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Abstract

The intra prediction method is a classical video coding method, which is composed of various kinds of intra prediction modes, i.e., PLANAR mode, DC mode, and different intra directional modes. Traditionally, only one reference tier adjacent to the current prediction unit (PU) is exploited to predict the samples inside the PU. This contribution proposes to increase the number of the exploited reference tiers for intra directional modes. Compared to JEM 2.0, the simulation results show that the proposed method with 2 reference tiers can improve up to 0.73% BD-rate for overall classes and 1.21% BD-rate for A2 class, featuring 4K sequences with unmanned contents. It is further observed that the proposed method with 3 / 4 reference tiers can improve up to 1.05% / 1.22% BD-rate for overall classes and 1.73% / 1.98% BD-rate for A2 class.
1 Introduction 

The Joint Video Exploration Team (JVET) was launched to evaluate and develop the advanced video compression technologies. Some of compression technologies have been integrated into Joint Exploration Model 2 (JEM 2) [1][2], released in Mar. 2016. Among the technologies, the intra prediction method is a powerful compression tool, which is composed of 67 intra prediction modes in JEM 2.0: PLANAR mode, DC mode, and 65 intra directional modes. Traditionally, the intra prediction method only exploits one reference tier adjacent to the current prediction unit (PU) to generate the samples inside PU. This contribution proposes to improve the intra directional modes by increasing the number of the reference tiers for accuracy prediction.

2 Proposed method 

The proposed method increases the number of the reference tiers from only one reference tier to N reference tiers for the intra directional modes, where N is larger than or equal to one. Fig. 1 takes 4x4 PU as an example to show the concept of the proposed intra directional prediction method. An intra directional mode could arbitrarily choose one of N reference tiers to generate the predictors. In other words, the predictor p(x,y) is generated from one of the reference samples S1, S2, …, and SN. A flag is signaled to indicate which reference tier is chosen for an intra directional mode. If N is set as 1, the intra directional prediction method is the same as the traditional method in JEM 2.0. Therefore, the next section will evaluate the proposed methods with N = 2, N = 3 and N = 4.

[image: image1]
Fig. 1. The N reference tiers exploited for the proposed intra directional modes
3 Simulation results 

The experiments were conducted under the common test conditions on top of the JEM2.0 anchor [3]. Table 1 shows the AI results based on the proposed method with N = 2. It is observed that 0.73% luma BD-rate gain has been observed in overall classes. In A2 class, featuring 4K sequences with unmanned contents, the average BD-rate gain is up to 1.21% and is the highest number among various classes.
Table 1. The proposed method with N = 2 in AI condition
[image: image2.emf]Y U V EncT DecT

Class A1 -0.49% -0.93% -1.07% 217% 100%

Class A2 -1.21% -2.01% -2.02% 209% 98%

Class B -0.69% -0.80% -0.98% 214% 99%

Class C -0.80% -1.07% -1.17% 215% 99%

Class D -0.43% -0.71% -0.85% 218% 99%

Class E -0.75% -1.14% -0.89% 215% 101%

Overall 

-0.73% -1.10% -1.17% 215% 99%

Class F (optional) -1.38% -1.37% -1.27% 212% 104%

Over HM-16.6-JEM-2 (parallel)

 
Table 2 shows the AI results based on the proposed method with N = 3. It is observed that 1.05% luma BD-rate gain has been observed in overall classes. In A2 class, featuring 4K sequences with unmanned contents, the average BD-rate gain is up to 1.73% and is the highest number among various classes.
Table 2. The proposed method with N = 3 in AI condition
[image: image4.emf]Y U V EncT DecT

Class A1 -0.75% -0.98% -1.28% 347% 103%

Class A2 -1.73% -1.95% -1.98% 336% 104%

Class B -1.01% -1.00% -1.13% 307% 106%

Class C -1.16% -1.26% -1.32% 307% 104%

Class D -0.62% -0.75% -1.04% 335% 104%

Class E -1.03% -1.31% -1.00% 263% 113%

Overall 

-1.05% -1.20% -1.30% 317% 105%

Class F (optional) -2.04% -1.74% -1.84% 327% 107%

Over HM-16.6-JEM-2 (parallel)


Table 3 shows the AI results based on the proposed method with N = 4. It is observed that 1.22% luma BD-rate gain has been observed in overall classes. In A2 class, featuring 4K sequences with unmanned contents, the average BD-rate gain is up to 1.98% and is the highest number among various classes.
Table 3. The proposed method with N = 4 in AI condition
[image: image5.emf]Y U V EncT DecT

