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Abstract

This document provides a summary of the activities carried out by the Ad Hoc Group on Alternative Transforms between the 1st JCT-VC meeting in Dresden, Germany (15 to 23 April, 2010) and the upcoming 2nd JCT-VC meeting in Geneva, Switzerland (21 to 28 July, 2010).
1 Mandate
	AHG Title and Email Reflector
	Chairs
	Mtg

	Alternative transforms

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

· To define and conduct experiments related to using alternative, adaptive, mode-dependent directional, and directional transforms for coding prediction residuals

· To select a common codebase upon which these experiments will be performed

· To define and conduct experiments related to transforms proposed for the CfP, including but not limited to

a. The Orthogonal Mode-Dependent Directional Transform of JCTVC-A101

b. The Directional Unified Transform of JCTVC-A117

c. The Directional Transform of JCTVC-A107

d. The Directional Transform of JCTVC-A111

e. The Adaptive DCT/DST of JCTVC-A122

f. DDCT of JCTVC-A103

g. Alternate KLT of JCTVC-A114

· To evaluate and report the performance characteristics of these transforms, using

a. Objective measures (BD-Rate, BD-PSNR)

b. Subjective descriptions (i.e., what kinds of artifacts are produced by each transform, what kinds of textures/features these transforms work best)

c. Complexity (computational, memory, encoder)

· To report the results and conclusions of these experiments to the JCT
	R. Cohen
(cohen@merl.com),
R. Joshi
(rajanj@qualcomm.com)
[co-chairs]
	N


2 Status
The list of 44 people who expressed interest in participating in this AHG is listed in Section 4. Discussions were carried out over the main JCT-VC reflector (jct-vc@lists.rwth-aachen.de), usually with the term “AHG – Transforms” in the subject line. The activities of the AHG included discussions related to test conditions for AHG experiments (parameters, sequences, and software platforms), and classification of the proposed transforms.
2.1 Classification of the proposed transforms

After discussions on the reflector, the proposed transforms were classified based on whether they are used for “INTRA” or/and “INTER” and whether they are mode dependent or explicitly signalled. Table 1 summarizes this classification.
Table 1. Classification of alternative transforms

	Transform
	Intra
	Inter
	Mode-Dependent
	Explicitly Signaled

	Orthogonal MDDT (JCTVC-A101, TI)
	●
	
	●
	

	Directional DCT (JCTVC-A103, Sony)
	●
	
	●
	

	Directional Transform (JCTVC-A107, Mitsubishi)
	●
	
	
	●

	Multiple Model KLT: MMKLT (JCTVC-A109, MediaTek)
	●
	
	
	●

	Rate-distortion optimized transform for Intra and Inter prediction residual: RDOT (JCTVC-A111, Huawei, Hisilicon)
	●
	●
	
