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Abstract

In HM5.0, adaptive loop filter (ALF) virtual boundary (VB) processing, which is stated in JCTVC-G212 [1], is introduced. This contribution reports a subjective side effect caused by the ALF VB processing. Then, an analysis of the artifacts is mentioned. Finally, it is proposed to modify Star5x5 filtering process around VB in order to reduce the side effect.
1 Problem Statement
In HM5.0, ALF virtual boundary (VB) processing is introduced. The detail process is described in JCTVC-G212 [1]. In summary, ALF filtering process uses only pixels inside VB as input. Due to the constraints, some modifications of the filtering process, e.g. shortening filter length or position change of input pixels, are processed around the VB. Although the VB processing contributes to reduce the line buffer for ALF, it might cause visual artifacts in the decoded pictures in principle.
The subjective viewing test was held at the 7th meeting in Geneva by the experts, and no visual difference was reported [2], [3]. However, this contribution reports that the visual artifacts occur under some circumstances, which are found in the additional experiments.

A sequence “Fountain_Chromakey” is used to show an example of the artifacts in this contribution. This sequence is not included in the common test condition. It is selected because the artifacts are clearly observed. The original sequence is distributed by the Institute of Image Information and Television Engineers [4] with the fee. For experiments, the source is initially converted to 420/8bit image from 422/10bit image. The specification of the converted sequence is in Table 1-1. In this sequence, there is a person on a black background. Camera is fixed. The person swings the body slowly. From 48th frame, a water shower starts in the background.

“Fountain_Chromakey” is encoded in a condition specified in Table 1-2. In order to show that the artifacts are caused by the VB processing, both Macro G212_CROSS9x9_VB on and off cases are studied. The encode results are stated in Table 1-3 and 1-4. For generality, a cross check result for the sequence is reported in JCTVC-H0163 by NHK.
Table 1-1 Specification of “Fountain_Chromakey”
	Resolution Width x Height [pixel]
	1920x1080

	Color space
	YCbCr 4:2:0

	Frame rate
	59.94p

	Frame number
	180

	Bit depth
	8


Table 1-2 Encode condition of “Fountain_Chromakey”
	Test condition
	LP-HE (Low delay, high efficiency, P slices only)

