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1. Introduction

Question 6 encourages KTA (Key Technical Area) Software [1] to establish common software for the coding efficiency developments and also defines common test conditions for the coding efficiency experiments.  BALF (Block-based Adaptive Loop Filter) [2] [3] [4] is one of the coding efficiency improvement tools in KTA Software version 2.2r1.  BALF applies a filter to luminance blocks of the decoded picture in order to reduce coding error, and provides a signaling scheme to indicate whether the luminance block is filtered for each luminance block.  In addition, chrominance pixels are filtered by filter coefficients designed independently of luminance.

In this contribution, we propose Quadtree-based Adaptive Loop Filter (QALF).  This is an improvement of BALF that introduces quadtree block partitioning.  Our simulation results show an average of 6.79% bitrate reduction for the VCEG common test conditions [5] with RDO_Q [6] and NewOffset, and an average of 10.24% bitrate reduction for 720p and 1080p VCEG sequences.
2. Introduction of Quadtree Block Partitioning

BALF [4] signals a flag to indicate whether the luminance signal of a block is filtered.  The block size is determined slice by slice, and the same block size is used for the frame.  This contribution introduces quadtree block partitioning of the block size for a frame as shown in Figure 1.  There are two kinds of flags for QALF.  
The first flag is block partitioning flag that indicates whether the block is partitioned.  The largest block size in the frame, whose layer is Layer 0, is signaled in slice header.  In addition, the number of layers L is signaled in slice header.  Horizontal and vertical block size of Layer N is the half of Layer N-1.  If a block of Layer N is partitioned, the block partitioning flag for the block is set to 1.  Otherwise, set to 0.  For four sub-blocks of the partitioning block of Layer N-1, the block partitioning flags for the four sub-blocks are signaled in Layer N.  The block partitioning flag is signaled for Layers 0 to L-2.  

The second flag is filter block flag that indicates whether the block or sub-block is filtered.  If the block partitioning flag is 0 or the layer is L-1, the filter block flag is signaled.
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Figure 1: Quadtree block partitioning
3. Experimental Results

We have conducted some simulations for all VCEG sequences of QCIF, CIF, 720p and 1080p based on the recommended simulation common conditions with KTA 2.2r1 for coding efficiency experiments.  The bitrate reduction ratio (ΔBitrate) was calculated based on BD-PSNR [7] using BJM add-in supplied in VCEG-AE07 [8]. In this experiment, two encoding tools, RDO_Q [6] and NewOffset are added to anchor condition.
Bitrate reduction of BALF [4] compared to the anchor is 6.31% on average.  On the other hand, bitrate reduction of QALF is 6.79% on average as shown in Table 2, which means that 0.48% of additional bitrate reduction is achieved by this contribution.  As for 720p and 1080p sequences, average bitrate reduction is 10.24%.
Table 2: Experimental results of QALF
	Seq.
	Size
	Δbitrate (%)

	
	
	Baseline IPPP
	High 

IPPP
	High

IBBP
	High
HB
	Overall

average

	container_qcif
	QCIF
	10.99 
	2.37 
	1.77 
	2.35 
	

	foreman_qcif
	
	4.62 
	3.27 
	2.37 
	1.48 
	

	silent_qcif
	
	2.32 
	1.95 
	2.71 
	2.51 
	

	foreman_cif
	CIF
	8.76 
	5.22 
	3.19 
	2.95 
	

	mobile_cif
	
	8.41 
	6.19 
	4.46 
	7.62 
	

	paris_cif
	
	3.66 
	0.79 
	0.70 
	0.53 
	

	tempete_cif
	
	5.44 
	3.20 
	3.02 
	4.37 
	

	BigShips
	720p
	12.58 
	5.50 
	5.73 
	8.35 
	

	City
	
	22.41 
	12.26 
	11.07 
	10.14 
	

	Crew
	
	18.91 
	6.35 
	6.98 
	7.12 
	

	Night
	
	7.42 
	6.07 
	5.82 
	4.95 
	

	ShuttleStart
	
	27.99 
	6.61 
	7.11 
	7.11 
	

	Rolling Tomatoes
	1080p
	15.96 
	12.10 
	6.96 
	10.18 
	

	QCIF,CIF Average
	6.31 
	3.28 
	2.60 
	3.11 
	3.83 

	720p.1080p Average
	17.55 
	8.15 
	7.28 
	7.98 
	10.24 

	Total Average
	11.50 
	5.53 
	4.76 
	5.36 
	6.79 


4. Conclusion

In this contribution, we proposed a new adaptive loop filter that introduces quadtree block partitioning.  Additional 0.48% bitrate reduction is achieved by this contribution, which results in the achievement of 6.79% bitrate reduction on average compared to the anchor.
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