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ABSTRACT

Research on Efficient Point Cloud Coding Methods

Using Joint Geometry and Attribute Information

Qian Yin (Computer Application Technology)
Directed by Prof. Siwei Ma

ABSTRACT

With the rapid development of emerging applications such as virtual reality, autonomous
driving, digital twins, and immersive communications, three-dimensional point clouds, which
can directly record spatial geometry and attribute information, have gradually become a fun-
damental data representation for high-fidelity spatial perception and interaction. However,
point clouds are characterized by their unstructured, sparse, and massive nature, making their
storage and transmission burdens far greater than those of traditional two-dimensional images
or videos. How to achieve efficient compression while maintaining reconstruction quality has
long been an urgent problem in the field of point cloud coding. To address this issue, domestic
and international standardization organizations such as MPEG, JPEG, and AVS have succes-
sively proposed a variety of point cloud compression frameworks and achieved preliminary
progress. However, limitations remain in terms of prediction accuracy, prediction structure
flexibility, joint geometry—attribute coding, and visual perceptual quality optimization, which
makes it difficult to meet the demands of next-generation immersive applications for high-
quality reconstruction at low bitrates.

To address these challenges, this dissertation conducts systematic research on point cloud
coding from three perspectives: algorithmic improvement, structural optimization, and archi-
tectural innovation. A multi-layered technical framework is constructed, encompassing spatial
prediction optimization based on spatial distribution, prediction structure improvement based
on joint geometric and texture features, and joint geometry—attribute coding based on Gaus-
sian representation. The main research contents and innovative contributions of this work are
summarized as follows.

First, to tackle insufficient prediction accuracy and uneven reference node distribution
in existing point cloud attribute coding, this work proposes spatial- and transform-domain

prediction methods based on spatial distribution characteristics. Within the MPEG G-PCC
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framework, two prediction optimization schemes are designed. The first is a transform-domain
prediction algorithm based on sibling nodes, which introduces already-coded nodes from the
same or adjacent levels to build more precise prediction relationships, thereby effectively re-
ducing prediction residual energy. The second is a prediction enhancement algorithm based on
smoothing filters, which performs statistical analysis of residual distributions and implicitly
expands the reference range without increasing search complexity, thus improving predic-
tion precision and enhancing local consistency. Experimental results show that the proposed
methods achieve consistent performance gains across various point cloud datasets, signifi-
cantly improving attribute coding performance and prediction efficiency under controllable

complexity.

Second, to overcome the rigid limitations of traditional geometry-driven scanning or-
ders and single-structure prediction schemes, this work proposes a point cloud prediction
structure optimization and coding method that jointly considers geometric and texture char-
acteristics. The consistency between geometry and attribute distribution and its influence on
prediction performance are systematically analyzed. A multi-candidate scanning order gen-
eration method based on affine spatial transformation is proposed, and an adaptive selection
and optimization mechanism is realized through residual feedback, achieving cooperative pre-
diction between geometry and attributes. Moreover, a locally optimized pruning algorithm is
proposed to balance performance and complexity, significantly reducing encoding time while
maintaining competitive coding efficiency. Extensive experiments demonstrate that the pro-
posed method achieves notable coding performance improvement across complex geometric

and textured scenes, showing strong generalization ability and practical value.

Finally, to overcome the limitations of traditional point cloud coding in low-bitrate sce-
narios, particularly the insufficient reconstruction quality and lack of joint geometry—attribute
compression, the dissertation introduces GS-PCC, a novel point cloud compression framework
based on Gaussian representation. This framework pioneers the integration of 3D Gaussian
Splatting (3DGS) into point cloud compression, transforming the representation paradigm
from discrete points to compact Gaussian parameterization. On the encoder side, GS-PCC de-
composes the input point cloud into two parts: two-dimensional texture and three-dimensional
structure, which are jointly compressed by a video encoder and a point cloud encoder, respec-
tively. On the decoder side, super-resolution-based Gaussian optimization and mask-fusion-
based rendering strategies are employed to effectively improve visual reconstruction quality

under low bitrate conditions. Meanwhile, a perceptual quality evaluation system based on
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two-dimensional rendering is adopted, which evaluates reconstruction performance through
multi-view rendering and image quality metrics, better aligning with human visual perception.
Experimental results demonstrate that the proposed GS-PCC framework significantly outper-
forms existing mainstream point cloud compression methods, such as G-PCC and Draco, un-
der low bitrate conditions, especially in preserving structural boundaries and texture details.
In summary, this research focuses on the key scientific problems in point cloud coding,
and conducts a systematic investigation from prediction mechanisms to prediction structures
and coding architectures. This research also proposes multiple innovative and practical high-
efficiency point cloud coding and decoding methods. The work achieves notable progress
in enhancing prediction accuracy, optimizing prediction structures, and enabling joint ge-
ometry—attribute coding. It also drives the evolution of point cloud compression technology
from geometry-driven to jointly-driven approaches, and from independent processing to col-
laborative compression. Overall, the developed methods and technologies provide feasible
technical solutions and theoretical support for the enhancement of point cloud compression
standards, the efficient transmission of 3D content, and the applications of immersive visual

media, demonstrating both academic significance and engineering value.

KEYWORDS: 3D point cloud compression, point cloud coding standard, MPEG G-PCC,

attribute prediction, joint geometry-attribute coding
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