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Abstract

There were quite a few responses to the CfP that adopt Wiener-based in-loop filtering.  QALF (Quadtree-based Adaptive Loop Filter) is a variant of such Wiener-based in-loop filtering that introduces a quadtree-based data structure to indicate the region to apply the filter.  In TMuC (Test Model under Consideration), a similar scheme was included.  The scheme uses spatial prediction of the filter coefficients to reduce the redundancy.
In this contribution, a method of adaptive filter coefficient prediction is proposed to further reduce the redundancy.  This includes a temporal direct prediction mode that reuses the previous filter coefficients and a spatial and temporal adaptive prediction mode.
This scheme shows 0.20% bitrate reduction on average under the test conditions of in-loop filtering ad-hoc group.

1 Introduction

There are two prediction modes of the filter coefficients for the Wiener-based in-loop filter in the KTA software [1], temporal prediction [2], [3] and spatial prediction [4].  It would highly depend on the sequence and coding scheme which prediction mode gives advantage in terms of coding efficiency.  In current TMuC [5], the spatial prediction has been introduced.
This contribution proposes to select a spatial prediction mode or a temporal prediction mode adaptively so that the overhead of signaling filter coefficients is minimized.  Furthermore, a temporal direct prediction mode that reuses the previous filter coefficients is included, since the filter coefficients of the adjacent slices with the same slice type is likely to be similar in general.  This proposal is a part of our contribution [6] at previous SG16 meeting and also a part of our response of HEVC CfP [7]. 
2 Adaptive spatial-temporal of filter coefficient prediction
In this contribution, the following two modes are introduced;

· 
· spatial-temporal prediction mode,
· temporal direct prediction mode.
The spatial-temporal prediction mode is a method that selects spatial prediction or temporal prediction; however the center coefficient is always used by spatial prediction.  

The temporal direct prediction mode is a method that selects one from reference filter coefficients for temporal prediction.  In this mode, the index of selected filter set is encoded.

3 Experimental results

The simulation was conducted for all sequences of WQVGA, WVGA, 720p, 1080p and cropped 4k2k based on the recommended simulation common conditions of in-loop filtering ad-hoc group.  BD-PSNR [8] (ΔBitrate [%]) is measured according to BJM add-in proposed by VCEG-AE07 [9].

The bitrate reduction of spatial prediction compared to temporal prediction on anchor condition is -0.04% on average (i.e. the loss was 0.04% when used spatial prediction).  On the other hand, the bitrate reduction of this method is 0.20% on average as shown in Table 1.

Table 1 Bitrate reduction of adaptive filter coefficient prediction (ΔBitrate [%])

	
	IBDI on
	IBDI off

	
	CS1
	CS2
	CS1
	CS2

	A
	S01
	Traffic
	0.16
	N/A
	0.09
	N/A

	
	S02
	PeopleOnStreet
	2.44
	N/A
	-0.06
	N/A

	B
	S03
	Kimono
	0.31
	0.37
	0.27
	-0.01

	
	S04
	ParkScene
	0.16
	0.11
	0.08
	0.11

	
	S05
	Cactus
	0.09
	0.16
	0.09
	0.19

	
	S06
	BasketballDrive
	0.22
	0.14
	0.41
	0.30

	
	S07
	BQTerrace
	0.05
	0.25
	0.00
	0.27

	C
	S08
	BasketballDrill
	0.22
	-0.18
	-0.01
	0.15

	
	S09
	BQMall
	0.07
	0.05
	0.16
	0.08

	
	S10
	PartyScene
	0.02
	0.18
	0.15
	-0.01

	
	S11
	RaceHorses
	-0.11
	0.09
	0.06
	-0.15

	D
	S12
	BasketballPass
	0.44
	0.11
	0.15
	0.44

	
	S13
	BQSquare
	0.57
	0.21
	0.70
	0.29

	
	S14
	BlowingBubbles
	0.26
	0.26
	0.14
	0.41

	
	S15
	RaceHorses
	0.39
	0.33
	0.32
	0.00

	E
	S16
	Vidyo1
	N/A
	0.14
	N/A
	-0.03

	
	S17
	Vidyo3
	N/A
	-0.05
	N/A
	0.09

	
	S18
	Vidyo4
	N/A
	-0.03
	N/A
	0.49

	Class A
	1.30
	N/A
	0.02
	N/A

	Class B
	0.17
	0.21
	0.17
	0.17

	Class C
	0.13
	0.04
	0.10
	0.02

	Class D
	0.42
	0.23
	0.33
	0.29

	Class E
	N/A
	0.02
	N/A
	0.18

	Total
	0.35
	0.13
	0.17
	0.16


4 Conclusion

In this contribution, a method of adaptive filter coefficient prediction is proposed.  0.20% of additional bitrate reduction is achieved by this method compared to the anchor of in-loop filtering ad-hoc group.  Since this is only a prediction of in-loop filter coefficients for slice, the increasing of complexity does not have impact on implementation.
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