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Abstract
This report summarizes the activities of the AhG3 on Test model software development that has taken place between the 27th and 28th JVET meetings. 
Introduction 
The mandates given to the AHG are:
· Coordinate development of test model (VTM, HM, SCM, SHM, HTM, MFC, MFCD, JM, JSVM, JMVM, 3DV-ATM, 360Lib, and HDRTools) software and associated configuration files.
· Produce documentation of software usage for distribution with the software.
· Enable software support for recently standardized additional SEI messages.
· Discuss and make recommendations on the software development process.
· Propose improvements to the guideline document for developments of the test model software.
· Perform comparative tests of test model behaviour using common test conditions.
· Suggest configuration files for additional testing of tools.
· Investigate how to minimize the number of separate codebases maintained for group reference software.
· Coordinate with AHG on Draft text and test model algorithm description editing (AHG2) to identify any mismatches between software and text, and make further updates and cleanups to the software as appropriate.
· Prepare drafts of merged CTC documents for HM and VTM, as applicable.
The software model versions prior to the start of the meeting were:
· VTM 18.0 (Sept. 2022)
· HM-16.26 (Oct. 2022)
· HM-16.21+SCM-8.8 (Mar. 2020)
· SHM 12.4 (Jan. 2018)
· HTM 16.3 (Jul. 2018)
· JM 19.0
· JSVM 9.19.15
· JMVC 8.5
· 3DV ATM 15.0 (no version history)
· HDRTools 0.23 (October 2021)
Software for MFC and MFCD is only available as published by ITU-T and ISO/IEC. It is planned to create repositories with the latest versions available in ITU-T H.264.2 (02/2016). All development history is lost.
Software development
Development was continued on the GitLab server, which allows participants to register accounts and use a distributed development workflow based on git.
The server is located at:
https://vcgit.hhi.fraunhofer.de
The registration and development workflow are documented at:
https://vcgit.hhi.fraunhofer.de/jvet/VVCSoftware_VTM/wikis/VVC-Software-Development-Workflow
Although the development process is described in the context of the VTM software, it can be applied to all other software projects hosted on the GitLab server as well.
VTM related activities
The VTM software can be found at
https://vcgit.hhi.fraunhofer.de/jvet/VVCSoftware_VTM/

The software development continued on the GitLab server. VTM versions 17.1 and 17.2 were tagged on Jul. 27, and VTM version 18.0 was tagged on Sept. 20. VTM 18.1 is expected during the 28th JVET meeting.

VTM 17.1 was tagged on Jul. 27, 2022. Changes include:
· JVET-Z0047: Improved film grain analysis
· Remove unnecessary mrgTypeNeighbours field
· Fix which ptl_mulltlayer_enabled_flag is used
· Fix setNumOutputLayerSets() to accept value 256
· Use chromaFormatIDC stored inside Picture
· Fix: lintf undef
· Avoid floating-point operations when computing HAD
· Rename BcwIdx to bcwIdx, indentation fixes
· Fix #1557: change dependencies for writing ccv_max_luminance_value and ccv_avg_luminance_value
· Fix #1551: check coefficient range
· Avoid using std::vector and use static_vector instead
· Avoid goto in SEIFilmGrainAnalyzer.cpp
· Reduce size of temporary memory for deblocking
· Precalculate fixed-point weights for MSE
· Y4M support at both encoder and decoder (#206)
· Consistently use helper functions and define them inline
· Don't use reference for simple bool parameters
· Clean up InterPrediction::xPredAffineBlk and associated functions
· Enable inlining of simple PelStorage methods
· Replace #define for constants in interpolation filter with constexpr
· Use constexpr instead of const for compile time constants
· Branchless version of Area::contains
· Clean up filter management for MC interpolation
· Clean up SIMD interpolation filter code and add support of horizontal 6-tap filter
· Fix CHECKD logic in prof
· Fix for PQ when EncDbOpt is used
· Fix population of m_multiLayerOlsIdxToOlsIdx
· Fix lookup of vps_ols_dpb_params_idx
· Ticket #1561: Fix for userdata SEI parsing
· Add check whether writing to bitstream succeeded
· Fix for ticket #1559
· Fix for ticket #1562
· Fix copyRefPicList to copy ILRP entries
· Fix variable names, indentation and braces

