	[image: image1.png]


[image: image2.png]


Joint Collaborative Team on Video Coding (JCT-VC)

of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11
2nd Meeting: Geneva, CH, 21-28 July, 2010
	Document: JCTVC-B043


	Title:
	Synergistic Effect of High Accuracy Interpolation Filter (HAIF) and Quad-tree based Adaptive Loop Filter (QALF)

	Status:
	Input Document to JCT-VC

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Akiyuki Tanizawa
Takeshi Chujoh
Tomoo Yamakage

1, Komukai-Toshiba-cho, Saiwai-ku,
Kawasaki, 212-8582, JAPAN
	
Tel:
Email:
	
+81-44-549-2152
akiyuki.tanizawa@toshiba.co.jp
takeshi.chujoh@toshiba.co.jp
tomoo.yamakage@toshiba.co.jp

	Source:
	TOSHIBA Corporation


_____________________________
Abstract

Many kinds of interpolation filtering technique are proposed in response to the Call for Proposal at the 1st JCT-VC meeting in Dresden. The contribution JCTVC-A117 [1] proposed the combination of High Accuracy Interpolation Filter (HAIF) and Quad-tree based Adaptive Loop Filter (QALF) to achieve additional coding gain compared to the stand alone usage of each tool.
This contribution shows the simulation results of HAIF, QALF and the combination of HAIF and QALF.  If only HAIF is introduced on top of AVC, there are few sequences that show the large coding gain and some sequences show loss. However, if HAIF is introduced in conjunction with QALF, the additional gain on QALF is always observed. Furthermore, for the IPPP coding structure, a synergistic effect of HAIF and QALF is observed. Through the experimental results, the combination of HAIF and QALF achieve synergistic gain of 2.25% on average compared to the gain of addition of HAIF only and QALF only for the IPPP coding structure.
1 Introduction
1.1 High accuracy interpolation filter (HAIF)

HAIF (High-Accuracy Interpolation Filter) [1] is an interpolation filter to interpolate fractional pixels according to fractional pixel motion vector. The interpolation filter is defined as a 1-dimentional FIR filter. If the motion vector points out fractional pixel position both horizontally and vertically, the 1-dimentional FIR filter is performed horizontally and vertically.

In AVC, the purposes of the interpolation filter are (1) to reduce coding noise of decoded picture and (2) adjust the pixel position to fractional pixel position. Since this proposal adopts an image restoration filter to reduce coding noise, which will be explained in sub-section 1.2, the purpose of the interpolation filter is concentrated to (2). Therefore, each fractional pixel potion is derived directly from pixels at integer pixel positions to minimize low pass filter characteristics.

For luminance, the number of filter coefficients is eight. Filter coefficients are as follows:

1/4 pixel position: {-3, 12, -37, 229, 71, -21, 6,-1} // 256

1/2 pixel position: {-3, 12, -39, 158, 158, -39, 12, -3} // 256

3/4 pixel position: {-1, 6, -21, 71, 229, -37, 12, -3} // 256

For chrominance, the same interpolation filter as AVC is used.

1.2 Quad-tree based Adaptive Loop Filter (QALF)

QALF (Quadtree-based Adaptive Loop Filter [1]-[4]) is intended to reduce coding noise of the decoded picture, and it is decided slice by slice for luminance and chrominance whether the loop filter is applied to a block.

The luminance filter is a point-symmetrical 2-dimential FIR filter, and the chrominance filter is a 5x5-tap point symmetrical rectangular 2-dimentional FIR filter. Coefficients of the filter are designed slice by slice at encoder and signaled to decoder. The detailed specification is described in [3] and the QALF in the JM11.0KTA2.6r1 is used in this contribution.
2 Experimental results
JM11.0KTA2.6r1 [5] is used in this simulation, where QALF has been already implemented. HAIF is implemented on it. A simulation was conducted for all CfP sequences, however the number of frames is reduced to about 2 seconds in order to reduce the simulation time. The test conditions follows VCEG-AJ10r1 [6], but QP values are QPI=26, 30, 34, 38; QPP=QPI+1; QPB=QPI+2. BD-PSNR (ΔBitrate [%]) is measured according to BJM add-in proposed by VCEG-AE07 [7].

