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Summary


The Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T WP3/16 and ISO/IEC JTC 1/ SC 29/ WG 11 held its twenty-fourth meeting during 26 May – 1 June 2016 at the ITU-T headquarters premises in Geneva, CH. The JCT-VC meeting was held under the chairmanship of Dr Gary Sullivan (Microsoft/USA) and Dr Jens-Rainer Ohm (RWTH Aachen/Germany). For rapid access to particular topics in this report, a subject categorization is found (with hyperlinks) in section 1.14 of this document.
The JCT-VC meeting sessions began at approximately 1000 hours on Thursday 26 May 2016. Meeting sessions were held on all days (including weekend days) until the meeting was closed at approximately 1345 hours on Wednesday 1 June 2016. Approximately 162 people attended the JCT-VC meeting, and approximately 60 input documents were discussed. The meeting took place in a collocated fashion with a meeting of ITU-T SG16 – one of the two parent bodies of the JCT-VC. The subject matter of the JCT-VC meeting activities consisted of work on the video coding standardization project known as High Efficiency Video Coding (HEVC) and its extensions and the development of associated conformance test sets, reference software, verification testing, and non-normative guidance information.

One primary goal of the meeting was to review the work that was performed in the interim period since the twenty-third JCT-VC meeting in producing:
· The HEVC test model (HM) 16 improved encoder description (including RExt modifications) update 5;

· For the format range extensions (RExt), conformance testing draft 6 (including improved HEVC version 1 testing);

· For the scalable extensions (SHVC), the SHVC reference software draft 4, conformance testing draft 5, and a verification test report;

· For the HEVC screen content coding (SCC) extensions, a draft text for version 4 of HEVC including draft text 6 of the text of SCC extensions, the HEVC screen content coding test model 7 (SCM 7), reference software draft 1, and conformance testing draft 1.

· For high dynamic range (HDR) and wide colour gamut (WCG) video coding extensions, a text amendment for ICTCP colour representation support in HEVC draft 1, a technical report text of conversion and coding practices for HDR/WCG video draft 1, a verification test plan for HDR/WCG video coding using the HEVC Main 10 profile, and a description of common test conditions (CTC) for HDR/WCG video coding experiments.

The other most important goals were to review the work on High Dynamic Range (HDR) and wide colour gamut (WCG) video coding, and review other technical input documents. Advancing the work on development of conformance and reference software for recently finalized HEVC extensions (RExt, SHVC and Screen Content Coding) was also a significant goal. Preparation of SCC verification tests was started, and possible needs for corrections to the prior HEVC specification text were also considered.
The JCT-VC produced 13 output documents from the meeting:
· For the core HEVC specification and its format range extensions (RExt), the HEVC test model (HM) 16 improved encoder description (including RExt modifications) update 6 and an updated corresponding specification of common test conditions (CTC) for experimentation (2 documents);

· For the scalable extensions (SHVC), a supplemental verification test report and an updated specification of common test conditions for experimentation (2 documents);

· For the HEVC screen content coding (SCC) extensions, reference software draft 2, conformance testing draft 2, a draft verification test plan, and an updated specification of common test conditions for experimentation (4 documents);
· For high dynamic range (HDR) and wide colour gamut (WCG) video coding, a text amendment for ICTCP colour representation support in HEVC draft 2, a draft technical report text of conversion and coding practices for HDR/WCG video draft 2, a verification test report for HDR/WCG video coding using the HEVC Main 10 profile, and an updated specification of common test conditions (CTC) for experimentation (4 documents);
· For development of additional supplemental enhancement information (SEI), a draft text (draft 1) for additional picture repetition indications in HEVC (1 document).
For the organization and planning of its future work, the JCT-VC established 14 "ad hoc groups" (AHGs) to progress the work on particular subject areas. The next three JCT-VC meetings are planned for Fri. 14 – Fri. 21 Oct. 2016 under WG 11 auspices in Chengdu, CN, during Thu. 12 – Wed. 18 Jan. 2017 under ITU-T auspices in Geneva, CH, and during Fri. 31 Mar. – Fri. 7 Apr. 2017 under WG 11 auspices in Hobart, AU.
The document distribution site http://phenix.it-sudparis.eu/jct/ was used for distribution of all documents.

The reflector to be used for discussions by the JCT-VC and all of its AHGs is the JCT-VC reflector:
jct-vc@lists.rwth-aachen.de hosted at RWTH Aachen University. For subscription to this list, see
https://mailman.rwth-aachen.de/mailman/listinfo/jct-vc.
1 Administrative topics
1.1 Organization

The ITU-T/ISO/IEC Joint Collaborative Team on Video Coding (JCT-VC) is a group of video coding experts from the ITU-T Study Group 16 Visual Coding Experts Group (VCEG) and the ISO/IEC JTC 1/ SC 29/ WG 11 Moving Picture Experts Group (MPEG). The parent bodies of the JCT-VC are ITU-T WP3/16 and ISO/IEC JTC 1/SC 29/WG 11.

The Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T WP3/16 and ISO/IEC JTC 1/ SC 29/ WG 11 held its twenty-fourth meeting during 26 May – 1 June 2016 at the ITU-T headquarters premises in Geneva, CH. The JCT-VC meeting was held under the chairmanship of Dr Gary Sullivan (Microsoft/USA) and Dr Jens-Rainer Ohm (RWTH Aachen/Germany).
1.2 Meeting logistics

The JCT-VC meeting sessions began at approximately 1000 hours on Thursday 26 May 2016. Meeting sessions were held on all days (including weekend days) until the meeting was closed at approximately 1345 hours on Wednesday 1 June 2016. Approximately 162 people attended the JCT-VC meeting, and approximately 60 input documents were discussed. The meeting took place in a collocated fashion with a meeting of ITU-T SG16 – one of the two parent bodies of the JCT-VC. The subject matter of the JCT-VC meeting activities consisted of work on the video coding standardization project known as High Efficiency Video Coding (HEVC) and its extensions and the development of associated conformance test sets, reference software, verification testing, and non-normative guidance information.

