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Abstract
This document describes Exploration Experiments (EEs) planned to be performed between JVET-G and JVET-H meetings in order to get better understanding of technologies considered for inclusion to the next version of JEM, analyze and verify their performance, complexity and interaction with existing JEM tools.
 
Introduction
JVET group coordinated experiments follow principles described in [1] and agreed during further meetings:
· "Exploration experiments" (EEs) are the coordinated experiments on coding tools which are deemed to be interesting but require more investigation and could potentially become part of the main branch of JEM by the next meeting.
· A description of each experiment is to be approved at the meeting at which the experiment plan is established. This should include the issues that were raised by other experts when the tool was presented, e.g., interference with other tools, contribution of different elements that are part of a package, etc. 
· Software for each tool investigated in EE is provided in a separate branch of the JEM software repository.
· During the experiment, further improvements can be made.
· To promote the tool to the JEM at the next meeting, we would like see comprehensive cross-checking done, with analysis of the software, and understanding of the tool.
· As part of the experiment description, it should be captured whether performance relative to JEM as well as HM (with all other tools of JEM disabled) should be reported by the next meeting.
· EE related discussion shall be carried on the JVET reflector or EE mailing list properly announced in advance. E. Alshina will maintain an EE mailing list, and everyone who wishes to be on the list should contact her. Emails to the EE mailing list should include a [EE] header, and include an EE number identifier as appropriate, e.g. [EE1].
· EE report draft shall be shared with all participants prior to uploading to the JVET website.
· BD-rate performance results shall be reported with no more than 1 digit after decimal point (X.X%).

List of experiments
EE1: Intra prediction
JVET-G0107 Non-EE1: PDPC without a mode flag [V. Seregin, M. Karczewicz, A. Said, X. Zhao (Qualcomm)]
Brief description of the technology. PDPC and MDIS are enabled depending on NSST index value as shown in a table below. Gain is expected with very minor run-time increment. Expected memory increment due to PDPC parameters storage is 8160 bits comparing to P-PDPC.

	NSST index
	PDPC
	MDIS

	0
	-
	-

	1
	applied
	-

	2
	-
	-

	3
	-
	applied



Questions recommended to be answered during EE test. Check the potential gain from PDPC for intra prediction modes beside Planar with signalling coupled with NSST index.
	#
	Test
	Tester
	Cross-checker

	1
	NSST=1 PDPC on, NSST=3  MDIS on
	Qualcomm
	Panasonic

	1.1
	NSST=1 PDPC on
	Qualcomm
	Sharp


EE SW owner: Vadim Seregin vseregin@qti.qualcomm.com (Qualcomm)
Cross-checker: To be announced by T3 (September, 29).

JVET-G0081 Comparisons between UWP, W66 and Planar, Angular mode 66 under the same coding conditions [K. Panusopone, S. Hong, Y. Yu, L. Wang (ARRIS)]
Brief description of the technology. Performance improvement is expected if in P-PDPC Planar prediction is replaced by Unequal Weight Planar (UWP). Additionally, Unequal Weights 66 (UW66) Intra prediction mode provides will be tested. Gain is expected w/ very minor run-time increment. Expected memory increment due to unequal weights storage is 1260 bits.
Questions recommended to be answered during EE test. Whether UWP still provides benefits if combined with PDPC? What is the performance benefit of UW-66?  What would be the performance of P-PDPC vs UWP? What is the performance of UW-66 standalone?
	#
	Test
	Tester
	Cross-checker

	2
	Replace Planar mode in P-PDPC with UWP
	ARRIS&LGE
	Huawei

	3
	Enable UW66 on top of the above test
	ARRIS&LGE
	Huawei


EE SW owner: Krit Panusopone krit.panusopone@arris.com (ARRIS)
Cross-checker: To be announced by T3 (September, 29).

JVET-G0108 Non-EE1: Fix for strong intra smoothing filtering [V. Seregin, X. Zhao, M. Karczewicz (Qualcomm)]
Brief description of the technology. In the current JEM implementation, the strong intra smoothing is implemented using a bit shift operation, however a block can have a rectangular shape, so the shift operation is incorrect when the sum of width and height of the block is not a power of 2 value. The strong intra smoothing process is split into two parts, one is associated with a width, and the second one is associated with a height of the block, so the bit shift operation can be kept.
Questions recommended to be answered during EE test. Is strong Intra filter still useful in JEM? What is performance impact of proposed strong Intra soothing fix? Are contouring artefacts observed if JEM Intra coding is used? 
Visual quality check at middle rates is requested.
 
