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Abstract

This contribution presents experimental results for the chroma deblocking filter in CE10 Subtest 1. In specific, chroma deblocking filter with independent filtering decision and 8x8 filtering unit is tested and proposed. It is reported that, average BD-Rate reduction of 0.7% can be achieved for chroma. The run time is reported to be similar to HM5.0. It is also reported that the subjective quality is almost the same as that of HM5.0.

1 Introduction
In HM5.0 deblocking filter, filtering decision is only applied on luma boundaries. In order to further improve both objective performance and subjective quality, we have proposed a chroma filtering decision strategy in our previous proposal JCTVC-F118 [1], which is based on a filtering unit according to sampling format. For 4:2:0 format, the chroma filtering is performed on a 4x4 grid. To reduce complexity, 8x8 filtering unit is used in this contribution. 

The rest of this contribution is organized as follows. Section 2 describes the proposed method. Section 3 shows and analyzes the experimental results. And section 4 draws our conclusions.

2 Proposed Method
Compared with HEVC deblocking filter, the proposed chroma filtering has two major differences: boundary strength (Bs) and filtering decision. 
2.1 Chroma Boundary Strength
In HEVC, chroma boundary strength (Bs) values are not calculated for chroma. Only intra boundaries are filtered. To fully exploit the chroma characteristics, we propose to also filter inter boundaries. For that purpose, the Bs for chroma is computed. After that, the boundaries with Bs > 0 will be filtered. For a given block boundary between blocks A and B, the full definitions for chroma Bs are as follows:

1. If either A or B is coded with intra prediction mode, Bs is set to 2.

2. Otherwise, if this boundary is also a transform unit boundary and either A or B contains non-zero transform coefficients, Bs is set to 1.

3. Otherwise, Bs is set to 0.
2.2 Chroma Filtering Decision
Chroma components can be filtered at the block boundaries with chroma boundary strength BS > 0. For the 4:2:0 sampling format, separate filtering decisions are done on each sub-boundary with length 4. In each sub-boundary with length 4, the 2nd and 3rd lines are used in the filtering decision as follows.

d = |p01 – p11| + |q01 – q11| + |p02 – p12| + |q02 – q12|,                 (1)
where the chroma samples are depicted in Figure 1.
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Figure 1 A sub-boundary 4 pixel lines
The chroma samples will be filtered if the below expression is true:
                   (d < Beta_Chroma) && (On the 8x8 chroma grid).                  (2)

Note that Beta_Chroma is indexed from the Beta table using chroma QP, and the filtering decisions are made independently for U and V components. The filtering operations for chroma remain the same as HEVC. Only one chroma sample at each side of a chroma boundary might be changed. 
3 Experimental Results
3.1 Objective Performance
Our simulations are based on HM5.0 software and the common test conditions in G1200 [2]. Table 1 shows the experimental results compared with HM5.0. According to the table, average BD-Rate reduction of 0.7% for chroma components can be observed.
Table 1. Performance compared to HM 5.0
	
	All Intra HE
	All Intra LC
	All Intra HE-10

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A (8bit)
	0.0%
	-0.3%
	-0.3%
	0.0%
	-0.1%
	0.0%
	 
	 
	 

	Class B
	0.0%
	-0.4%
	-0.4%
	0.0%
	-0.1%
	0.0%
	 
	
	 

	Class C
	0.0%
	-0.7%
	-0.7%
	0.0%
	0.0%
	0.0%
	 
	
	 

	Class D
	0.0%
	-0.6%
	-0.6%
	0.0%
	0.1%
	0.1%
	 
	
	 

	Class E
	0.0%
	0.0%
	-0.1%
	0.0%
	0.0%
	0.1%
	 
	
	 

	Overall
	0.0%
	-0.4%
	-0.5%
	0.0%
	0.0%
	0.0%
	 
	 
	 

	 
	0.0%
	-0.4%
	-0.5%
	0.0%
	0.0%
	0.0%
	 
	 
	 

	Class F
	0.0%
	-0.8%
	-0.9%
	0.0%
	-0.5%
	-0.7%
	 
	 
	 

	Enc Time[%]
	100%
	100%
	 

	Dec Time[%]
	99.47%
	99.27%
	 

	
	
	
	
	
	
	
	
	
	

	
	Random Access HE
	Random Access LC
	Random Access HE-10

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A (8bit)
	0.0%
	-0.4%
	-0.4%
	0.0%
	-0.5%
	-0.4%
	0.0%
	-0.5%
	-0.5%

	Class B
	0.0%
	-0.5%
	-0.5%
	0.0%
	-0.9%
	-0.8%
	0.0%
	-0.6%
	-0.6%

	Class C
	0.0%
	-0.7%
	-0.7%
	0.0%
	-1.1%
	-1.1%
	 
	
	 

	Class D
	0.0%
	-0.8%
	-0.8%
	0.0%
	-0.9%
	-1.1%
	 
	
	 