Some statistics are provided below for historical reference purposes:

· 1st "A" meeting (Dresden, 2010-04):

188 people, 40 input documents

· 2nd "B" meeting (Geneva, 2010-07):

221 people, 120 input documents

· 3rd "C" meeting (Guangzhou, 2010-10):

244 people, 300 input documents

· 4th "D" meeting (Daegu, 2011-01):

248 people, 400 input documents

· 5th "E" meeting (Geneva, 2011-03):

226 people, 500 input documents

· 6th "F" meeting (Turin, 2011-07):

254 people, 700 input documents
· 7th "G" meeting (Geneva, 2011-11)

284 people, 1000 input documents

· 8th "H" meeting (San Jose, 2012-02)

255 people, 700 input documents

· 9th "I" meeting (Geneva, 2012-04/05)

241 people, 550 input documents

· 10th "J" meeting (Stockholm, 2012-07)

214 people, 550 input documents

· 11th "K" meeting (Shanghai, 2012-10)

235 people, 350 input documents

· 12th "L" meeting (Geneva, 2013-01)

262 people, 450 input documents

· 13th "M" meeting (Incheon, 2013-04)

183 people, 450 input documents

· 14th "N" meeting (Vienna, 2013-07/08)

162 people, 350 input documents

· 15th "O" meeting (Geneva, 2013-10/11)

195 people, 350 input documents

· 16th "P" meeting (San José, 2014-01)

152 people, 300 input documents

· 17th "Q" meeting (Valencia, 2014-03/04)
126 people, 250 input documents

· 18th "R" meeting (Sapporo, 2014-06/07)

150 people, 350 input documents

· 19th "S" meeting (Strasbourg, 2014-10)

125 people, 300 input documents

· 20th "T" meeting (Geneva, 2015-02)

120 people, 200 input documents

· 21st "U" meeting (Warsaw, 2015-06)

91 people, 150 input documents

· 22nd "V" meeting (Geneva, 2015-10)

155 people, 75 input documents

· 23rd "W" meeting (San Diego, 2016-02)

159 people, 125 input documents

· 24th "X" meeting (Geneva, 2016-05/06)

162 people, 60 input documents

Information regarding logistics arrangements for the meeting had been provided via the email reflector jct-vc@lists.rwth-aachen.de and at http://wftp3.itu.int/av-arch/jctvc-site/2016_05_X_Geneva/.
1.3 Primary goals

One primary goal of the meeting was to review the work that was performed in the interim period since the twenty-third JCT-VC meeting in producing:

· The HEVC test model (HM) 16 improved encoder description (including RExt modifications) update 5;

· For the format range extensions (RExt), conformance testing draft 6 (including improved HEVC version 1 testing);

· For the scalable extensions (SHVC), the SHVC reference software draft 4, conformance testing draft 5, and a verification test report;

· For the HEVC screen content coding (SCC) extensions, a draft text for version 4 of HEVC including draft text 6 of the text of SCC extensions, the HEVC screen content coding test model 7 (SCM 7), reference software draft 1, and conformance testing draft 1.

· For high dynamic range (HDR) and wide colour gamut (WCG) video coding extensions, a text amendment for ICTCP colour representation support in HEVC draft 1, a technical report text of conversion and coding practices for HDR/WCG video draft 1, a verification test plan for HDR/WCG video coding using the HEVC Main 10 profile, and a description of common test conditions (CTC) for HDR/WCG video coding experiments.

The other most important goals were to review the work on High Dynamic Range (HDR) and wide colour gamut (WCG) video coding, and review other technical input documents. Advancing the work on development of conformance and reference software for recently finalized HEVC extensions (RExt, SHVC and Screen Content Coding) was also a significant goal. Preparation of SCC verification tests was started, and possible needs for corrections to the prior HEVC specification text were also considered.

1.4 Documents and document handling considerations
1.4.1 General

The documents of the JCT-VC meeting are listed in Annex A of this report. The documents can be found at http://phenix.it-sudparis.eu/jct/.

Registration timestamps, initial upload timestamps, and final upload timestamps are listed in Annex A of this report.

The document registration and upload times and dates listed in Annex A and in headings for documents in this report are in Paris/Geneva time. Dates mentioned for purposes of describing events at the meeting (other than as contribution registration and upload times) follow the local time at the meeting facility.
Highlighting of recorded decisions in this report:

· Decisions made by the group that affect the normative content of the draft standard are identified in this report by prefixing the description of the decision with the string "Decision:".
· Decisions that affect the reference software but have no normative effect on the text are marked by the string "Decision (SW):".
· Decisions that fix a "bug" in the specification (an error, oversight, or messiness) are marked by the string "Decision (BF):".

· Decisions regarding things that correct the text to properly reflect the design intent, add supplemental remarks to the text, or clarify the text are marked by the string "Decision (Ed.):".
· Decisions regarding simplification or improvement of design consistency are marked by the string "Decision (Simp.):".

· Decisions regarding complexity reduction (in terms of processing cycles, memory capacity, memory bandwidth, line buffers, number of entropy-coding contexts, number of context-coded bins, etc.) … "Decision (Compl.):".
This meeting report is based primarily on notes taken by the chairs and projected for real-time review by the participants during the meeting discussions. The preliminary notes were also circulated publicly by ftp and http during the meeting on a daily basis. Considering the high workload of this meeting and the large number of contributions, it should be understood by the reader that 1) some notes may appear in abbreviated form, 2) summaries of the content of contributions are often based on abstracts provided by contributing proponents without an intent to imply endorsement of the views expressed therein, and 3) the depth of discussion of the content of the various contributions in this report is not uniform. Generally, the report is written to include as much information about the contributions and discussions as is feasible (in the interest of aiding study), although this approach may not result in the most polished output report.
1.4.2 Late and incomplete document considerations

The formal deadline for registering and uploading non-administrative contributions had been announced as Monday, 16 May 2016.
Non-administrative documents uploaded after 2359 hours in Paris/Geneva time Tuesday 17 May 2016 were considered "officially late".

Most documents in the "late" category were CE reports or cross-verification reports, which are somewhat less problematic than late proposals for new action (and especially for new normative standardization action).

At this meeting, we again had a substantial amount of late document activity, but in general the early document deadline gave a significantly better chance for thorough study of documents that were delivered in a timely fashion. The group strived to be conservative when discussing and considering the content of late documents, although no objections were raised regarding allowing some discussion in such cases.
All contribution documents with registration numbers JCTVC-X0068 and higher were registered after the "officially late" deadline (and therefore were also uploaded late). No official break-out activity reports were generated during this meeting.

In many cases, contributions were also revised after the initial version was uploaded. The contribution document archive website retains publicly-accessible prior versions in such cases. The timing of late document availability for contributions is generally noted in the section discussing each contribution in this report.
One suggestion to assist with the issue of late submissions was to require the submitters of late contributions and late revisions to describe the characteristics of the late or revised (or missing) material at the beginning of discussion of the contribution. This was agreed to be a helpful approach to be followed at the meeting.

