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Problem statement :

.
Let y, = L 3 Y j§ﬂ bj{t] ey_; {1}
be a scalar ARMA(p,q) model, where [et] is a gaussian white noise
with constant variance UE, and where the MA coefficients Ebj{t}l}j
are time-varying, possibly subject to jumps. The problems to be sol-
ved are :

i} given a single (long) record of observations [YE}DStSs
mate the AR parameters, without using the unknown time-varying MA
parameters ; then, calling "reference model" the AR part characteri-

» Bsti-

zed by these estimated parameters,

ii) given another record of Eyl}ustss’
AR model still fit these new observations or has changed, again
without knowing the (highly) time-varying MA coefficients ("global
test") ;

111} decide which poles have changed, i.e., solve the diagnosis pro-
blem,

Notations : )
For i = 0,1, let R (s) be the empirical covariances :
s S-k 1 n .
R;{S} = tED yl+k y; (k z 0) and1§1;+""{$} the {p+1)xN empiri-

test whether the reference

cal Hankel matrices :
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where § 2 p.
Theorem 1 13
The least squares solution & = {a fE])iqup of the equation :

{—ﬂp— pi e ow -ﬂl 1}¥p*1 H{-S] -D

is a consisfent estimate of the true AR parameters, §? the nonsiatio-
narLy case.

Precise conditions and proof {using the law of large numbers for
martingales) can be found in |3|. In other words, the so-called ins-
trumental variables method for identification is consistent even if
the MA part is nonstationary, and thus solves problem i).

{—au v T2y E}ﬂ

H
. 4
Let be : Uy(s) = S % pe1 N5
) W L
Trage tt
where : W, = y1 - aD y1 - - au y1 is the "moving average"
t =¥ T 1t—1 e P t-p 1 d
part of the record (y,) and Z, = [Yt-q-l“yt-q-ﬂj . Let also be :
- -9
T(sd= § ? W, w, . 2, 17!
" feiN jeeq bt Tt Tt

Theorem 2 5| :

. Nongtationary law of large munbera : EH is a consLlatens estima-
te of the true covariance matrix j, of Uy, namely : Eﬂiis} TH (s)
i IH' under both null hypnt[f\\cgsis, i.e. the AR parameters
are BD. and £ocal alternative hypothesis, i.e. the parameters are

By * —2— , where 69 is fixed.

Vs

. Central Iimit theorem : EHH}-”E . IJHI:S]' s——-—w}ﬂ‘{ﬂ,l”] under

P
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1/2 C(s) . 2 5*““:».#’[0 IH]' under P, .

Iy(s)
N N
F’ ’s %" ;5

- (Uyls) -
Precise conditions and proof (limit theorems for martingales) can be
found in |5|. In other words, the use of the focal approach for de-
tecting changes (4], |6}, |2|) reduces problem ii) to the problem
of detecting a change in the mean of a Gaussian process., A possible
12 test for solving ii) is thus :

- ¥ "1 ¥ "1 ¥ '1 --1
tg= Uy Iy gp,ﬂ Eow WX Eon I Uy (2).
Let 4 be the set of the m{<p; poles to bed™nitored, and J be the

prm Jacobian matrix I {—35%- 1.y Then the corresponding
I E 10
diagnosis teat (solving problem iii) is of the form (2) Hhtre‘w N

i
is replaced by :‘I’pm Jp,m for exam-

ple, separate monitoring of poles or subsets of poles, without

knowing in advance which poles will actually change,

Extension to the vector case-applications to offshore platforms :

A11 these results are also vafid in the vector case. See |3| and
8] for theoretical results. In |7| can be found numerical results
{on real data) concerning the identification problem i) for vibra-
ting characteristics of offshore platforms ; the main conclusion is
that high order poles and modes are correctly identified. Results of
simulations concerning the test i1) and diagnosis ii1) problems in
the scalar case can be found in [1] 3 the main conclusion is that it
is possible to detect and diagnose smalf changes (1 %) in eigenfre-
quencies, provided the sample size is large enough. Experimentations
for the vector case are described in |9| and lead to discrimination
between physically different changes.
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