	●

	KLT (JCTVC-A114, France Telecom, NTT, NTT DOCOMO, Panasonic, Technicolor)
	●
	●
	
	●

	Directional Unified Transform (JCTVC-A117, Toshiba)
	●
	
	●
	

	Mode Dependent Directional Transform: MDDT (JCTVC-A121, Qualcomm)
	●
	
	●
	

	Adaptive DCT/DST for chroma (JCTVC-122, NHK, Mitsubishi)
	●
	●
	
	●

	Rotational transform: ROT (JCTVC-A124, Samsung)
	●
	
	
	●


2.2 Summary of Test conditions

Below is a summary of test conditions that are related to AHG – Transforms discussions on the reflector. More detailed test conditions that were circulated on the reflector are included in Annex A.
· Software platform: It is expected that core/tool experiments on alternative transforms will be performed on the software for the Test Model under Consideration (TMuC). The choice of the software transform to perform experiments until a stable version of the TMuC software is available was discussed on the reflector. Most participants felt that JM-KTA 2.6r1 (jm11.0kta2.6r1) would be appropriate for this purpose. JM16.2 was also suggested as another candidate using CS1 , as well as JM-KTA 2.6r1 with all the KTA tools disabled. The consensus was that JM-KTA 2.6r1 was the recommended software platform but participants were free to propose any other software to evaluate the performance of the proposed alternative transforms.
· Test configurations: Three separate configurations were proposed, namely, Intra-only, IPPP (CS2), and hierarchical-B (CS1). It was agreed that proposed alternative Intra transforms would be tested for Intra-only and hierarchical-B configurations whereas alternative Inter transforms would be tested on IPPP and hierarchical-B configurations. It was noted that Intra-only configuration will not produce the kinds of temporal artifacts that are visible in IPPP or hierarchical-B tests. Nevertheless it was felt that Intra-only configuration would be helpful in evaluating the performance of alternative Intra-transforms.
· QP values: The proposed QP values are QPI=27, 30, 34, 38; QPP=QPI+1; QPB=QPI+2. Some participants expressed interest in having higher quality Intra-only QP values (e.g. QPI=22). We hope to accommodate these suggestions in the core/tool experiments.
· Test sequences: The same test sequences from the Call for Proposals (CfP) are proposed, using a shorter duration. To keep simulation times reasonable, it was proposed to use frames 0-120 (121 frames) for classes A, B, C, D, and E,  except for Kimono, which is coded using frames 72-192  (121 frames). Class E sequences are used for CS2 and all-Intra conditions. There was also a suggestion to include the Super Hi Vision (SHV) 8Kx4K (7680x4320) sequences in the tests. For participants interested in running tests with the SHV material, 121 frames is also proposed, however, participants who are using that material are welcome to propose shorter durations and appropriate parameter settings.
· Additional platforms: For JM 16.2, conditions identical to CS1 were proposed. JM-KTA 2.6r1 with all the KTA tools disabled and alternative QP values were proposed.
3 List of related input documents 

The following contributions related to alternative transforms have been registered for this meeting: 
· JCTVC-B024 [C. Yeo, Y. H. Tan, Z. Li, S. Rahardja (I2R)] Mode-dependent fast separable KLT for block-based intra coding

· JCTVC-B038 [D. Wang, J. Song, H. Yang, M. Yang, H. Yu (Huawei), Xin Zhao, Siwei Ma (Peking Univ.)] Performance improved directional transform techniques

· JCTVC-B039 [H. Yang, J, Zhou, H. Yu (Huawei)] Simplified MDDT (SMDDT) for intra prediction residual

· JCTVC-B042 [A. Tanizawa, J. Yamaguchi, T. Shiodera T. Chujoh, T. Yamakage (Toshiba)] Improvement of intra coding by bidirectional Intra Prediction and One-dimensional directional unified transform

· JCTVC-B073 [W. Ding, Y. Shi, B. Yin (Beijing Univ. Tech.)] Fast mode dependent directional transform via butterfly-style transform and integer lifting steps
· JCTVC-B092 [R. Cohen, A. Vetro, H. Sun (Mitsubishi)] Performance of direction-adaptive residual transforms
· JCTVC-B102 [X. Zhao (CAS), L. Zhang, S. Ma, W. Gao (Peking Univ.)] Mode-dependent residual reordering for Intra prediction residual
· JCTVC-B107 [A. Cheung, A. Tabatabai (Sony)] Intra coding with directional DCT and directional DWT
The following contribution discusses transforms but does not propose an alternative transform.

· JCTVC-B028 [M. Zhou (TI)] Coding efficiency test on large block size transforms in HEVC
· JCTVC-B050 [B. Lee, M. Kim (KAIST), H. Y. Kim, J. Kim, J. S. Choi (ETRI)] Hierarchical variable block transform


4 List of participants
During and after the previous meeting in Dresden, the following people expressed interest in participating in this AHG:

