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Abstract

Unsupervised feature learning for point clouds has been
vital for large-scale point cloud understanding. Recen-
t deep learning based methods depend on learning global
geometry from self-reconstruction. However, these methods
are still suffering from ineffective learning of local geome-
try, which significantly limits the discriminability of learned
features. To resolve this issue, we propose MAP-VAE to
enable the learning of global and local geometry by joint-
ly leveraging global and local self-supervision. To enable
effective local self-supervision, we introduce multi-angle
analysis for point clouds. In a multi-angle scenario, we
first split a point cloud into a front half and a back half
from each angle, and then, train MAP-VAE to learn to pre-
dict a back half sequence from the corresponding front half
sequence. MAP-VAE performs this half-to-half prediction
using RNN to simultaneously learn each local geometry and
the spatial relationship among them. In addition, MAP-VAE
also learns global geometry via self-reconstruction, where
we employ a variational constraint to facilitate novel shape
generation. The outperforming results in four shape analy-
sis tasks show that MAP-VAE can learn more discriminative
global or local features than the state-of-the-art methods.

1. Introduction

Point clouds have become a popular 3D representation in
machine vision, autonomous driving, and augmented reali-
ty, because they are easy to acquire and manipulate. There-
fore, point cloud analysis has emerged as a crucial prob-
lem in the area of 3D shape understanding. With the help
of extensive supervised information, recent deep learning
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based feature learning techniques have achieved unprece-
dented results in classification, detection and segmenta-
tion [27, 31, 22, 35, 23, 39]. However, supervised learning
requires intense manual labeling effort to obtain supervised
information. Therefore, unsupervised feature learning is an
attractive alternative and a promising research challenge.

Several studies have tried to adress this challenge [1, 21,
4, 34, 33, 42, 32]. To learn the structure of a point cloud
without additional supervision, these generative models are
trained by self-supervision, such as self-reconstruction [1,
4, 6, 42, 33, 32] or distribution approximation [1, 21, 34],
which is implemented by auto-encoder or generative ad-
versarial networks [8] respectively. To capture finer glob-
al structure, some methods [34, 33, 42, 32] first learn local
structure information in point cloud patches based on which
the global point cloud is then reconstructed. Because of
lacking effective and semantic local structure supervision,
however, error may accumulate in the local structure learn-
ing process, which limits the network’s ability in 3D point
cloud understanding.

To resolve this issue, we propose a novel deep learn-
ing model for unsupervised point cloud feature learning by
simultaneously employing effective local and global self-
supervision. We introduce multi-angle analysis for point
clouds to mine effective local self-supervision, and com-
bine it with global self-supervision under a variational con-
straint. Hence we call our model Multi-Angle Point Cloud
Variational Auto-Encoder (MAP-VAE). Specifically, to em-
ploy local self-supervision, MAP-VAE first splits a point
cloud into a front half and a back half under each of sev-
eral incrementally varying angles. Then, MAP-VAE per-
forms half-to-half prediction to infer a sequence of several
back halves from the corresponding sequence of the com-
plementary front halves. Half-to-half prediction aims to
capture the geometric and structural information of local
regions on the point cloud through varying angles. More-
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