)
= 7% it A0S > h(a)

over the following family of ellipsoidal cylinders

1
S = {sc 0T F;0 = —0"M Py M6 = 02} .

o

Réferences : [Fouladirad [, Freitag] and Nikiforov : Automa tica 2005, Int.
J. Adapt. Cont. Signal Process. 2007] @
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AY3

E(Y) = Hz + M§ Column space R(H)

Equal power elliptic cylinder C.
Y=Hz+W7T0, 50TMT Py Mo=c? zcR
Y2

Projection Py M6

Parity space = R(H )~

Y1

Nuisance rejection = Nuisance estimation

@épasser ks frontidre

3emes Journes Nationales du GdR MACS —p.9/25




" -olatlon Two approaches =(1/2) "utt

sité de technologie

Bl n|||||I 4 (55 E oo
TR glac mn"m‘” T el [T T Institut Charles Delaunay

Again a linear gaussian model :

Y =HX +£(+MY), &~ N(0,0°I,)

First approach : several simultaneous faults can be conside red.
The approach consists in partitioning T in ¢, and deciding in
favor of the fault mode ¢, while considering the other fault modes
collected in 1 as nuisance information. The model writes with

H2(H My):

~ X
Y=H - +E(+MpYy) =HX + MyYy + & (+MpTy)
Y

Fault isolation can thus be seen as fault detection in the pre sence
of a nuisance. @

dépasser ks frontiére
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Second approach : a single fault at a time is assumed.

The second approach is multiple hypotheses testing. The
problem is to test the null hypothesis

Ho : {Y ~N(HX,0°I,); X € RP} against the alternative
hypotheses H; : {Y ~N(HX + M;Y;,0°I.); X € R, 6, # 0}
(j =1,..., K —1). Unfortunately, this hypotheses testing problem

IS not invariant under the group of permutations of the H,'s.
. fwar g, (2)
~ Ho If maxi|<;<kK-_1 AELERY <h
()= S i 2=y

H;, If j=argmaxij<i<k_1 0.2 >

where fy(Z) is the density of N (6,0%I,._,) and

MTWTZ
T o
MTWTW M, D

Y, =argmin||Z — WM, Y;|? =

dépasser ks frontiére
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Target/anomaly = informative parameter
2D Radon transform of the function s

fo s(t cosn — Lsinn, tsinn + Lcosn)dl

) )l non-anomalous environment = nuisance parameters
-

k-th sensor

Réferences : [Fillatre and Nikiforov : JASP 2005, IEEE Trans SP 2007, Fillatre,
Nikiforov and Reitrant, JOC 2007, IEEE Trans IP 2008]
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to detect and identify a change in the monltored system, pair

Goal :

(N,v):
E(N)=  sup ]E%O(N—ko—l—HNZkO) — min
ko>1,1<I<K

where 1 <[ < K, over the class : _ _
( false alarm false |solat|on \

~

Ky =q IV, v) Eo<N)>% sup P, (=] FIUN = ko) <
ko>1
\ /

aV e

Results : an optimal test (/V, v) asymptotically reaches a lower bound

1 1 -1
X{ Og*'y’ ng } when min{~, 37!} — o0,
Pq Pi

E(N;v,3) 2 ma

where pj=mini<j<k pj0 and pi =ming<;<yx MINj<;£1<K PI,j-
Références : [Nikiforov : IEEE Trans IT 1995, 1997, 2000, 200 3]
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SIRU = Strapdown Inertial Reference Unit

True position X

rue trajectory
Estimated trajectory

Positioning Failure

AN

Estimated position X

Horizontal error

Plan Q
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For many safety-critical applications, a major problem of t he existing

navigation systems consists in its lack of integrity.

université de technologie

they can be removed from the navigation solution before they
contaminate the output.

The goal of the integrity monitoring is to detect and isolate faults so that

sufficiently

Yi=HAr+Ck, Ce=Croa1+E+Gi(k, ko),

A

VYk:HVAk+€k+Gl(k, ko), V()k = (-)k_(-)k—l-

The parity vector sequence (e;):>1 can be modeled as
e = WVY, =W&+WGi(t, k), I=1,...,s.

where the projection matrix W satisfies the following conditions
WH =0, WI'W =Py, WWT =1,_5.