	#
	Test
	Tester
	Cross-checker

	4
	Disable strong Intra reference filter completely
	Qualcomm
	Samsung

	5
	Strong Intra reference filter fix
	Qualcomm
	Ateme


EE SW owner: Vadim Seregin vseregin@qti.qualcomm.com (Qualcomm)
Cross-checker: To be announced by T3 (September, 29).
JVET-G0060 Improvements for Intra Prediction Mode Coding [Y. Han, J. An, J. Zheng (HiSilicon)]

Brief description of the technology. Intra prediction mode coding with modified selected modes derivation and MPM modes initialization order will be tested. Namely DC is moved to the back of the above-left mode in the MPM list. Angular modes selection is described in Table below.
	offset = 2

	while( selectedIdx < 16 ) {

	    for( idx = 0; idx < 6 && selectedIdx < 16; idx++ ) {

	        mode = mpmList[idx]

	        if(mode==Planar or mode==DC) {

	            Continue

	        }

	        // -2x angle

	        selectedMode[selectedIdx] = ((mode + 63 - offset) % 65) + 2

	        if( !selectedMode[selectedIdx]Added) {

	            selectedIdx++

	        }

	        // +2x angle

	        if(selectedIdx < 16 ) {

	            selectedMode[selectedIdx] = ((mode - 2 + offset) % 65) + 2;

	            if( !selectedMode[selectedIdx]Added) {

	                selectedIdx++

	            }

	        }

	    }

	    offset += 2

	}


Questions recommended to be answered during EE test. What is performance benefit of moving DC to the very end of MPM list? What is the optimal “offset” value in proposed algorithm of angular modes selection?
	#
	Test
	Tester
	Cross-checker

	6
	DC is in the back of the above-left mode of MPM list
	HiSilicon
	ETRI

	7
	Initial Offset = 2 and with an increase of 2 each time, in angular modes selection procedure (same as what is proposed)
	HiSilicon
	ETRI


EE SW owner: Yu Han han.y@hisilicon.com (HiSilicon)
Cross-checker: To be announced by T3 (September, 29).

JVET-G0159 Block shape dependent intra mode coding [V. Seregin, W. -J. Chien, M. Karczewicz, N. Hu, X. Zhao (Qualcomm)]

Brief description of the technology. In the JEM, two lists of intra modes, most probable modes (MPM) and secondary MPMs, are derived to signal an intra mode direction. It is proposed to derive the secondary MPM list by adding offset to the angular MPMs. Offset is added to the angular modes in MPMs, initial offset starts from 1 and with an increase of 1 each time (same workflow as shown in G0159/G0060). Offset is added to the angular MPMs, number of derived secondary modes depends on the MPM index. The offset is 1, and Number of derived modes depend on the MPM index as {4, 3, 3, 2, 2}, if secondary MPM list is not complete, default modes are added. The default mode list is defined as {2, 18, 34, 50, 66; 10, 26, 42, 58; 6, 14, 22, 30, 38, 46, 54, 62; 17, 19, 49, 51}.

Questions recommended to be answered during EE test. What is a performance of having offset starting from 1, and with increment of 1? What is a performance benefit of deriving secondary MPMs with offset depending on the MPM index?


	#
	Test
	Tester
	Cross-checker

	8
	Offset is added to the angular modes in MPMs, initial offset starts from 1 and with an increase of 1 each time 
	Qualcomm
	HiSilicon

	9
	Offset is added to the angular MPMs, number of derived secondary modes depends on the MPM index.
	Qualcomm
	HiSilicon


EE SW owner: Vadim Seregin vseregin@qti.qualcomm.com (Qualcomm)
Cross-checker: To be announced by T3 (September, 29).

EE2: Arithmetic coding
JVET-G0112 Arithmetic coding with context-dependent double-window adaptation response [A. Said, M. Karczewicz, L. Zhang, V. Seregin (Qualcomm)]
Brief description of the technology. The estimation in multi-hypothesis probability update is changed to use two positive integer window shift parameters a and b, which can be different for each context, and use the following parameterized recursive equations for updating scaled probability estimates
bin = 1    →     U[k+1] = U[k] + ((215 – U[k]) >> a),     V[k+1] = V[k] + ((215 – V[k]) >> b),
bin = 0    →              U[k+1] = U[k] – (U[k] >> a),                V[k+1] = V[k]  – (V[k]) >> b),
P[k] = (U[k] + V[k]) >> 1.
where parameters a and b are such that 2 ≤ a ≤ b ≤ 9. Due to their limited range, a and b can be stored using only 4 bits each. Parameters a and b are initialized based on QP value. Different initialization for QP30 and QP<30 is used. 
Questions recommended to be answered during EE tests. Check performance benefits of window-size adaptation per context. What is performance benefit of context initialization depending on slice-type? Test results for low QP range are requested.
List of tests to be performed
	#
	Test
	Tester
	Cross-checker

	1
	Slice type independent context initialization
	Qualcomm
	Samsung 

	2
	Multi-hypothesis CABAC window size for each context
	Qualcomm
	Samsung

	3.1
	Test 2 with switching QP < 30
	Qualcomm
	Samsung

	3.2
	Test 2 with switching QP < 30 with additional QP range 
	Qualcomm 
	Huawei

	3.3
	Test 2 with switching QP < 30 using additional test sequences 
	Qualcomm
	Huawei



Note: In the cases of 3.2 and 3.3, the result will be based on RA
Additional QP range for Test 3.2 will be discussed on JVET reflector after initial version of EE2 SW will be available. 
Additional test sequences for Test 3.3 will be discussed on JVET reflector after initial version of EE2 SW will be available. Tentatively CfP sequences out of JVET ctc and sequences –candidates considered by AhG4 will be used.  

