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Abstract
This document presents a content-adaptive deblocking scheme to improve the visual quality of HEVC decoded videos. For large smooth regions with small variation, an extra smoothing deblocking mode is introduced to suppress the visually severe blocking artifacts. It is observed that the proposed method can reduce blocking artifacts in smooth regions, which are usually more visible to human eyes.
1 Introduction 

Visual artifacts are more visible to human eyes in smooth regions. It is also the case for blocking artifacts. Although compared to AVC, the current HEVC scheme can yield much better decoded videos, the blocking artifacts are still annoying, especially at low bit-rates and in smooth region. Thus, we propose to use a stronger deblocking filter for blocks with large block size and in smooth region.
The scheme described in this document is based on what we have done in [1]. The difference is that we have integrated the proposed scheme into HM0.9 software and fine-tuned the parameters
2 Algorithm description
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Fig. 1. Extra smoothing deblocking (Mode B). A vertical boundary of a luminance block is taken for example. 
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 are the pixels to be filtered. In this example, the filtered value of q4 is obtained by averaging 
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There are two deblocking mode in the proposed scheme, the HEVC deblocking mode (Mode A), which performs exactly the same filtering as in the current HEVC deblocking, and the extra smoothing deblocking mode (Mode B), which performs a strong and long distance filtering across certain transform unit (TU) boundaries.

Deblocking Mode B is supposed to be applied in large smooth regions with small variation. In the proposed scheme, TU boundaries satisfy the following conditions will be processed with deblocking Mode B.

(1) The two adjacent TU’s related to the TU boundary are both in intra-coded CU’s;

(2) The sum of luminance variance in the two TU's is smaller than a certain threshold (set to 8 in the proposed scheme);

(3) The smaller transform size between the two TU's is larger than a certain value (set to 8 in the proposed scheme);

(4) The larger transform size between the two TU's is larger than a certain value (set to 16 in the proposed scheme).

Other TU boundaries will be processed with deblocking Mode A.

For deblocking Mode B, the filtering is performed along lines perpendicular to the TU boundary. As shown in Fig. 1, suppose 
[image: image4.wmf]1001

,...,,,...,

NN

ppqq

--

 are the pixels in the same row or column of two adjacent TU’s, during filtering their values are modified as 
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This is a heavy and long distance smoothing across the TU boundary and pixels in large smooth regions are preferred to be involved. For deblocking Mode B, no boundary strength and filter thresholds are needed.
Once the deblocking mode for each TU boundary is determined, the two different deblocking modes are simultaneously employed in a raster-scan order at the TU level for both luminance and chroma components. The reconstructed frame is obtained in a single deblocking pass.
3 Compression performance discussion
Experiments are done with HM0.9 software platform. We compared our results with HM0.9 anchors.
3.1 Objective compression performance
	 
	Intra
	Intra LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.3 
	0.0 
	0.0 
	0.2 
	0.0 
	0.0 

	Class B
	0.4 
	-0.1 
	-0.1 
	0.3 
	0.0 
	0.0 

	Class C
	0.1 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	Class D
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	Class E
	0.5 
	-0.5 
	-0.4 
	0.3 
	-0.1 
	-0.1 

	All
	0.2 
	-0.1 
	-0.1 
	0.2 
	0.0 
	0.0 

	Enc Time[%]
	99%
	100%

	Dec Time[%]
	101%
	106%

	
	
	
	
	
	
	

	 
	 
	Random access
	 
	 
	Random access LoCo
	 

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.2 
	0.0 
	0.1 
	0.1 
	0.1 
	0.1 

	Class B
	0.1 
	-0.2 
	0.1 
	0.1 
	0.0 
	-0.1 

	Class C
	0.0 
	-0.1 
	-0.1 
	0.0 
	0.1 
	0.0 

	Class D
	0.0 
	0.0 
	0.1 
	0.0 
	0.0 
	0.1 

	Class E
	 
	 
	 
	 
	 
	 

	All
	0.1 
	-0.1 
	0.1 
	0.0 
	0.0 
	0.0 

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	102%
	106%

	
	
	
	
	
	
	

	 
	Low delay
	Low delay LoCo

	 
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.0 
	0.0 
	-0.1 
	0.0 
	-0.1 
	-0.1 

	Class C
	0.0 
	0.0 
	-0.1 
	0.1 
	-0.1 
	0.1 

	Class D
	0.0 
	-0.5 
	0.0 
	0.0 
	0.0 
	0.0 

	Class E
	0.1 
	-0.8 
	-0.1 
	0.1 
	-0.3 
	-0.3 

	All
	0.0 
	-0.3 
	-0.1 
	0.0 
	-0.1 
	-0.1 

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	101%
	103%


When turnning off ALF on both the anchor and the proposed scheme, the results are
	 
	Intra
	Intra LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.3 
	0.0 
	0.0 
	0.2 
	0.0 
	0.0 

	Class B
	0.4 
	-0.1 
	-0.1 
	0.3 
	0.0 
	0.0 

	Class C
	0.1 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	Class D
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	Class E
	0.4 
	-0.6 
	-0.4 
	0.3 
	-0.1 
	-0.1 

	All
	0.2 
	-0.1 
	-0.1 
	0.2 
	0.0 
	0.0 

	Enc Time[%]
	98%
	99%

	Dec Time[%]
	99%
	100%

	
	
	
	
	
	
	

	 
	 
	Random access
	 
	 
	Random access LoCo
	 

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.2 
	0.0 
	-0.1 
	0.1 
	-0.1 
	0.0 

	Class B
	0.1 
	-0.1 
	0.0 
	0.1 
	-0.1 
	-0.1 

	Class C
	0.0 
	0.1 
	0.1 
	0.0 
	-0.1 
	0.0 

	Class D
	0.0 
	0.0 
	0.1 
	0.0 
	-0.1 
	-0.1 

	Class E
	 
	 
	 
	 
	 
	 

	All
	0.1 
	0.0 
	0.0 
	0.0 
	-0.1 
	-0.1 

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	97%
	98%

	
	
	
	
	
	
	

	 
	Low delay
	Low delay LoCo

	 
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.0 
	0.1 
	-0.5 
	0.0 
	0.0 
	0.0 

	Class C
	0.0 
	0.0 
	0.0 
	-0.1 
	0.0 
	-0.1 

	Class D
	0.0 
	-0.1 
	0.0 
	0.0 
	-0.3 
	0.1 

	Class E
	0.2 
	-0.1 
	-0.2 
	0.2 
	0.1 
	-0.1 

	All
	0.0 
	0.0 
	-0.2 
	0.0 
	-0.1 
	0.0 

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	95%
	97%


3.2 Subjective compression performance

We observed slight improvements (less blocking artifacts) for Kimono (sky and face area) and Parkscene (trunk area), for all_intra, low_delay and random_access at low bit-rates (Qp37, and sometimes Qp32). 
Some examples taken from the required sequences included in the visual test of CE8 are shown below.
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ParkScene_1920x1080_24, All intra, QP = 37, frame #11, cropped. Left: anchor, right: proposed.
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Kimono_1920x1080_24, All intra, QP = 37, frame #3-#5, cropped. Left: anchor, right: proposed.
4 Closing remarks
This document presents the proposed content-adaptive deblocking scheme in the current HEVC. Less visual artifacts are observed, while the complexity and the objective quality changes are margional.
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