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Abstract

Spline interpolation is a widely used class of methods for solving interpolation
problems by constructing smooth interpolants that minimize a regularized energy
functional involving the Laplacian operator. While many existing approaches
focus on Euclidean domains or the sphere, relying on the spectral properties of
the Laplacian, this work introduces a method for spline interpolation on general
manifolds by exploiting its equivalence with kriging. Specifically, the proposed
approach uses finite element approximations of random fields defined over the
manifold, based on Gaussian Markov Random Fields and a discretization of
the Laplace-Beltrami operator on a triangulated mesh. This framework enables
the modeling of spatial fields with local anisotropies through domain deforma-
tion. The method is first validated on the sphere using both analytical test
cases and a pollution-related study, and is compared to the classical spherical
harmonics-based method. Additional experiments on the surface of a cylinder
further illustrate the generality of the approach.
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