The bitrate reduction of HAIF compared to the anchor is 1.89% (CS1) and -0.13% (CS2) on average. And the bitrate reduction of QALF compared to the anchor is 5.12% (CS1) and 7.11% (CS2) on average. On the other hand, the bitrate reduction of combination of HAIF and QALF is 6.53% (CS1) and 9.23% (CS2) on average as shown in Table 1, which means that additional bitrate reduction of 2.25% as synergistic effect is achieved on CS2 by combining HAIF and QALF.
Table 1 ΔBitrate for HAIF, QALF and these combinations for CS1 and CS2 
	Categories
	Sequences
	Hierarchical B structure (CS1)
	IPPP structure (CS2)

	
	
	HAIF
	QALF
	HAIF+
QALF
	HAIF
	QALF
	HAIF+
QALF

	
	
	ΔBitrate (%)
	ΔBitrate (%)
	ΔBitrate (%)
	ΔBitrate (%)
	ΔBitrate (%)
	ΔBitrate (%)

	Class A
	PeopleOnStreet
	-0.95 
	7.22 
	7.37 
	N/A

	
	Traffic
	0.79 
	5.46 
	5.95 
	

	Class B
	BQTerrace
	2.22 
	11.12 
	13.67 
	-8.70 
	15.29 
	19.10 

	
	BasketballDrive
	0.62 
	4.01 
	4.51 
	0.01 
	8.69 
	9.58 

	
	Cactus
	0.45 
	3.96 
	4.52 
	-1.64 
	5.68 
	6.75 

	
	Kimono1
	1.15 
	6.86 
	7.05 
	0.42 
	8.46 
	8.75 

	
	ParkScene
	1.27 
	3.60 
	4.31 
	-0.34 
	3.67 
	5.86 

	Class C
	BQMall
	0.98 
	3.02 
	3.97 
	-0.70 
	5.83 
	7.12 

	
	BasketballDrill
	1.40 
	5.80 
	6.73 
	0.93 
	12.14 
	12.78 

	
	PartyScene
	5.55 
	6.48 
	9.51 
	7.31 
	5.34 
	10.24 

	
	RaceHorses
	-0.32 
	2.23 
	3.12 
	-1.90 
	2.67 
	3.43 

	Class D
	BQSquare
	13.25 
	12.17 
	20.21 
	16.96 
	7.48 
	19.84 

	
	BasketballPass
	0.29 
	1.72 
	2.16 
	-2.16 
	4.76 
	5.02 

	
	BlowingBubbles
	2.12 
	1.59 
	2.99 
	2.53 
	2.35 
	5.05 

	
	RaceHorses
	-0.50 
	1.52 
	1.93 
	-1.38 
	1.95 
	2.26 

	Class E
	vidyo1
	N/A
	-3.51 
	7.71 
	8.84 

	
	vidyo3
	
	-5.09 
	12.81 
	13.93 

	
	vidyo4
	
	-4.78 
	8.93 
	9.15 

	Class A Average
	-0.08 
	6.34 
	6.66 
	N/A

	Class B Average
	1.14 
	5.91 
	6.81 
	-2.05 
	8.36 
	10.01 

	Class C Average
	1.90 
	4.38 
	5.83 
	1.41 
	6.49 
	8.39 

	Class D Average
	3.79 
	4.25 
	6.82 
	3.99 
	4.13 
	8.04 

	Class E Average
	N/A
	-4.46 
	9.82 
	10.64 

	Total Average
	1.89 
	5.12 
	6.53 
	-0.13 
	7.11 
	9.23 


3 Conclusions
In this contribution, the simulation results of HAIF, QALF and the combination of HAIF and QALF, which were proposed in JCTVC-A117, are reported.  By combining HAIF and QALF, additional bitrate reduction of 2.12% is achieved for the IPPP coding structure, which shows synergistic effect. For hierarchical B coding structure, additional bitrate reduction of 1.58% is achieved without loss for any sequence 
Since the interpolation filter and the in-loop filter have strong relation as a filter processing technology, it is suggested to discuss not only about the coding gain assessment of interpolation filter itself but also about the assessment of the combination of both interpolation filter and in-loop filter.
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