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Abstract

The purpose of Core Experiment 5 (CE5) is to perform a more thorough assessment of transform skipping for inter coded blocks by evaluating each tool that supports such transform skipping. Additionally, transform skipping for intra blocks is evaluated. For transform skipping on inter blocks the following tools are evaluated: modifications to quantisation to support transform skipping, integration with quantisation matrices, efficiency of transform skipping for different block sizes, mode dependant scans and last significant coefficient position coding. Finally, an integrated version of all tools is evaluated. For transform skipping on intra coded blocks the Residual Scalar Quantization method is evaluated. For inter coding configurations, the Residual Scalar Quantization method is evaluated with and without transform skipping on inter coded blocks. This report provides an overview of results and activities in this core experiment.

1 Overview of individual tools
Two types of transform skipping, and their combination, have been evaluated according to CE5 description JCTVC-G1205 [1]:

· Transform skipping on intra coded blocks, namely Residual Scalar Quantization (RSQ), presented in JCTVC-E145, and

· Transform skipping on inter coded blocks, namely Transform Skip Mode (TSM), presented in JCTVC-G1003.

Each tool operates on different types of residuals (intra and inter) and therefore the integration did not exhibit any conflicts. The design of each tool reflects properties of the residuals it targets. RSQ enables two choices for each block - performing a full 2D transform, or fully skipping the transforms in both directions (horizontal and vertical). TSM enables four choices for each block - performing full transform, skipping only transform on columns, skipping only transform on rows and full skipping in both directions. While RSQ is applied on luminance residuals only, TSM is applied on all components: Luma and Chroma.
Experiments in this CE are summarised in Table 1, including related participants and document numbers. For more details, please refer to the document number associated with each experiment. For a list of documents and cross-checks related to CE5 but not performed as part of the CE5 activities defined in JCTVC-G1205, please refer to Table 2.
Table 1 Summary of experiments
	CE5 experiment
	Participants
	Contributions

	a) Quantization for transform skipping


	· proponents:
M. Naccari, A. Gabriellini M. Mrak (BBC)

· cross-checkers:
S.-T. Hsiang, T.-D. Chuang (MediaTek)
	· past contribution:
JCTVC-G575

· CE5 contribution:
JCTVC-H0208
· cross-check:
JCTVC-H0330

	b) Transform skipping choices based on block parameters


	· proponents:
G. Van Wallendael, S. Van Leuven, J. De Cock, R. Van de Walle (Ghent University)
· cross-checker: 
A. Saxena, F. Fernandes (Samsung); X. Zheng (HiSilicon)
	· past contribution: 
JCTVC-G577

· CE5 contribution:
JCTVC-H0169
· cross-check:
JCTVC-H0560 and JCTVC-H0246

	c) Mode dependant significance scans for transform skip


	· proponents:
M. Mrak, A. Gabriellini (BBC)

· cross-checkers:
R. Joshi (Qualcomm); J. Kang, A. Hallapuro, J. Lainema (Nokia)
	· past  contribution:
JCTVC-G575
· CE5 contribution:
JCTVC-H064
· cross-check:
JCTVC-H0454 and JCTVC-H0584

	d) Coefficients coding for transform skipping
	· proponents:
R. Joshi, J. Sole, X. Wang, M. Karczewicz (Qualcomm)
· cross-checker:
E.S. Ryu, J. Dong (InterDigital)
	· past contribution:
JCTVC-G663

· CE5 contribution:
JCTVC-H0452
· cross-check:
JCTVC-H0142

	e) Withdrawn
	
	

	f) Residual Scalar Quantization (RSQ)
	· proponents:
C. Lan (Xidian Univ.), J. Xu, F. Wu (Microsoft)
· cross-checker:
X. Wen, O. Au (HKUST)
	· past contribution:
JCTVC-E145

· CE5 contribution:
JCTVC-H0361
· cross-check:
JCTVC-H0373

	g) Integration of tools CE5.a to CE5.e
	· proponents:
M. Mrak, A. Gabriellini (BBC), G. Van Wallendael (Ghent university), R. Joshi (Qualcomm)
· cross-checkers:
J. Wang, X. Yu, D. He; T. Davies (CISCO)
	· past contributions:
JCTVC-G1003 and JCTVC-G586

· CE5 contribution:
JCTVC-H0211
· cross-checks:
JCTVC-H0479 and JCTVC-H0320


Table 2 Summary of non-CE5 documents
	Document number
	Title
	Authors

	JCTVC-H0061
	Non Transform Mode for Inter Coding
	W. Zhu, W. Ding, Y. Shi, B. Yin (BJUT)

	JCTVC-H0141
	Non-CE5: Complexity reduction for transform skipping mode 
	J. Dong, Y. Ye (InterDigital)

	JCTVC-H0259
	Efficient signaling of transform skipping mode [missing]
	J. Kim, M. Kim

	JCTVC-H0325
	Cross-check of BJUT’s proposal on transform skip mode
	H. Yang (Huawei)

	JCTVC-H0657
	Non-CE5: A crosscheck report on complexity reduction for transform skipping mode (JCTVC-H0141)
	R. Joshi (Qualcomm)


2 Summary of experimental software and results
As defined in the CE description, the base for tests in this CE is transform skipping implementation provided by BBC on top of HM version 5.0. Since the experiments in this CE are interdependent, the relation between each version of tested software is provided in Table 3.

