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Abstract

This contribution proposes an extension of deblocking filter process for large block boundary. In HEVC, both large transform block and prediction block were introduced. When a large block is used for a smooth area where luma value is little varying and/or gradation, blocking artifact becomes much visible on low bitrate. In addition, when a texture region is coded by a large block whose neighboring blocks are small, large block boundary is sometimes visible due to the difference of texture coding. For improving the visual quality, this contribution proposes an extension of edge filtering process from six filtered samples to 14 filtered samples only for a boundary of large blocks. While BD-rate is degraded, a visual quality on large QP is improved on a subjective evaluation. In revision 1, an editorial improvement is applied. In revision 2, harmonization between the proposed deblocking filter and quadtree plus binary tree (QTBT) is described. Viewing results during the meeting is also described.
1 Introduction

The current deblocking filter (DBF) process in JEM2.0 is directly inherited from the one in HEVC. In summary, the deblocking filter process consists of four steps; TU boundary detection, PU boundary detection, filtering strength derivation, and edge filtering process for vertical and horizontal edges. Every process (including no filtering) is based on 8x4/4x8 block unit.
When a large block is used for a smooth region, blocking artifacts become much visible on low bitrate. Because a consumer display size becomes large like 42 or 55 inch at 4K resolution, an actual block size in real-world becomes also large like 0.3x0.3 or 0.4x0.4 inch at 32x32 block. In addition, another reason is an increase of the brightness of a display in consumer products. A small luminance difference between coded blocks becomes annoying.
In order to attenuate the blocking artifacts, an extension of DBF process is proposed in this contribution for large block boundary. To maintain a coherence of existing BDF process, the proposed method only modifies the edge of a large block when a strong filter is valid.

2 Proposed method

2.1 Description
The proposed method consisted of two parts; edge boundary detection of large block and extension of the filtered samples on edge filtering process.
When the following conditions are true, the proposed edge filtering is applied:

· Edge boundary is located between 16x16 (or larger) blocks.

· The filter type is strong.

The JEM2.0 filter coefficients of p3-p0 and q0-q3 for p0, p1, and p2 pixels are as follows.
p2 = 2,3,1,1,1,0,0,0
p1 = 0,2,2,2,2,2,0,0
p0 = 0,1,2,2,2,1,0,0

The proposed filter coefficients of p7-p0, and q0-q7 for p0-p6 pixels are as follows.
p6 = 3,5,2,1,1,1,1,1,1,0,0,0,0,0,0,0
p5 = 1,2,5,2,1,1,1,1,1,1,0,0,0,0,0,0
p4 = 0,1,3,3,3,1,1,1,1,1,1,0,0,0,0,0
p3 = 0,1,2,2,2,2,2,1,1,1,1,1,0,0,0,0
p2 = 0,0,1,2,2,2,2,2,2,1,1,1,0,0,0,0
p1 = 0,0,1,1,2,2,2,2,2,2,1,1,0,0,0,0
p0 = 0,0,0,1,2,2,2,2,2,2,2,1,0,0,0,0
As a summary, JEM2.0 and the proposed method apply three pixels and seven pixels for each side, respectively. The number of filter taps are also extended from five taps to 11 taps. The coefficients are decided based on the JEM2.0.

The other derivation processes are not changed from the JEM2.0, i.e. decision process for luma block edge is still derived from only four pixels on top and bottom lines in an 8x4 block segment.
2.2 Harmonization with QTBT

In the current QTBT implementation of HM-16.6-JEM-2.0-QTBT [2], the deblocking filter is modified by DF_MODIFY macro because an edge position is changed by varying block size. Therefore, the following conditions are true, the proposed edge filtering is applied:
· Edge boundary is located between two blocks of which cross edge sizes are 16 or longer than 16.

· The filter type is strong.
It is noted that a block size is replaced by an edge size. Direction of edge size depends on that of edge boundary like EDGE_VER or EDGE_HOR.

The remaining part including filter coefficients are same as the previous section.
3 Experimental results

3.1 Objective results
The proposed method is implemented to JEM2.0. A test condition follows the JVET common test condition [1]. The summary of BD-rate is shown in the following table. The running time evaluation is unreliable since the experiments were run on different environments.
Table 1 Results by the extended deblocking filter method
	
	All Intra Main10 
	Random Access Main 10
	Low delay B Main10 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A1
	0.36%
	-0.01%
	0.02%
	0.91%
	0.01%
	-0.08%
	
	
	

	Class A2
	0.25%
	-0.02%
	-0.07%
	1.29%
	-0.06%
	0.03%
	
	
	

	Class B
	0.17%
	0.00%
	-0.01%
	0.89%
	0.04%
	0.10%
	2.20%
	0.05%
	0.74%

	Class C
	0.08%
	0.00%
	0.01%
	0.56%
	0.02%
	0.04%
	1.82%
	-0.06%
	-0.22%

	Class D
	0.04%
	-0.01%
	0.00%
	0.29%
	-0.07%
	-0.17%
	0.92%
	-0.08%
	-0.49%

	Class E
	0.13%
	0.00%
	0.01%
	
	
	
	8.37%
	2.08%
	1.23%

	Overall 
	0.17%
	0.00%
	-0.01%
	0.79%
	-0.01%
	-0.01%
	2.94%
	0.37%
	0.28%


3.2 Subjective results
A sample of subjective comparisons are shown in Figure 1. Decoded sequences of the both QP37 and QP42 by the random access condition are prepared. We recommend conducting the viewing test during the meeting if the viewing room is available.
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Figure 1 Decoded images by the JEM2.0 (top) and by the proposed extended deblocking filter (bottom). The conditions are the random access, QP42, and the seventh frame. Block artifacts in the background region are reduced.
3.3 Viewing test (demonstration)
During the JVET-C meeting, a viewing session was conducted from 2PM to 3PM, 30th May, in the viewing room. Roughly 25 experts attended the viewing session. Two sequences from class B and one from class C with a random access and a low-delay B conditions were mainly shown. One sequence from class E with low-delay B condition was also shown. Other sequences and conditions were shown based on further requests. It is noted that the display refresh rate is 59.94, displaying frame rate were set as 59.94 or 29.97 which is independent to sequences frame rate like 24 and 50fps. As a result, experts found small differences between the videos by JEM2.0 and the proposal. However, some degradation like additional blockiness with small size was recognized in class E sequence.
4 Conclusion
This contribution proposed an extension of edge filtering process for large block boundary in the deblocking filter process. The proposed method consisted of two parts; edge boundary detection of large block and extension of the number of filtered samples from six to 14. The proposed method was implemented on the top of JEM2.0. BD-rate gain was degraded but the subjective quality was improved on the low bitrate (large QP condition). Furthermore, harmonization with QTBT was also described. We recommended including the proposed method into the next version of JEM and studying it in the exploration experiments (EEs).
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