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Abstract

This contribution proposes a set of more accurate scan patterns that matches with coefficient distribution after prediction. This benefit, together with an associated mapping table, improves coding performance of HM by 0.1% in low delay low complexity test condition.
Introduction
In HEVC [1], when a block has at least one non-zero coefficient after 2D transformation and quantization, a significance map is coded, followed by the absolute value and the sign of each non-zero coefficients. The significance map specifies the position(s) of non-zero quantized coefficient(s) in the 2D transform domain. Specifically, given a quantized 2D transform block, if the value at a position (y,x) is zero, 0 is assigned for the position (y,x) in the associated significance map. Otherwise, 1 is assigned to the position (y,x) in the significance map.

The significance map is coded using entropy coding; either CABAC or LCEC. Entropy coding process then encodes one element of significance map at a time according to its order in the scanning pattern. In Daegu meeting, Mode Dependent Coefficient Scanning (MDCS) [2] was adopted for small TUs (4x4 and 8x8) in intra coding mode. For large TUs and inter coding mode, zigzag scan is used. MDCS assigns one of three possible scanning patterns; i.e., zigzag, horizontal, vertical, to each intra prediction direction. This scanning assignment is fixed and a mapping table is used to describe relationship between scanning patterns and intra prediction directions
Proposed Scan

The proposed method improves the coding performance by using scanning patterns that likely scan the non-zero coefficients first. Since intra prediction direction indicates local characteristic of a block, specific scanning pattern can be designed to take advantage of this characteristic. For example, block that utilizes horizontal intra prediction generally has a dominant residual in along horizontal direction. This corresponds to a strong concentration of transform coefficient in vertical direction. This outcome hence favors vertical leaning scanning pattern in the sense that most non-zero coefficients can be coded early in entropy coding process.

Considering trade-off between coding performance and complexity, this contribution proposes using 5 unique scan patterns addressing 4x4 TU and 8x8 TU in intra low complexity coding condition. Figs. 1 and 2 show the 2 new scan patterns for 4x4 TU and Figs. 3 and 4 show another 2 new scan patterns for 8x8 TU to be used in this example. For 4x4 TU, there are a total of 17 intra prediction directions and for 8x8 TU, there are a total of 34 intra prediction directions. Table 1 demonstrates a mapping table between the new scan patterns and intra prediction directions. 
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Fig. 1 New 4x4 directionally horizontal scan pattern
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Fig. 2 New 4x4 directionally vertical scan pattern
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Fig. 3 New 8x8 directionally horizontal scan pattern


[image: image4.emf]0 2 6 12

1 5 11 19

3 7 13 21

4 10 18 26

20 28 36 44

27 35 43 51

29 37 45 56

34 42 50 59

8 14 22 30

9 17 25 33

15 23 31 39

16 24 32 40

38 46 52 60

41 49 55 61

47 53 57 62

48 54 58 63


Fig. 4 New 8x8 directionally vertical scan pattern

Table 11: Mapping table for intra luma coefficient scan index selection, zigzag (0), horizontal (1), vertical (2), directionally horizontal scan , directionally vertical (4).
	                  Mode
    TU 
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33

	32x32
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	16x16
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	8x8
	1
	2
	0
	0
	3
	3
	0
	4
	4
	0
	0
	3
	3
	0
	0
	4
	4
	0
	0
	0
	3
	3
	3
	3
	0
	0
	0
	0
	4
	4
	4
	4
	0
	0

	4x4
	1
	2
	0
	0
	3
	3
	0
	4
	4
	0
	0
	3
	3
	0
	0
	4
	4
	0
	0
	0
	3
	3
	3
	3
	0
	0
	0
	0
	4
	4
	4
	4
	0
	0


Experimental Results
The proposed method was implemented in HM-2.0 and tested to evaluate its coding performance and complexity. The binaries were compiled using Microsoft Visual Studio 2008 64bit. The coding conditions used for the simulations are specified in [3]. YUV file output during the decoding was disabled when collecting the decoding time statistics. Experimental results for intra low complexity condition are given in Table 12. Notice that simulation platform of the proposed method and that of the anchor are different and hence results for encoding and decoding time are unreliable.
Table 12: Coding performance and complexity of the proposed method

	 
	Intra LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-0.6 
	-0.1 
	0.0 

	Class B
	0.0 
	0.2 
	0.2 

	Class C
	0.2 
	0.3 
	0.3 

	Class D
	0.2 
	0.3 
	0.3 

	Class E
	-0.2 
	0.1 
	0.1 

	All
	-0.1 
	0.1 
	0.2 

	Enc Time[%]
	147%

	Dec Time[%]
	137%
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