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Abstract

The In-loop filtering methods such as de-blocking filter and SAO(Sample Adaptive Offset) applied to the HEVC standard
achieves coding efficiency and subjective quality improvement by reducing the blocking artifacts and the ringing artifacts. However,
despite the use of In-loop filtering methods, the artifacts called a corner outlier occurring at the corner points of block boundaries
are not removed. In this paper, the corner outlier artifacts are reduced by the detection, determination, and filtering processes on
the corner outlier pixels. Experimental results show that the proposed method improves the subjective picture quality and slightly
increases the coding efficiency in Inter prediction.
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Fig. 1. Example of the Corner outlier artifacts: (a) original picture, (b)
reconstructed picture including the Corner outlier artifacts
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Fig. 2. An example of the corner points of the four 2nx2n blocks:
AB,C,D is one of the corner outlier candidates
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If (|A-C| > [B-D)

If (|A-B| > |C-D)

If (JA-B| >threshold && |A-C[>threshold &&|A-DJ>threshold)
Return A;
Else

If (|C-A| >threshold && |C-Bj>threshold &&|C-D>threshold)

Return C;
Else (1

If (B-C| > |A-D|)
If (IB-A] >threshold && [B-C[>threshold &&|B-DJ>threshold)
Return B;
Else
If (D-A| >threshold && |D-B[>threshold &&|D-C|>threshold)
Return D;
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I 1. Inter Prediction 0{A{2] BD-rate A4=%7}: Random access, Low-delay B main, Low-delay P main
Table 1. Experimental results of Random access, Low-delay B main, Low-delay P main

Random Access main Low-delay B main Low-delay P main

BD-rate BD-rate BD-rate BD-rate BD-rate BD-rate BD-rate BD-rate BD-rate
Y U \% Y U \% Y U \%

Class A -0.1% 0.0% 0.0% -0.1% -0.2% 0.0% -0.1% 0.1% 0.1%
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Table 2. The ratio of the blocks whose error is reduced compared to the original images and the filtered images

All Intra Low delay P
Sequence QP=22 QP=27 QP=32 QP=37 QP=22 QP=27 QP=32 QP=37
PeopleOnStreet 5.5% 15.3% 31.1% 46.6% 9.4% 27.1% 48.0% 65.0%
Traffic 5.5% 18.2% 34.6% 53.2% 6.1% 12.0% 34.0% 54.9%
Kimono 7.9% 25.3% 42.4% 56.6% 11.3% 33.6% 53.9% 72.5%
Cactus 5.1% 18.0% 32.7% 45.4% 7.7% 19.4% 31.4% 44.2%
BasketballDrill 6.4% 20.3% 32.3% 42.2% 8.8% 23.6% 39.5% 55.8%
BQMall 5.7% 17.0% 29.4% 41.9% 6.9% 18.9% 34.0% 49.9%
BasketballPass 6.5% 21.0% 34.8% 43.0% 10.1% 25.3% 39.0% 49.4%
BlowingBubbles 4.5% 15.6% 28.4% 39.2% 4.5% 12.2% 23.3% 35.3%
Johnny 6.4% 21.0% 34.9% 48.7% 4.4% 12.1% 26.1% 43.8%
KristenAndSara 6.7% 19.8% 32.4% 45.5% 4.9% 14.4% 29.1% 48.3%
Average 6.0% 19.2% 33.3% 46.2% 7.4% 20.4% 35.8% 51.9%
I 3. BD-rate MSZ7}: [6] & X|QFSk= Corner outlier Z27(8
Table 3. Experimental results of [4], [6], Proposed method
[6] Proposed Method
BD-rate Y BD-rate U BD-rate V BD-rate Y BD-rate U BD-rate V
Class A
Class B 0.7% 0.7% 0.5% -0.1% -0.1% 0.0%
Class C 0.3% 0.1% 0.6% -0.2% -0.3% -0.3%
Class D 0.6% 0.0% 0.6% 0.0% 0.3% 0.1%
Class E 0.4% 0.3% 0.9% -0.1% 0.0% 0.0%
Class F 0.3% -0.5% -0.1% 0.1% 0.1% 0.1%
Overall 0.5% 0.1% 0.5% -0.1% 0.0% 0.0%
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