VTM 17.2 was tagged on Jul. 27, 2022. Changes include:
· Remove macros from previous cycle

VTM 18.0 was tagged Sept. 20, 2022. Changes include:
· JVET-AA0056: AHG9: On syntax gating in the neural-network post-filter characteristics SEI message
· JVET-AA0100-fix: Fixing TypeDef guard issue for AA0100 and AA0056
· JVET-AA0067_NNPFC_SEI_FIX
· JVET-A0110: Adding support for Phase indication SEI message
· JVET-AA0102 and JVET-AA2027: SEI Processing Order
· JVET-AA0054_PROPOSAL2: Signal 1 flag instead of 2 flags to specify output chroma format information
· JVET-AA0055 Proposal A and B
· JVET-AA0054 Proposal 1: Signaling of external URI information in neural network post-filter characteristics SEI message
· Fix #1565: Invalid encoder memory access for EncDbOpt=1 and CHROMA_400
· Use BitDepths stored inside Picture
· Fix #1566: run ISP related check only when in ISP mode
· Check layer IDs in addition to POCs
· Reduce compile time for VC
· Avoid "using namespace" in header files
· Simplify covariance computation in ALF by premultiplying constants
· Fix variable names and remove unnecessary check
· Use strong enum type for filter index
· Fix weighting when processing chroma components in ALF
· Clean up motion interpolation functions
· Fix compiling when enabling HDR tools
· Fix: RPR crash caused by picHeader creation/deletion
· Fix:  Related to RPR and GDR
· Reset list of Prefix SEI NALUs if frame is skipped
· Fix #1571: tap number for vertical affine RPR
· Fix regression related to high bit depth motion compensation
· Add SIMD implementation of 6-tap filter for HBD motion compensation
· Fix compiling issues for GCC 12.1.0
· Fix Y4M picture size (considering conformance window)
· Fix GDR crash: Move deletion of picHeader from destroyCoeffs() to destroy()
· Fix: crash of Move deletion of picHeader from destroyCoeffs() to destroy()

VTM 18.1 is expected to be tagged during the 28th JVET meeting. Changes include so far:
· Fix memory leaks
· Add the missing setting of temporal filter to RA GOP16 cfg
· fix active picture number for L0 in reference picture list creation
· Fix #1574: SPS ID and PPS ID in encoding writeoutput()
· Add filler payload SEI message
· Fix RPL-based marking and RPL checks in Multilayer context
· Fix a Y4M bug (chroma scaling was not considered)
· fix reference picture lists checking for multilayer scalable
· Use bool constants and operators where appropriate
· Fix variable names
· Fix #1576: use correct interpolation filter size
· Fix DeblockingFilterDisable = 1
· Fix variable name and compile issue on Xcode
· Fix compile error with tracing is enabled
· Fix indentation and braces
· Fix indentation and braces
· Fix #1575: Use per-layer APS ids range for ALF APSs
· Avoid compile issue when using address sanitizer
· Remove JVET_X0143_ALF_APS_ID_OFFSET related code
· Fix GDR code to avoid invalid reference
· Fix #1580: L1 RPL filling for incomplete GOP
· Fix: avoid redundant coding of RPL in both SPS and SH in multilayer
CTC Performance
The following tables shows VTM 18.0 performance over HM 16.26 for a fair comparison with aligned tool configurations.

	
	 
	 
	All Intra Main10 
	 
	 

	
	 
	 
	Over HM-16.26
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-29.50%
	-32.84%
	-33.81%
	1316%
	166%

	Class A2
	-29.73%
	-24.40%
	-21.58%
	2200%
	181%

	Class B
	-22.33%
	-27.21%
	-31.01%
	2414%
	182%

	Class C
	-22.90%
	-19.56%
	-23.23%
	3485%
	194%

	Class E
	-26.05%
	-25.89%
	-24.34%
	1946%
	168%

	Overall 
	-25.50%
	-25.76%
	-27.06%
	2249%
	179%

	Class D
	-18.79%
	-13.79%
	-13.86%
	4061%
	177%

	Class F
	-39.48%
	-40.18%
	-42.90%
	4895%
	181%

	
	
	
	
	
	

	
	 
	 
	Random access Main10 
	 
	 

	
	 
	 
	Over HM-16.26
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-40.60%
	-40.73%
	-47.09%
	570%
	160%