Table 3 Software development

	CE5-related software
	Base for given software
	Comment

	HM-5.0_tsm
	HM-5.0
	· basic software for transform skipping on inter coded blocks

	HM-5.0_tsm_noscaling
	HM-5.0_tsm
	· by disabling TSM-related changes in the quantisation CE5.a was performed using this software

	HM-5.0_tsm_scans
	HM-5.0_tsm
	· mode dependant scans added to HM-5.0_tsm

· evaluated in CE5.c

	HM-5.0_tsm_qm
	HM-5.0-dev-qmatrix and HM-5.0_tsm
	· integration of the JCT development branch for quantisation matrices and transform skipping on inter coded blocks

· reported in CE5.a

	CE5.b software
	HM-5.0_tsm
	· support for disabling transform skipping on larger blocks

	CE5.d software
	HM-5.0_tsm_scans
	· modification to coding of last significant coefficients added

	CE5.f software
	HM-5.0 and HM-5.0_tsm
	· transform skipping for intra blocks is integrated and evaluated without and with inter skipping

	CE5.g software
	CE5.f software with a bug fix reported in JCTVC-H0211
	· integration of tools supporting transform skipping on inter coded blocks


2.1 CE5.a: Quantization for transform skipping
In the first part of this experiments proponent were requested to demonstrate efficiency of changes in the quantisation, as proposed in JCTVC-G575. The results summarised in Table 4 show that disabling TSM quantisation changes introduces large losses in points where TSM normally provides gain (as later shown in the results associated with CE5.f).
Table 4 Summary of CE5.a results (disabling TSM quantisation, relatively to TSM with associated quantisation); Anchor: TSM; Tested software is TSM without quantisation changes
	
	Random Access HE-10

	
	Y
	U
	V

	Overall (A&B)
	0.1%
	0.0%
	0.0%

	Enc Time[%]
	102%

	Dec Time[%]
	100%

	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Overall (A-D)
	0.4%
	0.1%
	0.0%
	0.9%
	0.1%
	-0.1%

	Class F
	1.8%
	0.8%
	0.9%
	2.7%
	1.5%
	1.5%

	Enc Time[%]
	102%
	101%
	
	

	Dec Time[%]
	99%
	100%
	
	

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Overall(B-E)
	0.7%
	-0.3%
	-0.2%
	1.5%
	-0.3%
	-0.5%

	Class F
	4.0%
	2.3%
	2.4%
	5.8%
	3.5%
	3.7%

	Enc Time[%]
	102%
	100%

	Dec Time[%]
	102%
	100%


Secondly, this part of CE5 integrated TSM with quantisation matrices which were adopted during the same meeting when this CE was established. TSM is integrated in the HM branch for development of quantisation matrices. That branch was used as the anchor for results of the integrated version reported in Table 5. This test uses default quantisation matrices.
Table 5 Results for TSM integrated with quantisation matrices, relatively to the HM-5.0 with quantisation matrices (both using default matrices)
	
	Random Access HE-10

	
	Y
	U
	V

	Overall (A&B)
	-0.1%
	0.3%
	0.7%

	Enc Time[%]
	136%

	Dec Time[%]
	99%

	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Overall(A-D)
	-0.7%
	1.2%
	1.6%
	-1.4%
	0.9%
	1.7%

	Class F
	-1.0%
	0.2%
	0.0%
	-1.6%
	-0.1%
	-1.0%

	Enc Time[%]
	138%
	126%

	Dec Time[%]
	101%
	101%

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC
	

	
	Y
	U
	V
	Y
	U
	V

	Overall (B-E)
	-0.8%
	2.9%
	2.9%
	-2.0%
	3.7%
	4.6%

	Class F
	-2.9%
	0.1%
	-0.4%
	-5.8%
	-2.3%
	-3.2%

	Enc Time[%]
	130%
	118%

	Dec Time[%]
	101%
	101%


2.2 CE5.b: Transform skipping choices based on block parameters
The purpose of this experiment is to evaluate TSM with restricted block sizes. Based on results provided in CE5.b (for restricted block sizes) and CE5.c (all block sizes) a summary is provided in Table 6. For given MaxBlkSz, TSM is applied only on blocks that have both height and width smaller than or equal to MaxBlkSz. BD-rates are provided relatively to the previous test point with smaller MaxBlkSz. For example, BD-rates for MaxBlkSz = 16 are a difference between BD-rates provided for MaxBlkSz = 16 and MaxBlkSz = 8. In this way the contribution of each block size range is computed. For MaxBlkSz = 4, the difference is computed against HM-5.0. In a same way, encoding times are computed. All test points, in average, have approximately unchanged decoding time compared to HM-5.0 anchor.
Table 6 Summary of CE5.b results - differential BD-rates (Y) and encoding times
	
