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Abstract

This contribution shows experimental results of comparison between in-loop filtering and post filtering. This is a response to one of the mandates of In-loop and post-processing filtering AHG. Coding efficiency of several filtering schemes is compared for in-loop or post filtering and discussed.
1 Introduction

At the Geneva meeting, there was a contribution JCTVC-B095 [1] that made a comparison of coding efficiency between in-loop filtering and post filtering. As a result, one mandate to study the relationship between in-loop filtering and post filtering is added to the mandates of In-loop and post-processing filtering AHG.

In this contribution, coding efficiency of several filtering schemes is compared for in-loop or post filtering. Experimental results show that in-loop filtering gives 2.5% additional gain of coding efficiency for the high efficiency low delay case compared to the best performing post filtering.

2 Explanation of variant of filtering schemes

2.1 QC_ALF and QC_APF
QC_ALF [2] is adopted in TMuC v0.7 as the reference configuration. QC_ALF uses M set of non-separable filters. The M sets of non-separable filters may be transmitted to the decoder for each frame. Whenever the ALF filtering control map indicates that a block should be filtered, for each pixel, a specific set of filters is chosen based on a measure of local characteristic of an image, called activity measure (sum-modified Laplacian measure). If a block is to be filtered, the filtered block is overwritten to the reference memory (DPB).
In this contribution, the same filtering algorithm is adopted as post filtering (QC_APF).
2.2 QALF and QAPF
QALF was originally proposed to ITU-T VCEG for the contribution to KTA activity [3], and adopted in JMKTA2.7 [4]. 

QALF uses one set of non-separable filter for a frame from three candidates of filter type (number of coefficients). The non-separable filter may be transmitted to the decoder for each frame. Whenever the ALF filtering control map indicates that a block should be filtered, the filter is applied. If a block is to be filtered, the filtered block is overwritten to the reference memory (DPB).
In this contribution, 2-pass QALF (JCTVC-C082 [5]) is used and the same filtering algorithm is adopted as post filtering (QAPF).
2.3 AVC-like Adaptive Filtering (AALF and AAPF)

The filtering algorithm of AALF is similar to that of Post-filter hint SEI message in H.264 / MPEG-4 AVC. The implementation is based on QALF/QAPF in section 2.2, but not using the ALF filtering control map nor redesigning filter coefficients.
In this contribution, the same filtering algorithm is adopted as in-loop or post filtering (AALF, AAPF).
3 Experimental results

The simulation was conducted based on the high efficiency low delay case in JCTVC-B300 [6] and JCTVC-B310_r3 [7]. However, in order to compare the effectiveness of in-loop / post filtering, the anchor condition is changed to QC_ALF off (no adaptive in-loop filtering). Table 1 indicates the results of gain of coding efficiency of the various in-loop / post filtering schemes (a negative value indicates gain) and relative encoding and decoding time for the high efficiency low delay case.

Table 1  BD-rate Gain (%) and relative encoding/decoding time for Low Delay case

	High Efficiency
	QC_ALF/QC_APF
	QALF/QAPF
	AALF/AAPF

	
	QC_ALF
	QC_APF
	QALF
	QAPF
	AALF
	AAPF

	B
	S03
	Kimono
	-6.5
	-4.6
	-6.0
	-4.0
	-3.8
	-3.2

	
	S04
	ParkScene
	-3.7
	-3.2
	-3.5
	-2.6
	-2.2
	-3.2

	
	S05
	Cactus
	-4.0
	-2.6
	-3.5
	-2.1
	1.4
	-2.1

	
	S06
	BasketballDrive
	-5.8
	-2.7
	-4.9
	-2.1
	-3.4
	-1.8

	
	S07
	BQTerrace
	-7.9
	-4.5
	-7.2
	-3.8
	-5.4
	-4.5

	C
	S08
	BasketballDrill
	-4.7
	-0.7
	-4.0
	-1.2
	-1.2
	-0.7

	
	S09
	BQMall
	-4.2
	-0.5
	-4.0
	-1.1
	-2.5
	-1.7

	
	S10
	PartyScene
	-2.0
	-0.9
	-2.1
	-0.7
	-1.6
	-1.1

	
	S11
	RaceHorses
	-4.8
	-3.6
	-4.0
	-2.8
	-2.8
	-2.4

	D
	S12
	BasketballPass
	-2.7
	0.1
	-2.5
	-0.2
	-1.4
	-0.3

	
	S13
	BQSquare
	-4.6
	0.9
	-5.4
	-1.4
	-4.3
	-2.3

	
	S14
	BlowingBubbles
	-0.9
	2.5
	-0.8
	1.1
	-0.4
	0.2

	
	S15
	RaceHorses
	-2.4
	-1.2
	-2.5
	-1.6
	-1.7
	-1.7

	E
	S16
	Vidyo1
	-5.0
	4.3
	-4.1
	-0.2
	0.1
	-2.7

	
	S17
	Vidyo3
	-12.2
	-0.1
	-10.8
	-4.2
	-1.0
	-6.0

	
	S18
	Vidyo4
	-6.0
	3.9
	-5.5
	-0.5
	-1.9
	-2.7

	Class B
	-5.6
	-3.5
	-5.0
	-2.9
	-2.7
	-3.0

	Class C
	-3.9
	-1.4
	-3.5
	-1.4
	-2.0
	-1.5

	Class D
	-2.6
	0.6
	-2.8
	-0.5
	-2.0
	-1.0

	Class E
	-7.7
	2.7
	-6.8
	-1.6
	-0.9
	-3.8

	Total
	-4.8
	-0.8
	-4.4
	-1.7
	-2.0
	-2.3

	Encoding time
	101
	101
	101
	101
	101
	101

	Decoding time
	116
	128
	114
	126
	123
	132


Experimental results show that in-loop filtering (QC_ALF) gives 2.5% additional gain of coding efficiency compared to the best performing post filtering (AAPF) in this experiment and 16% of decoding time is reduced.

In addition, the followings are observed:

1) Among in-loop filtering, the order of coding efficiency gain is QC_ALF, QALF, AALF.
2) Among post filtering, the order of coding efficiency gain is AAPF, QAPF, QC_APF.
The main reason of these observations is the difference of the overhead by the ALF filtering control map (and the number of filter coefficients). The ALF filtering control map gives advantage to in-loop filtering.
4 Conclusion
In this contribution, coding efficiency of several filtering schemes is compared for in-loop or post filtering. Experimental results show that in-loop filtering gives 2.5% additional gain of coding efficiency. Therefore, it is recommended to adopt in-loop filtering as a part of Test Model technologies.
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