	Frame number to be encoded
	180

	Frame rate
	60

	QP
	37

	G212_CROSS9x9_VB
	Macro is defined and not defined

	SAO
	ON and OFF


	Table 1-3 Encode result of “Fountain_Chromakey”
　
	hm5.0

	QPISlice
	kbps
	Y psnr
	U psnr
	V psnr

	22
	72164.15 
	40.32 
	43.25 
	43.84 

	27
	38227.31 
	37.62 
	42.89 
	42.44 

	32
	18075.75 
	34.40 
	42.51 
	41.51 

	37
	6611.67 
	31.10 
	42.36 
	40.89 

	　
	hm5.0_G212_CROSS9x9_VB=0

	QPISlice
	kbps
	Y psnr
	U psnr
	V psnr

	22
	72192.78 
	40.33 
	43.25 
	43.85 

	27
	38237.64 
	37.63 
	42.88 
	42.46 

	32
	18078.04 
	34.42 
	42.51 
	41.51 

	37
	6621.36 
	31.12 
	42.36 
	40.88 


Table 1-4 Encode result of “Fountain_Chromakey” SAO_OFF case

	　
	hm5.0 SAO_OFF

	QPISlice
	kbps
	Y psnr
	U psnr
	V psnr

	22
	72417.33 
	40.30 
	43.18 
	43.73 

	27
	38240.67 
	37.57 
	42.81 
	42.32 

	32
	18061.35 
	34.33 
	42.26 
	41.28 

	37
	6600.07 
	31.01 
	42.00 
	40.63 

	　
	hm5.0_G212_CROSS9x9_VB=0 SAO_OFF

	QPISlice
	kbps
	Y psnr
	U psnr
	V psnr

	22
	72405.01 
	40.32 
	43.19 
	43.75 

	27
	38239.32 
	37.59 
	42.82 
	42.33 

	32
	18069.04 
	34.36 
	42.29 
	41.29 

	37
	6605.30 
	31.02 
	42.00 
	40.62 


In Figure 1-1 and 1-2, a part of the decoded images is reportedly shown for macro G212_CROSS9x9_VB defined and not defined case respectively. It is reported that artifacts are observed as horizontal black lines at regular intervals, which cycle is corresponding to LCU size, in both cases. Figure 1-3 and 1-4 are SAO OFF cases. It is asserted that the artifacts are more clearly observed in SAO OFF cases than SAO ON cases. Although these examples are still pictures, it is reported that the artifacts are more visible in the moving picture.
In addition to these examples, it is reported that differences caused by VB processing are observed in a common test condition sequence, for example “Kimono.” The other conditions are same as Table 1-2.
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Figure 1‑1 A cropped decoded picture of “Fountain_Chromakey” Frame #75
HM5.0, LowDelayP_HE, QP=37, SAO ON case
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Figure 1‑2 A cropped decoded picture of “Fountain_Chromakey” Frame #75
HM5.0, LowDelayP_HE, QP=37, G212_CROSS9x9_VB is Not Defined, SAO ON case
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Figure 1‑3 The cropped decoded picture of “Fountain_Chromakey” Frame #75
HM5.0, LowDelayP_HE, QP=37, SAO OFF
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Figure 1‑4 The cropped decoded picture of “Fountain_Chromakey” Frame #75
HM5.0, LowDelayP_HE, QP=37, G212_CROSS9x9_VB is Not Defined, SAO OFF case
2 Analysis
The encode results of “Fountain_Chromakey”, which are mentioned in Section 1, are studied. Through the sequence, Star5x5 shape filter is mostly selected by the HM5.0 encoder. For comparison, Cross9x9 shape filter only case is studied. A bitstream is generated with the encoder algorithm modification to select Cross9x9 shape filter forcedly. It is reported that the artifacts are not observed in the case. Therefore, it is conceivable the artifacts are caused by the filtering process of Star5x5.

In HM5.0, when ALF is processed with Star5x5 shape filter, the following two processing are executed around VB.

1) See Figure2-1 b). When the current pixel is 2 lines above or below VB, the padding data is used instead of the pixels over VB. After the filtering, an average of before and after the filtering pixel is calculated. The final output of the process is the averaged value.
2) See Figure2-1 c). When the current pixel is 1 line above or below VB, the filtering is skipped.

Note that in case 1), due to the averaging process, the result is close to the pixel value before processing. It is asserted that the effect of the ALF filtering process on the totally 4 lines, which are 2 lines above and below VB, is smaller than the normal case shown in Figure 2-1 a). 

From these considerations, it is presumed that the VB processing of Star5x5 shape filter causes the artifacts mentioned in Section 1.
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Figure 2-1 Star5x5 shape filter processing above Virtual Boundary in HM5.0
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Figure 2-2 Star5x5 shape filter processing below Virtual Boundary in HM5.0
3 Proposed modification

In order to reduce the artifacts around VB, the following two methods are proposed. Both two methods change only Star5x5 filtering process around VB. Cross9x9 filtering process is not modified. The proposed modifications are applied to both Luma and Chroma components.
Method 1
See Figure 3-1 and 3-2.
1) When the current pixel is 2 lines above or below VB, padding data is used instead of the pixels over VB. This process is same as HM5.0. The difference is that the output of the filter is not averaged with the pixel value before filtering.

2) When the current pixel is 1 line above or below VB, the hold data is used instead of the pixels over VB. The output of the filter is not averaged with the pixel value before filtering.
Method 2
See Figure 3-3 and 3-4.

When the current pixel is 1 line or 2 lines above or below VB, the filter coefficient corresponding to the unavailable input pixels over VB is weighted to the center position. 
Method 1 simply extends the filtering process of 2 lines above or below VB to the next line of VB. In addition, the average process of the center pixel is removed. Method 2 is the similar approach to Cross9x9 shape filter processing around VB. By changing the coefficient value, the symmetric property of the filter shape is kept.
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Figure 3-1 Star5x5 shape filter processing above Virtual Boundary in Method 1
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Figure 3-2 Star5x5 shape filter processing below Virtual Boundary in Method 1
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Figure 3-3 Star5x5 shape filter processing above Virtual Boundary in Method 2
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Figure 3-4 Star5x5 shape filter processing below Virtual Boundary in Method 2