Akiyuki Tanizawa <akiyuki.tanizawa@toshiba.co.jp>

Anand Paul <anand@icwang.ee.ncku.edu.tw, anand@hanyang.ac.kr>

Atsuro Ichigaya <Ichigaya.a-go@nhk.or.jp>

Byeung-Moon Jeon <bm.jeon@lge.com>

BZ Shen <bzshen@broadcom.com>

Cheung Auyeung <Cheung.Auyeung@am.sony.com>

Dong Wang <wangdong1210@huawei.com>

Edouard Francois <Edouard.francois@technicolor.com>

Faisal Ishtiaq <faisal@motorola.com>

Haitao Yang <haitaoyang@huawei.com>

Haoping Yu <haopingyu@huawei.com>

Hui Yong Kim <hykim5@etri.re.kr>

Hyoungmee Park <loogin@sju.ac.kr>

Il-Koo Kim <ilkoo.kim@samsung.com>

Ji-Zheng Xu <jzxu@microsoft.com>

Jin Song <songjinmail@huawei.com>

Joel Sole <Joel.sole@technicolor.com>

Jongho Kim <pooney@etri.re.kr>

Jungsun Kim <jungsun.kim@lge.com>

Krit Panusopone <krit@motorola.com>

Li Zhang <zhanglili@jdl.ac.cn>

Lidong Xu <lidong.xu@intel.com>

Madhukar Budagavi <madhukar@ti.com>

Mehmet Umut Demircin <demircin@ti.com>

Minhua Zhou <zhou@ti.com>

Peng Yin <Peng.yin@technicolor.com>

Rajan Joshi <rajanj@qualcomm.com>

Robert Cohen <cohen@merl.com>

Sebastian Bosse <sebastian.bosse@hhi.fraunhofer.de>

Seungwook Park <seungwook.park@lge.com>

Seyoon Jeong <jsy@etri.re.kr>

Shawmin Lei <Shawmin.lei@mediatek.com, shawmin@yahoo.com>

Shih-Ta Hsiang
<hsiang@motorola.com>

Siwei Ma <swma@jdl.ac.cn>

Wage Wan <wwan@broadcom.com>

Xin Zhao <xzhao@jdl.ac.cn>

Xingguo Zhu <05xxgcsgx@zju.edu.cn>

Xun Guo <xun.guo@mediatek.com>

Yann Serrand <yann.serrand@irisa.fr>

Yeo Chuo Hao <chyeo@i2r.a-star.edu.sg>

Yi-jen Chiu <yijen.chiu@intel.com>

Yoonsik Choe <yschoe@yonsei.ac.kr>

Youji Shibahara <shibahara.youji@jp.panasonic.com>

Yuwen Huang <yuwen.huang@mediatek.com>

Annex A: Proposed software, test conditions, and evaluation criteria
A.1 Software

Although eventually these experiments will be performed on the software for the Test Model under Consideration, much can be learned by evaluating alternative transforms on an existing common platform. Most participants felt that JM-KTA 2.6r1 (jm11.0kta2.6r1) would be appropriate for this purpose. JM16.2 was also proposed, using the configuration of Constraint Set 1 of the CfP. Participants also expressed interest in using JM-KTA 2.6r1 with all KTA-specific tools disabled. If any participants prefer to compare their transforms using a different software platform, details on that platform and test conditions can be added to revisions of this document. For JM-KTA 2.6r1, we shall make the same two modifications that are 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

A.2 Test Conditions

A2 Tests for transforms that operate only on Intra

A2 CS1 conditions
The tests for Intra alternative transforms will be similar to Constraint Set 1 (CS1) of the CfP, in that a hierarchical-B structure is used. For JM-KTA 2.6r1, the conditions specified in VCEG-AJ10r1, with NumberBFrames=7 (IbBbBbBbP) are used. The Intra-picture periods will be the same as those use for the Alpha anchors in the CfP: An Intra picture every 24, 32, 48 and 64 pictures for 24, 30, 50 and 60 fps respectively. Inter-pictures will be coded using the conventional JM-KTA transform. For the KTA-specific settings, the following settings will be used to generate the bitstreams:

MVCompetition           = 1  # Competition for motion vector prediction

UseIntraMDDT            = 0  # Use Mode Dependent Directional Transform

UseHPFilter             = 1  # Use High Precision filter
UseAdaptiveLoopFilter   = 1  # Quadtree-based adaptive loop filtering

UseExtMB                = 2  # Use extended block size

Note that unlike many of the other Tool Experiments or AHG tests, MDDT is turned off for the reference since we are testing alternative transforms.