Class A1 -0.90% -1.16% -1.39% 467% 105%

Class A2 -1.98% -1.99% -2.02% 441% 102%

Class B -1.19% -1.10% -1.24% 459% 100%

Class C -1.32% -1.27% -1.36% 443% 98%

Class D -0.73% -0.88% -0.94% 457% 101%

Class E -1.21% -1.43% -1.19% 438% 97%

Overall 

-1.22% -1.29% -1.36% 452% 101%

Class F (optional) -2.40% -1.93% -2.08% 440% 107%

Over HM-16.6-JEM-2 (parallel)


To speed up the encoder, some technologies, such as MDNSST and PDPC, are disabled when the second and further reference tiers are chosen for the intra directional modes. Table 4 shows the AI results based on the fast algorithm with N = 2. The encoding time is reduced from 212% to 126% as compared to the 2-reference-tiers method without the fast algorithm. It is observed that 0.43% luma BD-rate gain has been observed in overall classes. In A2 class, featuring 4K sequences with unmanned contents, the average BD-rate gain is up to 0.68% and is the highest number among various classes.
Table 4. The proposed fast algorithm with N = 2 in AI condition
[image: image6.emf]Y U V EncT DecT

Class A1 -0.24% -0.44% -0.41% 126% 99%

Class A2 -0.68% -0.87% -0.81% 126% 97%

Class B -0.46% -0.52% -0.55% 125% 99%

Class C -0.45% -0.56% -0.52% 125% 99%

Class D -0.21% -0.44% -0.34% 125% 99%

Class E -0.55% -0.98% -0.67% 130% 101%

Overall 

-0.43% -0.62% -0.55% 126% 99%

Class F (optional) -1.36% -1.18% -1.37% 130% 106%

Over HM-16.6-JEM-2 (parallel)


Table 5 shows the AI results based on the fast algorithm with N = 3. The encoding time is reduced from 317% to 155% as compared to the 3-reference-tiers method without the fast algorithm. It is observed that 0.65% luma BD-rate gain has been observed in overall classes. In A2 class, featuring 4K sequences with unmanned contents, the average BD-rate gain is up to 1.01% and is the highest number among various classes.
Table 5. The proposed fast algorithm with N = 3 in AI condition
[image: image7.emf]Y U V EncT DecT

Class A1 -0.39% -0.49% -0.53% 158% 101%

Class A2 -1.01% -0.96% -0.81% 156% 100%

Class B -0.67% -0.62% -0.70% 153% 102%

Class C -0.70% -0.67% -0.77% 152% 101%

Class D -0.35% -0.47% -0.53% 152% 102%

Class E -0.79% -1.07% -0.67% 161% 104%

Overall 

-0.65% -0.69% -0.67% 155% 102%

Class F (optional) -1.97% -1.40% -1.53% 156% 106%

Over HM-16.6-JEM-2 (parallel)


Table 6 shows the AI results based on the fast algorithm with N = 4. The encoding time is reduced from 452% to 185% as compared to the 4-reference-tiers method without the fast algorithm. It is observed that 0.76% luma BD-rate gain has been observed in overall classes. In A2 class, featuring 4K sequences with unmanned contents, the average BD-rate gain is up to 1.18% and is the highest number among various classes.
Table 6. The proposed fast algorithm with N = 4 in AI condition
[image: image8.emf]Y U V EncT DecT

Class A1 -0.48% -0.65% -0.68% 190% 103%

Class A2 -1.18% -0.93% -0.88% 191% 103%

Class B -0.79% -0.73% -0.76% 181% 102%

Class C -0.83% -0.69% -0.72% 179% 101%

Class D -0.42% -0.34% -0.37% 179% 103%

Class E -0.91% -1.11% -0.86% 190% 104%

Overall 

-0.76% -0.73% -0.71% 185% 102%

Class F (optional) -2.30% -1.78% -1.83% 183% 106%

Over HM-16.6-JEM-2 (parallel)


4 Conclusion 

This contribution proposes to exploit different reference tiers for different intra directional modes to generate the predictors. The simulation results show that the increased reference tiers are rather effective to the 4K sequences, and the BD-rate gain up to 2% is observed. Therefore, it is recommended that the proposed method can be further studied in the next version of JEM under the exploration experiment (EE).
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