4 Result

The encode results for “Fountain Chromakey” are reported in Table 4-1 and 4-2. The encode condition of the proposed two methods is same as Table 1-2, while macro G212_CORSS9x9_VB is always ON. It is reported that the bitrate-difference percentages of the proposed are less than 0.25 % compared to HM5.0. 
Figure 4-1 and 4-2 are the part of the decoded pictures of the Method 1 and 2 respectively. It is reported that artifacts on the black background are not observed for both Method 1 and 2.
The BDSNR of common test condition is reported for both two methods in Table 4-3 and 4-4 respectively. It is reported that the decoding time does not increase by the proposed.
	Table 4-1 Encode result of “Fountain_Chromakey” SAO ON case
　
	hm5.0_H0136_Method1 

	QPISlice
	kbps
	Y psnr
	U psnr
	V psnr

	22
	72174.46 
	40.30 
	43.25 
	43.84 

	27
	38235.52 
	37.57 
	42.89 
	42.45 

	32
	18077.34 
	34.37 
	42.50 
	41.50 

	37
	6601.25 
	31.09 
	42.35 
	40.88 

	　
	hm5.0_H0136_Method2 

	QPISlice
	kbps
	Y psnr
	U psnr
	V psnr

	22
	72176.20 
	40.31 
	43.25 
	43.84 

	27
	38228.57 
	37.60 
	42.89 
	42.45 

	32
	18075.22 
	34.39 
	42.50 
	41.51 

	37
	6606.48 
	31.09 
	42.34 
	40.86 


Table 4-2 Encode result of “Fountain_Chromakey” SAO OFF case

	　
	hm5.0_H0136_Method1 SAO_OFF

	QPISlice
	kbps
	Y psnr
	U psnr
	V psnr

	22
	72417.25 
	40.27 
	43.18 
	43.73 

	27
	38240.35 
	37.52 
	42.82 
	42.31 

	32
	18059.31 
	34.31 
	42.24 
	41.26 

	37
	6591.26 
	31.00 
	42.01 
	40.63 

	　
	hm5.0_H0136_Method2 SAO_OFF

	QPISlice
	kbps
	Y psnr
	U psnr
	V psnr

	22
	72414.15 
	40.30 
	43.18 
	43.73 

	27
	38236.49 
	37.56 
	42.82 
	42.31 

	32
	18064.62 
	34.32 
	42.26 
	41.29 

	37
	6583.71 
	31.00 
	42.01 
	40.62 
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Figure 4‑1 A cropped decoded picture of “Fountain_Chromakey” Frame #75
HM5.0 with Method 1, LowDelayP_HE, QP=37, SAO OFF
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Figure 4‑2 A cropped decoded picture of “Fountain_Chromakey” Frame #75
HM5.0 with Method 2, LowDelayP_HE, QP=37, SAO OFF
Table 4-3 common test condition results of Method 1
	
	All Intra HE

	
	Y
	U
	V

	Class A
	0.0%
	0.0%
	0.0%

	Class B
	0.0%
	0.0%
	0.0%

	Class C
	0.0%
	0.0%
	0.0%

	Class D
	0.0%
	0.0%
	0.0%

	Class E
	0.0%
	0.0%
	0.0%

	Class F
	0.0%
	0.0%
	0.0%

	Overall
	0.0%
	0.0%
	0.0%

	　
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	101%

	Dec Time[%]
	99%

	
	
	
	

	
	Random Access HE

	
	Y
	U
	V

	Class A
	0.0%
	0.0%
	-0.1%

	Class B
	0.0%
	0.0%
	0.0%

	Class C
	0.0%
	0.0%
	0.0%

	Class D
	0.0%
	0.0%
	-0.2%

	Class E
	　
	
	　

	Class F
	-0.1%
	0.0%
	0.0%

	Overall
	0.0%
	0.0%
	0.0%

	　
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	100%

	Dec Time[%]
	100%

	
	
	
	

	
	Low delay B HE

	
	Y
	U
	V

	Class A
	　
	　
	　

	Class B
	0.0%
	0.1%
	0.1%

	Class C
	0.0%
	-0.2%
	0.0%

	Class D
	0.0%
	-0.4%
	0.3%

	Class E
	-0.1%
	0.2%
	-0.2%

	Class F
	-0.3%
	-0.2%
	-0.4%

	Overall
	-0.1%
	-0.1%
	0.0%

	　
	-0.1%
	-0.1%
	0.0%

	Enc Time[%]
	100%

	Dec Time[%]
	99%

	
	
	
	