	Random Access LC
	Random Access LC
	Low delay B HE
	Low delay B LC

	Class / Enc.time
	A-D
	F
	dEnc
	A-D
	F
	dEnc
	B-E
	F
	Enc
	B-E
	F
	dEnc

	MaxBlkSz = 4
	-0.2%
	-1.7%
	8%
	-0.5%
	-2.4%
	6%
	-0.2%
	-3.8%
	6%
	-0.5%
	-4.8%
	5%

	MaxBlkSz = 8
	-0.1%
	-0.1%
	5%
	-0.2%
	-0.1%
	5%
	-0.1%
	-0.2%
	5%
	-0.4%
	-0.4%
	3%

	MaxBlkSz = 16
	-0.1%
	0.0%
	8%
	-0.1%
	-0.2%
	5%
	-0.2%
	-0.3%
	7%
	-0.4%
	-0.6%
	4%

	MaxBlkSz = 32
	0.0%
	-0.1%
	8%
	0.0%
	-0.2%
	3%
	-0.1%
	-0.1%
	6%
	-0.2%
	-0.5%
	2%


2.3 CE5.c: Mode dependant significance scans for transform skip
In this experiments proponent were requested to demonstrate efficiency of mode-adaptive scans, as proposed in JCTVC-G575. The results summarised in Table 7 demonstrate performance of mode-adaptive scans in TSM. Encoding and decoding times are approximately unchanged, compared to TSM anchor (without mode-dependant scans).
Table 7 Results for TSM mode-dependant scans, 
relatively to the TSM without mode-dependant scans
	
	Random Access HE-10

	
	Y
	U
	V

	Overall (A&B)
	0.0%
	-0.1%
	0.0%

	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Overall (A-D)
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	-0.1%

	Class F
	0.0%
	-0.1%
	0.0%
	0.0%
	0.0%
	0.0%

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Overall(B-E)
	0.0%
	0.0%
	0.2%
	0.0%
	0.0%
	0.1%

	Class F
	-0.1%
	0.5%
	0.3%
	-0.1%
	-0.1%
	0.0%


2.4 CE5.d: Modifications to last significant coefficient position coding
CE5.d evaluates an alternate method for coding the last significant coefficient position when the transform is skipped either in horizontal or vertical direction or both. For the direction in which the transform is skipped, the last position is coded using fixed number of bits in the bypass mode. In this way the number of bins coded in the bypass mode is increased. BD-rate performance is summarised in Table 8. Encoding and decoding times are unchanged, compared to anchor (TSM with mode-dependant scans).
Table 8 Results for TSM with Modifications to last significant coefficient position coding, 
relatively to the TSM with mode-dependant scans
	
	Random Access HE-10

	
	Y
	U
	V

	Overall (A&B)
	0.0%
	-0.1%
	-0.1%

	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Overall (A-D)
	0.0%
	-0.1%
	-0.1%
	0.0%
	-0.2%
	-0.1%

	Class F
	0.0%
	0.1%
	-0.1%
	-0.1%
	-0.1%
	-0.2%

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Overall(B-E)
	0.0%
	-0.1%
	0.1%
	-0.1%
	-0.3%
	-0.3%

	Class F
	-0.2%
	-0.4%
	-0.3%
	-0.3%
	-0.9%
	-0.5%


2.5 CE5.f: Residual Scalar Quantization (RSQ)
This experiment evaluates performance of the Residual Scalar Quantization (RSQ), i.e., transform skipping for intra coding. The results for RSQ are summarised in Table 9. Integration of RQT and TSM is also evaluated, with the results summarised in Table 10.
Table 9 Summary of results of HM5.0+RSQ vs. HM5.0 anchor

