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Abstract

This document presents a content-adaptive deblocking scheme to improve the visual quality of block-based DCT compressed videos. For large smooth regions with small variation, an extra smoothing deblocking mode is introduced to suppress the visually severe blocking artifacts. Experimental results demonstrate that the proposed method can improve the visual quality while maintaining the objective fidelity of heavily compressed videos.
1 Introduction

High resolution videos become more and more popular nowadays. For heavily compressed high resolution videos, the most annoying artifacts sometimes come from large smooth regions with small variation. Although the blocking artifacts are reduced to a certain extent by H.264/AVC deblocking, it still visibly exists spatially and temporally at low bit-rate, which impairs the perceptual experience of audience. 
For large smooth regions with small variation, the proposed scheme imposes a heavy and long distance filtering to suppress the visually severe blocking artifacts and improve the perceptual quality of reconstructed videos. Since the deblocking filter is in-loop, the quality of inter-prediction can also be improved.
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 H.264/AVC deblocking mode (Mode A), which performs exactly the same filtering as in previous H.264/AVC 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 
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 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

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
	0.3
	-0.1
	-0.1
	0.3
	0.0
	0.0

	Class C
	0.1
	0.0
	0.0
	0.1
	0.0
	0.0

	Class D
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Class E
	0.4
	-0.3
	-0.2
	0.3
	-0.2
	-0.1

	All
	0.2
	-0.1
	-0.1
	0.2
	0.0
	0.0

	Enc Time[%]
	100%
	101%

	Dec Time[%]
	98%
	98%

	
	
	
	
	
	
	

	 
	
	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
	0.1
	0.0
	0.0
	0.1
	0.0
	0.0

	Class B
	0.1
	-0.2
	0.1
	0.1
	-0.1
	-0.1

	Class C
	0.0
	-0.2
	-0.1
	0.0
	0.0
	0.0

	Class D
	0.0
	-0.1
	0.0
	0.0
	-0.1
	0.1

	Class E
	
	
	
	
	
	

	All
	0.1
	-0.1
	0.0
	0.0
	-0.1
	0.0

	Enc Time[%]
	100%
	102%

	Dec Time[%]
	98%
	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
	0.0
	0.1
	0.0
	0.0
	0.0

	Class C
	0.0
	-0.2
	0.0
	0.0
	0.0
	0.1

	Class D
	0.0
	0.0
	0.0
	0.0
	-0.1
	0.0

	Class E
	0.3
	-0.2
	0.0
	0.1
	-0.1
	0.0

	All
	0.0
	-0.1
	0.0
	0.0
	0.0
	0.0

	Enc Time[%]
	100%
	101%

	Dec Time[%]
	98%
	97%


3.2 Subjective compression performance

Some examples taken from the required sequences included in the visual test of TE10 are shown below.
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ParkScene_1920x1080_24, All intra, QP = 37, frame #13, cropped. Left: anchor, right: proposed.
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ParkScene_1920x1080_24, All intra, QP = 37, frame #14, cropped. Left: anchor, right: proposed.
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Tennis_1920x1080_24, Random access, QP=37, frame #238, cropped. Top: anchor, bottom: proposed.
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Tennis_1920x1080_24, Random access, QP=37, frame #239, cropped. Top: anchor, bottom: 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 describes the details of the implementation, complexity and performance of the proposed content-adaptive deblocking scheme.
5 Patent rights declaration(s)
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