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Recently, the development of 5G and multimedia technology leads to the advancement from
traditional image/video to the era of immersive media, which is represented by virtual reality,
augmented reality and mixed reality. As one of the data representation of immersive media, point
cloud is regarded as a reliable approach to achieve immersive true 3D representation and rendering,
and is also one of the research hotspots in the field of multimedia technology in recent years. There
are many user cases of 3D point cloud, including immersive telepresence, autonomous driving and
gaming, etc.

A point cloud consists of a large number of discrete spatial points, each point contains geometry
information (X,Y,Z) and other attribute information (colors, normals, etc.). It has the characteristics
of high dimension and irregularity, and there is no order among points and no topological
information. Due to the particularity of point clouds, the existing traditional video codecs cannot
directly compress point clouds. The thesis will explore the organization of point clouds and the
spatial and frequency distribution characteristics of point cloud signals, deriving the compact
representation of point clouds. Meanwhile, based on the sparse and discrete distribution of point
clouds, a 3D spatial model will be constructed, and 3D spatial and temporal features will be
extracted. The efficient coding for point clouds will be realized by combining the optimal signal
reconstruction theory and rate distortion theory. Specifically, the major contributions of the thesis
lie in the following aspects:

Aiming at the problem of point cloud spatial modeling and intra-coding, the thesis proposes the
Normal Weighted Graph Fourier Transform (NWGFT). Firstly, the spatial graph structure model is
constructed based on the geometry information, in which the graph edge weights are derived from
the neighborhood normal vectors and the Euclidean distance. The NWGEFT is derived from the graph
edge weights which represent the spatial correlation, removing the spatial redundancy of point cloud
attributes; Secondly, based on the geometry, the fixed-point $K$-means algorithm is proposed to
generate compact and uniform sub-clouds, improving the efficiency of graph Fourier transform.
Aiming at the problem of point cloud spatio-temporal joint modeling and inter-coding, the thesis
proposes a inter-prediction coding method based on the generalized graph Fourier transform. Firstly,
based on the spatial graph structure of point clouds, the inter reference relation (temporal features
of point cloud) is introduced to derive the optimal inter prediction and prediction transform under
the Gaussian Markov Random Field (GMRF) model, removing the spatio-temporal redundancy of
point cloud attributes; Secondly, the refined motion estimation is proposed to address the
challenge of searching the temporal correspondence between neighboring frames of point clouds
with irregular surfaces; Finally, a coding framework is presented for 3D dynamic point clouds,
selecting an optimal coding mode adaptively, further improving the performance of inter-coding of
point cloud attributes.

Aiming at the spatial modeling on non-topology structure of point clouds and the data-driven
modeling of local features, the thesis proposes a multi-scale end-to-end coding method based on
neural network. Firstly, the Point Transformer is used to generate high-dimensional features with
embedded geometry information and spatial correlation information; Secondly, considering the
sparsity of point clouds, the multi-scale neighbor embedding strategy is proposed to extract the
features within level of details, generating the high-dimensional compact latent representation of
point clouds; Then, in the decoder, the graph spatial extension network is proposed to restore the
local spatial information and improve the quality of reconstructed point clouds; Finally, the max
Chamfer Distance is adopted to calculate the training distortion, mitigating the unilateral over-fitting



effectively during training process. It achieves about 34% performance increase, compared with the
traditional geometry coding methods.



