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Abstract
Sample adaptive offset (SAO) processing in HM-3.0 is done in an LCU-independent way. As a result, during edge offset type of SAO processing, top and bottom row and/or left and right column of LCU are not SAO processed. This is reported to result in grid line type of noticeable visual artifact in Kimono HM-3.0 bitstream. This contribution presents techniques for SAO processing at LCU boundary to eliminate grid line type of visual artifact. The techniques presented do not use additional line buffer. Two of the techniques presented do SAO processing in LCU-independent fashion. All the techniques are reported to have BD-Rate of 0.0% for common conditions.
1 Introduction

Sample adaptive offset (SAO) is a new tool that has been adopted into HEVC Test Model 3.0 (HM 3.0) [1]. SAO is located after deblocking filter and carries out pixel adaptive offset addition. There are four types of edge offset SAO and two type of band offset SAO. 
The edge offset SAO uses the following filter kernels:

[image: image1]
Figure 1: Edge offset filter kernels.
To achieve LCU independent operation, the following pixels in a block are filtered for each type of edge offset SAO (See Figure 2). A 8x8 block is used in Figure 2 for illustration purposes. In HM-3.0, SAO processing occurs on a LCU (64x64) basis.

[image: image2]
Figure 2: Pixel filtered in a block for each of the edge offset types (See Figure 1 for color coding of corresponding SAO filter kernel used).

Since boundary LCU pixels are not filtered, this can lead to artifacts at LCU boundary as shown in Figure 3.


[image: image3]

 SHAPE  \* MERGEFORMAT 
[image: image4]
Figure 3: Left figure is top-left corner of Frame 175 of HM-3.0 anchor bitstream for Kimono, QP = 32, LD-HE. Grid lines aligned with LCU boundaries can be clearly seen. Right figure is top-left corner of Frame 175 with SAO disabled. Grid lines do not show up.
This contribution proposes techniques for elimination of LCU boundary artifact shown in Figure 3. These techniques do not make use of additional line buffers.

2 Proposed modifications

2.1 SAO-Fix0

[image: image5]
Figure 4: SAO-Fix0. Filter across horizontal edges of LCU and filter top rows using horizontal SAO filter kernel (0-degree filter).
SAO-Fix0 allows for SAO filtering across horizontal edges of LCU. The LCU top row is filtered using horizontal SAO filter kernel. Figure 4 illustrates the modifications done to SAO processing. Figure 5 shows visual reconstruction of Kimono. Grid lines are not visible.


[image: image6]
Figure 5: Frame 175 of SAO-Fix0 bitstream for Kimono, QP = 32, LD-HE. Grid lines do not show up.

Table below provides BD-Rate results for SAO-Fix0.

	 
	Y
	Enc Time
	Dec Time

	AI HE
	0.0 
	104%
	104%

	AI LC
	0.0 
	107%
	108%

	RA HE
	0.0 
	103%
	98%

	RA LC
	0.0 
	97%
	90%

	LB HE
	0.0 
	104%
	102%

	LB LC
	0.0 
	104%
	106%


SAO-Fix0 does not require use of additional line buffer since pixels above or below the LCU are not used in SAO processing. However grid line artifacts can occur at slice boundaries for slice independent processing. Hence a fix that does not use pixels from neighboring LCU is desirable.
2.2 SAO-Fix1-v2


[image: image7]
Figure 6: SAO-Fix1-v2. Filter top and bottom rows using horizontal SAO filter kernel (0-degree filter). Filter left and right columns using vertical SAO filter kernel (90-degree filter).

SAO-Fix1-v2 filters top and bottom rows using horizontal SAO filter kernel (0-degree filter) and left and right columns using vertical SAO filter kernel (90-degree filter). Only pixels inside LCU are used in SAO processing. Figure 6 illustrates the modifications done to SAO processing. Figure 7 shows visual reconstruction of Kimono. Grid lines are not visible.


[image: image8]
Figure 7: Frame 175 of SAO-Fix1-v2 bitstream for Kimono, QP = 32, LD-HE. Grid lines do not show up.

Table below provides BD-Rate results for SAO-Fix1-v2.

	 
	Y
	Enc Time
	Dec Time

	AI HE
	0.0 
	106%
	102%

	AI LC
	0.0 
	103%
	104%

	RA HE
	0.0 
	100%
	97%

	RA LC
	0.0 
	95%
	91%

	LB HE
	0.0 
	100%
	101%

	LB LC
	0.0 
	101%
	105%


2.3 SAO-Fix3


[image: image9]
Figure 8: SAO-Fix3. Filter top and bottom rows, left and right columns using new filter kernels. The new filter kernel have directions that are more closely aligned with original directions.
SAO-Fix3 filters top and bottom rows, left and right columns using new filter kernels shown in Figure 8. The new filter kernel have directions that are more closely aligned with original directions. Only pixels inside LCU are used in SAO processing. Figure 9 shows visual reconstruction of Kimono. Grid lines are not visible.


[image: image10]
Figure 9: Frame 175 of SAO-Fix3 bitstream for Kimono, QP = 32, LD-HE. Grid lines do not show up.

Table below provides BD-Rate results for SAO-Fix3.

	 
	Y
	Enc Time
	Dec Time

	AI HE
	0.0 
	95%
	96%

	AI LC
	0.0 
	97%
	98%

	RA HE
	0.0 
	95%
	94%

	RA LC
	0.0 
	96%
	95%

	LB HE
	0.0 
	97%
	97%

	LB LC
	0.0 
	99%
	102%
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