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Abstract

The following summarizes the Intra Prediction Ad hoc activities between the 1st JCT-VC meeting in Dresden, Germany (15 to 23 April, 2010) and the current 2nd JCT-VC meeting in Geneva, Switzerland (21 to 28 July, 2010).
1 Mandate

The mandate of this AHG as specified in JCTVC-A200 is as follows:

	AHG Title and Email Reflector
	Chairs
	Mtg

	Intra prediction

(jct-vc@lists.rwth-aachen.de)

· Study the enhanced schemes in intra-prediction including block sizes, directionality, resampling, line-based & 2x8/8x2, pre/post-filtering, and chroma prediction using luma.

· To discuss the relationship and the evaluation procedure among the schemes studied in mandate 1

· Propose Core Experiments
	C. Auyeung
(cheung.auyeung@am.sony.com)
[chair]

S. Lei, K. Sugimoto, H. Yu
[vice chairs]
	N


2 Status
The Ad hoc Group (AHG) on Intra Prediction was formed during the April 2010 JCT‑VC meeting in Dresden. Email discussions for this group are conducted on the JCT-VC reflector: jct‑vc@lists.rwth-aachen.de, with the term [IPred AhG] included in the subject line.
Approximately 52 members from 29 parties/companies participate in the Intra Prediction AHG.  A few emails were exchanged over the reflector.  The results were summarized by the chair and posted to the reflector.
3 Classification of the Intra Prediction

As shown in Table 1, the list of intra prediction algorithm in the submissions based on [1] can be classified into two classes:

· (Class 1)  Intra prediction techniques that can be used as addition or/and replacement of the intra predictions in KTA or JM. It does not require changes to the transform, scanning, block structure, and quantization. Some changes in the entropy coding could be needed to encode the intra prediction modes and side information. 

· (Class 2)  Intra prediction techniques that would require changes in the transform block structure and sizes. And it cannot be used as addition or replacement of the intra predictions in KTA or JM without changing the block structure.

Table 1.: Intra prediction elements and classification

	Proposal
	Intra prediction
	Class

	JCTVC-A030 (Sony)
	High direction resolution intra prediction with decoder side edge-based adaptive direction estimation
	1

	JCTVC-A105 (Sharp)
	Parallel Intra with Adaptive multi-directional intra pred
	1

	JCTVC-A107 (Mitsubishi)
	Block-based pyramid prediction
	1

	JCTVC-A108 (JVC)
	AC ramp prediction using DC and boundary
	1

	JCTVC-A109 (MediaTek)
	Enhanced intra prediction: Overlapped block, 9 modes for 16x16, context-dependent mode
	1

	JCTVC-A110 (LG)
	Intra prediction for 32x32

Chroma-from-luma intra prediction
	1

	JCTVC-A111 (Huawei & Hisilicon)
	Resample-based intra prediction 

Line-based intra prediction
	2

	JCTVC-A113 (SK telecom, Sejong Univ. & Sungkyunkwan Univ.)
	Intra prediction of larger blocks, special coding of modes
	1

	JCTVC-A114 (France Telecom, NTT, NTT DOCOMO, Panasonic, & Technicolor)
	Intrapred. 8x8, 4x4, 8x2, 2x8

Directional pred. generalized for 16x16

Special edge prediction mode

intra template matching averaging

Low-pass filter for 16x16

Chroma intra prediction with adaptive filtering
	1

	JCTVC-A116 (Fraunhofer HHI)
	Adaptive pre-filtering
	1

	JCTVC-A117 (Toshiba)
	Bidirectional weighted intra pred.
Adaptive sub-block coding order.
	1

	JCTVC-A118 (Microsoft)
	Line-based/pixel based coding modes for intra; prediction uses switchable, Wiener, predefined directional filters or template matching
	2

	JCTVC-A119 (Tandberg, Ericsson, Nokia)
	Intra prediction: 16x16 DC, h/v & planar; 8x8 DC and 32 angular predictions; 4x4 DC, H/V
	1

	JCTVC-A122 (NHK & Mitsubishi)
	New 16x16 intra prediction modes: Global plane (surface) prediction, iterative adjustment prediction
	1

	JCTVC-A124 Samsung & BBC
	Methods: Arbitrary direction intra prediction, color comp. corr. pred. for intra, pixel-based template matching, combined intra prediction (ADI with local mean)
Multi-parameter intra 
	1


	JCTVC-A125
(BBC & Samsung; A124 without some or slightly modified tools)
	No pixel-based template matching
	1

	JCTVC-A126 (Renesas)
	Intra vector prediction by block matching
Intra repetitive pixel replenishment based on template matching
	1

	JCTVC-A127 (ETRI)
	Intra prediction mode 32x32, intra prediction 16x16 with directions

Recursive intra prediction, pre-filter at boundaries before prediction, post filter after prediction
	1


4 Software

Most participants felt that if the software for the Test Model under Consideration (TMuC) is ready, the TMuC software would be appropriate for the Intra Prediction Core Experiments.

In case that the TMuC software is not ready, JM-KTA 2.6r1 and JM16.2 were discussed in the AhG for this purpose. 