The following cross-verification reports were registered on time but were uploaded late: JCTVC-X0056, [uploaded 05-18], JCTVC-X0057 [uploaded 05-18], JCTVC-X0058 [uploaded 05-21], JCTVC-X0059 [uploaded 05-26].
The following cross-verification reports were registered late and uploaded late: JCTVC-X0076 [uploaded 05-26], JCTVC-X0078 [uploaded 05-26], JCTVC-X0082 [uploaded 05-26].
The following technical design proposal contributions were registered on time but were uploaded late:

· JCTVC-X0052 (a proposal of an “effective colour volume” SEI message) [uploaded 05-21]
The following technical design proposal contributions were both registered late and uploaded late:

· JCTVC-X0069 (a proposal of an “content colour volume” SEI message) [uploaded 05-19]
· JCTVC-X0075 (a proposal for carrying SMPTE ST 2094-20 display adaptation metadata in an SEI message) [uploaded 05-24]
The following other documents were registered on time but were uploaded late:

· JCTVC-X0033 (a report of interim work to conduct a verification test using the HEVC Main 10 profile for HDR video coding) [uploaded 05-25]

· JCTVC-X0045 (a study of chroma resampling techniques used in the 4:4:4 to 4:2:0 and 4:2:0 to 4:4:4 conversions for HDR/WCG video) [uploaded 05-18]

· JCTVC-X0047 (a small report of experiments with ICTCP colour space) [uploaded 05-29 with a formatting error later corrected only long after the meeting]
· JCTVC-X0051 (a set of comments on the ICTCP colour space) [uploaded 05-19])
· JCTVC-X0053 (a report of the status of software development for HDR/WCG video experimentation) [uploaded 05-21]
· JCTVC-X0065 (comments on conversion and coding practices for HDR/WCG video) [uploaded 05-31]
The following other documents were both registered late and uploaded late (which includes a few group activity reports of interim work that may properly be considered administrative in nature):

· JCTVC-X0068 (an document offering HDR video test sequences for experimentation) [uploaded 05-23]
· JCTVC-X0070 (a description of a non-normative encoder optimization technique) [uploaded 05-19]

· JCTVC-X0072 (a description of a non-normative pre-processing scheme for HDR/WCG video guideline development) [uploaded 05-19]

· JCTVC-X0074 (a proposed draft verification test plan for SCC extensions) [uploaded 05-22]
· JCTVC-X0077 (a description of tile based VR video encoding and decoding schemes, not requested for JCT-VC action) [uploaded 05-25]

· JCTVC-X0079 (a proposed draft for conversion and coding practices for HDR/WCG Video) [uploaded 05-25]

· JCTVC-X0080 (a draft report of supplemental SHVC verification test) [uploaded 05-26]

· JCTVC-X0083 (a proposed draft responding to a liaison request for an improved picture repetition indication) [uploaded 05-28]

· JCTVC-X0084 (comments responding to discussions on developing a potential additional technical report for HDR/WCG video coding) [uploaded 05-30]
The following contribution registrations were later cancelled, withdrawn, never provided, were cross-checks of a withdrawn contribution, or were registered in error: JCTVC-X0031, JCTVC-X0032, JCTVC-X0061, JCTVC-X0067, JCTVC-X0071, JCTVC-X0073, JCTVC-X0081.
Ad hoc group interim activity reports, CE summary results reports, break-out activity reports, and information documents containing the results of experiments requested during the meeting are not included in the above list, as these are considered administrative report documents to which the uploading deadline is not applied.
As a general policy, missing documents were not to be presented, and late documents (and substantial revisions) could only be presented when sufficient time for studying was given after the upload. Again, an exception is applied for AHG reports, CE summaries, and other such reports which can only be produced after the availability of other input documents. There were no objections raised by the group regarding presentation of late contributions, although there was some expression of annoyance and remarks on the difficulty of dealing with late contributions and late revisions.
It was remarked that documents that are substantially revised after the initial upload are also a problem, as this becomes confusing, interferes with study, and puts an extra burden on synchronization of the discussion. This is especially a problem in cases where the initial upload is clearly incomplete, and in cases where it is difficult to figure out what parts were changed in a revision. For document contributions, revision marking is very helpful to indicate what has been changed. Also, the "comments" field on the web site can be used to indicate what is different in a revision.

"Placeholder" contribution documents that were basically empty of content, with perhaps only a brief abstract and some expression of an intent to provide a more complete submission as a revision, were considered unacceptable and were to be rejected in the document management system, as has been agreed since the third meeting. The initial uploads of such contribution documents are rejected as "placeholders" if they are uploaded without any significant content and are not corrected until after the upload deadline: This case did not occur at the 24th meeting.
A few contributions may have had some problems relating to IPR declarations in the initial uploaded versions (missing declarations, declarations saying they were from the wrong companies, etc.). Any such issues were corrected by later uploaded versions in a reasonably timely fashion in all cases (to the extent of the awareness of the chairs).
Some other errors were noticed in other initial document uploads (wrong document numbers in headers, uploading of corrupted unreadable files, etc.) which were generally sorted out in a reasonably timely fashion. The document web site contains an archive of each upload, along with a record of uploading times.

1.4.3 Measures to facilitate the consideration of contributions

It was agreed that, due to the continuingly high workload for this meeting, the group would try to rely extensively on summary CE reports. For other contributions, it was agreed that generally presentations should not exceed 5 minutes to achieve a basic understanding of a proposal – with further review only if requested by the group. For cross-verification contributions, it was agreed that the group would ordinarily only review cross-checks for proposals that appear promising.

When considering cross-check contributions, it was agreed that, to the extent feasible, the following data should be collected:

· Subject (including document number).

· Whether common conditions were followed.

· Whether the results are complete.

· Whether the results match those reported by the contributor (within reasonable limits, such as minor compiler/platform differences).

· Whether the contributor studied the algorithm and software closely and has demonstrated adequate knowledge of the technology.

· Whether the contributor independently implemented the proposed technology feature, or at least compiled the software themselves.

· Any special comments and observations made by a cross-check contributor.

1.4.4 Outputs of the preceding meeting

The output documents of the previous meeting, particularly including the meeting report JCTVC-W1000, the improved HEVC Test Model 16 (HM16) JCTVC-W1002, the RExt and improved version 1 Conformance Testing Draft 6 (merged into a new edition) JCTVC-W1012, the SHVC Conformance Testing Draft 5 JCTVC-W1008, the SHVC Reference Software Draft 4 JCTVC-W1013, the SHVC Verification Test Report JCTVC-W1004, the Screen Content Coding (SCC) Draft Text 6 JCTVC-W1005 (integrated into a new edition of HEVC, version 4), the SCC Reference Software Draft 1 JCTVC-W1011, and the SCC test model 7 JCTVC-W1014, the SCC Conformance Testing Draft 1 JCTVC-W1016, and the document Conversion and Coding Practices for HDR/WCG Video JCTVC-W1017, were approved. The HM reference software and its extensions for RExt, SHVC and SCC were also approved.
The group was initially asked to review the prior meeting report for finalization. The meeting report was later approved without modification.
All output documents of the previous meeting and the software had been made available in a reasonably timely fashion.
The chairs asked if there were any issues regarding potential mismatches between perceived technical content prior to adoption and later integration efforts. It was also asked whether there was adequate clarity of precise description of the technology in the associated proposal contributions.

