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1. Introduction

At the Study Group 16 meeting in April, there were two contributions to improve coding efficiency by applying Wiener filter to decoded pictures ‎[1],‎[2].  The filtered pictures are displayed and used as reference pictures.  We proposed Adaptive Loop Filter (ALF) ‎[1] that classifies pixels into up to two groups and applies Wiener filter with different characteristics to each group.  ALF showed an average of 5.47% bitrate reduction for the VCEG common test conditions.

In this contribution, we propose Block-based Adaptive Loop Filter (BALF) that is an improvement of ALF.  BALF applies a filter to luminance blocks, and a flag to indicate whether the luminance block is filtered is signaled for each luminance block.  In addition, chrominance pixels are filtered by filter coefficients designed independently of luminance.

BALF achieved an average of 7.20% bitrate reduction for luminance for the VCEG common test conditions.
2. Overview of Block-based Adaptive Loop Filtering (BALF)

Figures 1 and 2 depict block diagrams of encoder and decoder with BALF.  Syntax, semantics and decoding process to support BALF are described in Annex A.

A filter designed for luminance can be applied to luminance of the decoded slice.  A flag to indicate whether the luminance block is filtered is signaled for each luminance block.  The luminance block size, which can be 8x8, 16x16, 24x24, 32x32, 48x48, 64x64, 96x96, or 128x128, is signaled for each slice.

A filter designed for chrominance can be applied to chrominance of the decoded slice only if luminance filter is applicable.  It is signaled for each slice whether the chrominance filter is applied to only Cb, only Cr, or both Cb and Cr.

The results of the above processes are displayed and used as reference pictures.
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Figure 1  Block Diagram of Encoder with BALF
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Figure 2  Block Diagram of Decoder with BALF

3. Experimental Results

We implemented BALF on KTA software version 1.9 ‎[3].  We have conducted simulation for all VCEG sequences of QCIF, CIF, and 720p based on the recommended simulation common conditions for coding efficiency experiments (VCEG-AE10r1 ‎[4]).  BD-PSNR ‎[5] (ΔBitrate[%]) is measured according to BJM add-in proposed by VCEG-AE07 ‎[6].

Table 1 shows ΔBitrate for luminance.  An average of 7.20% bitrate reduction compared with the VCEG anchor is achieved for all sequences and all prediction structures.  

As for chrominance, an average of 8.30% and 5.84% bitrate reduction for Cb and Cr compared with the VCEG anchor is achieved for all sequences and all prediction structures.
Furthermore, we have conducted simulation of a combination of BALF and techniques to improve filter precision ‎[7].  If BALF is combined with the high-precision filter and the new DC offset, an average of 7.95% bitrate reduction for luminance compared with VCEG anchor is achieved for all sequences and all prediction structures.  The gain of BALF from The high-precision filter and the new DC offset is 5.07%, which means that BALF provides a significant gain independently.
Table 1  ΔBitrate for luminance
	Test Sequence
	Baseline
	High IPPP
	High IBBP
	Hi-B

	
	ΔBitrate (%)
	ΔBitrate (%)
	ΔBitrate (%)
	ΔBitrate (%)

	container_qcif
	11.30
	 3.23
	 1.62
	 0.66

	foreman_qcif
	 4.05
	 3.19
	 1.79
	 1.59

	silent_qcif
	 3.61
	 2.99
	 3.41
	 2.73

	foreman_cif
	 7.90
	 6.13
	 3.41
	 3.38

	mobile_cif
	 7.94
	 6.88
	 5.82
	 9.60

	paris_cif
	 2.93
	 2.17
	 1.68
	 0.78

	tempete_cif
	 4.72
	 3.81
	 4.12
	 5.84

	Total average of QCIF & CIF
	 6.06
	 4.06
	 3.12
	 3.51

	BigShips
	12.14
	 9.64
	 9.45
	12.22

	City
	22.06
	15.96
	13.31
	11.52

	Crew
	18.19
	 8.31
	 6.88
	 6.20

	Night
	 6.41
	 5.24
	 5.10
	 4.15

	ShuttleStart
	26.02
	16.09
	10.44
	 9.05

	Total average of 720p
	16.96
	11.05
	 9.03
	 8.63

	Total average 
	10.61
	 6.97
	 5.59
	 5.64


4. Conclusion

In this contribution, we proposed Block-based Adaptive Loop Filter (BALF) to improve coding efficiency.  We have tested BALF for all QCIF, CIF and 720p60 sequences based on VCEG-AE10r1 using the KTA software version 1.9.  As a result, an average of 7.20% bitrate reduction is achieved for luminance compared with the VCEG anchor.  Moreover, BALF showed 5.07% of an additional gain for luminance compared with the high-precision filter and the new DC offset implemented in KTA software version 1.9.
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Annex A
A.1 Syntax
A.1.1 Slice header syntax
	slice_header( ) {
	Descriptor

	…
	

	adaptive_loopfilter_flag
	u(1)

	}
	


A.1.2 Adaptive loop-filter RBSP syntax
	adaptive_loopfilter_rbsp( ) {
	Descriptor

	frame_num
	ue(v)

	For( i = 0; i < num_of_coeff_luma; i ++ ) {
	

	filter_coeff_luma[i]
	se(v)

