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ABSTRACT

With the rapid spread of ultra-high-definition video content, video data volume has grown
explosively, posing serious challenges to storage and transmission bandwidth. This creates an
urgent need for more efficient video coding technology. In the hybrid coding framework, trans-
form is an important step to remove correlation in residual signals. Our self-developed Audio
Video Coding Standard (AVS) continues to evolve. The Exploration Video Model (EVM)
for the next generation AVS standard has introduced several advanced coding tools, includ-
ing decoder-side prediction secondary transform, which greatly improves compression perfor-
mance but also significantly increases coding complexity. At the same time, the High Fidelity
Model (HFM) for AVS production domain coding, as a reference software for professional
production, does not have a constant bitrate control function, limiting its use in production
workflows that require stable bitrates. This thesis addresses these two problems by carrying
out coding optimization studies.

Decoder-side Prediction Secondary Transform Based on Intra Mode Dependence: To re-
duce the large increase in rate-distortion optimization computation caused by the three flip
transform types introduced in decoder-side prediction secondary transform, this thesis pro-
poses three low-complexity optimization strategies: removing the diagonal flip transform can-
didate, direct intra mode dependent optimization, and interleaved intra mode dependent opti-
mization. These three methods reduce the number of candidate transform types by global prun-
ing, region-based pruning using intra prediction modes, and interleaved pruning that adapts to
extended intra prediction modes. Experimental results show that under the All Intra (AI) con-
figuration, encoding time is reduced by about 17% on average, and under the Random Access
(RA) configuration, encoding time is reduced by about 2% on average, with almost no loss
in coding performance. The proposed methods have been adopted into the AVS4 exploration
software EVM.
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Constant Bitrate Control for Production Domain Encoding: To solve the problem that
HFM lacks constant bitrate control, this thesis designs a frame-level bitrate control method
based on Proportional Integral (PI) control. The method supports using sub-pictures or mac-
roblocks as basic units for bitrate control, and achieves non-uniform bit allocation inside a
frame by spatial complexity classification. Furthermore, the method uses a PI controller to
dynamically adjust the quantization parameter based on the deviation between actual coded bi-
trate and target bitrate, achieving stable and accurate bitrate output. Experimental results show
that when using sub-pictures as basic units, the average performance loss of each component
is kept within 4%, meeting the requirements for bitrate stability and storage predictability in
professional production scenarios. This method has been adopted as the bitrate control scheme
for the AVS production domain reference software HFM.

Finally, the thesis summarizes future trends in ultra-high-definition video coding tech-
nology and suggests directions for further research. Future work includes how to better bal-
ance transform coding efficiency and computational complexity for complex video content
and higher resolutions, and how to achieve smarter, more adaptive production domain bitrate
control strategies. This thesis provides effective technical support for the practical application
and promotion of the next generation AVS standard, focusing on transform coding complexity

optimization and production domain constant bitrate control.
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