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Gradient-Based Methods of Fast Intra Mode Decision and Block
Partitioning in VVC
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Abstract

Versatile Video Coding (VVC), which has been developing as a next generation video coding standard, has adopted various
techniques to achieve more than twice the compression performance of HEVC (High Efficiency Video Coding). The recently
released VVC Test Model (VIM) shows 38% Bjontegaard Delta bitrate (BD-rate) improvement and 9x/1.6x encoding/decoding
complexity over HEVC. In order to reduce such increased complexity, various fast algorithms have been proposed. In this paper,
gradient-based methods of fast intra mode decision and block splitting are presented. Experimental results show that, compared to
VTM6.0, the proposed method gives up to 65% encoding time reduction with 3.54% BD-rate loss in All-Intra (AI) configuration.
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Fig. 1. Recursive structure of block partitioning in VVC
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Table 1. Experimental results of the proposed method
The proposed method without activity
Class Sequence Tg =1 Tg=2 Tg=3 Tg =4
BD-rate Y Tred | BD-rate Y  Tred BD-rate Y  Tred BD-rate Y  Tred
BasketballDrill 6.03% 35% 1.29% 81% 0.55% 91% 0.18% 97%
Class C BQMall 4.46% 31% 1.56% 71% 0.76% 84% 0.38% 91%
(832x480) PartyScene 3.21% 32% 0.62% 79% 0.21% 90% 0.11% 95%
RaceHorsesC 2.95% 35% 0.47% 90% 0.17% 96% 0.04% 99%
BasketballPass 4.15% 33% 1.36% 63% 0.53% 79% 0.31% 85%
Class D BQSquare 4.31% 30% 0.82% 79% 0.22% 91% 0.09% 93%
(480x240) BlowingBubbles 3.30% 32% 0.62% 76% 0.18% 89% 0.09% 93%
RaceHorses 3.52% 36% 0.85% 79% 0.23% 89% 0.07% 91%
Class C 4.16% 33% 0.99% 80% 0.42% 90% 0.18% 96%
Average Class D 3.82% 32% 0.92% 74% 0.29% 87% 0.14% 91%
Overall 3.99% 33% 0.96% 7% 0.36% 89% 0.16% 94%
The proposed method with activity (A=150)
Class Sequence Tg=1 Tg=2 Tg=3 Tg =4
BD-rate Y  Tred BD-rate Y  Tred BD-rate Y  Tred BD-rate Y Tred
BasketballDrill 5.48% 36% 1.10% 83% 0.45% 91% 0.15% 97%
Class C BQMall 4.30% 32% 1.47% 72% 0.68% 85% 0.33% 92%
(832x480) PartyScene 2.78% 35% 0.57% 81% 0.20% 91% 0.09% 96%
RaceHorsesC 2.73% 35% 0.43% 1% 0.13% 96% 0.06% 98%
BasketballPass 3.92% 33% 1.28% 63% 0.54% 80% 0.33% 85%
Class D BQSquare 2.72% 38% 0.54% 82% 0.14% 92% 0.06% 93%
(480x240) BlowingBubbles 3.05% 33% 0.61% 76% 0.17% 90% 0.07% 92%
RaceHorses 3.35% 36% 0.77% 79% 0.23% 90% 0.05% 91%
Class C 3.82% 34% 0.89% 82% 0.37% 91% 0.16% 96%
Average Class D 3.26% 35% 0.80% 75% 0.27% 87% 0.12% 90%
Overall 3.54% 35% 0.85% 79% 0.62% 89% 0.14% 93%
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