It was remarked that, in regard to software development efforts – for cases where "code cleanup" is a goal as well as integration of some intentional functional modification, it was emphasized that these two efforts should be conducted in separate integrations, so that it is possible to understand what is happening and to inspect the intentional functional modifications.
The need for establishing good communication with the software coordinators was also emphasized.

At some previous meetings, it had been remarked that in some cases the software implementation of adopted proposals revealed that the description that had been the basis of the adoption apparently was not precise enough, so that the software unveiled details that were not known before (except possibly for CE participants who had studied the software). Also, there should be time to study combinations of different adopted tools with more detail prior to adoption.

CE descriptions need to be fully precise – this is intended as a method of enabling full study and testing of a specific technology.
Greater discipline in terms of what can be established as a CE may be an approach to helping with such issues. CEs should be more focused on testing just a few specific things, and the description should precisely define what is intended to be tested (available by the end of the meeting when the CE plan is approved).

It was noted that sometimes there is a problem of needing to look up other referenced documents, sometimes through multiple levels of linked references, to understand what technology is being discussed in a contribution – and that this often seems to happen with CE documents. It was emphasized that we need to have some reasonably understandable basic description, within a document, of what it is talking about.

Software study can be a useful and important element of adequate study; however, software availability is not a proper substitute for document clarity.

Software shared for CE purposes needs to be available with adequate time for study. Software of CEs should be available early, to enable close study by cross-checkers (not just provided shortly before the document upload deadline).
Issues of combinations between different features (e.g., different adopted features) also tend to sometimes arise in the work.
1.5 Attendance

The list of participants in the JCT-VC meeting can be found in Annex B of this report.

The meeting was open to those qualified to participate either in ITU-T WP3/16 or ISO/IEC JTC 1/‌SC 29/‌WG 11 (including experts who had been personally invited by the Chairs as permitted by ITU-T or ISO/IEC policies).

Participants had been reminded of the need to be properly qualified to attend. Those seeking further information regarding qualifications to attend future meetings may contact the Chairs.

1.6 Agenda

The agenda for the meeting was as follows:

· IPR policy reminder and declarations

· Contribution document allocation

· Reports of ad hoc group activities

· Reports of Core Experiment activities (as applicable)
· Review of results of previous meeting

· Consideration of contributions and communications on project guidance

· Consideration of technology proposal contributions

· Consideration of information contributions

· Coordination activities

· Future planning: Determination of next steps, discussion of working methods, communication practices, establishment of coordinated experiments, establishment of AHGs, meeting planning, refinement of expected standardization timeline, other planning issues

· Other business as appropriate for consideration

1.7 IPR policy reminder

Participants were reminded of the IPR policy established by the parent organizations of the JCT-VC and were referred to the parent body websites for further information. The IPR policy was summarized for the participants.

The ITU-T/ITU-R/ISO/IEC common patent policy shall apply. Participants were particularly reminded that contributions proposing normative technical content shall contain a non-binding informal notice of whether the submitter may have patent rights that would be necessary for implementation of the resulting standard. The notice shall indicate the category of anticipated licensing terms according to the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form.
This obligation is supplemental to, and does not replace, any existing obligations of parties to submit formal IPR declarations to ITU-T/ITU-R/ISO/IEC.

Participants were also reminded of the need to formally report patent rights to the top-level parent bodies (using the common reporting form found on the database listed below) and to make verbal and/or document IPR reports within the JCT-VC as necessary in the event that they are aware of unreported patents that are essential to implementation of a standard or of a draft standard under development.

Some relevant links for organizational and IPR policy information are provided below:

· http://www.itu.int/ITU-T/ipr/index.html (common patent policy for ITU-T, ITU-R, ISO, and IEC, and guidelines and forms for formal reporting to the parent bodies)

· http://ftp3.itu.int/av-arch/jctvc-site (JCT-VC contribution templates)

· http://www.itu.int/ITU-T/studygroups/com16/jct-vc/index.html (JCT-VC general information and founding charter)

· http://www.itu.int/ITU-T/dbase/patent/index.html (ITU-T IPR database)

· http://www.itscj.ipsj.or.jp/sc29/29w7proc.htm (JTC 1/‌SC 29 Procedures)

It is noted that the ITU TSB director's AHG on IPR had issued a clarification of the IPR reporting process for ITU-T standards, as follows, per SG 16 TD 327 (GEN/16):

"TSB has reported to the TSB Director's IPR Ad Hoc Group that they are receiving Patent Statement and Licensing Declaration forms regarding technology submitted in Contributions that may not yet be incorporated in a draft new or revised Recommendation. The IPR Ad Hoc Group observes that, while disclosure of patent information is strongly encouraged as early as possible, the premature submission of Patent Statement and Licensing Declaration forms is not an appropriate tool for such purpose.

In cases where a contributor wishes to disclose patents related to technology in Contributions, this can be done in the Contributions themselves, or informed verbally or otherwise in written form to the technical group (e.g. a Rapporteur's group), disclosure which should then be duly noted in the meeting report for future reference and record keeping.

It should be noted that the TSB may not be able to meaningfully classify Patent Statement and Licensing Declaration forms for technology in Contributions, since sometimes there are no means to identify the exact work item to which the disclosure applies, or there is no way to ascertain whether the proposal in a Contribution would be adopted into a draft Recommendation.

Therefore, patent holders should submit the Patent Statement and Licensing Declaration form at the time the patent holder believes that the patent is essential to the implementation of a draft or approved Recommendation."
The chairs invited participants to make any necessary verbal reports of previously-unreported IPR in draft standards under preparation, and opened the floor for such reports: No such verbal reports were made.
1.8 Software copyright disclaimer header reminder

It was noted that, as had been agreed at the 5th meeting of the JCT-VC and approved by both parent bodies at their collocated meetings at that time, the HEVC reference software copyright license header language is the BSD license with preceding sentence declaring that contributor or third party rights are not granted, as recorded in N10791 of the 89th meeting of ISO/IEC JTC 1/‌SC 29/‌WG 11. Both ITU and ISO/IEC will be identified in the <OWNER> and <ORGANIZATION> tags in the header. This software is used in the process of designing the HEVC standard and its extensions, and for evaluating proposals for technology to be included in the design. After finalization, the software will be published by ITU-T and ISO/IEC as an example implementation of the HEVC standard and for use as the basis of products to promote adoption of the technology.

