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ABSTRACT

The recent and rapid development of full surfaetdfimaging gives a new topicality to
the classical problem, known as the Cauchy probleimrexpanding a field, known
together with it dual quantity field on a part aubdary of a solid, towards the interior
of it. In the applications, the problem is seenaadata completion problem that is a
search for lacking information on a part of the mdary of a solid provided
overspecified data are available on another path@fooundary. Various applications
can then be identified such as inverse problemiegpns (identification of unknown
boundary conditions, geometrical inverse problendentification of material
parameters in a geometrically know inclusion emleddih an elastic solid, estimation
of contact zones...) or damage detection or distibutmaterial parameters
identification (the data completion being the fistép of the identification procedure).
But direct imaging applications could also be eagesd complementing 3D tomography
imaging techniques, which give on geometrical infation, with quantitative
estimation of stress fields.

A two-fields based energy error method has beemgues for general symmetric
elliptic operators, leading to efficient numeriedgorithms that have been implemented
in various situations, including 3D heterogeneousowith non linear boundary
conditions (Andrieux and Baranger (2006, 2007)).e Timethod is based on the
definition of an appropriate energy error functipni@nction of the fields on the
boundary that are out of reach. This functionahguput to be positive quadratic and its
(null) minimum delivers the desired data when thailable data on the boundary where
the Cauchy problem is stated are compatible. Furtbee, the computation of the
functional and its gradient is greatly simplifieg &n alternative expression involving
only the boundary of the solid. Turning now towaldgerbolic equations on a time
domain P, T] for structural damped dynamics problems, the tjolef extending the
energy error functional is investigated. In thisitext, the Cauchy problem is defined as
follows, find u(x,t) such that :



pii+cu-div(A:g(u)+B: ) =0 in Qx]0,T[

[A:g(u)+B:e()|.n=T", u=Uu" on I, x]0,T[ 1
[A:g(u)+B:e(m)|.n=T", u=U" on [,x]0,T[ @)
u(x,0) =u’(x,0), u(x,0)=u"'(x,0) in Q

Here, I is the boundary where the overspecified data asasored and’, is the
boundary where the dat@'( U") have to be identified; is the viscous damping aril

is more general viscous bulk tensor. Then, therdwmactional in this dynamic setting
acts on the difference of two fields andu, and is composed of two terms. The first
one is the reversible and kinetic energy at thael firme instant; the second one is the
integral over the space-time domain of the disgpgtower:

J(w) =%IQva2 +A: £(W) :£(w)‘ _ +—;j;jg[cwz +B: &(W) : (W)]

with: w=u, —u,, wW=u,-u, (2)
pii; +cu, -div(A:e(u,)+B: () =0 in Qx]0,T[ fori=1,2
[A:e(;,)+B @) n=T",ifi=2 and »,=U" ifi=1 on/,x]OT |
[A:e(;,)+B @) n=T"if i=1 and wu,=U" ifi=1 on/,x]OT [

u,(x,0) = (x,0),1, (x,0)=7" (,0) in Q fori = 1,2
The B.C identification problem is then formulatexifallows:
Min J(u (T*) -u,(U")) 3)
TU’UU

However, for undamped problem € ¢ = 0), the exact controllability result imposes to
supplement the error functional with an extra peasibn term on the boundary to
recover the property of identifiability of the lang boundary conditions:

e 8

These new results will be discussed and illustrabed various applications and
compared to the algorithm developed by Kozlkval (1991) and Baumeistegt
al.(2001).

J.(w) =%IQva2 + Az g(W) :&(W)
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