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From big data to key data

S. Roux, C. Jailin, A. Mendoza Quispe, J. Neggers, F. Hild, O. Allix

LMT (ENS Paris-Saclay/CNRS/Univ. Paris-Saclay), 61 avenue du Président Wilson, F-94235 Cachan, France

Abstract — The tremendous inflation in the amount of data to be processed in mechanical tests calls for
more efficient extraction of the sought final mechanical information, be it a constitutive law or a specific
property. This efficiency may be tailored to not only reduce the computation load for the identification,
following model reduction techniques, but also deflate the volume of acquired data, or “data pruning”,
and hence the acquisition time. A route to fast 4D experiment will naturally emerge.
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Introduction Today, tomography based mechanical tests offer the ultimate access to a full 4D charac-
terization. This dream becoming reality alas comes with a huge cost, that of the acquisition of a large
number of 3D-volume data as the sample is loaded. A large number of tomographies, each composed
of a large number of radiographies, each with an ever increasing definition, not only come with a long
acquisition time, but also with very severe constraints and challenges both for the specimen for which no
relaxation or creep is tolerated, and for the experimental set-up that should remain free of drift for days.
Even when considering 2D tests, it becomes customary to process thousands of high definition images,
leading to huge data processing (computation) costs.

This observation prompts for a proper methodology to handle those experiments, and new ways to
benefit from these remarkable new opportunities but at mastered costs.

Spatio-temporal framework One first observation is that time being sampled at a fast rate, displace-
ment fields as sought using DIC or DVC have often a temporal evolution that is smooth, thus it is advan-
tageous to introduce a time evolution that is parameterized coarsely in time. Namely, the displacement
field may be written as

u(z,t) = Zuijq)i(x)(Pj(l) )]

where the time functions @;(¢) span numerous time frames. The fact that the reference image does not
evolve in time provides an efficient formulation, whereby the computation of the kinematic unknowns
scales linearly in the number of temporal unknown. This route was explored in Ref. [1]. Note however
that at this stage, this feature reduces the number of unknowns, but not the amount of data to be handled.

Pyramidal description The regularity of the displacement field is also a motivation for using a pyra-
midal approach where a rough determination of the displacement is first sought based on a coarse image
stack. The latter corresponds to a space and time convolution of the image stack by a mollifying kernel,
followed by a suited subsampling. Such a processing can conveniently be iterated, eventually with dif-
ferent reduction factors in space and time, leading to a pyramidal construction [2]. When the space-time
displacement has been obtained at a specific level of the pyramid (starting from its top), it may be used
as an accurate pre-determination of the next finer level. Most of the computation time is naturally spent
at the bottom level, and a suited pre-determination reduces the number of needed iterations at this stage.

PGD approach More than often, the chosen kinematic basis has a dimensionality that is much larger
— not to be limiting — than the effective number of degrees of freedom that are needed to describe the
studied case. In order to exploit this “simplicity”, the Proper Generalized Decomposition (PGD) is an
elegant method that has been introduced in the domain of model reduction. It consists of adding “modes”
progressively, one at a time, and as long as the residual level necessitates. Such an approach for DIC and



DVC (in the space dimensions) has been pioneered by Passieux et al. [3, 4]. In our case, a mode is the
product of a temporal a;@;() function and a spatial b;¢;(x) field. The PGD approach naturally leads to
a sparse representation of the displacement field [5]. Here again, a net gain results from the reduction in
the number of degrees of freedom that are introduced.

Data pruning In all the previous items, the entire set of data is used. However, because of a large
redundancy, not all data are equally important, or useful. Hence, one can be dispensed with some data,
either in the processing to speed up the exploitation of an experiment, or better, in the acquisition, to
perform much faster experiments, an appealing route for tomography-based mechanical tests, whereby
only few radiographies may be used to compute a displacement field, once the full microstructure is
known) using a Projection-based DVC [6].

Gathering all the above ingredients offer the opportunity to perform few-minute 4D in-situ experi-
ment and analyze them successfully [7, 8].
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