	 
	AI_HE
	AI_LC
	RA_HE
	RA_LC
	RA_HE10
	LB_HE
	LB_LC

	Overall (A-E)
	-0.2%
	-0.5%
	-0.1%
	-0.3%
	0.1%
	0.0%
	-0.1%

	Class F
	-10.0%
	-12.0%
	-7.3%
	-10.8%
	 
	-4.3%
	-7.7%

	Enc Time
	129%
	148%
	102%
	102%
	101%
	102%
	102%

	Dec Time
	102%
	102%
	102%
	103%
	101%
	102%
	103%


Table 10 Summary of results of HM5_TSM+RSQ vs. HM5.0 anchor

	 
	RA_HE
	RA_LC
	RA_HE10
	LB_HE
	LB_LC

	Overall (A-E)
	-0.5%
	-1.0%
	0.0%
	-0.6%
	-1.3%

	Class F
	-8.7%
	-12.5%
	 
	-7.5%
	-11.5%

	Enc Time
	135%
	124%
	131%
	129%
	119%

	Dec Time
	103%
	103%
	102%
	103%
	103%


Further results are provided for disabling additional tools used in RSQ:

a) additional context for transform units on which transform is not applied, and 

b) bypass of deblocking when transform is not applied.

In Table 11, disabling usage of additional context is denoted as "-ctx" and disabling deblocking modification as "-deblock".
Table 11 Summary of results of RSQ-ctx and RSQ-ctx-deblock vs. HM5.0 anchor

	 
	AI_HE

(RSQ-ctx)
	AI_LC

(RSQ-ctx)
	AI_HE

(RSQ-ctx-deblock)
	AI_LC

(RSQ-ctx-deblock)

	Overall (A-E)
	-0.0%
	-0.2%
	0.0%
	-0.2%

	Class F
	-8.0%
	-10.4%
	-6.5%
	-8.9%

	Enc Time
	126%
	145%
	128%
	145%

	Dec Time
	102%
	102%
	100%
	100%


2.6 CE5.g: Integration of TSM tools
The goal of this test is to evaluate overall performance of TSM with supporting tools tested in this CE (CE5.a to CE5.d). This test is carried out without quantisation weighting matrices which are part of CE5.a experiment, i.e. under common conditions (results summarised in Table 12). Additionally, TSM is tested for different RQT levels (Tables 13 and 14).
Table 12 Results for integrated TSM, relatively to HM5.0 anchor

	
	Random Access HE-10

	
	Y
	U
	V

	Overall
	-0.1%
	-0.2%
	-0.1%

	Enc Time[%]
	128%

	Dec Time[%]
	101%

	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Overall
	-0.4%
	-0.3%
	-0.2%
	-0.9%
	-0.3%
	0.0%

	Class F
	-2.1%
	-1.1%
	-1.1%
	-2.9%
	-1.7%
	-1.8%

	Enc Time[%]
	130%
	118%

	Dec Time[%]
	99%
	96%

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Overall
	-0.6%
	0.2%
	0.3%
	-1.6%
	0.1%
	0.5%

	Class F
	-4.7%
	-3.0%
	-3.3%
	-6.6%
	-5.3%
	-4.6%

	Enc Time[%]
	124%
	114%

	Dec Time[%]
	101%
	96%


Table 13 Results for integrated TSM with 2 level of RQT for inter blocks,
 relatively to HM5.0 anchor

	
	Random Access HE-10

	
	Y
	U
	V

	Overall
	0.1%
	0.1%
	0.1%

	Enc Time[%]
	113%

	Dec Time[%]
	100%

	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Overall
	-0.3%
	0.0%
	0.0%
	-0.8%
	-0.1%
	0.1%

	Class F
	-2.0%
	-1.0%
	-1.1%
	-2.8%
	-1.5%
	-1.7%

	Enc Time[%]
	113%
	109%

	Dec Time[%]
	101%
	101%

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Overall
	-0.4%
	1.3%
	1.3%
	-1.4%
	0.4%
	0.5%

	Class F
	-4.5%
	-2.7%
	-2.9%
	-6.4%
	-4.7%
	-4.8%

	Enc Time[%]
	111%
	107%

	Dec Time[%]
	101%
	101%


Table 14 Results for integrated TSM without RQT for inter blocks,
 relatively to HM5.0 anchor
	
	Random Access HE-10

	
	Y
	U
	V

	Overall
	0.6%
	0.7%
	0.7%

	Enc Time[%]
	99%

	Dec Time[%]
	102%

	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Overall
	0.3%
	0.4%
	0.5%
	-0.2%
	0.1%
	0.2%

	Class F
	-1.7%
	-0.8%
	-0.9%
	-2.5%
	-1.5%
	-1.6%

	Enc Time[%]
	98%
	99%

	Dec Time[%]
	100%
	101%

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Overall
	0.2%
	2.2%
	2.3%
	-0.8%
	0.6%
	0.7%

	Class F
	-3.9%
	-2.3%
	-2.6%
	-5.7%
	-4.5%
	-4.5%

	Enc Time[%]
	96%
	98%

	Dec Time[%]
	97%
	98%
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