The proposed QP values are QPI=27, 30, 34, 38; QPP=QPI+1; QPB=QPI+2. Some participants have expressed interest in having higher quality Intra-only QP values (e.g. QPI=22). We hope to accommodate these suggestions in the core experiments..

A2 All-Intra conditions

In addition to the CS1 conditions described above, a configuration with all frames coded as Intra pictures will also be tested. Although these tests will not produce the kinds of temporal artifacts that are visible in IPPP or hierarchical-B tests, they should help us to learn more about the behavior of alternative Intra-transforms. The all-Intra test conditions are similar to the CS1 conditions described above, except that all frames are coded as Intra pictures.

A2 Tests for transforms that operate on Inter or Intra + Inter

A2 CS1 conditions
These tests conditions are the same as in Section A.2.1.1, except that alternative transforms are used on Inter or both Inter and Intra-coded pictures.
A2 CS2 conditions
These tests are similar to CS2 of the CfP, with an IPPP structure, using the QP values specified above in Section A.2.1.1.

A2 Test sequences

The same test sequences from the CfP are proposed, using a shorter duration.To keep simulation times reasonable, it is proposed to use frames 0-120 (121 frames) for classes A, B, C, D, and E,  except for Kimono, which is coded using frames 72-192  (121 frames). Class E sequences are only used for CS2 conditions. There was also a suggestion to include the Super Hi Vision (SHV) 8Kx4K (7680x4320) sequences in the tests. For participants interested in running tests with the SHV material, 121 frames is also proposed, however, participants who are using that material are welcome to propose shorter durations. The following tables summarize the conditions for classes A through E:

Class A: Size 2560x1600p
	Sxx
	Name
	fps
	Frames

	S01
	Traffic
	30
	0-120

	S02
	PeopleOnStreet
	30
	0-120


Class B1: Size 1920x1080p
	Sxx
	Name
	fps
	Frames

	S03
	Kimono
	24
	72-192

	S04
	ParkScene
	24
	0-120


Class B2: Size 1920x1080p
	Sxx
	Name
	fps
	Frames

	S05
	Cactus
	50
	0-120

	S06
	BasketballDrive 
	50
	0-120

	S07
	BQTerrace
	60
	0-120


Class C: Size 832x480p (WVGA)
	Sxx
	Name
	fps
	Frames

	S08
	BasketballDrill
	50
	0-120

	S09
	BQMall
	60
	0-120

	S10
	PartyScene
	50
	0-120

	S11
	RaceHorses
	30
	0-120


Class D: Size 416x240p (WQVGA)
	Sxx
	Name
	fps
	Frames

	S12
	BasketballPass
	50
	0-120

	S13
	BQSquare
	60
	0-120

	S14
	BlowingBubbles
	50
	0-120

	S15
	RaceHorses
	30
	0-120


Class E: Size 1280x720p
	Sxx
	Name
	fps
	Frames

	S16
	Vidyo1
	60
	0-120

	S17
	Vidyo3
	60
	0-120

	S18
	Vidyo4
	60
	0-120


summarize these conditions:nly used for CS2 conditions. The following tables ntra-only QP values. So we propose the use of 


 
A.3 Evaluation Criteria

A3 Quantitative metrics

Four point BD-Rate and BD-PSNR shall be used to evaluate coding efficiency. For complexity, we can start by comparing encoding and decoding times to those of the JM-KTA reference. Analysis of operation counts (e.g. number of multiplies and additions) is also desirable for individual transforms (and for multiple transforms when used in a mode-decision process).
A3 Qualitative evaluation
In some cases, alternative transforms can improve or degrade subjective quality without significantly affecting the BD-Rate or BD-PSNR. It would therefore be useful for proponents to describe any subjective improvements or artifacts that may be observed when their alternative transform is used. For systems in which adaptive decisions are made between the conventional and alternative transforms, it may be of interest to see examples of frames showing where the conventional and where the alternative transforms were used.
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