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ABSTRACT

The development of the Internet and digital multimedia technology has promoted the pop-
ularization of ultra-high-definition video. While ultra-high-definition video greatly enriches
people’s material life and spiritual enjoyment, it also leads to the explosive growth of data
volume. Video storage and transmission face severe challenges, and more efficient video
coding methods are urgently needed. In the hybrid coding framework of video coding, the
coding of prediction residuals generally consists of several modules such as transformation,
quantization, and entropy coding, to reduce redundant information in residual data. Exploring
more efficient residual coding methods is beneficial to improving video quality and coding
efficiency, and reducing overhead bits. In this thesis, the different distribution characteristics of
residuals in the spatial and frequency domains are statistically analyzed, and a more compact
representation method is researched to improve the coding performance for the new generation
of video coding standard AVS3 (The third generation of Audio Video coding Standard). The

main innovations of this thesis are as follows:

First, this thesis proposes an implicitly selected transform method based on the frequency
domain distribution characteristics of intra-coded residuals to improve the coding efficiency.
The widely used DCT-II transform cannot adapt to the diverse distribution characteristics
of intra-coded residuals. In order to solve this problem, this thesis introduces the DST-VII
transform kernel that is more suitable for intra-residuals as a transform candidate. However,
introducing a new transform core will bring additional identification overhead. By statistically
analyzing the distribution of the transform coefficients, this thesis proposes an implicit selection
method to eliminate overhead bits and designs the optimal coefficient adjustment strategy
at the decoder to reduce the content distortion. In addition, the adaptive selection of the
two representation methods is realized by combining the respective advantages of the two
representation methods, which further improves the coding performance. We validated the
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proposed method on the AVS3 reference software platform, the experimental results show that
the method can achieve an average performance gain of 1.76% and 0.76% in All-Intra (AI) and
Random Access (RA) configurations, respectively, with negligible decoding time variations.
The proposed method is the first to hide the transform type into the coefficients and has been
adopted by the AVS3 standard.

Second, this thesis proposes a transform type prediction method based on the spatial
distribution characteristics of intra-coded residuals to further improve the coding efficiency. To
adapt to the diverse distribution characteristics of intra-coded residuals, this thesis introduces
new transform kernels based on the generalized graph Laplacian matrix and proposes an
enhanced secondary transform method. However, after introducing more transform cores,
signaling flag bits to indicate transform types will seriously affect the transform performance.
This thesis further designs a method to predict transform type at the decoder side. This method
utilizes the consistency between the surrounding reconstructed pixels and the current block
boundary pixels to reduce the bit rate of the indication flag bits. We verified the proposed
method on the AVS3 reference software platform, and the experimental results show that the
method can accurately predict the correct residuals, reduce the indication overhead bits, and
achieve 0.86% and 0.44% performance under Al and RA configurations, respectively. The
proposed enhanced secondary transform method has been adopted by the AVS3 standard.

Third, this thesis proposes an adaptive transform skip method based on the distribution
characteristics of screen content residuals to improve the screen content coding efficiency.
Transform will disperse the energy of the screen content residual, which is not conducive to
the subsequent quantization and entropy encoding process. In order to solve this problem, this
thesis introduces a transform skip method that is more suitable for screen content residuals as a
transform candidate type by analyzing the spatial distribution characteristics of screen content
residuals. A frame-level adaptive implicitly selected transform skip method is designed to save
the indication overhead bits. In addition, based on the distribution characteristics of residuals,
a windmill-shaped rearrangement method is designed for intra-coded residuals, and a partial
transform skip method is designed for inter-coded and intra-block-copy-coded residuals. Based
on the three sub-methods, an adaptive transform skip method is proposed. We validated the
proposed method on the AVS3 reference software platform, and the experimental results show
that the method can achieve performance gains of 12.79%, 11.00%, and 12.04% under Al,
low latency (LD), and RA configurations, respectively, and the encoding and decoding time
is reduced. The proposed method is the first to combine the coeflicient-hiding method and
content-adaptive method and has been adopted by the AVS3 standard.
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ABSTRACT

In summary, this thesis researches the spatial distribution and frequency distribution
characteristics of different types of residuals according to the diverse distribution characteristics
of residuals. For the new generation video coding standard AVS3, an implicitly selected
transform method based on the residual distribution characteristics in the frequency domain,
a transform type prediction method based on the spatial distribution characteristics of intra-
coded residuals, and an adaptive transform skip method based on the screen content residual
distribution characteristics are proposed. The proposed methods are adopted by the AVS3
standard and achieve good performance gains. Moreover, these methods provide a theoretical

basis and experimental proof for high-efficiency coding.

KEY WORDS: Video coding, Transform coding, Transform skip, Secondary transform, AVS3
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