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ABSTRACT

The 3D human body representation problem, i.e., how to represent the 3D human
body mesh accurately, flexibly, and controllably using a set of parameters in the repre-
sentation space, has received more and more attention as a fundamental problem in the
field of digital human body. Despite its significance and wide range of applications, ex-
isting methods are limited by coarse semantics and unsatisfactory geometric inscribing
ability, and are unable to accurately and flexibly represent meshes, especially in the ab-
sence of paired supervised data. To address the above problems, we propose a 3D human
body representation based on part decoupling, which fundamentally solves the problems
of rough semantics and low reconstruction accuracy of previous work by designing a
novel skeleton-separated decoupling strategy, and the whole training process does not
require paired supervised mesh data, which greatly reduces the development threshold
of subsequent applications. In addition, based on this representation, we propose a lo-
cal and global attention-guided human body reconstruction network that combines the
representation features of ”skeleton separation” and part decoupling” and human body
editing and generation application scheme based on geometrically explicit latent space,
which reflects the broad potential of our method for engineering tasks such as human
body reconstruction, editing and generation. The achievements and innovations of this
thesis are as follows:

(1) A 3D human body representation based on part decoupling is proposed, which
is centered on the local decoupling strategy of skeleton separation and can balance the
fine-grained semantics and geometric inscribing capability without relying on pairwise
supervised data, and thanks to the latent space with fine semantics learned by the rep-
resentation, the user can adjust the local latent code to achieve flexible and high-quality
human body editing.

(2) A skeleton-guided autoencoder architecture is proposed, which is inspired by
the local decoupling strategy of skeleton separation, and processes the skeletal infor-
mation and shape features of each part of the human body in two ways, to rationally
and efficiently accomplish the encoding of geometric information of the human body,
and combines with the unique three-branch training process and its unsupervised loss,

which empowers the latent code with accurate geometric reconstruction, unsupervised

I



semantic decoupling, and flexible part editing.

(3) Based on the above representation, we propose a local and global attention-
guided human reconstruction network for the human body reconstruction problem, which
is suitable for the characteristics of the representation, which can focus on the local im-
age features of each human body part under the guidance of the results of the semantic
segmentation of the parts, to realize the accurate human body reconstruction; secondly,
for the human body editing and generation problem, thanks to the geometrically clear
latent space, the user can adjust the latent code to realize flexible and controllable high-
quality human body editing and generation, which greatly reduces the user’s operation
difficulty.

Compared with the existing representation methods on multiple datasets, the rep-
resentation method proposed in this thesis can achieve at least an average accuracy im-
provement of approximately 10% in both aspects of reconstruction and editing, and have

more reasonable and fine human geometric details.

KEY WORDS: 3D Human Representation, Geometry Learning, Human Editing,

Unsupervised Decoupling
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