3emes Journes Nationales du GdR MACS
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100

g i | | Vr\f“ ensor 5 | sensolr 3+faI t

2 sensor 2 o ———

o “W NM (‘M . s

% -1O = ’ w nsor 1 :

é ) sensor sensor I3 | | | | |

0 _4 10 20 30 40 50 60 70 80 90

°°Q 1 x 10 | | | | | | |

if/ 05} ey | | | w L

i www»wmw‘u»w»,:mwMwwl-wwww.»» Ll

2205 -

i 0 1|0 20 3|o 4|0 5|0 6I0 7|0 8IO 9|0

% 10}

v 0 _

3*% 10 U= i

S-20 3
0 1|0 20 3|o 4|o _5|0 6IO 7|o 8I0 9|0 100

fault onset Elapsed time (sec)

3emes Journes Nationales du GdR MACS

cépasser kes frontiére

—p. 16/25



= rithm r Utt
.‘

sité de technologie

e S A

TR T e [ Institut Charles Delaunay
The above mentioned criterion can be realiz “by using the fo llowing
recursive change detection/isolation algorithm [Nikifor ov 2000] :
N,= min {N, »-—=arg min {1V,
" I<I<K-— { (D} g1<z<K N (D)
( =S, (1), see the next slide )
where N, (l)=inf >1: ' S, (1,7) —h; 120 p,
AD=inf§n>1:  min  [Su(Lj)  —hig]>0
\ /

Sn(l,7) = gn(1,0) = 1(4,0), gn(l,0) = (gn_1(1,0) + Z,(1,0))"

with Z,(1,0) =log f1(Yy)/ fo(Yn), go(l,0) =0 forevery 1 <[ < K —1
and ¢,,(0,0) =0,

h ._{ hg [detection] if 1<[< K -1 and
J

=0
h; [isolation] if 1<45I<K-1 and 7& [

dépasser ks frontiére

—p. 17125

3emes Journes Nationales du GdR MACS




j.SIRU decision functlons ’ utt

université de technologie

T T ECN = " : . Troyes
P'_mm'” T e [ AT Institut Charles Delaunay
9n(1,0) Su(l) = ming<;21<5 [9n(1,0) — gn(J, 0)]
10000 . . . . 5000 . . ; .
9000 |
Faulty sensor
8000 | S,.(3)
7000
0 ‘ .
6000 |
Sn(2), Sn(4)
5000 |
40007 fault onset fault onset
-5000 | .
3000 - .
2000 . S, (1), S,(5)
9n(2,0), gn(4,0)
1000 .
(1 0), g (5 0)
0 ' -10000 ' ' ' '
0 20 60 80 100 0 20 40 60 80 100
Elapsed time (sec) Elapsed time (sec) @
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Two geometric illustrations of constraints-inequalities

Y3
Hi:Y=Hz+0+¢ z€D CR
H11Y:H1(E+9—|—£
Ho:Y=Hz+&( x€DCR
P1 H01Y:H0.CU+€
p(): (7
A x*: Hyx* = Hiz*

Y2
Y1

Optimality ?
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The constrained GLR test is given by

o) ={ ot AT - M) —210p ecmren al)

where X € D is a bounded nuisance parameter and

1 1
fox(¥) = g exp{ —o |V — X~ 6 13}

Letus assumethat £ € D C R.
%

S || He+0+&—Hal3 if To < a
A& ={ L PhO+6) I3 t 0 <Fo<b

S [|He+04+&—Hb|5 i To > b
where To = x + (H H) 'H' (£ +6). @
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Y = Hzx, x € [a;b

| 3(01,602) = 0.9
CGLR test

6.

Y=Hx,z e R

B(61,02) = 0.9

UBCP invariant test

-30 -20 -10 0 10

Réféerences : [Harrou, Fillatre and Nikiforov :

20 30
a) Y1 01
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B =pB(z)
il (— CGLR test |
osf —— UBCP invariant
test
o1l
o5l
o5l
oal
!
o2l
o1
% 20 . - .
b) “
ICARV 2008, Q ualita 2009]
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Parlty space (case of 7 ¢ R°)
<3
H;

| PF
P
| L
>

R

PF
Z1 (Y\’ —bg (ﬁé

Bounded hypotheses improve the quality of decision

@
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Constrained GLRT :

. fwe, (Z)
Ho If maxi<i<n % < h
_ 0
o= H, if v=argmax Jwz, () > h
\ v —arg 1<I<n fWTO (2)

2
where ful—argmax {fwr,(Z)}=arg min ||Z W :
v >0y |’Ul| > bl o))
N——
NEW!
v:.7) = arg max max AZ}
(05,7) g1§i§n|vi|§ai {fWTz( )
2
= arg min  min HZ — W;—
Isisn ;| < ay Ti |2
N——
NEW! @
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Constrained GLRT

-10

12 |

10

fault amplitude ~
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@ Conclusions :

o The on-line and off-line FDI problems have been
addressed from the statistical point of view. The
theoretical tools are : UMP with constant power,
Invariance, statistical decision - analytical redundancy :
change point detection/isolation.

o Handling nuisance parameters and integration of
constraints in the decision-making process.

o Optimality criterion : tradeoff between the practical needs
and theoretical results
@ Perspectives :
o Nonlinear systems or nonlinear hypotheses
o Nonlinear nuisance : estimation or rejection ? GLR is not

stable ! @
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