	Class A2
	-44.00%
	-41.70%
	-40.79%
	683%
	174%

	Class B
	-37.44%
	-50.14%
	-48.49%
	654%
	158%

	Class C
	-33.90%
	-36.28%
	-38.29%
	903%
	168%

	Class E
	 
	
	 
	 
	 

	Overall
	-38.44%
	-42.88%
	-43.95%
	700%
	164%

	Class D
	-31.72%
	-32.70%
	-31.97%
	1034%
	164%

	Class F
	-46.08%
	-49.81%
	-50.71%
	503%
	144%

	
	
	
	
	
	

	
	 
	 
	Low delay B Main10 
	 
	 

	
	 
	 
	Over HM-16.26
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-30.43%
	-37.43%
	-34.85%
	633%
	153%

	Class C
	-28.21%
	-21.28%
	-21.06%
	791%
	158%

	Class E
	-31.11%
	-35.62%
	-29.30%
	290%
	124%

	Overall
	-29.86%
	-31.59%
	-28.87%
	561%
	147%

	Class D
	-26.80%
	-16.11%
	-15.60%
	855%
	160%

	Class F
	-42.22%
	-44.10%
	-44.16%
	423%
	134%

	
	
	
	
	
	

	
	 
	 
	Low delay P Main10 
	 
	 

	
	 
	 
	Over HM-16.26
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-34.54%
	-38.33%
	-36.21%
	589%
	165%

	Class C
	-28.15%
	-17.66%
	-18.25%
	724%
	167%

	Class E
	-33.00%
	-38.21%
	-31.27%
	283%
	134%

	Overall
	-32.03%
	-31.41%
	-28.99%
	525%
	157%

	Class D
	-26.70%
	-12.74%
	-11.61%
	821%
	182%

	Class F
	-40.18%
	-41.55%
	-41.78%
	453%
	145%



According to common test conditions in random access configuration HM is using a GOP size of 16 pictures compared to VTM using a GOP of 32 pictures. Random access points are inserted approximately every second aligned with a GOP boundary of GOP 32 in both VTM and HM. VTM uses two more reference pictures in random access than HM (due to more memory being availably in typical level settings).

The following tables show VTM 18.0 performance compared to VTM 17.0 using SDR CTC:

	
	 
	 
	All Intra Main10 
	 
	 

	
	 
	 
	Over VTM-17.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	93%
	98%

	Class A2
	0.00%
	0.00%
	0.00%
	97%
	98%

	Class B
	0.00%
	0.00%
	0.00%
	96%
	100%

	Class C
	0.00%
	0.00%
	0.00%
	97%
	102%

	Class E
	0.00%
	0.00%
	0.00%
	95%
	99%

	Overall 
	0.00%
	0.00%
	0.00%
	96%
	100%

	Class D
	0.00%
	0.00%
	0.00%
	98%
	104%

	Class F
	0.00%
	0.00%
	0.00%
	100%
	100%

	
	
	
	
	
	

	
	 
	 
	Random access Main10 
	 
	 

	
	 
	 
	Over VTM-17.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	91%
	99%

	Class A2
	0.00%
	0.00%
	0.00%
	91%
	98%

	Class B
	0.00%
	0.00%
	0.00%
	90%
	97%

	Class C
	0.00%
	0.00%
	0.00%
	92%
	99%

	Class E
	 
	
	 
	 
	 

	Overall
	0.00%
	0.00%
	0.00%
	91%
	98%

	Class D
	0.00%
	0.00%
	0.00%
	92%
	98%

	Class F
	0.00%
	0.00%
	0.00%
	92%
	99%

	
	
	
	
	
	

	
	 
	 
	Low delay B Main10 
	 
	 

	
	 
	 
	Over VTM-17.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.00%
	0.00%
	0.00%
	91%
	96%

	Class C
	0.00%
	0.00%
	0.00%
	90%
	93%

	Class E
	0.00%
	0.00%
	0.00%
	86%
	94%

	Overall
	0.00%
	0.00%
	0.00%
	89%
	95%

	Class D
	0.00%
	0.00%
	0.00%
	89%
	95%

	Class F
	0.00%
	0.00%
	0.00%
	89%
	98%

	
	
	
	
	
	

	
	 