Since more participants recommended JM-KTA 2.6r1 (jm11.0kta2.6r1) than JM16.2 for the Core Experiments, when the TMuC software is not ready, we shall use JM-KTA 2.6r1 for this purpose.

5 Scenario with JM-KTA 2.6r1 

5.1 Modification

In the case that the TMuC software is not ready, we shall use the JM-KTA 2.6r1 software with the modifications specified for Tool Experiment 2 in JCTVC-A302_r1:

1. Change:

\lencod\src\slice.c(574):  static int deltaQPTabSizeB = 5;

\lencod\src\slice.c(575):  static int deltaQPTabSizeP = 5; 

To:

\lencod\src\slice.c(574):  static int deltaQPTabSizeB = 1;

\lencod\src\slice.c(575):  static int deltaQPTabSizeP = 1; 

2. Replace line 38 of \lencod\src\cabac.c with:

#ifdef MB32X32

static const int type2ctx_bcbp[] = { 0,  1,  2,  2,  3,  4,  5,  6,  5,  5, 0, 1, 2, 3}; // 7

#else

static const int type2ctx_bcbp[] = { 0,  1,  2,  2,  3,  4,  5,  6,  5,  5}; // 7

#endif

5.2 Test Conditions

The tests for Intra Prediction will include an Intra only constraint and the Constraint Set 1 (CS1) of the CfP, in that a hierarchical-B structure is used. 

For JM-KTA 2.6r1, the CS1 conditions specified in VCEG-AJ10r1, with NumberBFrames=7 (IbBbBbBbP) is used. A GOP length of 8 should give us a reasonable number of Intra-coded pictures for each test. For the KTA-specific settings, here are some suggested changes to the default settings for the reference bitstreams for both Intra only constraint and CS1:
MVCompetition           = 1  # Competition for motion vector prediction

UseIntraMDDT            = 0  # Use Mode Dependent Directional Transform

UseHPFilter             = 1  # Use High Precision H.264 filter
UseAdaptiveLoopFilter   = 0  # Quadtree-based adaptive loop filtering

UseExtMB                = 2  # Use extended block size

InputBitDepth           = 8  # InputBitDepth for IBDI

BitDepthLuma          
 = 12 # Bit Depth for Luminance

BitDepthChroma        
 = 12 # Bit Depth for Chrominance

Note that unlike many of the other Test Experiments or AHG tests, MDDT and the Adaptive Loop Filter are turned off for the reference so that we can focus on the intra prediction.

To keep simulation times reasonable we code approximately 2 seconds of each sequence.

	Class
	Sequence
	StartFrame
	FramesToBeEncoded
	IntraPeriod for CS1

	
	
	
	CS1
	All Intra
	

	A
	Traffic
	0
	9
	65
	4

	
	People on Street
	0
	9
	65
	4

	B1
	Kimono
	116
	7
	49
	3

	
	ParkScene
	0
	7
	49
	3

	B2
	Cactus
	0
	13
	97
	6

	
	BasketballDrive
	0
	13
	97
	6

	
	BQTerrace
	0
	17
	129
	8

	C
	BasketballDrill
	0
	13
	97
	6

	
	BQMall
	0
	17
	129
	8

	
	PartyScene
	0
	13
	97
	6

	
	RaceHorses
	0
	9
	65
	4

	D
	BasketballPass
	0
	13
	97
	6

	
	BQSquare
	0
	17
	129
	8

	
	BlowingBubbles
	0
	13
	97
	6

	
	RaceHorses
	0
	9
	65
	4

	E
	Vidyo1
	0
	N/A
	129
	N/A

	
	Vidyo3
	0
	N/A
	129
	N/A

	
	Vidyo4
	0
	N/A
	129
	N/A


Table 2: Test sequences and coding frame numbers.

QP values are QPI=22, 26, 30, 34, 38 and QPP=QPI+1 (and QPB=QPI+3 with the following setting for B slice):
HierarchyLevelQPEnable   =  1  # Adjust QP based on Pyramid Level (in increments of 1).

To prepare HEVC for the emerging 8Kx4K video applications and the professional video applications, the test sequences for the All Intra constraint also include the Class A test sequence. In the case that  8Kx4K test sequences are available for testing, they should also be considered to be evaluated in the experiments for the CS1 and the All Intra constraint.

In addition to the QP=26, 30, 34, 38, the QPI=22 is also recommended in the testing condition for preparing HEVC for the emerging 4Kx2K and 8Kx4K video applications and the professional video applications.

6 Scenario with TMuC 
6.1 Test Conditions

· Intra coding only and CS1 constraint should be used.

· Loop filters including Wiener filer should be turned off.

· PU/TU size should be from 4x4 up to 64x64.

· AVC Intra prediction directions and DC prediction should be the starting point.

· Intra predictions implemented on the TMuC should be evaluated same as other proposals.

6.2 Test sequences

The test sequences and starting frame are the same as the Scenario JM-KTA 2.6r1 as specified in Table 1.  Five QP values are recommended for the Core Experiment. The five QP values for the TMuC shall be selected such that they produce similar bitrate as the 5 QP values for the Scenario JM-KTA 2.6r1.
7 Evaluation Criteria

The proposals of the two Classes shall be evaluated together. The proponents are requested to indicate the classification of their proposal.  The evaluation shall take into consideration that Class 2 also include changes in the transform or block structure. 

