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Abstract
This is the summary report of the third Core Experiment (CE3) [1]. The goal of CE3 is to study intra prediction tools, including mode coding, for potential inclusion into the VVC standard.
The following is the list of defined sub-tests in CE3:
· CE3.1: Intra prediction modes (5 tests)
· CE3.2: Cross-component prediction (11 tests)
· CE3.3: Intra mode coding (10 tests)
This document summarizes the objective results (BD-rates, runtimes), cross-check reports, and related input contributions.
Test conditions and guidelines
CTC conditions as agreed at the 12th JVET meeting (Macau, CN) for SDR (JVET-L1010) are followed for the evaluation of objective performance. The anchor is the ‘VVC Test Model’ or VTM. Results are provided for the ‘All Intra’ and ‘Random Access’ test configurations. The VTM version 3.0 software is used with ‘vtm’ configuration files to produce the VTM anchor. Tools are implemented into the VTM version 3.0 software. Proposals are compared with respect to objective compression efficiency while complexity is also assessed.
The source codes of the tests and full test results are uploaded by proponents into the following CE3 GitLab repository:
https://vcgit.hhi.fraunhofer.de/JVET-L-CE3/VVCSoftware_VTM.git
Cross-check reporting
Each test is covered by at least one cross-checker and the cross-check reports are included within the respective sub-test sections. Within CE3 it was agreed that cross-checkers answer the following questions:
· Did the cross-checker study the software? If so, did the cross-checker find any significant inconsistencies between the description and the provided software?
· Do the cross-checked results closely match the proponent results for AI and RA conditions?
· Were additional results cross-checked? 
· Additional comments that may be helpful to the group?
This report summarizes the answers in tables reporting whether the objective test results match in one table column and all other comments in a second table column.
Overview of CE3 test description document changes
The following changes were made to the CE3 test description document [1] after the T2 deadline (December 6, 2018) had passed. Besides changes to contact persons and assignment of cross-checkers, the following changes were requested on the JVET reflector and discussed for clarification, if needed:
· CE3.2:
· Added test CE3.2.2.1 (MMLM; combination of tests CE3.2.1 and CE3.2.2)
· Added test CE3.2.6.2 (CCLM; testing 3 columns of neighbouring samples on left side of block, 1 row above block)
· CE3.3:
· Reduction and clarification of test CE3.3.1 from 7 subtests to 4 (decoder-side intra mode derivation)
· Additional result for test 3.5 (multiple DM for chroma)

CE3.1 on ‘Intra prediction modes’
Defined tests [1]

	Test #
	Description
	Doc. #

	1.1.1
	Intra Sub-Partitions coding mode with a better trade-off between gain and encoding run-time (at least 16 samples per partition; 2 or 4 partitions)
	JVET-M0102

	1.1.2
	Test 1.1.1 with a restriction: the resulting partitions must have a width of at least 4 samples
	

	1.2.1
	Affine linear weighted intra prediction modes with encoder speedup
	JVET-M0043

	1.2.2
	Affine linear weighted intra prediction modes with a fixed number of weights needed per NxN block
	

	1.3
	Harmonization simplified linear interpolation intra prediction (LIP) with PDPC
	JVET-M0252










CE3.1: Test results
CE3.1: VTM-3.0 anchor

	
	
	All Intra Main10 - Over VTM-3.0
	Random Access Main10 - Over VTM-3.0 

	Test #
	Description
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	1.1.1
	Intra Sub-Partitions coding mode with a better trade-off between gain and encoding run-time
	-0.59%
	-0.44%
	-0.47%
	112%
	103%
	-0.29%
	-0.31%
	-0.15%
	102%
	103%

	1.1.2
	Test 1.1.1 with a restriction: the resulting partitions must have a width of at least 4 samples
	-0.46%
	-0.34%
	-0.34%
	112%
	104%
	-0.24%
	-0.28%
	-0.18%
	102%
	102%

