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Figure 1: Given a watertight mesh (a), our representation, GALA, for geometry-aware local adaptive
grids, distributes a set of root node voxels (coral) to cover the mesh surfaces. An octree subdivision
is applied to each root, with a subset shown in (c). In each non-empty octree leaf node ( ), alocal

grid (red dots) is oriented and anisotropically scaled to adapt to and tightly bound the local surface
geometries. Only 277K parameters with 8-bit quantization yields an accurate representation (e).

ABSTRACT

We propose GALA, a novel representation of 3D shapes that (i) excels at capturing
and reproducing complex geometry and surface details, (ii) is computationally
efficient, and (iii) lends itself to 3D generative modelling with modern, diffusion-
based schemes. The key idea of GALA is to exploit both the global sparsity of
surfaces within a 3D volume and their local surface properties. Sparsity is promoted
by covering only the 3D object boundaries, not empty space, with an ensemble of
tree root voxels. Each voxel contains an octree to further limit storage and compute
to regions that contain surfaces. Adaptivity is achieved by fitting one local and
geometry-aware coordinate frame in each non-empty leaf node. Adjusting the
orientation of the local grid, as well as the anisotropic scales of its axes, to the local
surface shape greatly increases the amount of detail that can be stored in a given
amount of memory, which in turn allows for quantization without loss of quality.
With our optimized C++/CUDA implementation, GALA can be fitted to an object
in less than 10 seconds. Moreover, the representation can efficiently be flattened
and manipulated with transformer networks. We provide a cascaded generation
pipeline capable of generating 3D shapes with great geometric detail. For more
information, please visit our project pagel

1 INTRODUCTION

The generation of high-quality 3D assets remains a costly task in terms of processing time and
resources involving human efforts or machine compute. A continuing research pursuit is to develop
efficient 3D representations to streamline the traditionally expensive 3D creation workflow
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Figure 2: GALA enables diverse and detailed conditional 3D shape generation, inciudirnges,
, and . Best viewed on screen with high magni cation.

Gupta et al. (2023); Jun & Nichol (2023); Li et al. (2023); Nichol et al. (2022); Shue et al. (2023),
with the ultimate goal of speeding up the generative process without compromising the diversity and
quality of the generated assets as re ected by their structural and geometric details.

To date, a variety of 3D representations including voxel (Li et al., 2023) and tetrahedral grids (Kalis-
chek et al., 2024), meshes (Liu et al., 2023b), point clouds (Luo & Hu, 2021; Zhou et al., 2021),
neural elds (Jun & Nichol, 2023), and triplanes (Chan et al., 2022; Shue et al., 2023; Gupta et al.,
2023), have been employed for 3D generation, often leveraging powerful diffusion-based generators.
However, as argued recently by (Yariv et al., 2023), none of these representations ful Il all of the
three critical criteria for high-quality and scalable 3D generation: parameter ef ciency for detalil
representation, preprocess ef ciency for handling large datasets and mesh conversion, as well as
simplicity of a tensorial form to suit modern-day neural processing. In response to this, they proposed
Mosaic-SDF which encodes a signed distance function using a “mosaic” of aligned volumetric grids
distributed over the shape surface, with different centers and different (still isotropic) scales.

In this paper, we accentuate that the key to 3D representation ef ciency when using such an ensemble-
of-tiles approach isdaptivityof the local coordinate grids to the geometry of the presented shapes.
To this end, we propose to represent a 3D shape using a gebofetry-awarandlocal adaptive

grids. Our novel representation, coined GALA, pushes the limit of adaptivity on three fronts:

» To exploit the global sparsity of typical object surfaces within a 3D volume, we place a
forest of octregsrather than uniform subdivisions, at the object boundaries, where a local
grid is associated with eacton-emptyoctree leaf node to store SDF values.

 Our local grids are not globally aligned. Instead, each grid may be differently oriented based
on local PCA analysis of surface normals within the corresponding octree subdivision.

« Last but not least, wanisotropicallyscale each grid to better capture geometric details.

Our GALA representation can be implemented to yield sets of vectors that can be easily processed
by transformer-based neural networks (Vaswani et al., 2017), while the octree forest provides a
hierarchical 3D representation with limited depths. In Table 1, we compare GALA with several
state-of-the-art representative methods over several useful criteria.

The contributions of our work are threefold:

1. Our geometry-aware, locally adaptive, and anisotropic grids enable more ef cient (Table 1)
and accurate sampling of shape structures, capturing geometric details, such as thin strings
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