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The calibration of simulation codes with functional or image-based outputs raises significant methodological
challenges, in particular the choice of relevant metrics to compare objects of infinite dimension. We present an
innovative approach combining diffeomorphic transport methods (LDDMM) [1] and Bayesian calibration [2] to
address these issues.

Our method relies on the use of a distance defined on a subgroup of diffeomorphismsGV ⊂ Diff(Rd) generated
by velocity fields belonging to a reproducing kernel Hilbert space V . Within the LDDMM framework, the
matching problem between two shapes is formulated as the search for geodesics in the group GV by a shooting
method [3] to recover the initial momentum (or equivalently the initial velocity field).

In the context of Bayesian calibration, we aim to adjust the parameters β of a numerical simulation using
experimental measurements fmes , by comparison with the simulation output f(β). To deal with infinite-
dimensional shapes for both f(β) and fmes, we propose to perform this calibration using the distance on
the diffeomorphism group obtained by matching fmes and f(β). To properly account for uncertainties in the
parameters β, we seek to carry out the calibration within a Bayesian framework, which would require a very large
number of matchings. We therefore construct a Gaussian process surrogate model ṽ0(β), which approximates,
for a given β, the initial velocity field v0(β) of the geodesic realizing the matching in the group GV .

Bayesian inference can then be performed in the vector space V , and its RKHS structure allows the surrogate
model error to be directly incorporated into the Bayesian framework. This enables us to distinguish between
epistemic and aleatoric uncertainties in the posterior predictions.

This methodology makes it possible to perform Bayesian calibration for potentially complex infinite-dimensional
objects (images, functions, 3D surfaces, etc.). We apply this approach to several case studies involving image-
based or functional outputs.
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