	1.2.1
	Affine linear weighted intra prediction modes with encoder speedup
	-1.36%
	-1.02%
	-1.01%
	153%
	105%
	-0.85%
	-0.92%
	-0.98%
	112%
	99%

	1.2.2
	Affine linear weighted intra prediction modes with a fixed number of weights needed per NxN block
	-0.95%
	-0.42%
	-0.46%
	153%
	101%
	-0.57%
	-0.73%
	-0.83%
	110%
	98%

	1.3
	Harmonization simplified linear interpolation intra prediction (LIP) with PDPC
	-0.08%
	-0.14%
	-0.11%
	106%
	100%
	-0.04%
	0.00%
	-0.01%
	101%
	100%




CE3.1: Additional test results

	
	
	All Intra Main10 - Over VTM-3.0
	Random Access Main10 - Over VTM-3.0 

	Test#
	Description
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	1.1.2.1
	Test 1.1.2 with 1-D transform and entropy coding for 4xN (N>4) blocks that cannot be vertically divided (JVET-M0102)
	-0.52%
	-0.40%
	-0.42%
	112%
	104%
	-0.25%
	-0.25%
	-0.16%
	102%
	102%



CE3.1: Cross-check reports

	Test#
	Cross-checker
	Results match (y/n)
	Cross checker comment

	1.1.1
	Ching-Chieh Lin (ITRI)
Ching-Chieh Lin (ITRI)
	y

	The software is checked. There are no significant inconsistencies between the CE description and the uploaded CE software. The cross-checked results closely matched the proponent's results. Discrepancies can be observed in RA due to the known platform dependency issue reported in ticket#134. The cross-checker uses windows-based cluster and the results from the proponent are based on Linux. The decoding time is 2~4% lower than tester's results.

	1.1.2
	
	
	

	1.2.1
	Alexey Filippov (Huawei)
	y
	No inconsistency between the software and the description of the test has been found.

	
	Fabien Racape (Technicolor)
	y
	The software matches the CE description. Bd-rate results are exact; the execution times are within the measurement error range.

	1.2.2
	Alexey Filippov (Huawei)
	y
	No inconsistency between the software and the description of the test has been found.

	
	Fabien Racape (Technicolor)
	y
	The software matches the CE description. Bd-rate results are exact; the execution times are within the measurement error range.

	1.3
	Vasily Rufitskiy (Huawei)
	y
	No inconsistency between the software and the description of the test has been found.





CE3.1: Related contributions

	Doc. #
	Related test #
	Title

	JVET-M0426 (HHI)
	1.1.2
	CE3-related: Improvement on the Intra Sub-Partitions Coding Mode



CE3.2 on ‘Cross-component prediction’
Defined tests [1]

	Test #
	Description
	Doc. #

	2.1
	CCLM + MDLM + MMLM 
	JVET-M0097

	2.2
	CCLM + MDLM + MMLM + Above-MMLM + Left-MMLM
	JVET-M0475

	2.2.1
	Combination of 2.1 and 2.2 (*)
	JVET-M0098

	2.3
	CCLM + MDLM + Adaptive multiple cross-component linear model
	JVET-M0504

	2.4
	Modified CCLM downsampling filter for “type-2” content (chroma sampling)
	JVET-M0142

	2.5.1
	CCLM + MDLM, using MaxMin method, and  derived by using and 
	JVET-M0401

	2.5.2
	CCLM + MDLM, using classification-based mean value method
	

	2.5.3
	CCLM + MDLM, using MaxMin method; using the first top row and the second left column
	

	2.5.4
	CCLM + MDLM, using classification-based mean value method; using the first top row and the second left column
	

	2.6.1
	CCLM accessing less neighbouring luma samples, interaction with other adopted coding tools: one row above and one column left luma samples are accessed
	JVET-M0263

	2.6.2
	2.6.1 with three columns of left luma samples as in the anchor
	



(*)
	 
