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Abstract

In this proposal, the coding of last nonzero coefficient for 4x4 TU in CAVLC is changed. In HM4.0, Chroma and Luma from Intra TU are mixed together as one of contexts for last nonzero coefficient of 4x4 in CAVLC. This proposal redefines the contexts to separate Luma and Chroma and then different VLC tables are used for Luma and Chroma. The swapping table size is reduced by 33%. Experimental results show that the BD-rate savings for LoCo conditions are -0.1% for Y, -1.2% for U and -1.3% for V under Intra only configuration, -0.0% for Y, -0.7% for U and -0.8% for V under random access configuration and -0.1% for Y, -0.3% for U and -0.3% for V under low delay B configuration.
1 Introduction 

In HEVC test Model (HM) 4.0, Context-based Adaptive Variable Length Coding (CAVLC) for transform coefficients encodes using Variable Length Code (VLC). These coefficients are scanned to 1-D array and encoded by three steps: 1) last nonzero coefficient position, 2) run-mode and 3) level-mode. In each step, an event is mapped to a codenumber. Then the codenumber is mapped to a codeword based on the corresponding VLC table. There are 14 VLC tables available in HM4.0. The selection of VLC tables is based on the context. 

The last nonzero coefficient position is coded as a combined event (IsLevelOne, last_pos), where IsLevelOne is a binary flag to identify whether the last nonzero coefficient has absolute value equal to or greater than 1 and last_pos is the position in the 1-D array. The coding of last nonzero coefficient position is different for 4x4 and TU with other sizes. For 4x4 TU, (IsLevelOne, last_pos) is mapped  to a codenumber through a look-up table with the size of 3x32, where 3 stands for the number of contexts and 32 stands for the number of possible events. This look-up table will be updated by a swapping operation to track the occurrences of encoded events. For other TUs, (IsLevelOne, last_pos) is mapped to a codenumber through a fixed pattern. The mapping keeps consistent for all TUs with the same size. The VLC tables used for the (IsLevelOne, last_pos) of 4x4 are the same for all 3 contexts, which is always VLC-2 in HM4.0.

2 Solution
Our solution is to re-define the contexts for the combined event (IsLevelOne, last_pos) such that similar distributions will merge together to yield good and stable trade-off between cost and performance. In specific, we propose the following solution to improve the coding of last non-zero coefficient position in CAVLC for HM4.0.
In HM4.0, the 3 contexts of 4x4 are 1) Luma from Intra TU and Chroma, 2) Luma from Inter TU in P slice and 3) Luma from Inter TU in B slice. Since we observe that the distributions of (IsLevelOne, last_pos) are different for Luma and Chroma, we propose to redefine the context. 
The number of context is reduced to 2. The new definition is 1) Luma, 2) Chroma. Based on the new context, the VLC tables used are defined as [2, 10] respectively. Swapping table size is reduced to 2x32, 33% less than 3x32 in HM4.0. Initial values of swapping tables are trained based on statistics from HM4.0. The initial values are
const UInt g_auiLPTableE4[2][32] =

{  {0,1,2,3,5,4,7,6,9,11,14,8,16,15,10,13,12,17,18,19,25,23,20,22,28,26,29,24,30,31,27,21},  //4x4Y
  {0,2,1,3,4,5,11,6,7,10,12,9,14,16,13,18,8,17,15,19,21,20,24,25,22,23,28,26,27,30,29,31},  //4x4UV
};

const UInt g_auiLPTableD4[2][32] =

{  {0,1,2,3,5,4,7,6,11,8,14,9,16,15,10,13,12,17,18,19,22,31,23,21,27,20,25,30,24,26,28,29},  //4x4Y
  {0,2,1,3,4,5,7,8,16,11,9,6,10,14,12,18,13,17,15,19,21,20,24,25,22,23,27,28,26,30,29,31},  //4x4UV
};

3 Experiment setting and results

3.1 Coding conditions

The conditions are the same as specified in JCTVC-F900 [1] for low complexity settings.
3.2 Results
A summary of results is listed in Table 1. Complete results are available in “JCTVC-G365.xls”.

