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Abstract

This document provides a summary and table of documents related to Core Experiment 7 (CE7) on Alternative Transforms.

1 Introduction

The purpose of Core Experiment 7 (CE7) [1] is to investigate the performance of transforms other than the conventional integer DCT-like transform currently in HM (TMuC 0.9) [2]. The nine proposals submitted for CE7 along with their corresponding cross-verification documents and any related contributions are summarized in Table 1.
Table 1. CE7-related documents

	Tool #
	Proponent (Tool Type)
	CE7 Doc.
	Cross-verification
	Other related docs.
	Remarks

	1
	Toshiba
(1DDUT)
	D107
	D264
(Qualcomm)
	D032
(Samsung)
	
	
	

	2
	I2R
(DCT/Derived KLT-DST)
	D046
	D353
(Samsung)
	D306
(Huawei)
	D104
(Toshiba)
	D048 D049
	

	3
	Samsung
(Fast ROT)
	D357
	D030
(MERL)
	D409
(Qualcomm)
	
	D180
	

	4
	Samsung & Qualcomm
(Combined ROT/MDDT)
	
	
	
	
	
	Proponent requested this be withdrawn because this is a combined tool.

	5
	Samsung
(DCT/DST)
	D033
	D105
(Toshiba)
	D031
(BBC)
	D088
(NHK)
	
	

	6
	Qualcomm
(MDDT Improvements)
	D399
	D307
(Huawei)
	D354
(Samsung)
	D078

(I2R)
	D392
	

	7
	Beijing Univ. Tech.
(Symmetric transform matrices)
	
	
	
	
	
	Proponent withdrew from CE7.

	8
	Huawei
(Symmetry-based MDDT simplification)
	D304
	D047
(I2R)
	
	
	
	

	9
	Peking Univ.
(Residual reordering)
	D284
	D290
(Mediatek)
	
	
	D286
	


2 Summary of proposed alternative transforms
The types of proposed transforms and methods generally fall into one or more of the following categories:

· MDDT Simplification

· Separable DCT/KLT

· Separable DCT/DST

· Mode-mapping (Intra prediction direction mapped to transform mode)

· Coefficient ordering/scanning

· Use of symmetry to reduce the number of transforms and number of scanning orders.
· ROT Improvements

· Residual reordering combined with KLT

Descriptions for each of the proposals are as follows:

	Tool #
	Proponent
	Doc.
	Tool Description

	1
	Toshiba
	JCTVC-D107
	1DDUT is a spatial transform scheme for intra coding. 1DDUT has only two 1-D transform matrices, which are Discrete Cosine Transform (DCT) and the directional transform based on Karhunen-Loeve Transform (KLT). It’s applied for 4x4 block and 8x8 block only. 1DDUT was proposed in the contribution of JCTVC-B042 at the JCT-VC Geneva meeting and JCTVC-C080 at the JCT-VC Guangzhou meeting.

	2
	I2R
	JCTVC-D046
	To simplify the operation of Mode Dependent Directional Transform (MDDT), a Mode-Dependent Fast Separable KLT for Block-based Intra Coding was previously introduced that requires only two transform matrices: a DCT and a DST (Odd Type-3 DST). The 4x4 DST also has a structure that can be exploited to reduce the operation count of the transform operation.

	3
	Samsung
	JCTVC-D357
	Rotational Transform (ROT) was proposed to be an adaptive transform for efficient Intra residual encoding. In TE12 the performance of this tool was reported, and high encoding complexity was indicated as the main disadvantage of this tool. This experiment is targeted to investigate a fast version of ROT implemented on top of HM.

	4
	
	
	

	5
	Samsung
	JCTVC-D033
	In this contribution, we use the conventional Discrete Cosine Transform (DCT), or DST (separably along the vertical or horizontal directions) based on the intra prediction direction. The proposed DCT/DST transform scheme does not require any additional signaling information or Rate-Distortion search during encoding, and works in a single-pass. No training was required to derive the transform and the scheme requires the storage of only one DST matrix in addition to the conventional DCT at each block size. The conventional quantization tables for TMuC 0.9 are retained and no changes have been made to the scanning order.

	6
	Qualcomm
	JCTVC-D399
	In this contribution, we compare several different methods of mode dependent intra residual coding. They are mode dependent fix scan, adaptive switch scan and adaptive switch KLT+scan. We will show the trade off between coding efficiency and complexity.

	7
	
	
	

	8
	Huawei
	JCTVC-D304
	A SMDDT (Simplified MDDT) scheme is proposed in this document. It comprises two parts, ST (Simplified Transform) and SSO (Symmetry-based Scanning Order). In the SMDDT-ST, the combination of DCT and DST is used. In the SMDDT-SSO, 2 additional scanning orders as well as the existing zigzag scanning order are used. 

	9
	Peking Univ.
	JCTVC-D284
	The proposed tools apply mode-dependent reordering, transform and coefficient scanning for directional intra prediction and coding in HM. For mode-dependent transform, a single transform matrix is employed for all the directional intra prediction modes defined in HM, and the original DCT method is maintained for DC prediction residue. Moreover, for 4x4 transform, the applied transform is a simplified 4x4 DST featured by multiplierless arithmetic and low dynamic range of internal results.




3 Summary of Experimental Results
Below are tables summarizing the reported experimental results for each tool listed in the CE description. Entries highlighted in yellow indicate that only one contribution (either the proponent or cross-verifier) reported these values, so they have not yet been independently verified. These tables also include any provided LD-HE and LD-LC experimental results, even though those configurations were not required by CE7.
	