	Test 2.1
	Test 2.2
	Combination test 2.2.1

	Signalling
	Adds MMLM modes in LM symbol list
	Uses flag and index to indicate MMLM mode
	Same as 2.2

	Number of lines used for model derivation
	Same as CCLM/MDLM
(i.e., Y: 2 lines above, 3 lines left, C: 1 line above and left)
	(Y: 4 lines above, 5 lines left, C: 2 lines above and left)
	Same as CCLM/MDLM
(i.e., Y: 2 lines above, 3 lines left, C: 1 line above and left)



CE3.2: Test results
CE3.2: VTM-3.0 anchor

	
	
	All Intra Main10 - Over VTM-3.0
	Random Access Main10 - Over VTM-3.0 

	Test #
	Description
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	2.1
	CCLM + MDLM + MMLM 
	-0.25%
	-1.71%
	-2.19%
	100%
	100%
	-0.12%
	-1.36%
	-1.70%
	99%
	99%

	2.2
	CCLM + MDLM + MMLM + Above-MMLM + Left-MMLM
	-0.29%
	-1.94%
	-2.51%
	100%
	100%
	-0.15%
	-1.70%
	-1.99%
	101%
	100%

	2.2.1
	Combination of 2.1 and 2.2 
	-0.27%
	-1.71%
	-2.26%
	99%
	99%
	-0.13%
	-1.30%
	-1.73%
	99%
	98%

	2.3
	CCLM + MDLM + Adaptive multiple cross-component linear model
	-0.010%
	-0.8612%
	-0.8807%
	1021%
	100%
	-0.030%
	-0.6203%
	-0.6601%
	1001%
	100%

	2.4
	Modified CCLM downsampling filter for “type-2” content (chroma sampling)
	See below (*)
	
	
	
	
	
	
	
	
	

	2.5.1
	CCLM + MDLM, using MaxMin method, and  derived by using and 
	-0.09%
	-0.44%
	-0.47%
	100%
	99%
	-0.08%
	-0.31%
	-0.39%
	100%
	99%

	2.5.2
	CCLM + MDLM, using classification-based mean value method
	-0.18%
	-0.88%
	-0.90%
	100%
	99%
	-0.11%
	-0.74%
	-0.84%
	100%
	99%

	2.5.3
	CCLM + MDLM, using MaxMin method; using the first top row and the second left column
	0.05%
	0.45%
	0.48%
	100%
	100%
	0.02%
	0.51%
	0.51%
	100%
	99%

	2.5.4
	CCLM + MDLM, using classification-based mean value method; using the first top row and the second left column
	-0.14%
	-0.51%
	-0.51%
	100%
	101%
	-0.09%
	-0.41%
	-0.46%
	100%
	99%

	2.6.1
	CCLM accessing less neighbouring luma samples, interaction with other adopted coding tools: one row above and one column left luma samples are accessed
	0.09%
	0.71%
	0.79%
	99%
	97%
	0.06%
	0.88%
	0.95%
	100%
	99%

	2.6.2
	2.6.1 with three columns of left luma samples as in the anchor
	0.03%
	0.16%
	0.21%
	100%
	97%
	0.00%
	0.35%
	0.35%
	100%
	99%







(*) Summary of test 2.4:

	
	
	All Intra – Over VTM3.0 WCG_EXT=1

	Test #
	Description
	DE100
	PSNRL100
	wPsnrY
	wPsnrU
	wPsnrV
	PsnrY
	PsnrU
	PsnrV
	EncT
	DecT

	2.4.a
	LM determination: 3-tap filter; prediction: 3-tap filter
	-2.5%
	-0.2%
	-0.2%
	-4.2%
	-8.6%
	-0.2%
	-3.4%
	-6.7%
	101%
	101%

	2.4.b
	LM determination: 3-tap filter; prediction: 5-tap filter
	-2.2%
	-0.2%
	-0.2%
	-4.7%
	-8.6%
	-0.2%
	-4.0%
	-6.8%
	101%
	102%

