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Connection between simulation and full-field measurement was originally a critial task.
With the advent of finite element based digital image correlation methods [9, 2, 4], it
is now possible to bridge efficiently both of them with a common language: a unique
finite element mesh [6]. However, choosing an appropriate mesh and / or resolution may
be quite tricky because of the resolution / uncertainty compromise [3], even if FE DIC
approaches may significantly reduce the measurement uncertainties as they assume the
continuity of the displacement field [5]. In addition, this choice is also constrained by
hardware limitations. Moreover, in the context of mechanical parameter identification,
the resolution is often limited because the field of view generally needs to include the
boundaries of the specimen [8]. At the same time, a high resolution is required in the
regions where the displacement is sensitive to the parameter to identify. And in some
cases, these region are very small.

To circumvent these issues, it is proposed to exploit images shot at distinct scales. As a
first step, in the simple case presented herein, a two scale approach is presented. A FE DIC
is performed at the scale of the structure (far-field) and a second one in a (much) smaller
region (near-field). The idea is to measure accurately the displacement field in a region
where the sensitivity of the displacement field to the sought parameters is significant. An
automatic estimation of the near-field / far-field transformation is obtained by a dedicated
DIC based method, in order to bridge precisely the measurement performed at both scales.
Measurement uncertainties are evaluated using multi-resolution speckle pattern synthetic
and unbiased images based on the mechanical analytical field used in [7].

The multiscale measurements are then used for the identification of material parameters
thanks to a finite element model updating technique [7, 1]. The FEMU procedure is first
validated using synthetic test cases. The technique is eventually applied to real images
acquired during a test performed on a laminated glass / epoxy coupon made of woven
plies. Except for the transverse modulus Et (in practice, the displacement field is hardly
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sensitive to this parameter), the identified values are very close to those identified in a
classical way.

The results show that the proposed multiscale method greatly improves both measured
displacements and identified parameters. It is shown that even with a ratio of 5 between
the image resolutions, the measurement and identification uncertainties can be reduced
by one decade. Not only the uncertainties are reduced, but it is shown that the proposed
method is also more robust with respect to image noise by approximately one decade.
This noise robustness can be further reduced by using a weighted M-norm as in [6].
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