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Abstract

This contribution proposes a modified method for coding syntax elements last_significant_coeff_x and last_significant_coeff_y. The proposal employs a new binarization scheme to further reduce the number of coded bins for improved complexity and efficiency performance. Experimental results reportedly show Y BD-rate gains 0.1%, 0.0%, 0.0% and 0.1% for HE-AI, HE-RA, HE-LDB, and HE-LDP, respectively.
1 Introduction
It was adopted in the 5th JCT-VC meeting to code a pair of syntax elements last_significant_coeff_x and last_significant_coeff_y to indicate the coordinate of the last significant coefficient within a transform block [1]. The adopted method binarized syntax elements last_significant_coeff_x and last_significant_coeff_y by the truncated unary code. This binarization method may need to encode a long sequence of 0’s or 1’s when the input source sample value is large, which may often happen for coding last_significant_coeff_x and last_significant_coeff_y with large transform block size over relatively high coding bitrate 

This issue was addressed by the recent proposal adopted in the 6th JCT-VC meeting [2]. The new method binarizes the syntax value minus half transform size by a fixed-length code when the syntax value is greater than or equal to half transform size. However, the same method is still employed to code the syntax value less than half transform size, which can still be very large with large-size transform and the same problem may still occurs.
2 Proposed Algorithm
The proposed method represents the value of syntax elements last_significant_coeff_x or last_significant_coeff_y by its most significant bit (MSB) index followed by its refinement bits. The MSB index for syntax value 0 is assigned to -1.  The MSB index plus one, referred to as msb_plus_one, is binarized by the truncated unary code and encoded in the CABAC mode. The remaining refinement bits are represented in the fixed-length binary code. The bin strings generated by this binarization scheme is listed in Table 1 for the 16x16 transform block as an example. The corresponding bin strings generated by the current HEVC are also listed for comparison. As we can see, the proposed binarizer, except for input symbol values 2 and 4, never generates a longer bin string in comparison to the current binarizer employed by WD 4 of HEVC

Furthermore, the proposed binarization method can significantly reduce the number of bins under the worst-case scenario, from ( TU_Size/2 + log2 (TU_Size/2) ) by the current HM to ( 2 * log2 (TU size) – 1) by the proposed method, or from 20 bins to 9 bins for coding syntax values 16 ~ 31 in a 32x32 transform block, as further illustrated in Table 2.     
Table 1: The bin strings for TU16x16 generated by the proposed method and WD 4 of HEVC
	　
	Proposed Method
	WD 4 of HEVC

	last_significant_coeff_x / last_significant_coeff_y
	msb_plus_one
	refinement bins
	Truncated unary
	Fixed binary

	0
	0
	-
	1
	-

	1
	10
	-
	01
	-

	2
	110
	0
	001
	-

	3
	110
	1
	0001
	-

	4
	1110
	00
	00001
	-

	5
	1110
	01
	000001
	-

	6
	1110
	10
	0000001
	-

	7
	1110
	11
	00000001
	-

	8
	1111
	000
	00000000
	000

	9
	1111
	001
	00000000
	001

	10
	1111
	010
	00000000
	010

	11
	1111
	011
	00000000
	011

	12
	1111
	100
	00000000
	100

	13
	1111
	101
	00000000
	101

	14
	1111
	110
	00000000
	110

	15
	1111
	111
	00000000
	111


	Table 2: The bin strings for syntax values 16 ~ 31 for TU32x32 by the proposed method and WD 4 of HEVC
　
	Bin String

	　
	Prefix Bins
	Suffix

	Proposed Method
	1
	1
	1
	1
	1
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	x
	x
	x
	x

	WD 4 of HEVC
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	x
	x
	x
	x


The bin string generated by binarization of msb_plus_one is encoded in the CABAC mode with each bin being assigned a single context. Some of the most significant refinement bins are also encoded in the CABAC mode. The remaining refinement bins are encoded in the bypass mode. For context selection, the current HM needs to refer to a look-up table for coding each bin in the CABAC mode. In contrast, the selected context can be derived from the bin index in the proposed method. 

The context index for coding the bin index j of the bin string representing msb_plus_one in block type i is given by 
 
msbP1CtxIdx[ i ][ j ]  =  msbP1CtxSetOffset[ i ] + j ,
where block type index i is equal to 0, 1, 2, and 3 for indicating 4x4, 8x8, 16x16 and 32x32 transform blocks, respectively, and the offset of the context set for block type i is given by 

msbP1CtxSetOffset[ i ]  =  {0, 2, 5, 9}.for i = 0 .. 3.

The context index for coding the most significant refinement bin associated with msb_plus_one equal to j in block type i is given by

refCtxIdx[ i ][ j ]  =  refCtxSetOffset[ i ] + j,,

where the offset of the context set for block type i is given by


refCtxSetOffset[ i ] = { 12, 13, 15, 18} for i = 0 .. 3.  
3 Experimental Results

The proposed algorithm has been fully implemented using HM-4.0 as software base and experimentally evaluated according to the common test conditions defined in JCTVC-F900 [3]. The experimental results are provided in the included spread sheet and summarized in Table 3. 
Table 3: The summary of the experimental results under the common test conditions
	　
	All Intra HE

	　
	Y
	U
	V

	Class A
	-0.1%
	-0.1%
	0.0%

	Class B
	-0.1%
	0.0%
	0.0%

	Class C
	0.0%
	0.0%
	0.0%

	Class D
	0.0%
	0.0%
	0.0%

	Class E
	-0.1%
	-0.2%
	-0.1%

	Overall
	-0.1%
	0.0%
	0.0%

	　
	-0.1%
	0.0%
	0.0%

	　
	Random Access HE

	　
	Y
	U
	V

	Class A
	-0.1%
	0.0%
	-0.3%

	Class B
	-0.1%
	0.0%
	-0.1%

	Class C
	0.0%
	-0.1%
	0.1%

	Class D
	0.0%
	-0.1%
	-0.2%

	Class E
	　
	　
	　

	Overall
	0.0%
	0.0%
	-0.1%

	　
	0.0%
	-0.1%
	-0.1%

	　
	Low delay B HE

	　
	Y
	U
	V

	Class A
	　
	　
	　

	Class B
	0.0%
	0.2%
	-0.1%

	Class C
	0.0%
	0.0%
	0.0%

	Class D
	0.0%
	0.4%
	-0.4%

	Class E
	-0.1%
	-0.4%
	-0.5%

	Overall
	0.0%
	0.1%
	-0.2%

	　
	0.0%
	0.1%
	-0.2%


4 Conclusions

This contribution proposes a modified method for coding syntax elements last_significant_coeff_x and last_significant_coeff_y. The proposed method can further reduce the number of the coded bins, particularly significant under the worst case scenario. Experimental results show Y BD-rate gains 0.1%, 0.0%, 0.0% and 0.1% for HE-AI, HE-RA, HE-LDB, and HE-LDP, respectively.
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