	2.4.c
	LM determination: 5-tap filter; prediction: 5-tap filter
	-2.6%
	-0.3%
	-0.2%
	-5.5%
	-9.6%
	-0.2%
	-4.6%
	-7.6%
	99%
	101%



	
	
	Random Access – Over VTM3.0 WCG_EXT=1

	Test #
	Description
	DE100
	PSNRL100
	wPsnrY
	wPsnrU
	wPsnrV
	PsnrY
	PsnrU
	PsnrV
	EncT
	DecT

	2.4.a
	LM determination: 3-tap filter; prediction: 3-tap filter
	-1.9%
	-0.2%
	-0.1%
	-4.2%
	-5.8%
	-0.1%
	-3.3%
	-4.5%
	101%
	99%

	2.4.b
	LM determination: 3-tap filter; prediction: 5-tap filter
	-1.7%
	-0.1%
	-0.1%
	-4.7%
	-6.0%
	-0.1%
	-3.7%
	-4.6%
	101%
	100%

	2.4.c
	LM determination: 5-tap filter; prediction: 5-tap filter
	-2.1%
	-0.2%
	-0.2%
	-5.1%
	-6.6%
	-0.2%
	-4.1%
	-5.1%
	102%
	101%



CE3.2: Additional test results

	
	
	All Intra Main10 - Over VTM-3.0
	Random Access Main10 - Over VTM-3.0 

	Test#
	Description
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	
	
	
	
	
	
	
	
	
	
	
	



CE3.2: Cross-check reports

	Test #
	Cross-checker
	Results match (y/n)
	Cross checker comment

	2.1
	Hong-Jheng Jhu (Foxconn)
	y
	I study the software. It is consistent between the description and the provided software. The results are close. It is found that the following sequence has minor difference in RA config: CatRobot1, Cactus, BasketballDrill, SlideShow. As we know, there is a bug in VTM3.0 that leads to different outcomes under different platform. Our results are based on Windows Server 2012 and Qualcomm's results are based on Linux Server.

	2.2
	Adarsh K. Ramasubramonian (Qualcomm)
	y
	No discrepancies were found in the software and the description of the test. For many rate points in the RA configurations, there is a minor mismatch in the BD-rate/PSNR values; however, none are significant enough to affect the BD-rate numbers by more than 0.01%. It may be attributed to the different cluster platforms used.

	2.2.1
	Narae Choi (Samsung)
	y
	I checked the code. There are no significant inconsistencies between the description and the provided software. Two additional min/max values and an additional flag with a context model are used for MMLM mode.

	2.3
	Santiago de Luxán Hernández (HHI)
	y
	There are no discrepancies between the proposal description and the software implementation. Initially there were discrepancies and an inconsistency in the RA results. The crosschecker pointed that out and the proponents revisited their code and discovered a bug. After fixing it and updating the code in the official repository, the new results were crosschecked and this time there were no discrepancies. Encoder and decoder run-times were very close as well.

	2.4
	Christophe Chevance (Technicolor)
	y
	The code was checked. It conforms the description. 
The results for tests a, b and c are closely matched by the cross-checker. A substantial gain in chroma, and slight gain in luma, is obtained. No noticeable impact on encoding and decoding was observed.

	2.5.1
	Yoshitaka Kidani (KDDI)
	y
	I checked the code and confirmed that there is no significant inconsistence between the description.

	2.5.2
	Liang Zhao (Tencent)
	y
	There isare no significant inconsistencies between the description and the provided software.

	
	Yoshitaka Kidani (KDDI)
	y
	I checked the code and confirmed that there is no significant inconsistence between the description.

	2.5.3
	Liang Zhao (Tencent)
	y
	There is no significant inconsistencies between the description and the provided software.

	
	Ching-Chieh Lin (ITRI)
	y
	There are no inconsistencies between the CE description and the uploaded CE software.