EE SW owner: Amir Said asaid@qti.qualcomm.com (Qualcomm)
Cross-checker: To be announced by T3 (September, 29).
EE3: Adaptive loop filter  
JVET-G0095 Unified Adaptive Loop Filter for Luma and Chroma [J. An, J. Zheng (HiSilicon)]
Brief description of the technology. 
ALF with independent Luma and Chroma processing (same as JEM7.0) is switched with unified ALF by picture level flag. In unified ALF mode, the chroma sample classification and on/off decision directly re-use the results of the co-located luma sample so that there is no complexity increase for the chroma classification. The chroma ALF coefficients also re-use those of luma but with a constant 5x5 diamond taps to keep the low complexity of chroma filtering. In the original separate ALF mode, a CTU-level on/off control for Chroma ALF is proposed. Luma samples classification granularity is changed from 22 to 44. Different from JEM 7.0 lambda for Chroma selection is proposed in order to balance Luma and Chroma gain.
This should include visual testing for possible chroma artifacts
Questions recommended to be answered during EE tests: Does proposed lambda settings for Chroma provide better trade-off compared to Chroma QP offset? What is the performance effect of changing granularity for Luma samples classification in ALF to 44? What is the performance benefits of multiple filters for Chroma (with samples classification from Luma)? What is the performance benefit of CTU-level control of Chroma ALF? Whether similar gain could be achieved w/o cross-color dependency (i.e., Chroma filter is signaled as in JEM7, with either LCU-level control (explicitly signaled) or block-level control inherited from Luma (implicitly signaled) depending on the separate mode flag )?
Proponents are requested to prepare subjective quality demonstration. 
List of tests to be performed
	#
	Test
	Tester
	Cross-checker

	1
	Chroma QP offset set to 0 in JEM7.0 (no other changes)
	HiSilicon
	

	1.1
	Chroma QP offset set to 2 in JEM7.0
	Huawei
	

	2
	New lambda settings for Chroma on top of Test 1 (w/o ALF modification)
	HiSilicon
	

	3
	Luma samples classification granularity in ALF 44
	HiSilicon
	

	4
	Chroma ALF borrows samples classification from Luma; filter coefficients are also derived from Luma ALF on top of Test 3
	HiSilicon
	Panasonic

	5
	UALF is switched to JEM7.0 (separate) ALF by picture level flag on top of Test 4
	HiSilicon
	

	6
	Chroma ALF CTU level control for separate ALF on top of Test 5
	HiSilicon
	

	7
	Test 6 without derivation of Chroma filters from Luma filters
(picture level flag for chroma ALF is used to indicate whether LCU-level on/off control flags are signalled or block-level on/off control flags are borrowed from luma) 
	Sharp
	



EE SW owner: Jicheng An anjicheng@hisilicon.com (HiSilicon).
Cross-checker: To be announced by T3 (September, 29).
 Software and communication channel
A separate branch under the experimental section will be created for each new tool include in the EE. The proponent of that tool is the gatekeeper for that separate software branch. (This differs from the main branch of the JEM, which is maintained by the software coordinators.)
New branches may be created which combine two or more tools included in the EE document or the JEM. Requests for new branches should be made to the software coordinators.
All communications shall be conducted in main JVET reflector. In case large size materials planned to be distributed is recommended to send announcement to the JVET reflector w/o attaching materials and send materials to those who have requested directly.
Cross-check 
Don’t need to formally name cross-checkers in the initial version of EE document. To promote the tool to the JEM at the next meeting, we would like see comprehensive cross-checking done, with analysis of the software, and understanding of the tool.

Test conditions
JVET common test conditions should be used [2]. Additionally, low QP test is requested for at least one test in EE2.
Time line
T1= 3 weeks after JVET-G meeting = August 11: To revise EE description and refine questions to be answered. Questions should be discussed and agreed on JVET reflector.
T2 = JEM7.0 SW release + 2 weeks = August, 18: Integration of all tools into separate EE branch of JEM is completed and announced to JVET reflector.
	Initial study by cross-checkers can begin.
	Proponents may continue to modify the software in this branch until T3
	3rd parties encouraged to study and make contributions to the next meeting with proposed changes
T3: JVET-H meeting start – 3 weeks = September, 29: Any changes to the exploration branches software must be frozen, so the cross-checkers can know exactly what they are cross-checking. An SVN tag should be created at this time and announced on the JVET reflector. Name of the cross-checker and list of specific tests for each tool under study in EE will be announced in JVET reflector by this time. Full test results must be provided at this time (at least for proposals targeting to be promoted to JEM at the next meeting).  
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