	 
	Low delay P Main10 
	 
	 

	
	 
	 
	Over VTM-17.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.00%
	0.00%
	0.00%
	90%
	99%

	Class C
	0.00%
	0.00%
	0.00%
	90%
	95%

	Class E
	0.00%
	0.00%
	0.00%
	81%
	92%

	Overall
	0.00%
	0.00%
	0.00%
	88%
	96%

	Class D
	0.00%
	0.00%
	0.00%
	90%
	99%

	Class F
	0.00%
	0.00%
	0.00%
	89%
	98%



The following tables show VTM 18.0 performance compared to VTM 17.0 using HDR CTC:

	
	Random Access

	
	Over VTM17.0

	
	 
	
	wPSNR
	
	 
	PSNR
	
	 
	
	 

	
	DE100
	PSNR-L100
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class H1
	-4.93%
	-0.05%
	-0.01%
	-6.26%
	-3.15%
	0.00%
	2.32%
	5.56%
	92%
	95%

	Class H2
	 
	 
	 
	 
	 
	0.00%
	0.00%
	0.00%
	89%
	93%

	Overall
	-4.93%
	-0.05%
	-0.01%
	-6.26%
	-3.15%
	0.00%
	1.48%
	3.54%
	91%
	94%

	
	
	
	
	
	
	
	
	
	
	

	
	All Intra

	
	Over VTM17.0

	
	 
	
	wPSNR
	PSNR
	
	 

	
	DE100
	PSNR-L100
	Y
	U
	V
	Y
	U
	V
	EncT
	DecT

	Class H1
	-0.54%
	0.00%
	0.01%
	-1.01%
	-0.22%
	0.01%
	0.29%
	1.03%
	96%
	96%

	Class H2
	 
	 
	 
	 
	 
	0.00%
	0.00%
	0.00%
	97%
	97%

	Overall 
	-0.54%
	0.00%
	0.01%
	-1.01%
	-0.22%
	0.01%
	0.19%
	0.66%
	96%
	96%



Full results are attached to this AHG report as Excel files.