	2.5.4
	Ching-Chieh Lin (ITRI)
	y
	There are no inconsistencies between the CE description and the uploaded CE software.

	2.6.1
	Jangwon Choi (LGE)
	y
	There are no inconsistencies between the CE description and the uploaded CE software. The decoding times are slightly higher ( 2~3% ) than the proponent results.

	2.6.2
	Jangwon Choi (LGE)
	y
	There are no inconsistencies between the CE description and the uploaded CE software. The decoding times are slightly higher ( 2~3% ) than the proponent results.



CE3.2: Related contributions

	Doc. #
	Related test #
	Title

	JVET-M0108
	2.5, 2.6
	CE3-related: Reducing the number of reference samples and table size in LM Chroma process

	JVET-M0211
	2.5
	CE3-related: Fixed Reference Samples Design for CCLM

	JVET-M0212
	2.5
	CE3-related: Improved reference samples range for MDLM

	JVET-M0356
	2.5.1
	CE3-related: simplified calculation for CCLM parameters derivation




CE3.3 on ‘Intra mode coding’
Defined tests [1]

	Test #
	Description
	Doc. #

	3.1.1
	Decoder-side intra mode derivation
	JVET-M0094

	3.1.2
	Decoder-side intra mode selection with predictor coding (3 candidates)
	

	3.1.3
	Decoder-side intra mode derivation with extended gradient filtering for directly neighboring pixels
	

	3.1.4
	Decoder-side intra mode derivation restricted for blocks with a number of samples <= 128
	

	3.2
	6 MPMs and 32 remaining modes (5-bit FLC)
	JVET-M0495

	3.3.1
	Simplified MDMS with 5 chroma intra modes (2-point DM, 5 non-LM)
	JVET-M0218


	3.3.2
	Simplified MDMS with the reduced chroma intra modes (2-point DM, 3 non-LM)
	

	3.4.1
	Simplified MDMS by reducing the number of operations (2-point DM, 5 non-LM)
	JVET-M0503


	3.4.2
	Simplified MDMS by reducing the number of candidates (2-point DM, 3 non-LM)
	

	3.5
	Simplified MDMS with one DM (1-point DM, 4 non-LM)
	JVET-M0203



CE3.3: Test results
CE3.3: VTM-3.0 anchor

	Test #
	Description
	All Intra Main10 - Over VTM-3.0
	Random Access Main10 - Over VTM-3.0 

	
	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	3.1.1
	Decoder-side intra mode derivation
	-0.11%
	-0.09%
	-0.08%
	122%
	103%
	-0.07%
	-0.06%
	-0.07%
	104%
	101%

	3.1.2
	Decoder-side intra mode selection with predictor coding
	-0.01%
	-0.05%
	-0.02%
	122%
	102%
	0.01%
	0.06%
	0.04%
	103%
	100%

	3.1.3
	Decoder-side intra mode derivation with extended gradient filtering for directly neighboring pixels
	-0.12%
	-0.04%
	-0.05%
	124%
	104%
	-0.05%
	-0.01%
	0.03%
	103%
	101%

	3.1.4
	Decoder-side intra mode derivation restricted for blocks with a number of samples <= 128
	-0.09%
	-0.09%
	-0.06%
	113%
	103%
	-0.05%
	0.10%
	0.01%
	100%
	100%

	3.2
	6 MPMs and 32 remaining modes (5-bit FLC)
	-0.03%
	-0.04%
	-0.05%
	97%
	100%
	0.02%
	0.14%
	0.13%
	99%
	99%

	3.3.1
	Simplified MDMS with 5 chroma intra modes (2-point DM, 5 non-LM)
	-0.03%
	-0.88%
	-0.86%
	100%
	100%
	-0.01%
	-0.46%
	-0.50%
	100%
	100%

	3.3.2
	Simplified MDMS with the reduced chroma intra modes (2-point DM, 3 non-LM)
	-0.02%
	-0.29%
	-0.20%
	97%
	100%
	0.00%
	-0.12%
	-0.05%
	99%
	100%