Table 1 Simulation results using proposed solution

	
	All Intra LC

	
	Y
	U
	V

	Class A
	0.0%
	-0.9%
	-1.1%

	Class B
	-0.1%
	-0.8%
	-1.3%

	Class C
	-0.2%
	-0.3%
	-0.6%

	Class D
	-0.2%
	-0.6%
	-0.7%

	Class E
	0.0%
	-4.0%
	-3.0%

	Overall
	-0.1%
	-1.2%
	-1.3%

	 
	-0.1%
	-1.1%
	-1.2%

	Enc Time[%]
	100%

	Dec Time[%]
	97%

	
	
	
	

	
	Random Access LC

	
	Y
	U
	V

	Class A
	0.0%
	-1.2%
	-1.2%

	Class B
	0.0%
	-0.7%
	-1.0%

	Class C
	0.0%
	-0.4%
	-0.6%

	Class D
	-0.1%
	-0.5%
	-0.4%

	Class E
	 
	 
	 

	Overall
	0.0%
	-0.7%
	-0.8%

	 
	0.0%
	-0.6%
	-0.8%

	Enc Time[%]
	100%

	Dec Time[%]
	100%

	
	
	
	

	
	Low delay B LC

	
	Y
	U
	V

	Class A
	 
	 
	 

	Class B
	0.0%
	0.0%
	0.0%

	Class C
	-0.1%
	0.5%
	-0.2%

	Class D
	0.0%
	0.3%
	0.4%

	Class E
	-0.2%
	-2.5%
	-1.9%

	Overall
	-0.1%
	-0.3%
	-0.3%

	 
	-0.1%
	-0.3%
	-0.2%

	Enc Time[%]
	100%

	Dec Time[%]
	99%


4 Conclusion

This proposal improved the coding of last nonzero coefficient for 4x4 TU by redefining the context. Significant BD-rate savings for Chroma were observed and swapping table size was reduced by 33%, while no complexity was introduced. We proposed to adopt this solution to HEVC.
5 Reference

[1]  “Common HM test conditions and software reference configurations”, JCTVC-F900, Torino, July 2011.
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Appendix: Proposed modification of HEVE Working Draft

The modified or added portions are made to JCTVC-F803_V7 and highlighted with yellow color.
9.2.2.3 Initialisation process for lastPosTable
Outputs of this process are initial values of the variable array lastPosTable.

The variable array lastPosTable is initialized as specified in Table 9‑5.

Table 9‑5 – Specification of initial values of lastPosTable[tableNum][codeNum]

	
	codeNum

	tableNum
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	0
	0
	1
	2
	3
	5
	4
	7
	6
	11
	8
	14
	9
	16
	15
	10
	13

	1
	0
	2
	1
	3
	4
	5
	11
	6
	7
	10
	12
	9
	14
	16
	13
	18

	2
	0
	1
	2
	5
	7
	4
	6
	3
	9
	12
	11
	8
	10
	14
	13
	15


	
	codeNum

	tableNum
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	0
	12
	17
	18
	19
	22
	31
	23
	21
	27
	20
	25
	30
	24
	26
	28
	29

	1
	8
	17
	15
	19
	21
	20
	24
	25
	22
	23
	28
	26
	27
	30
	29
	31

	2
	16
	17
	21
	22
	25
	18
	28
	23
	30
	26
	20
	19
	27
	24
	29
	31


9.4.2.1 Parsing process for last_pos_level_one
……
· Otherwise, (N equal to 4), last_pos_level_one is derived in the following ordered steps:

1. The variable vlcNum is set equal to (cIdx > 0 ? 10 : 2).
2. The parsing process described in subclause 9.2.1 is invoked with vlcNum as input and the variable codeNum as output.

3. The variable tableNum is derived as



tableNum = cIdx > 0 ? 1 : 0



(9‑30)

4. The syntax element last_pos_level_one is derived as



last_pos_level_one = lastPosTable[tableNum][codeNum] 
(9‑31)

5. The variable array lastPosTable[tableNum] is updated by invoking process 9.2.3 with lastPosTable[tableNum], codeNum and 0 as inputs. 

· The variable trOne is derived as



trOne = ! levelGreaterThanOneFlag

(9‑32)

· The variable vlcNumLevel is set equal to 0
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