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Fig. 1: VKSR (left) reconstructs the large-scale room scene from [43] with 10M+ points

better and over 90X faster than an existing kernel method (right). While slightly slower,
VKSR does not degrade for sparse and incomplete inputs, unlike SPSR. [26].

Abstract. We propose Vecchia Kernel Surface Reconstruction (VKSR),
an accurate implicit surface reconstruction method that efficiently scales
recent kernel-based techniques to large point clouds with millions of
points. While existing (global) kernel methods work well in a sparse
setting, due to low-rank approximations, performance degrades quickly
when presented with dense point clouds sampled from surfaces with high
geometric complexity or large-scale inputs with millions of points. To
overcome this limitation and inspired by the Gaussian Process litera-
ture, VKSR uses Vecchia’s approximation instead of low-rank approx-
imations, which naturally shifts computation from a global to a local
level and allows reconstructing 14M- points in minutes. VKSR achieves
state-of-the-art results on several challenging datasets while retaining
kernel methods’ favorable properties when reconstructing sparse inputs.
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1 Introduction

Surface reconstruction from oriented point clouds describes the task of recovering
a (continuous) surface from a discrete set of potentially sparse, noisy, or partial
observations. During the last decades, numerous surface representations have
been proposed [5], of which implicit representations—encoding shapes as zero-
level set of implicit functions—have been proven to be among the most effective.
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