	Overall BD-Rate change for the luma (Y) components (%)

	      Tool
Config
	1  (D107)
	2  (D046)
	3           (D357)
	4
	5             (D033)
	6             (D399)
	7
	8  (D304)
	9 (D284)

	I-HE
	-2.1
	-1.3
	-1.9 | -1.1
	
	-1.3 | -1.2 | -1.2
	-2.3 | -2.6 | -3.1
	
	-2.0
	-2.0

	I-LC
	-2.3
	-2.2
	-2.9 | -1.5
	
	-2.1 | -1.9 | -1.9
	
	
	-2.9
	-2.5

	RA-HE
	-0.9
	-0.6
	-0.9 | -0.9
	
	-0.6 | -0.6 | -0.6
	-1.0 | -1.1 | -1.3
	
	-0.8
	-0.9

	RA-LC
	-0.8
	-0.7
	-1.2 | -1.2
	
	-0.7 | -0.6 | -0.6
	
	
	-1.0
	-0.9

	LD-HE
	-0.3
	
	-0.2 | -0.2
	
	
	-0.3 | -0.4 | -0.5
	
	
	

	LD-LC
	-0.2
	
	-0.2 | -0.2
	
	
	
	
	
	


	
	Encoding time as compared to reference (%)

	      Tool

Config
	1  (D107)
	2  (D046)
	3           (D357)
	4
	5             (D033)
	6             (D399)
	7
	8  (D304)
	9 (D284)

	I-HE
	106
	101
	159 | 119
	
	113 | 103 | 104
	112 | 135 | 296
	
	106
	104

	I-LC
	105
	103
	219 | 118
	
	121 | 97 | 97
	
	
	106
	106

	RA-HE
	100
	100
	104 | 104
	
	105 | 105 | 100
	106 | 118 | 133
	
	100
	107

	RA-LC
	101
	100
	103 | 103
	
	99 | 98 | 98
	
	
	100
	99

	LD-HE
	100
	
	103 | 103
	
	
	-- | 118 | 137
	
	
	

	LD-LC
	100
	
	100 | 100
	
	
	
	
	
	


	
	Decoding time as compared to reference (%)

	      Tool

Config
	1  (D107)
	2  (D046)
	3           (D357)
	4
	5             (D033)
	6             (D399)
	7
	8  (D304)
	9 (D290)

	I-HE
	104
	101
	98 | 101
	
	117 | 102 | 102
	109 | 111 | 112
	
	101
	104

	I-LC
	107
	103
	105 | 103
	
	127 | 107 | 99
	
	
	103
	103

	RA-HE
	105
	100
	102 | 102
	
	107 | 104 | 103
	103 | 101 | 101
	
	100
	108

	RA-LC
	105
	100
	101 | 101
	
	109 | 105 | 101
	
	
	101
	115

	LD-HE
	101
	
	103 | 103
	
	
	-- | 100 | 100
	
	
	

	LD-LC
	102
	
	99 | 99
	
	
	
	
	
	


Some proponents provided more than one version of their tool. For those cases, results for each of their implementations are included in the above tables. These cases are:

· Tool 3 (D357): Fast ROT | Fast ROT only for best Intra prediction direction.

· Tool 5 (D033): DCT/DST via matrix mult. all block sizes | same but only for 4x4 & 8x8 | same but only for 4x4 & 8x8 and the DCT part of DCT/DST used the TMuC implementation.

· Tool 6 (D399): Mode dependent fixed scan | Adaptive switch scan | Adaptive switch KLT + scan.
4 Summary of other related contributions

Some contributions have been submitted that are not part of the original JCTVC-C507 Core Experiment description, but they are closely related. Below are tables summarizing the reported experimental results for each related tool. Entries highlighted in yellow indicate have not yet been independently verified. These tables also include any provided LD-HE and LD-LC experimental results, even though those configurations were not required by CE7.
	
	Overall BD-Rate change for the luma (Y) components (%)

	      Tool

Config
	D048 Orthogonal Integer DST
	D049 Orthogonal Integer DST + MDSS
	D392  Joint proposal: 1DDUT + new scan
	D222 Study of ROT in TMuC 0.9
	

	I-HE
	-1.3
	-2.0
	-2.1
	-2.6
	

	I-LC
	-2.0
	
	-2.6
	-3.5
	

	RA-HE
	-0.6
	-0.9
	-0.9
	-1.2
	

	RA-LC
	-0.6
	
	-0.8
	-1.3
	

	LD-HE
	
	
	-0.2
	
	

	LD-LC
	
	
	-0.2
	
	


	
	Encoding time as compared to reference (%)

	      Tool

Config
	D048 Orthogonal DST
	D049 Orthogonal DST + MDSS
	D392 Joint proposal: 1DDUT + new scan
	D222 Study of ROT in TMuC 0.9
	

	I-HE
	102
	108
	106
	404
	

	I-LC
	105
	
	114
	557
	

	RA-HE
	101
	102
	101
	154
	

	RA-LC
	101
	
	101
	133
	

	LD-HE
	
	
	101
	
	

	LD-LC
	
	
	102
	
	


	
	Decoding time as compared to reference (%)

	      Tool

Config
	D048 Orthogonal DST
	D049 Orthogonal DST + MDSS
	D392 Joint proposal: 1DDUT + new scan
	D222 Study of ROT in TMuC 0.9
	

	I-HE
	101
	102
	105
	163
	

	I-LC
	104
	
	116
	164
	

	RA-HE
	100
	101
	102
	113
	

	RA-LC
	100
	
	104
	165
	

	LD-HE
	
	
	101
	
	

	LD-LC
	
	
	103
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