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ABSTRACT

With the rapid development of immersive applications such as virtual reality, digital hu-
man communication, and free-viewpoint video, 3D human data has become a fundamental ba-
sis for high-presence content generation, interactive presentation, and remote communication.
Meanwhile, continual advances in acquisition and reconstruction technologies have driven sus-
tained growth in the spatial resolution, temporal duration, and viewpoint scale of 3D human
data, imposing increasing pressure on transmission and storage. Common representations of
3D human data include point clouds, meshes, and multi-view videos. Point clouds and meshes
are widely adopted for their flexibility in describing complex non-rigid human surfaces, while
multi-view videos have become an important medium for user-facing presentation due to their
ability to directly support immersive free-viewpoint viewing experiences. Therefore, efficient
encoding and high-quality reconstruction of 3D human data under limited bandwidth and stor-
age constraints have become key research problems in immersive media processing.

Traditional compression methods mainly improve coding efficiency by removing signal
redundancy in the spatial, temporal, and viewpoint dimensions. However, 3D human data
contains complex topological structures, non-rigid motion patterns, and stable semantic regu-
larities. Since such methods do not fully exploit the intrinsic regularities and stable constraints
of 3D humans in spatial structure, temporal motion, appearance semantics, and cross-view
observations, they are prone to structural distortion, temporal drift, and attribute degradation
under low-bitrate or incomplete-information conditions, making it difficult to simultaneously
preserve coding efficiency, structural consistency, and perceptual quality. To address these
challenges, this dissertation presents a systematic study of prior-driven encoding methods for
3D human data. Specifically, it investigates four aspects: parametric structural representation,
motion evolution modeling, texture generation and reconstruction, and decoupled representa-
tion of human-centric scenes. Based on these perspectives, compact encoding representations

are developed for static human structures, dynamic human structures, dynamic human textures,
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and human-centric multi-view scenes. High-quality data recovery is further achieved through

generative reconstruction mechanisms at the decoder side.

First, a parametric-model-based encoding method for static human structures is proposed.
High-resolution static human point cloud geometry is prone to structural distortion at low bi-
trates, and its local details are difficult to preserve stably. To address this problem, this method
exploits the global structural consistency and low-dimensional describability of human mor-
phology, and introduces a parametric human model for static structure representation. By
mapping high-dimensional point cloud geometry into a low-dimensional parameter space and
hierarchically encoding the semantic body and local geometric residuals, the proposed method
achieves a compact representation of static human structures at the encoder. At the decoder
side, a generative reconstruction mechanism is employed to restore fine geometric details. Ex-
perimental results demonstrate that the proposed method significantly reduces the coding cost

of human structures while effectively preserving structural integrity and semantic consistency.

Second, a motion-modeling-based encoding method for dynamic human structures is pro-
posed. Dynamic human point cloud geometry sequences contain substantial inter-frame re-
dundancy, and conventional frame-by-frame coding methods struggle to maintain temporal
consistency. To address this problem, this method starts from the continuity, coordination,
and predictability of human motion evolution. It decouples body shape information from pose
variation and encodes pose changes into compact motion parameters. These parameters are
then used to establish cross-frame structural prediction relationships, thereby substantially re-
ducing inter-frame redundancy. Centered on motion modeling, the proposed method enables
compact encoding of dynamic human structures, and suppresses structural drift and temporal
distortion through generative reconstruction at the decoder side. Experimental results show
that the proposed method effectively reduces temporal redundancy in dynamic human struc-
tures and improves the coding efficiency of dynamic geometry sequences while enhancing

reconstruction coherence.

Third, a diffusion-model-based encoding method for dynamic human textures is proposed.
Dynamic human point cloud attributes exhibit high temporal redundancy, and conventional
frame-by-frame attribute coding often leads to texture blur, detail degradation, and temporal
flickering. To address these problems, this method leverages the stability of human appear-
ance in regional semantic distribution and inter-frame evolution, and introduces a diffusion
model to build a generative encoding framework for dynamic human textures. The proposed
method compresses dynamic texture information into compact conditional representations. At

the decoder side, high-quality textures are reconstructed using pose and geometry constraints
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as guidance, and structural constraints are applied to suppress inter-frame generation incon-
sistencies. Experimental results demonstrate that the proposed method effectively preserves
texture details and temporal stability of dynamic human appearance at lower bitrates, signifi-
cantly improving the perceptual quality of attribute reconstruction.

Finally, a decoupled-Gaussian-representation-based encoding method for human-centric
scenes is proposed. Building upon the parametric human representation and compact struc-
tural encoding capabilities established in the preceding studies, this work further extends the
research scope from human representations to human-centric multi-view videos in real-world
scenes. In multi-view scenes, the background is relatively stable whereas the human is highly
dynamic, making it difficult for conventional unified modeling methods to simultaneously
achieve high compression efficiency and high-quality free-viewpoint reconstruction. To ad-
dress this problem, this method constructs a decoupled Gaussian representation framework for
the human and the scene background. The background is modeled with a stable scene repre-
sentation, while the dynamic human is described by a compact human-driven representation.
By exploiting the differences in spatiotemporal statistical properties between these compo-
nents, the proposed method enables efficient encoding of multi-frame and multi-view data and
achieves high-quality reconstruction at the decoder side. Experimental results show that the
proposed method effectively reduces redundant information transmission in multi-view videos,
improving coding efficiency while preserving the structural clarity and motion coherence of
the human under free-viewpoint rendering.

In summary, this dissertation systematically investigates the encoding of static human
structures, dynamic human structures, dynamic human textures, and human-centric scenes by
exploiting prior regularities of 3D human data in spatial structure, motion evolution, texture
representation, and scene observation. A progressive technical route is established, spanning
static structural representation, dynamic motion modeling, texture generative reconstruction,
and decoupled cross-view scene representation. The results of this dissertation demonstrate
that fully exploiting 3D human priors and incorporating generative reconstruction mechanisms
at the decoder side can help compensate for the limitations of traditional signal-level compres-
sion methods in structural preservation, temporal consistency, and perceptual quality. These
findings provide new research insights and technical support for the efficient transmission,

reconstruction, and application of 3D human data in immersive scenarios.

KEY WORDS: 3D human data, Prior-driven encoding, Motion modeling, Generative recon-

struction, Human-centric scenes