	
	Low delay P HE

	
	Y
	U
	V

	Class A
	　
	　
	　

	Class B
	-0.1%
	0.1%
	0.1%

	Class C
	0.1%
	0.1%
	0.0%

	Class D
	0.0%
	0.0%
	-0.4%

	Class E
	-0.2%
	-0.5%
	-0.1%

	Class F
	0.0%
	0.4%
	0.4%

	Overall
	0.0%
	0.0%
	0.0%

	　
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	100%

	Dec Time[%]
	100%

	
	Random Access HE-10

	
	Y
	U
	V

	Class A
	0.0%
	-0.2%
	-0.1%

	Class B
	0.0%
	0.0%
	0.0%

	Class C
	　
	
	　

	Class D
	　
	
	　

	Class E
	　
	
	　

	Class F
	　
	　
	　

	Overall
	0.0%
	-0.1%
	-0.1%

	　
	0.0%
	-0.1%
	0.0%

	Enc Time[%]
	100%

	Dec Time[%]
	100%


Table 4-4 BD result of Method 2
	
	All Intra HE

	
	Y
	U
	V

	Class A
	0.1%
	0.0%
	0.0%

	Class B
	0.0%
	0.0%
	0.0%

	Class C
	0.0%
	0.0%
	0.0%

	Class D
	0.0%
	0.0%
	0.0%

	Class E
	0.0%
	0.1%
	0.1%

	Class F
	0.0%
	0.0%
	0.0%

	Overall
	0.0%
	0.0%
	0.0%

	　
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	100%

	Dec Time[%]
	100%

	
	
	
	

	
	Random Access HE

	
	Y
	U
	V

	Class A
	0.3%
	0.0%
	0.0%

	Class B
	0.1%
	0.0%
	0.1%

	Class C
	0.0%
	0.0%
	0.0%

	Class D
	0.0%
	-0.2%
	-0.1%

	Class E
	　
	
	　

	Class F
	-0.1%
	-0.1%
	-0.1%

	Overall
	0.1%
	0.0%
	0.0%

	　
	0.1%
	-0.1%
	0.0%

	Enc Time[%]
	100%

	Dec Time[%]
	99%

	
	
	
	

	
	Low delay B HE

	
	Y
	U
	V

	Class A
	　
	　
	　

	Class B
	0.1%
	0.1%
	0.2%

	Class C
	0.0%
	0.0%
	0.1%

	Class D
	0.1%
	-0.4%
	0.3%

	Class E
	0.6%
	-0.1%
	-0.1%

	Class F
	-0.2%
	0.0%
	-0.5%

	Overall
	0.1%
	-0.1%
	0.0%

	　
	0.1%
	-0.1%
	0.0%

	Enc Time[%]
	100%

	Dec Time[%]
	99%

	
	
	
	

	
	Low delay P HE

	
	Y
	U
	V

	Class A
	　
	　
	　

	Class B
	0.1%
	0.1%
	0.0%

	Class C
	0.1%
	0.0%
	-0.2%

	Class D
	0.0%
	0.5%
	0.0%

	Class E
	0.8%
	-0.1%
	0.1%

	Class F
	0.1%
	0.3%
	0.3%

	Overall
	0.2%
	0.2%
	0.0%

	　
	0.2%
	0.2%
	0.0%

	Enc Time[%]
	100%

	Dec Time[%]
	99%

	
	Random Access HE-10

	
	Y
	U
	V

	Class A
	0.3%
	-0.1%
	0.0%

	Class B
	0.2%
	0.0%
	0.0%

	Class C
	　
	
	　

	Class D
	　
	
	　

	Class E
	　
	
	　

	Class F
	　
	　
	　

	Overall
	0.2%
	0.0%
	0.0%

	　
	0.2%
	0.0%
	0.0%

	Enc Time[%]
	100%

	Dec Time[%]
	99%


5 Conclusion
The subjective artifacts caused by VB processing are reported. The modification of the Star5x5 filtering process around VB is implemented. Simulation results reportedly show that the proposed Method1 achieves 0.0%, 0.0%, -0.1% and 0.1% BD-rates for HE-AI, HE-RA, HE-LDB, and HE-LDP, respectively, and the proposed Method2 achieves 0.0%, 0.1%, 0.1% and 0.2% BD-rates for HE-AI, HE-RA, HE-LDB, and HE-LDP, respectively. Both methods are compared with HM5.0, and reported that the artifacts are decreased.
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