Different copyright statements shall not be committed to the committee software repository (in the absence of subsequent review and approval of any such actions). As noted previously, it must be further understood that any initially-adopted such copyright header statement language could further change in response to new information and guidance on the subject in the future.
1.9 Communication practices

The documents for the meeting can be found at http://phenix.it-sudparis.eu/jct/. For the first two JCT-VC meetings, the JCT-VC documents had been made available at http://ftp3.itu.int/av-arch/jctvc-site, and documents for the first two JCT-VC meetings remain archived there as well. That site was also used for distribution of the contribution document template and circulation of drafts of this meeting report.
JCT-VC email lists are managed through the site https://mailman.rwth-aachen.de/mailman/options/jct-vc, and to send email to the reflector, the email address is jct-vc@lists.rwth-aachen.de. Only members of the reflector can send email to the list. However, membership of the reflector is not limited to qualified JCT-VC participants.
It was emphasized that reflector subscriptions and email sent to the reflector must use real names when subscribing and sending messages, and subscribers must respond adequately to basic inquiries regarding the nature of their interest in the work.

It was emphasized that usually discussions concerning CEs and AHGs should be performed using the JCT-VC email reflector. CE internal discussions should primarily be concerned with organizational issues. Substantial technical issues that are not reflected by the original CE plan should be openly discussed on the reflector. Any new developments that are result of private communication cannot be considered to be the result of the CE.
For the headers and registrations of CE documents and AHG reports, email addresses of participants and contributors may be obscured or absent (and will be on request), although these will be available (in human readable format – possibly with some "obscurification") for primary CE coordinators and AHG chairs.

1.10 Terminology

Some terminology used in this report is explained below:

· 3D-HEVC: A set of extensions of HEVC that includes the combined coding of depth and texture information for 3D video coding.
· ACT: Adaptive colour transform.
· Additional Review: The stage of the ITU-T "alternative approval process" that follows a Last Call if substantial comments are received in the Last Call, during which a proposed revised text is available on the ITU web site for consideration as a candidate for final approval.

· AHG: Ad hoc group.

· AI: All-intra.

· AIF: Adaptive interpolation filtering.

· ALF: Adaptive loop filter.

· AMP: Asymmetric motion partitioning – a motion prediction partitioning for which the sub-regions of a region are not equal in size (in HEVC, being N/2x2N and 3N/2x2N or 2NxN/2 and 2Nx3N/2 with 2N equal to 16 or 32 for the luma component).

· AMVP: Adaptive motion vector prediction.

· APS: Active parameter sets.

· ARC: Adaptive resolution conversion (synonymous with DRC, and a form of RPR).

· AU: Access unit.

· AUD: Access unit delimiter.

· AVC: Advanced video coding – the video coding standard formally published as ITU-T Recommendation H.264 and ISO/IEC 14496-10.

· BA: Block adaptive.

· BC: May refer either to block copy (see CPR or IBC) or backward compatibility. In the case of backward compatibility, this often refers to what is more formally called forward compatibility.
· BD: Bjøntegaard-delta – a method for measuring percentage bit rate savings at equal PSNR or decibels of PSNR benefit at equal bit rate (e.g., as described in document VCEG-M33 of April 2001).

· BL: Base layer.

· BoG: Break-out group.

· BR: Bit rate.

· BV: Block vector (MV used for intra BC prediction, not a term used in the standard).

· CABAC: Context-adaptive binary arithmetic coding.

· CBF: Coded block flag(s).

· CC: May refer to context-coded, common (test) conditions, or cross-component.

· CCP: Cross-component prediction.

· CD: Committee draft – a draft text of an international standard for the first formal ballot stage of the approval process in ISO/IEC – corresponding to a PDAM for amendment texts.

· CE: Core experiment – a coordinated experiment for which there is a draft design and associated test model software that have been established, e.g., as in experiments conducted after the 3rd or subsequent JCT-VC meeting and approved to be considered a CE by the group (see also SCE, SCCE, and TE).

· CGS: Colour gamut scalability (historically, also coarse-grained scalability).

· CL-RAS: Cross-layer random-access skip.

· CPR: Current-picture referencing, also known as IBC – a technique by which sample values are predicted from other samples in the same picture by means of a displacement vector sometimes called a block vector, in a manner basically the same as motion-compensated prediction.

· Consent: A step taken in the ITU-T to formally move forward a text as a candidate for final approval (the primary stage of the ITU-T "alternative approval process").

· CTC: Common test conditions – a set of agreed conditions for coding experiments.

· CVS: Coded video sequence.

· DAM: Draft amendment – a draft text of an amendment to an international standard for the second formal ballot stage of the approval process in ISO/IEC – corresponding to a DIS for complete texts.

· DCT: Discrete cosine transform (sometimes used loosely to refer to other transforms with conceptually similar characteristics).

· DCTIF: DCT-derived interpolation filter.

· DIS: Draft international standard – the second formal ballot stage of the approval process in ISO/IEC – corresponding to a DAM for amendment texts.

· DF: Deblocking filter.

· DRC: Dynamic resolution conversion (synonymous with ARC, and a form of RPR).

· DT: Decoding time.

· ECS: Entropy coding synchronization (typically synonymous with WPP).

· EOTF: Electro-optical transfer function – a function that converts a representation value to a quantity of output light (e.g., light emitted by a display.

· EPB: Emulation prevention byte (as in the emulation_prevention_byte syntax element of AVC or HEVC).

· EL: Enhancement layer.

· ET: Encoding time.

· ETM: Experimental test model (design and software used for prior HDR/WCG coding experiments in MPEG).

· FDAM: Final draft amendment – a draft text of an amendment to an international standard for the third formal ballot stage of the approval process in ISO/IEC – corresponding to an FDIS for complete texts.

· FDIS: Final draft international standard – a draft text of an international standard for the third formal ballot stage of the approval process in ISO/IEC – corresponding to an FDAM for amendment texts.
· HDR: High dynamic range – referring to video content having a brightness range that includes values greater than approximately 100 nits (often implicitly including WCG as well, since HDR video is typically also WCG video).

· HDR10: A term that refers to the single-layer coding of HDR/WCG video content using the HEVC Main 10 profile with a Y′CbCr 4:2:0 10 bit per sample colour representation with ITU-R BT.2020 colour primaries and the PQ transfer characteristics EOTF.
· HEVC: High Efficiency Video Coding – the video coding standard developed and extended by the JCT-VC, formalized in ITU-T as Rec. ITU-T H.265 and in ISO/IEC as ISO/IEC 23008-2.

· HLS: High-level syntax.

· HM: HEVC Test Model – the draft reference software and its (non-normative) encoder algorithms used for HEVC experiments.

