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Abstract
This contribution presents ALF method using two filter shapes both having 9 coefficients: star-5x5 and cross-11x7. Compared to the previously adopted proposal JCTVC-F303, one coefficient has been added to construct cross-11x7, and extended its vertical-size to 7. The proposed method reports gains of 0.1/0.2/0.3/0.2 BD-rate for AI/RA/LDB/LDP structures as compared to HM4.0, with average of 2% / 1% enc / dec time increases on Linux cluster server. 

1 Introduction
In the 6th JCT-VC meeting, ALF using two shapes, star(snowflake)-5x5 and cross-11x5 [1] as depicted in Figure 1, was adopted for both luma and chroma filtering. The spirit was reduced memory bandwidth/line buffer requirements and reduced complexity of filtering operations, while preserving the achievable gain of ALF. Meanwhile, multiple proposals [2][3] presented techniques to reduce line buffer requirements such that filters with larger vertical-size can be used. Improvements in coding efficiency were reported.
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Figure 1 Star-5×5 with 9 coefficients, and cross-11x5 with 8 coefficients [1]
In this contribution, a cross-11x7 filter is proposed to replace cross-11x5, by adding one coefficient and extended its vertical-size to 7.
2 Proposed filters: Same star-5x5 Shape, with new cross-11x7
The proposed two filters are depicted as Figure 2 below. Both of the filters have 9 coefficients. As described in [1], the same star-5x5 filter preserves the directional filtering capability. The new cross-11x7 has more balanced horizontal/vertical lengths, leading to improved filtering properties, while not extending the vertical-size too much, as there might still be line buffer required even if some line buffer proposals are used [4].
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Figure 2 Star-5×5 and cross-11x7, both with 9 coefficients 

Same as in HM4.0, the encoding algorithm to utilize the proposed two shapes is as the following: 

1. Using only block-based classification (BA), evaluate two sets of filter using the respective shapes as in Figure 2. Select the shape which provides better rate-distortion efficiency. 

2. After filter shape has been decided, evaluate region-based classification to determine to use block-based filter adaptation (BA) or region-based filter adaptation (RA).

3. Finally, a CU-adaptive on/off decision is performed using the filters of the selected shape (from Step 1) and classification method (from Step 2). 
3 Simulation Results

As compared to HM4.0 as anchor, the performance is provided below.
	
	All Intra HE

	
	Y
	U
	V

	Class A
	-0.2%
	-0.1%
	-0.1%

	Class B
	-0.1%
	0.0%
	0.0%

	Class C
	0.0%
	-0.1%
	-0.1%

	Class D
	-0.1%
	0.0%
	-0.1%

	Class E
	-0.2%
	0.0%
	0.0%

	Overall
	-0.1%
	0.0%
	-0.1%

	 
	-0.1%
	0.0%
	-0.1%

	Enc Time[%]
	103%

	Dec Time[%]
	101%

	
	
	
	

	
	Random Access HE

	
	Y
	U
	V

	Class A
	-0.3%
	-0.2%
	-0.4%

	Class B
	-0.1%
	-0.2%
	-0.1%

	Class C
	-0.1%
	-0.2%
	-0.3%

	Class D
	-0.3%
	-0.2%
	-0.5%

	Class E
	 
	 
	 

	Overall
	-0.2%
	-0.2%
	-0.3%

	 
	-0.2%
	-0.2%
	-0.3%

	Enc Time[%]
	101%

	Dec Time[%]
	102%

	
	
	
	

	
	Low delay B HE

	
	Y
	U
	V

	Class A
	 
	 
	 

	Class B
	-0.2%
	-0.5%
	-0.4%

	Class C
	-0.2%
	-0.4%
	-0.3%

	Class D
	-0.3%
	-0.4%
	-0.4%

	Class E
	-0.6%
	-0.3%
	-0.2%

	Overall
	-0.3%
	-0.4%
	-0.3%

	 
	-0.3%
	-0.4%
	-0.3%

	Enc Time[%]
	101%

	Dec Time[%]
	101%

	
	
	
	

	
	Low delay P HE

	
	Y
	U
	V

	Class A
	 
	 
	 

