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Abstract

This contribution presents the results from Canon for CE6b on Intra Mode Coding using mode ranking, based on contributions JCTVC-F269 and JCTVC-F091. Combination with contributions JCTVC-F062/JCTVC-F459 related to the use of additional MPMs has also been evaluated.
The proposal contains the following combined features:

· Use of ranking tables for all intra modes and for both CABAC and CAVLC;
· Use of same tables for CABAC binarization and CAVLC;
· For CABAC, remaining modes bins are bypass coded;
· 19 modes are used for 4x4 CUs instead of 18;
· Two configurations, with 2 or 3 MPMs, are evaluated.
When 2 MPMs are used, an average Y BD-rate gain of 0.2% AIHE, 0.1% AILC is reported. When 3 MPMs are used, an average Y BD-rate gain of 0.4% AIHE, 0.3% AILC is reported. In both cases, it is reported that chroma is also slightly improved. Encoding and decoding runtime are reportedly not significantly impacted.
1 Introduction

In the current HEVC design, intra mode decoding makes use of the two neighboring Top and Left CUs to derive two Most Probable Modes (MPMs) values. The mode of the current CU is then compared to the MPMs. If it is equal to one of the MPMs, 2 bins are used to signal that the mode is one of the MPMs and to signal which MPM is used. If the intra mode is not equal to one of the MPMs, the remaining mode value, possibly decremented according to the MPMs values, is coded using FLC for High Efficiency configuration and VLC tables for Low Complexity configuration.

In order to better capture the statistics of the modes, it is proposed to keep the statistics of each intra mode separately and to generalize to CABAC the ranking approach used in CAVLC. This proposal is based on JCTVC-F269 [1] and JCTVC-F091 [2]. Combination with JCTVC-F062 [3] and JCTVC-F459 [4] related to the use of additional MPMs has also been evaluated.
2 Proposal description
2.1 Mode ranking
Mode ranking is used to represent the distribution of all intra prediction modes. Mode ranking concept used in current CAVLC HM design is generalized for CABAC. Two ranking tables are used, one for 4x4 CUs and one for 8x8 to 32x32 CUs. The size of each table is equal to the number N of possible modes (N depending on the block size). Each entry of this table is a mode number, and the table gives its rank. The modes are initially ranked according to their values. 
For remaining mode decoding, instead of decoding a mode value as currently done in HM-4.0, its rank is decoded and possibly incremented depending on the MPMs ranks. Once the mode is decoded, it is swapped in the ranking table with its preceding mode, as already done in CAVLC.
The decoding process applies as described in Figure 1 in case of 2 MPMs, and in Figure 2 in case of 3 MPMs (derivation of the 3rd MPM is explained in section 2.4).
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Figure 1: proposed intra mode decoding process with 2 MPMs.
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Figure 2: proposed intra mode decoding process with 3 MPMs.
2.2 Extension to 19 modes for 4x4 CUs

In the current HM design, 4x4 CUs make use of 18 modes, excluding mode 18, inserted between modes 9 and 10 (see mode in yellow box in Figure 3). Using 18 modes in current HM design enables to code the 16 (18-2) remaining modes with 4 bins FLC. When non-FLC binarization table is used, this limitation is no more useful. So in this proposal, mode 18 is added to the set of 4x4 modes.
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Figure 3: intra coding modes.

2.3 Binarization and VLC tables

As proposed in JCTVC-F091, the same binarization and VLC codewords are used for both CABAC and CAVLC. Corresponding tables are provided in the attached modified WD, for both 2 MPMs and 3 MPMs cases. The codewords are derived from tables with limited size specifying for different rank ranges the codewords prefix and suffix. Depending on the rank range, different prefixes are used. Mode ranks within a specific range use the same prefix. Their suffix parts consist of fixed length codes, the length of which depends on the rank range.
In addition, for CABAC, remaining mode bins coding is simplified, similarly as in JCTVC-F376 [5], using bypass coding. All bins of remaining mode are coded by bypass coding.

2.4 Possible use of a third MPM

The mode ranking approach has also been combined with the addition of MPM, as proposed in JCTVC-F062 [3] and JCTVC-F459 [4]. One additional MPM is introduced, leading to 3 MPMs in total. Adapted unified binarization/VLC tables are used.

The 2 first MPMs (MPM1, MPM2) are derived as specified in the current HM design.

The derivation of the 3rd MPM (MPM3) is done using the following process:

· If none of MPM1 and MPM2 is Planar, MPM3 is set to Planar
· Else if one of MPM1 or MPM2 is DC, MPM3 is set to vertical mode (mode 1)

· Else one of the MPM1 or MPM2 mode is a directional mode denoted MPM_dir. MPM3 is set to the mode with the nearest authorized superior angular direction to the direction of MPM_dir

· For instance, if MPM_dir is equal to 13, according to Figure 3, MPM3 is set to 24 if the CU is of size 8x8 to 32x32, or 6 if the CU is of size 4x4

3 Results

Mode ranking solution has been evaluated using 2 or 3 MPMs using test conditions of JCTVC-F900 [6]. The following sub-sections give the BD-rate performance in both cases. Full results can be found in attached xls files.
3.1 With 2 MPMs

	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.31%
	-0.07%
	0.00%
	-0.16%
	-0.07%
	-0.07%

	Class B
	-0.25%
	-0.04%
	-0.07%
	-0.18%
	-0.14%
	-0.12%

	Class C
	-0.27%
	-0.09%
	-0.13%
	-0.23%
	-0.20%
	-0.18%

	Class D
	-0.14%
	-0.04%
	-0.05%
	-0.10%
	-0.07%
	-0.08%

	Class E
	-0.11%
	0.00%
	0.00%
	-0.03%
	0.01%
	0.11%

	Overall
	-0.22%
	-0.05%
	-0.05%
	-0.15%
	-0.10%
	-0.08%

	 
	-0.22%
	-0.05%
	-0.06%
	-0.15%
	-0.10%
	-0.09%

	Enc Time[%]
	101%
	101%

	Dec Time[%]
	100%
	101%


3.2 With 3 MPMs
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.42%
	-0.01%
	-0.01%
	-0.29%
	-0.09%
	-0.11%

	Class B
	-0.38%
	-0.06%
	-0.05%
	-0.32%
	-0.22%
	-0.14%

	Class C
	-0.36%
	-0.14%
	-0.18%
	-0.36%
	-0.27%
	-0.24%

	Class D
	-0.25%
	-0.06%
	-0.08%
	-0.20%
	-0.05%
	-0.09%

	Class E
	-0.39%
	0.06%
	0.10%
	-0.29%
	0.01%
	0.14%

	Overall
	-0.36%
	-0.05%
	-0.05%
	-0.29%
	-0.14%
	-0.10%

	 
	-0.36%
	-0.05%
	-0.06%
	-0.29%
	-0.14%
	-0.11%

	Enc Time[%]
	99%
	100%

	Dec Time[%]
	101%
	100%


4 Conclusion

In this proposal, mode ranking approach used in CAVLC is generalized to CABAC, and to all intra modes instead of being limited to the remaining mode values. When using 2 MPMs, a Y BD-rate gain of 0.1-0.2% is observed. When combined with the use of a 3rd MPM, a Y BD-rate gain of 0.3-0.4% is observed. In both cases encoding/decoding run time impact is negligible. In the 2 MPMs case, it can be observed that the gains are more important for high resolution than for low resolution sequences. When using a 3rd MPM, the gains are more balanced. So it looks that both tools (mode ranking and use of a 3rd MPM) contribute complementarily to the overall gain.
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