7.1 Quantitative metrics

Coding efficiency evaluation shall be based on BD-Rate and BD-PSNR with the lower 4 QP values and the upper 4 QP values.

 A simple complexity measure shall be based on encoding and decoding times to those of the reference software running on the same platform.
Also the proponents are recommended to provide operation counts (e.g. number of multiplies and additions) for individual intra prediction and associated mode-decision process in their documentations. 
7.2 Qualitative evaluation
The proponents are encouraged to describe any subjective improvements or artifacts that may be observed when their intra-prediction is used and to demonstrate the improvements by example frames. The proponents shall also prepare to demonstrate the video when requested. 

8 List of participants

This is a list of people who contacted the chairs to indicate that they were interested in participating in the AHG on Intra Prediction. Please email the reflector and/or the chairs if you would like to be added to the list. Currently this list is in alphabetical order of the Company’s name.

	Boardcom
	Wage Wan

BZ Shen
	wwan@broadcom.com
bzshen@broadcom.com


	ETRI
	Hui Yong Kim
Seyoon Jeong
Jinho Lee
	hykim5@etri.re.kr
jsy@etri.re.kr
jinosoul@etri.re.kr


	Huawei
	Haoping Yu

Lingzhi Liu

Changcai Lai

Haito Yang

Yongbing Lin
	haopingyu@huawei.com [Vice Chair]

lzliu@huawei.com
laichangcai@huawei.com
haitaoyang@huawei.com
yblin@huawei.com


	Institute for Infocomm
	Yeo Chuo Hao
	chyeo@i2r.a-star.edu.sg


	JVC
	Toru Kumakura
	kumakura.toru@jk-holdings.com


	LG Electronics
	Seungwook Park

Jungsun Kim
	seungwook.park@lge.com
jungsun.kim@lge.com


	Intel
	Yi-Jen Chiu

Lidong Xu
	yi-jen.chiu@intel.com
Lidong.xu@intel.com


	INRIA
	Tangi Poirier

Laurent Guillo
	tangi.poirier@inria.fr
laurent.guillo@inria.fr


	Mediatek
	Shawmin Lei

Yuwen Huang

Xun Guo
	shawmin.lei@mediatek.com  [Vice Chair]

yuwen.huang@mediatek.com
xun.guo@mediatek.com


	MERL
	Robert Cohen
	cohen@merl.com


	Microsoft
	Jizheng Xu
	jzxu@microsoft.com


	Mitsubishi Electric
	Shun-ichi Sekiguchi

Kazuo Sugimoto
	Seiguchi.Shunichi@MitsubishiElectric.co.jp
Sugimoto.Kazuo@ak.MitsubishiElectric.co.jp [Vice Chair]



	Motorola
	Krit Panusopone

Yue Yu

	krit@motorola.com
yu@motorola.com


	NHK
	Atsuro Ichigaya
	ichigaya.a-go@nhk.or.jp


	Panasonic
	Steffen Wittmann

Virginie Drugeon
	steffen.wittmann@eu.panasonic.com
Virginie.Drugeon@eu.panasonic.com


	Qualcomm
	Rajan Joshi


	rajanj@qualcomm.com


	Renesas
	Kenichi Iwata
	kenichi.iwata.yb@renesas.com


	Samsung
	Il-Koo Kim
	ilkoo.kim@samsung.com


	Sharp
	Andrew Segall

Tomoyuki Yamamoto
	asegall@sharplabs.com
yamamoto.tomoyuki@sharp.co.jp 


	Sejong Univ
	Hyoungmee Park

Yung-Lyul Lee
	loogin@sju.ac.kr
yllee@sejong.ac.kr


	Sony
	Teruhiko Suzuki

Cheung Auyeung
	teruhikos@jp.sony.com
cheung.auyeung@am.sony.com  [Chair]

	Technicolor
	Peng Yin

Edouard Francois

Dominique Thoreau

Jerome Vieron
	Peng.yin@technicolor.Com
Edouard.francois@technicolor.com
dominique.thoreau@technicolor.com
jerome.vieron@technicolor.com


	TI
	Madhukar Budagavi

Mehmet Umut Demircin

Minhu Zhou
	madhukar@ti.com
demircin@ti.com
zhou@ti.com


	Toshiba
	Akiyuki Tanizawa
	akiyuki.tanizawa@toshiba.co.jp


	Yonsei University
	Yoonsik Choe
	yschoe@yonsei.ac.kr


	Waseda University
	Xin Jin
	xjin@aoni.waseda.jp


	Zhejiang University
	Yu Chen
	yul@zju.edu.cn


	Others
	TK Tan

Damián Ruiz
	ttk@pacific.net.sg
damian.ruiz.coll@gmail.com



9 References

[1] “Table of Proposal Design Elements for High Efficiency Video Coding (HEVC)”, JCTVC-A203, 15-23 April, 2010.

Page: 8
Date Saved: 2010-07-16