· IBC (also Intra BC): Intra block copy, also known as CPR – a technique by which sample values are predicted from other samples in the same picture by means of a displacement vector called a block vector, in a manner conceptually similar to motion-compensated prediction.

· IBDI: Internal bit-depth increase – a technique by which lower bit-depth (esp. 8 bits per sample) source video is encoded using higher bit-depth signal processing, ordinarily including higher bit-depth reference picture storage (esp. 12 bits per sample).

· ILP: Inter-layer prediction (in scalable coding).

· IPCM: Intra pulse-code modulation (similar to that found in AVC and HEVC).

· JM: Joint model – the primary software codebase and associated (non-normative) encoding algorithms that has been developed for the AVC standard.

· JSVM: Joint scalable video model – another software codebase that has been developed for the AVC standard, which includes support for scalable video coding extensions.

· Last Call: The stage of the ITU-T "alternative approval process" that follows Consent, during which a proposed text is available on the ITU web site for consideration as a candidate for final approval.

· LB or LDB: Low-delay B – the variant of the LD conditions that uses B pictures.

· LD: Low delay – one of two sets of coding conditions designed to enable interactive real-time communication, with less emphasis on ease of random access (contrast with RA). Typically refers to LB, although also applies to LP.

· LM: Linear model.

· LP or LDP: Low-delay P – the variant of the LD conditions that uses P frames.

· LUT: Look-up table.

· LTRP: Long-term reference pictures.
· MANE: Media-aware network element.

· MC: Motion compensation.
· MOS: Mean opinion score – a measurement of subjective video quality as reported by human test subjects.
· MPEG: Moving picture experts group (WG 11, the parent body working group in ISO/IEC JTC 1/‌SC 29, one of the two parent bodies of the JCT-VC).

· MV: Motion vector; alternatively, multiview.
· MV-HEVC: A set of extensions of HEVC using layered coding to enable the coding of video with multiple views or depth maps.
· NAL: Network abstraction layer (as in AVC and HEVC, contrast with VCL).

· NB: National body (usually used in reference to NBs of the WG 11 parent body).
· NCL: Non-constant luminance, a type of colour difference representation.

· Nits: Candelas per square metre.
· NSQT: Non-square quadtree.

· NUH: NAL unit header.

· NUT: NAL unit type (as in AVC and HEVC).

· OBMC: Overlapped block motion compensation (e.g., as in H.263 Annex F).

· OETF: Opto-electronic transfer function – a function that converts to input light (e.g., light input to a camera) to a representation value.

· OLS: Output layer set.
· OOTF: Optical-to-optical transfer function – a function that converts input light (e.g., light input to a camera) to output light (e.g., light emitted by a display).

· PDAM: Proposed draft amendment – a draft text of an amendment to an international standard for the first formal ballot stage of the ISO/IEC approval process – corresponding to a CD for complete texts.
· PDTR: Proposed draft technical report – the draft of a TR that is sent for a ballot in the ISO/IEC approval process.
· POC: Picture order count.

· PoR: Plan of record.

· PPS: Picture parameter set (as in AVC and HEVC).
· PQ: Perceptual quantization – the name given to an HDR EOTF curve specified in SMPTE ST 2084 and Draft Rec. ITU-R BT.[HDR-TV].
· QM: Quantization matrix (as in AVC and HEVC).

· QP: Quantization parameter (as in AVC and HEVC, sometimes confused with quantization step size).

· QT: Quadtree.

· RA: Random access – a set of coding conditions designed to enable relatively-frequent random access points in the coded video data, with less emphasis on minimization of delay (contrast with LD).

· RADL: Random-access decodable leading.

· RASL: Random-access skipped leading.

· R-D: Rate-distortion.

· RDO: Rate-distortion optimization.

· RDOQ: Rate-distortion optimized quantization.
· RExt: Format range extensions – a set of extensions of HEVC addressing high bit rate operation, high bit depths, and alternative chroma formats such as monochrome, 4:2:2, 4:4:4, high bit depths, and high throughput.
· RPR: Reference picture resampling (e.g., as in H.263 Annex P), a special case of which is also known as ARC or DRC.

· RPS: Reference picture set.
· RQT: Residual quadtree.

· RRU: Reduced-resolution update (e.g. as in H.263 Annex Q).

· RVM: Rate variation measure.

· SAO: Sample-adaptive offset.

· SCC: Screen content coding.

· SCE: Scalability core experiment (for SHVC).

· SCCE: Screen content core experiment (for SCC).

· SCM: Screen coding model (for SCC).

· SD: Slice data; alternatively, standard-definition.
· SDR: Standard dynamic range – referring to video content having a brightness range that would produce a maximum brightness of approximately 100 nits on a reference display under reference viewing conditions.
· SEI: Supplemental enhancement information (as in AVC and HEVC).

· SH: Slice header.

· SHM: Scalable HM (for SHVC).

· SHVC: Scalable high efficiency video coding – a set of extensions of HEVC that uses layered coding to enable the coding of supplemental pictures, quality enhancement layers, spatial resolution enhancement layers, and colour gamut enhancement layers.

· SIMD: Single instruction, multiple data.

· SPS: Sequence parameter set (as in AVC and HEVC).
· Supplement: In ITU-T terminology, a document that assists its readers by providing non-normative information and suggestions (sometimes considered a TR in ISO/IEC terminology).

· SVC: Scalable video coding, especially when referring to the associated extensions of AVC.
· TBA/TBD/TBP: To be announced/determined/presented.

· TE: Tool Experiment – a coordinated experiment conducted toward HEVC design at a more preliminary stage of work than those of CEs, e.g., as between the 1st and 2nd or 2nd and 3rd JCT-VC meetings, or a coordinated experiment conducted toward SHVC design between the 11th and 12th JCT-VC meetings.
· TGM: Text and graphics with motion – a category of content that primarily contains rendered text and graphics with motion, mixed with a relatively small amount of camera-captured content.
· TR: Technical report – e.g., a collection of non-normative suggestion guidance on appropriate technical practices (sometimes considered a “supplement” in ITU-T terminology).
· VCEG: Visual coding experts group (ITU-T Q.6/16, the relevant rapporteur group in ITU-T WP3/16, which is one of the two parent bodies of the JCT-VC).
· VCL: Video coding layer (as in AVC and HEVC, contrast with NAL).
· VPS: Video parameter set – a parameter set that describes the overall characteristics of a coded video sequence – conceptually sitting above the SPS in the syntax hierarchy.
· WCG: Wide colour gamut – referring to video content having a colour gamut that includes colours substantially outside of the range of values that is representable using Rec. ITU-R BT.709.
· WD: Working draft – a term for a draft standard, especially one prior to its first ballot in the ISO/IEC approval process, although the term is sometimes used loosely to refer to a draft standard at any actual stage of parent-level approval processes.