Issues in VTM affecting conformance
The following issues in VTM master branch may affect conformance:
· Missing HLS features (see sections below)
There are no known issues in VTM that affect processing of current VVC v1 and v2 conformance bitstreams. It should be noted that VTM version 18.0 fails on some v2 conformance bitstreams and that the related issue has been fixed for the upcoming VTM version 18.1.
Status of implementation of proposals of previous JVET meetings
The following list contains all adoptions of the Q and R meetings that were not marked as merged (or submitted) or specification only change in the software coordinator tracking sheet:
· JVET-Q0112
· JVET-Q0154: Disallow mixing of GDR and IRAP (Disallow mixing of GDR with any non-GDR).
· JVET-Q0164
· JVET-Q0402
· JVET-R0178: Require that when no_aps_constraint_flag is equal to 1, sps_lmcs_enabled_flag and sps_scaling_list_enabled_flag shall be equal to 0
· JVET-R0221
· JVET-R0046: Change the description of the bitstream extraction process per the value of max_tid_il_ref_pics_plus1[ ][ ] (aspect 1.2 per JVET-R0046-v4).
· JVET-R0065: Specify that GDR AUs shall be complete – i.e., all of the layers in the CVS shall have a picture in the AU (as with IRAP AUs).
· JVET-R0191: Update the range value for num_ols_hrd_params_minus1.
· JVET-R0222 aspect 1: Infer vps_max_sublayers_minus1 to be equal to 6 when sps_video_parameter_set_id is equal to 0 (i.e. VPS is not present). The exact editorial expression is at the discretion of the editor.
· JVET-S0196 (JVET-S0144 item 17)
· JVET-S0227 (JVET-S0144 item 22)
· JVET-S0077 (JVET-S0139 item 5)
· JVET-S0174 aspect 2 (JVET-S0139 item 18.b)
· JVET-S0156 aspect 3 (JVET-S0139 item 21)
· JVET-S0139 item 26 (no source listed, text only?)
· JVET-S0188 aspect 1 (JVET-S0139 item 28)
· JVET-S0139 item 40 (item does not exist)
· JVET-S0042 (JVET-S0142 item 1.b)
· JVET-S0174 aspect 1 (JVET S0143 item 19)
· JVET-S0096 aspect 3 (JVET-S0140 item 10)
· JVET-S0096 aspect 4 (JVET-S0140 item 13)
· JVET-S0159 aspect 3 (JVET-S0140 item 16)
· JVET-S0171 (JVET-S0256)
· JVET-S0118 (JVET-S0141 item 7)
· JVET-S0102 (JVET-S0141 item 9.a)
· JVET-S0157 item 2 (JVET-S0141 item 13)
· JVET-S0157 item 4 (JVET-S0141 item 14)
· JVET-S0175 aspect 3 (JVET-S0141 item 16)
· JVET-S0175 aspect 1, 2 (JVET-S0141 item 17)
· JVET-S0175 aspects 4 and 5 (JVET-S0141 item 18) 
· JVET-S0175 aspect 6 (JVET-S0141 item 19)
· JVET-S0198/ JVET-S0223 (JVET-S0141 item 24)
· JVET-S0173 aspect 2 (JVET-S0141 item 40.b)
· JVET-S0173 item 1 (JVET-S0141 item 51)
· JVET-S0173 item 3 (JVET-S0141 item 52)
· JVET-S0173 item 5 (JVET-S0141 item 53)
· JVET-S0173 item 6 (JVET-S0141 item 54) 
· JVET-S0173 item 4 (JVET-S0141 item 56)
· JVET-S0176 item 4 (JVET-S0141 item 60)
· JVET-S0154 aspect 5 (JVET-S0141 item 68)
· JVET-S0154 aspect 6 (JVET-S0141 item 69)
· JVET-S0154 aspect 8 (JVET-S0141 item 71)
· JVET-S0095 aspect 5 (JVET-S0145 item 5)
· JVET-S0095 aspect 6 (JVET-S0145 item 6)
· JVET-S0100 aspect 1, depends on JVET-R0193 (JVET-S0147 item 2) 
· FINB ballot comments
· Make high tier support up to 960.
HM related activities
HM 16.26 was tagged on Oct. 13, 2022. Changes include:
· JVET-Y0155: Fixes for motion-compensated temporal prefilter
· JVET-Y0105: An improved VVC rate control scheme
· JVET-Y0077: Block Importance Mapping
· Silence compiler warning
· Update copyright date to include 2022
· fix ticket #1516
· Fix gcc-11.3 compiling error/warning
· Fix memory leak

The following tables show HM 16.25 performance compared to HM 16.26:
	
	 
	 
	All Intra Main10 
	 
	 

	
	 
	 
	Over HM-16.25
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	101%
	101%

	Class A2
	0.00%
	0.00%
	0.00%
	99%
	99%

	Class B
	0.00%
	0.00%
	0.00%
	100%
	102%

	Class C
	0.00%
	0.00%
	0.00%
	101%
	98%

	Class E
	0.00%
	0.00%
	0.00%
	98%
	100%

	Overall 
	0.00%
	0.00%
	0.00%
	100%
	100%

	Class D
	0.00%
	0.00%
	0.00%
	100%
	102%

	Class F
	0.00%
	0.00%
	0.00%
	99%
	97%

	
	
	
	
	
	

	
	 
	 
	Random access Main10 
	 
	 

	
	 
	 
	Over HM-16.25
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.03%
	0.12%
	-0.09%
	100%
	100%

	Class A2
	0.07%
	0.19%
	0.14%
	99%
	101%

	Class B
	-0.03%
	0.02%
	-0.05%
	99%
	101%

	Class C
	-0.03%
	0.04%
	-0.10%
	99%
	102%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.01%
	0.08%
	-0.03%
	99%
	101%

	Class D
	-0.07%
	0.03%
	-0.25%
	99%
	104%

	Class F
	0.00%
	0.00%
	0.00%
	100%
	100%

	
	
	
	
	
	

	
	 
	 
	Low delay B Main10 
	 
	 

	
	 
	 
	Over HM-16.25
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.02%
	-0.09%
	0.17%
	101%
	105%

	Class C
	0.06%
	0.00%
	-0.19%
	100%
	98%

	Class E
	-0.02%
	-0.07%
	-0.07%
	102%
	104%

	Overall
	0.01%
	-0.05%
	-0.01%
	101%
	102%

	Class D
	-0.03%
	-0.28%
	0.31%
	98%
	103%

	Class F
	0.00%
	0.00%
	0.00%
	101%
	100%

	
	