	Class E
	 
	
	 
	 
	
	 
	 
	
	 

	Overall
	0.0%
	-0.6%
	-0.6%
	0.0%
	-0.9%
	-0.9%
	0.0%
	-0.6%
	-0.5%

	 
	0.0%
	-0.6%
	-0.6%
	0.0%
	-0.9%
	-0.9%
	0.0%
	-0.6%
	-0.5%

	Class F
	-0.1%
	-1.1%
	-1.2%
	0.0%
	-1.2%
	-1.3%
	 
	 
	 

	Enc Time[%]
	100%
	100%
	100%

	Dec Time[%]
	99.67%
	99.79%
	99.92%

	
	
	
	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC
	Low delay B HE-10

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Class B
	0.0%
	-0.3%
	-0.2%
	0.0%
	-1.2%
	-0.7%
	 
	
	 

	Class C
	0.0%
	-0.6%
	-0.6%
	0.0%
	-0.7%
	-1.1%
	 
	
	 

	Class D
	0.0%
	-0.6%
	-0.4%
	-0.1%
	-0.3%
	-0.7%
	 
	
	 

	Class E
	0.0%
	-1.0%
	-1.8%
	-0.1%
	-3.3%
	-2.2%
	 
	
	 

	Overall
	0.0%
	-0.6%
	-0.7%
	0.0%
	-1.2%
	-1.1%
	
	
	 

	 
	0.0%
	-0.6%
	-0.7%
	0.0%
	-1.2%
	-1.0%
	 
	 
	 

	Class F
	-0.2%
	-0.7%
	-1.1%
	-0.1%
	-1.2%
	-1.5%
	 
	 
	 

	Enc Time[%]
	100%
	100%
	 

	Dec Time[%]
	99.66%
	100.15%
	 

	
	
	
	
	
	
	
	
	
	

	
	Low delay P HE
	Low delay P LC
	Low delay P HE-10

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Class B
	0.0%
	-0.6%
	-0.5%
	0.0%
	-1.4%
	-1.4%
	 
	
	 

	Class C
	0.0%
	-0.5%
	-0.8%
	0.0%
	-0.9%
	-1.0%
	 
	
	 

	Class D
	-0.1%
	-0.2%
	-0.6%
	-0.1%
	-1.6%
	-0.4%
	 
	
	 

	Class E
	-0.1%
	-1.0%
	-1.5%
	0.0%
	-3.8%
	-2.7%
	 
	
	 

	Overall
	0.0%
	-0.6%
	-0.8%
	-0.1%
	-1.2%
	-1.3%
	
	
	 

	 
	-0.1%
	-0.6%
	-0.8%
	0.0%
	-1.7%
	-1.3%
	 
	 
	 

	Class F
	-0.1%
	-0.6%
	-0.8%
	0.0%
	-1.7%
	-1.3%
	 
	 
	 

	Enc Time[%]
	103%
	101%
	 

	Dec Time[%]
	100.04%
	100.56%
	 


3.2 Subjective Performance
An informal subjective evaluation shows that the proposed technique has similar subjective quality to HM5.0 in general. However due to the proposed filtering decision and the filtering of inter chroma blocks, we has less chroma artifacts than HM5.0. Here are some examples:
In Figure 2, (a), (b) and (c) are the original picture, HM 5.0 reconstructed picture and H0310 reconstructed picture for BasketballDrillText_832x480_LDHE_QP37_#81. It can be seen that H0310 successfully removes the color artifacts around the basketball.
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(a) Original                   (b) HM 5.0                   (c) Proposed
Figure 2 Subjective results on BasketballDrillText_832x480_LDHE_QP37_#81
In Figure 3, (a), (b) and (c) are the original picture, HM 5.0 reconstructed picture and H0310 reconstructed picture for RaceHorses_832x480_RAHE_QP37_#31. The color of the horse diffuses in HM 5.0, which does not exist in H0310.
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(a) Original                   (b) HM 5.0                   (c) Proposed
Figure 3 Subjective results on RaceHorses_832x480_RAHE_QP37_#31
In Figure 4, (a), (b) and (c) are the original picture, HM 5.0 reconstructed picture and H0310 reconstructed picture for RaceHorses_832x480_RAHE_QP37_#34. On the horse’s tail, less color artifacts can be observed in the proposed method, as well as better texture details.
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(a) Original                   (b) HM 5.0                   (c) Proposed
Figure 4 Subjective results on RaceHorses_832x480_RAHE_QP37_#34
4 Conclusion
The contribution presents the experimental results of chroma deblocking filter in CE10 Subtest 1. Specifically, chroma deblocking filter with independent filtering decision and 8x8 filtering unit is tested. For common test conditions, the average BD-Rate reduction is 0.7% for chroma. The decoding time is almost the same to HM5.0. In addition, the subjective quality is very similar as that of HM5.0.
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