· WG: Working group, a group of technical experts (usually used to refer to WG 11, a.k.a. MPEG).

· WPP: Wavefront parallel processing (usually synonymous with ECS).
· Block and unit names:

· CTB: Coding tree block (luma or chroma) – unless the format is monochrome, there are three CTBs per CTU.

· CTU: Coding tree unit (containing both luma and chroma, synonymous with LCU), with a size of 16x16, 32x32, or 64x64 for the luma component.
· CB: Coding block (luma or chroma), a luma or chroma block in a CU.

· CU: Coding unit (containing both luma and chroma), the level at which the prediction mode, such as intra versus inter, is determined in HEVC, with a size of 2Nx2N for 2N equal to 8, 16, 32, or 64 for luma.

· LCU: (formerly LCTU) largest coding unit (name formerly used for CTU before finalization of HEVC version 1).

· PB: Prediction block (luma or chroma), a luma or chroma block of a PU, the level at which the prediction information is conveyed or the level at which the prediction process is performed
 in HEVC.
· PU: Prediction unit (containing both luma and chroma), the level of the prediction control syntax1 within a CU, with eight shape possibilities in HEVC:
· 2Nx2N: Having the full width and height of the CU.

· 2NxN (or Nx2N): Having two areas that each have the full width and half the height of the CU (or having two areas that each have half the width and the full height of the CU).

· NxN: Having four areas that each have half the width and half the height of the CU, with N equal to 4, 8, 16, or 32 for intra-predicted luma and N equal to 8, 16, or 32 for inter-predicted luma – a case only used when 2N×2N is the minimum CU size.

· N/2x2N paired with 3N/2x2N or 2NxN/2 paired with 2Nx3N/2: Having two areas that are different in size – cases referred to as AMP, with 2N equal to 16 or 32 for the luma component.

· TB: Transform block (luma or chroma), a luma or chroma block of a TU, with a size of 4x4, 8x8, 16x16, or 32x32.

· TU: Transform unit (containing both luma and chroma), the level of the residual transform (or transform skip or palette coding) segmentation within a CU (which, when using inter prediction in HEVC, may sometimes span across multiple PU regions).

1.11 Liaison activity

The JCT-VC did not directly send or receive formal liaison communications at this meeting. However, there was relevant liaison communication at the parent-body level; see section 6.1.
1.12 Opening remarks

Opening remarks included:
· Meeting logistics, review of communication practices, attendance recording, and registration and badge pick-up reminder
Primary topic areas were noted as follows:

· Screen content coding
· Software
· Conformance

· Verification testing

· HDR

· Verification testing

· Development of TR

· ICTCP support

· Possible other SEI & VUI

· Possible work on backward-compatibility (pending requirements)

· Reference software
· Corrigenda items for version 4
· SHVC proposed additional verification testing

· Frame repetition signalling
· Test model texts and software manuals

· Common test conditions for coding efficiency experiments (hasn't been under active development here recently; being considered more elsewhere)
Status of deliverables:
· SCC text

· SCC reference software

· RExt & v1 conformance

· Corresponding WG 11 outputs

· Check meeting report

Key deliverables initially planned from this meeting:
· ITU-T Consent for new edition of HEVC specification text including SCC extensions

· ITU-T Consent for new edition of conformance and reference software

· SCC verification testing plan
· HDR outputs

· Suggested practices draft

· HDR verification test report

· CEs?
· ICTCP support

· New HM, SHM, SCM document versions
A single meeting track was followed for most meeting discussions.
1.13 Scheduling of discussions

Scheduling: Generally, meeting time was scheduled during 0900–2000 hours, with coffee and lunch breaks as convenient. The meeting had been announced to start with AHG reports and continue with parallel review on Screen Content Coding CE work and related contributions during the first few days. Ongoing scheduling refinements were announced on the group email reflector as needed.

Some particular scheduling notes are shown below, although not necessarily 100% accurate or complete:
· Thu. 26 May, 1st day
· 1000–1300, Opening remarks, status review, AHG report review for AHGs 1–3 and 5–8 (GJS & JRO)
· 1530–1700, AHGs 9, 12, 13, 14 (GJS)

· 1700–1800 X0033 HDR/WCG Verification test (section 3.5) (GJS)
· Fri. 27 May, 2nd day
· 0900–1045 Text for HDR/WCG coding practices report (section 3.4) (JRO)
· 1115–1300 X0033 HDR/WCG Verification test (section 3.5) (GJS)

· 1615–1830 SHVC testing for BT.2020 PQ HDR with BT.2020 SDR BL (section 3.5) (GJS)
· Sat. 28 May, 3rd day
· 0900–1300 & 1430–2000 HDR coding (section 5.1) (GJS)
· Sun. 29 May, 4th day
· 0900–1330 & 1500–1800 HDR (section 5.1), HLS (section 5.2), SEI/VUI (section 5.3)
· Mon. 30 May, 5th day
· 0900–1300 WG 11 plenary

· 1500–1600 parent-body joint meeting JCT-VC, Q6/16, MPEG Requirements & Video

· 1615–1715 parent-body joint meeting Q6/16, JPEG

· 1530–1900 Q6 plenary

· Tue. 1 June, 6th day
· 0900–1000 parent-body joint meeting Q6/16, MPEG Requirements & Video on JVET
· 1030–1300 & 1430–2000 Remainders
· Wed. 2 June, 7th day
· 0900–1030 WG 11 mid-week plenary

· 1100–1345 JCT-VC closing plenary

1.14 Contribution topic overview

The approximate subject categories and quantity of contributions per category for the meeting were summarized and categorized as follows. Some plenary sessions were chaired by both co-chairmen, and others by only one. Chairing of other discussions is noted for particular topics.
· AHG reports (14) (section 2)
· Project development status (7) (section 3)

· Core experiments (0) (section 4)
· HDR coding (34) (section 5.1) 

· Best practices (4)

· CRI usage (4)

· Luma sample adjustment (3)

· ICTCP (4)

· SDR backward compatibility (6)

· Sampling/subsampling (5)

· Other (2)

· High-level syntax (1) (section 5.2)

· VUI and SEI messages (7) (section 5.3)

· Non-normative, encoder optimization (1) (section 5.4)

· Plenary discussions (section 6)

· Outputs & planning: AHG & CE plans, Conformance, Reference software, Verification testing, Chroma format, CTC (sections 7, 8, and 9)
NOTE – The number of contributions in each category, as shown in parenthesis above, may not be 100% precise.