	}
	

	chroma_loopfilter_idc
	u(2)

	if(chroma_loopfilter_idc!=0) {
	

	for(i = 0; i < num_of_coeff_chroma, i ++ ) {
	

	filter_coeff_chroma[i]
	se(v)

	}
	

	}
	

	block_adaptive_control_flag
	u(1)

	if(block_adaptive_control_flag==1) {
	

	block_size_idx
	u(3)

	for(i = 0; i < num_of_block; i ++) {
	

	filter_block_flag[i]
	ue(v)|ae(v)

	}
	

	}
	

	rbsp_trailing_bits( )
	

	}
	


A.2 Semantics
A.2.1 Slice header semantics
adaptive_loopfilter_flag: specifies the use of adaptive loop filter for the slice.
A.2.2 Adaptive loop-filter RBSP semantics

frame_num: corresponds to frame_num in slice header.  Slices with the same value of frame_num are filtered using the filter coefficients in this RBSP.
filter_coeff_luma[i]: specifies filter coefficients for luminance.
chroma_loopfilter_idc: specifies which chroma component is loop-filtered.  chroma_loopfilter_idc shall be in the range of 0 to 3, inclusive.  If chroma_loopfilter_idc is 3, loop-filter for both Cb and Cr is applied.  If chroma_loopfilter_idc is 2, loop-filter for Cb is applied.  If chroma_loopfilter_idc is 1, loop-filter for Cr is applied.  If chroma_loopfilter_idc is 0, loop-filter for chrominance is not applied.
filter_coeff_chroma[i]: specifies filter coefficients for chrominance.
block_adaptive_control_flag: is a flag that specifies whether block adaptive loop-filter is applied for luminance.  ‘1’ indicates block by block loop-filter is applied.  ‘0’ indicates loop-filter is applied for the slice.

block_size_idx: specifies the index of block_size.  block_size is derived according to Table A-1.  num_of_block is calculated by ( ( PicWidthInMbs * 16 + block_size – 1 ) / block_size ) * ( ( PicHeightInMapUnits * 16 + block_size - 1 ) / block_size ).

filter_block_flag[i]: is a flag whether loop-filter is applied to luminance of block[i].  The index i represents the position of the block in raster scan order.
Table A-1  Meaning of block_size_idx

	block_size_idx
	0
	1
	2
	3
	4
	5
	6
	7

	block_size
	8x8
	16x16
	24x24
	32x32
	48x48
	64x64
	96x96
	128x128


A.3 Decoding Process
A.3.1 Derivation Process of Filter Coefficients
 For reference luminance pixels, 7x7 tap point symmetrical filter with DC offset is applied.  In this case, num_of_coeff_luma is 26.  For non-reference luminance pixels and chrominance pixels, 5x5 tap point symmetrical filter is applied.  In this case, num_of_coeff_luma and num_of_coeff_chroma is 14.  The filter coefficients are signaled in raster scan order as shown in Table A-2, which is followed by the DC offset.

Table A-2  Position of Filter Coefficients
	(a) 7x7 tap
	
	(b) 5x5 tap

	0
	1
	2
	3
	4
	5
	6
	
	0
	1
	2
	3
	4

	7
	8
	9
	10
	11
	12
	13
	
	5
	6
	7
	8
	9

	14
	15
	16
	17
	18
	19
	20
	
	10
	11
	12
	11
	10

	21
	22
	23
	24
	23
	22
	21
	
	9
	8
	7
	6
	5

	20
	19
	18
	17
	16
	15
	14
	
	4
	3
	2
	1
	0

	13
	12
	11
	10
	9
	8
	7
	
	
	
	
	
	

	6
	5
	4
	3
	2
	1
	0
	
	
	
	
	
	


Except for the DC offset, the signaled filter coefficients are added to the filter coefficients of the previous frame with the same slice type and the same reference type (reference or non-reference) in order to obtain the actual filter coefficients a(h,v).  As for the DC offset, the actual DC offset, DCoffset, is obtained by adding 128 to the signaled DC offset.

A.3.2 Filtering Process
For 7x7 tap filter, Equation A-1 is used.  For 5x5 tap filter, Equation A-2 is used.
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(A-1)
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(A-2)
A.3.3 Block Adaptive Loop Filter Process for Luminance
If there is no adaptive loop-filter RBSP for a frame, loop filter for luminance is not applied.

If there is adaptive loop-filter RBSP for a frame, the following rules are applied for luminance:

If block_adaptive_control_flag is 0, filtered luminance pixels are used for display and reference.

If block_adaptive_control_flag is 1, filtered or non-filtered luminance pixels are selected block by block according to filter_block_flag[i].
A.3.4 Loop Filter for Chrominance
If loop filter for luminance is not applied, loop filter for chrominance is not applied.

If loop filter for luminance is applied, the following rules are applied for chrominance:

If chroma_loopfilter_idc is 0, loop filter for chrominance is not applied.

If chroma_loopfilter_idc is 1, loop filter for Cr is applied.

If chroma_loopfilter_idc is 2, loop filter for Cb is applied.

If chroma_loopfilter_idc is 3, loop filter for both Cb and Cr is applied.  In this case, the same filter coefficients are used.
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