	
	
	
	

	
	 
	 
	Low delay P Main10 
	 
	 

	
	 
	 
	Over HM-16.25
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.02%
	-0.16%
	0.33%
	101%
	105%

	Class C
	-0.02%
	-0.10%
	-0.05%
	101%
	102%

	Class E
	-0.02%
	0.29%
	-0.06%
	100%
	100%

	Overall
	0.00%
	-0.03%
	0.11%
	101%
	103%

	Class D
	-0.01%
	0.34%
	0.34%
	95%
	97%

	Class F
	0.00%
	0.00%
	0.00%
	101%
	99%



The following MRs are pending [with status indicated]:
· JVET-X0048: implementation of film grain characteristics (FGC) SEI message [under review]
· Port the Y4M support [one issue remains]
· JVET-AA0130: VTM and HM common test conditions for high bit depth [testing]
· JCTVC-AD0021(JVET-T0056) SEI manifest & SEI prefix indication [issues raised]
· Mark the current picture as short-term ref (for SCM) [need SCC expert reviewer]

The HM SCC (SCM) branch (HM-16.21+SCM-8.8) has not been updated for the recent HM versions. Updating SCM to, for example, HM-16.26+SCM-8.8 should be considered. It may though be helpful to move SCC related functionality into separate source files. Volunteer work towards merging the branches would be appreciated.

As reported in the previous reports, further information on lambda optimisation in HM would be appreciated, including comparison of allocation of bits within the GOP structures between HM and VTM.
The HEVC bug tracker lists:
· 38 tickets for “HM”, most of which are more than 5 years,
· 1 ticket for “HM RExt”, which was created during this reporting period,
· 7 tickets for “HM SCC”, all of which are at least 3 years old,
Help to address these tickets would be appreciated.
One merge request is available related to HM SCC for ticket #1511 on SCC reference picture marking. We would appreciate help to confirm that the proposed change matches the SCC text.
360Lib related activities
The latest 360Lib software (360Lib-13.3) can be found at https://vcgit.hhi.fraunhofer.de/jvet/360lib/-/tags/360Lib-13.3
The following table is for the projection formats comparison using VTM-18.0 according to 360-degree video CTC (JVET-U2012) compared to that using VTM-17.0 (VTM-17.0 as anchor). 
	
	PERP: VTM-18.0 over VTM-17.0

	
	End-to-end 
WS-PSNR
	End-to-end 
S-PSNR-NN

	
	Y
	U
	V
	Y
	U
	V

	Class S1
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	Class S2
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	Overall 
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%


The following table compares generalized cubemap (GCMP) coding and padded equi-rectangular projection (PERP) coding using VTM-18.0 (PERP as anchor).
	
	GCMP Over PERP

	
	End-to-end WS-PSNR
	End-to-end S-PSNR-NN

	
	Y
	U
	V
	Y
	U
	V

	Class S1
	-11.53%
	-5.55%
	-6.04%
	-11.51%
	-5.49%
	-5.99%

	Class S2
	-3.72%
	0.80%
	1.26%
	-3.69%
	0.90%
	1.33%

	Overall 
	-8.40%
	-3.01%
	-3.12%
	-8.38%
	-2.93%
	-3.06%


[bookmark: _Ref525681411]The following tables are for PERP and GCMP coding comparison between VTM-18.0 and HM-16.22 (HM as anchor), respectively.
	
	VTM-18.0 PERP Over HM-16.22 PERP (anchor)

	
	End-to-end WS-PSNR
	End-to-end S-PSNR-NN

	
	Y
	U
	V
	Y
	U
	V

	Class S1
	-30.91%
	-38.80%
	-41.29%
	-30.90%
	-38.85%
	-41.29%

	Class S2
	-36.88%
	-37.35%
	-39.69%
	-36.87%
	-37.39%
	-39.75%

	Overall 
	-33.30%
	-38.22%
	-40.65%
	-33.29%
	-38.27%
	-40.67%



	
	VTM-18.0 GCMP Over HM-16.22 PCMP (anchor)