	3.4.1
	Simplified MDMS by reducing the number of operations (2-point DM, 5 non-LM)
	-0.02%
	-0.96%
	-1.03%
	101%
	99%
	0.04%
	-0.98%
	-1.04%
	100%
	100%

	3.4.2
	Simplified MDMS by reducing the number of candidates (2-point DM, 3 non-LM)
	0.03%
	-0.34%
	-0.32%
	97%
	100%
	0.10%
	-0.86%
	-0.92%
	99%
	100%

	3.5
	Simplified MDMS with one DM (1-point DM, 4 non-LM)
	-0.01%
	-0.61%
	-0.64%
	100%
	100%
	0.06%
	-0.68%
	-0.76%
	100%
	101%




CE3.3: Additional test results

	Test #
	Description
	All Intra Main10 - Over VTM-3.0
	Random Access Main10 - Over VTM-3.0 

	
	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	3.5.1
	Simplified MDMS with one DM by using aligned chroma coding of VVC-3.0 (1-point DM, 4 non-LM)
	-0.02%
	-0.58%
	-0.61%
	100%
	100%
	-0.02%
	-0.37%
	-0.39%
	100%
	100%



CE3.3: Cross-check reports

	Test #
	Cross-checker
	Results match (y/n)
	Cross checker comment

	3.1.1
	Virginie Drugeon (Panasonic)
	y
	No significant inconsistencies were found between the description and the provided software. The derived DIMD mode is added to the list of checked modes in the rate distortion search. How much of the gain is due to an improved rate distortion search only?
The code to derive the DIMD angular mode currently contains divisions.

	3.1.2
	Adarsh K. Ramasubramonian (Qualcomm)
	y
	No discrepancies were found in the software and the description of the test. For many rate points in the RA configurations, there is a minor mismatch in the BD-rate/PSNR values; however, none are significant enough to affect the BD-rate numbers by more than 0.01%. It may be attributed to the different cluster platforms used.

	3.1.3
	Alexey Filippov (Huawei)
	y
	No inconsistency between the software and the description of the test has been found.

	3.1.4
	Vasily Rufitskiy (Huawei)
	y
	No inconsistency between the software and the description of the test has been found.

	3.2
	Adarsh K. Ramasubramonian (Qualcomm)
	y
	No discrepancies were found in the software and the description of the test. For some rate points in the RA configurations, there is a minor mismatch in the BD-rate/PSNR values; however, none are significant enough to affect the BD-rate numbers.
The test software derives the MPM and non-MPM lists only once for all the modes during the encoder intra search. That provides minor encoding time savings; however that could be applied to the anchor too.

	3.3.1
	Ching-Chieh Lin (ITRI)
	y
	The software is checked. There are no inconsistencies between the CE description and the uploaded CE software.

	3.3.2
	Ching-Chieh Lin (ITRI)
	y
	The software is checked. There are no inconsistencies between the CE description and the uploaded CE software.

	3.4.1
	Jangwon Choi (LGE)
	y
	There are no inconsistencies between the CE description and the uploaded CE software.

	3.4.2
	Jangwon Choi (LGE)
	y
	There are no inconsistencies between the CE description and the uploaded CE software.

	3.5
	Adarsh K. Ramasubramonian (Qualcomm)
	y
	No discrepancies were found in the software and the description of the test. No mismatches found. The additional test re-uses the signalling of the anchor without changing the order of position of signaling of LM modes.



CE3.3: Related contributions

	Doc. #
	Related test #
	Title

	JVET-M0100
	3.3, 3.4, 3.5
	CE3-related: DM-dependent chroma intra prediction modes

	JVET-M0391
	3.1
	CE3-related: Improvements on the Decoder-side Intra Mode Derivation

	JVET-M0213
	3.5
	CE3-related: Chroma intra candidates modification based on directional DM

	JVET-M0214
	3.5
	CE3-related: Uniform chroma intra candidates modification based on DM

	JVET-M0258
	3.5
	CE3-related: Chroma intra candidates modification based on non-directional DM
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