	Class B
	-0.2%
	-0.3%
	-0.3%

	Class C
	-0.1%
	-0.2%
	-0.4%

	Class D
	0.0%
	0.0%
	-0.7%

	Class E
	-0.5%
	-0.1%
	-0.4%

	Overall
	-0.2%
	-0.2%
	-0.4%

	 
	-0.2%
	-0.2%
	-0.5%

	Enc Time[%]
	101%

	Dec Time[%]
	101%


4 Changes in Working Draft text
7.4.3.5
Adaptive loop filter parameter semantics

...
...
The number of coded luma filter coefficients AlfCodedLengthLuma and the number of luma filter coefficients AlfLengthLuma are derived as follows:

· If alf_filter_shape_luma is equal to 0,  
AlfCodedLengthLuma =10

(7‑11)
AlfLengthLuma =18

(7‑12)
· Otherwise (alf_filter_shape_luma  is equal to 1), 
AlfCodedLengthLuma =9 10

(7‑13)
AlfLengthLuma =16 18

(7‑14)
…
…

The number of coded chroma filter coefficients AlfCodedLengthChroma and the number of chroma filter coefficients AlfLengthChroma are derived as follows:

· If alf_filter_shape_chroma is equal to 0,  
AlfCodedLengthChroma =10

(7‑18a)
AlfLengthChroma =18

(7‑19a)
· Otherwise (alf_filter_shape_chroma is equal to 1), 
AlfCodedLengthChroma =9 10

(7‑18b)
AlfLengthChroma =16 18

(7‑19b)
…
…

8.6.3.4 Filtering process for luma samples

…

…

Each sample of luma picture recFiltPictureL[ xC + x ][ yC + y ] with x, y = 0..(nS)-1, is derived as follows.
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(8‑476)
where N is set equal to AlfNumCoeffLuma-1 and horPos[i] and verPos[i] are specified in Table 8‑14 and Table 8‑15, respectively.
Table 8‑14 – Specification of horPos[ i ] according to alf_filter_shape_luma for adaptive loop filter process of luma samples

	i
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	alf_filter_shape_luma = 0
	-2
	0
	2
	-1
	0
	1
	-2
	-1
	0
	1
	2
	-1
	0
	1
	-2
	0
	-2

	alf_filter_shape_luma = 1
	0
	0
	0
	-5
	-4
	-3
	-2
	-1
	0
	1
	2
	3
	4
	5
	0
	0
	0


Table 8‑15 – Specification of verPos[ i ] according to alf_filter_shape_luma for adaptive loop filter process of luma samples
	i
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	alf_filter_shape_luma = 0
	-2
	-2
	-2
	-1
	-1
	-1
	0
	0
	0
	0
	0
	-1
	-1
	-1
	-2
	-2
	-2

	alf_filter_shape_luma = 1
	-3
	-2
	-1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	2
	3
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Figure 8‑7 Mapping between geometric position and luma adaptive loop filter index according to alf_filter_shape_luma (informative)
8.6.3.5 Filtering process for chroma samples

…

…

Filtered samples of chroma picture recFiltPicture[ xC + x ][ yC + y ] with x, y = 0..(nS)-1, are derived as follows.
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(8‑477)
where N is set equal to AlfNumCoeffChroma-1 and horPos[i] and verPos[i] are specified in Table 8-C0 and Table 8-C1, respectively.
Table 8‑C0 – Specification of horPos[ i ] according to alf_filter_shape_chroma for adaptive loop filter process of chroma samples

	i
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	alf_filter_shape_chroma = 0
	-2
	0
	2
	-1
	0
	1
	-2
	-1
	0
	1
	2
	-1
	0
	1
	-2
	0
	-2

	alf_filter_shape_chroma = 1
	0
	0
	0
	-5
	-4
	-3
	-2
	-1
	0
	1
	2
	3
	4
	5
	0
	0
	0


Table 8‑C1 – Specification of verPos[ i ] according to alf_filter_shape_ chroma for adaptive loop filter process of chroma samples
	i
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	alf_filter_shape_chroma = 0
	-2
	-2
	-2
	-1
	-1
	-1
	0
	0
	0
	0
	0
	-1
	-1
	-1
	-2
	-2
	-2

	alf_filter_shape_chroma = 1
	-3
	-2
	-1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	2
	3
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