	
	End-to-end WS-PSNR
	End-to-end S-PSNR-NN

	
	Y
	U
	V
	Y
	U
	V

	Class S1
	-35.61%
	-40.88%
	-42.79%
	-35.57%
	-40.82%
	-42.74%

	Class S2
	-39.84%
	-39.56%
	-41.51%
	-39.85%
	-39.56%
	-41.55%

	Overall 
	-37.30%
	-40.35%
	-42.28%
	-37.28%
	-40.31%
	-42.27%



SCM related activities
There had not been any further developments to SCC’s SCM during this meeting cycle.
SHM related activities
There had not been any further developments to SHVC’s SHM during this meeting cycle. 
HTM related activities
There had not been any releases of HTM of MV-HEVC and 3D-HEVC.
The next release will include the following changes:
· JVET-Z0209: Early termination during calculating RDcost of depth
HDRTools related activities
There had not been any updates of HDRTools. 
New development is being added under the branch named 0.24-dev. 
JM, JSVM, JMVM related activities
There had not been any updates to the JM, JSVM and JMVM software.
Bug tracking
The bug tracker for VTM and specification text is located at:
https://jvet.hhi.fraunhofer.de/trac/vvc
The bug tracker uses the same accounts as the HM software bug tracker. Users may need to log in again due to the different sub-domain. For spam fighting reasons account registration is only possible at the HM software bug tracker at 
https://hevc.hhi.fraunhofer.de/trac/hevc
Bug tracking for HDRTools is located at:
https://gitlab.com/standards/HDRTools/-/issues
Please file all issues related to the VVC reference software and HDRTools into the appropriate bug tracker. Try to provide all the details, which are necessary to reproduce the issue. Patches for solving issues and improving the software are always appreciated.
Software repositories
Git repositories that were previously assigned to the JCT-VC group on the GitLab server were re-assigned to the JVET group. The old URLs are still working and will forward the user to the new location, with the display of a warning suggesting to update bookmarks to the new location. The SVN repository for 360Lib was converted to git and development was moved to the GitLab server. Historical branches can still be accessed in the SVN repository.
CTC alignment and merging
Following the merger for high-bit depth CTCs (JVET-AA0130), there are currently 6 related CTC documents, namely:
JVET-Y2010		VTM/HM 4:2:0 test conditions
JVET-Z2011		VTM/HM HDR test conditions
JVET-AA2018	VTM/HM high bit depth test conditions (without spreadsheet)
JVET-T2013		VTM non-4:2:0 test conditions
JVET-AA1100	HM non-4:2:0 test conditions
JVET-U2012		VTM 360 video test conditions

Further merging of HM RExt CTC into the appropriate VVC CTC was investigated (non 4:2:0 chroma formats), but proper comparable HM configuration files were not yet available by the beginning of this meeting.

The HM HDR test conditions require additional post-processing stages, due to WPSNR, deltaE100 and PSNRL100 values not being generated directly by the HM encoder. Merging of respective functions from VTM is recommended to streamline the process.

It was reported that CTC documents may contain an error in the formulas describing PSNR computation. For example, JVET-Y2010 states:
“For 10-bit video, PSNR is calculated as 10*(log10((255 << 2) / MSE), 8-bit content is converted to 10-bit input in the encoder by shifting 2 bits to the left and 10-bit PSNR calculation is used to report testing results.”
This should be corrected to:
“For 10-bit video, PSNR is calculated as 10*(log10((255 << 2)2 / MSE), 8-bit content is converted to 10-bit input in the encoder by shifting 2 bits to the left and 10-bit PSNR calculation is used to report testing results.”

Recommendations
The AHG recommends to:
· Continue to develop reference software
· Improve documentation, especially the software manual
· Encourage people to test VTM and other reference software more extensively outside of common test conditions.
· Encourage people to report all (potential) bugs that they are finding.
· Encourage people to submit bit-streams/test cases that trigger bugs in VTM and other reference software.
· Encourage people to submit non-normative changes that either reduce encoder run time without significantly sacrificing compression performance or improve compression performance without significantly increasing encoder run time 
· Design and add configuration files to the VTM software for testing of HLS features
· Review VTM-related contributions and determine whether features should be added (or removed) from the software
· Continue to investigate the merging of branches.
· Continue to investigate merging of CTC documents.
· Verify correctness of CTC documents and issue updates as appropriate
· Keep common test conditions aligned for the different standards.
· Consider documents (including late documents) related to AHG3 activities
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