1.15 Topics discussed in final wrap-up at the end of the meeting
Notes on potential remainders near the end of the meeting:

· Output preparations (see section 9 for the full list)

· Plans

· AHGs

· CEs

· Reflectors (jct-vc) & sites (test sequence location to be listed in CTC doc) to be used in future work

· Meeting dates of future meetings
· Doc deadline (Monday 10 days prior)
There were no requests in the closing plenary to present any remaining "TBP" contributions.
2 AHG reports (14)
The activities of ad hoc groups (AHGs) that had been established at the prior meeting are discussed in this section.
(Consideration of these reports was chaired by GJS & JRO on Thursday 26th, 10:00–13:00 or 15:30–17:00, except as noted.)
JCTVC-X0001 JCT-VC AHG report: Project management (AHG1) [G. J. Sullivan, J.-R. Ohm] 

This document reports on the work of the JCT-VC ad hoc group on Project Management, including an overall status report on the project and the progress made during the interim period since the preceding meeting.

The reflector used for discussions by the JCT-VC and all of its AHGs is the JCT-VC reflector:

jct-vc@lists.rwth-aachen.de. For subscription to this list, see

http://mailman.rwth-aachen.de/mailman/listinfo/jct-vc.

In the interim period since the 23rd JCT-VC meeting, the following (13) documents had been produced:

· The HEVC test model (HM) 16 improved encoder description (including RExt modifications) update 5;

· For the format range extensions (RExt), conformance testing draft 6 (including improved HEVC version 1 testing);

· For the scalable extensions (SHVC), the SHVC reference software draft 4, conformance testing draft 5, and a verification test report;

· For the HEVC screen content coding (SCC) extensions, a draft text for version 4 of HEVC including draft text 6 of the text of SCC extensions, the HEVC screen content coding test model 7 (SCM 7), reference software draft 1, and conformance testing draft 1.

· For high dynamic range (HDR) and wide colour gamut (WCG) video coding extensions, a text amendment for ICTCP colour representation support in HEVC draft 1, a technical report text of conversion and coding practices for HDR/WCG video draft 1, a verification test plan for HDR/WCG video coding using the HEVC Main 10 profile, and a description of common test conditions (CTC) for HDR/WCG video coding experiments.

The work of the JCT-VC overall had proceeded well and actively in the interim period with a considerable number of input documents to the current meeting. Active discussion had been carried out on the group email reflector (which had 1666 subscribers as of 2016-05-24), and the output documents from the preceding meeting had been produced.

Except as noted below, output documents from the preceding meeting had been made available at the "Phenix" site (http://phenix.it-sudparis.eu/jct/) or the ITU-based JCT-VC site (http://wftp3.itu.int/av-arch/jctvc-site/2016_05_X_Geneva/), particularly including the following:

· The meeting report (JCTVC-W1000) [Posted 2016-05-26]

· The HM 16 improved encoder description update 5 (JCTVC-W1002) [Posted 2016-05-18] 

· Draft text 1 for ICtCp support in HEVC (JCTVC-W1003) [Posted 2016-03-19]

· Verification test report for scalable HEVC (JCTVC-W1004) [Posted 2016-03-19]

· HEVC screen content coding draft 6 (integrated in new edition)  (JCTVC-W1005) [First posted 2016-03-24, last updated 2016-05-14] 

· SHVC Conformance Testing Draft 5 (JCTVC-W1008) [Posted 2016-05-21]

· HEVC Reference Software for Screen Content Coding Draft 1 (JCTVC-W1011) [will be posted during the meeting]

· Conformance Testing for improved Version 1 and Format Rang Extension profiles Draft 6 (JCTVC-W1012) [will be posted during the meeting]

· Reference Software for HEVC scalable extensions Draft 4 (JCTVC-W1013) [Posted 2016-05-03]

· Screen Content Coding Test Model 7 Encoder Description (JCTVC-W1014) [Posted 2016-05-23]

· Conformance Testing for HEVC Screen Content Coding (SCC) Extensions Draft 1 (JCTVC-W1016) [Posted 2016-05-24]

· Conversion and Coding Practices for HDR/WCG Video, Draft 1 (JCTVC-W1017) [First posted 2016-02-24, last updated 2016-02-27]

· Verification Test Plan for HDR/WCG Video Coding Using HEVC Main 10 Profile (JCTVC-W1018) [First posted 2016-02-26, last updated 2016-03-11]

· Common Test Conditions for HDR/WCG Video Coding Experiments (JCTVC-W1020) [Posted 2016-03-05]

The fourteen ad hoc groups had made progress, and various reports from those activities had been submitted.

The different software modules (HM16.9, SHM12.0 and SCM7.0) had been prepared and released with appropriate updates approximately as scheduled (both SHM12.0 and SCM7.0 are also based on HM16.9). 

Since the approval of software copyright header language at the March 2011 parent-body meetings, that topic seems to be resolved.

Released versions of the software are available on the SVN server at the following URL:

https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/version_number,

where version_number corresponds to one of the versions described below – e.g., HM-16.7. 

Intermediate code submissions can be found on a variety of branches available at:

https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/branches/branch_name,

where branch_name corresponds to a branch (eg., HM-16.7-dev).

Various problem reports relating to asserted bugs in the software, draft specification text, and reference encoder description had been submitted to an informal "bug tracking" system (https://hevc.hhi.fraunhofer.de/trac/hevc). That system is not intended as a replacement of our ordinary contribution submission process. However, the bug tracking system was considered to have been helpful to the software coordinators and text editors. The bug tracker reports had been automatically forwarded to the group email reflector, where the issues were discussed – and this is reported to have been helpful. 

The ftp site at ITU-T is used to exchange draft conformance testing bitstreams. The ftp site for downloading bitstreams is http://wftp3.itu.int/av-arch/jctvc-site/bitstream_exchange/.

A spreadsheet to summarize the status of bitstream exchange, conformance bitstream generation is available in the same directory. It includes the list of bitstreams, codec features and settings, and status of verification.

Approximately 50 input contributions to the current meeting had been registered. The bulk of these relates to coding of HDR video using HEVC. Some late-registered and late-uploaded contributions were noted, even though most were cross-check documents.

A preliminary basis for the document subject allocation and meeting notes for the 24th meeting had been circulated to the participants by being announced in email, and was publicly available on the ITU-hosted ftp site.
JCTVC-X0002 JCT-VC AHG report: HEVC test model editing and errata reporting (AHG2) [B. Bross, C. Rosewarne, M. Naccari, J.-R. Ohm, K. Sharman, G. Sullivan, Y.-K. Wang]

This document reports the work of the JCT-VC ad hoc group on HEVC test model editing and errata reporting (AHG2) between the 23rd meeting in San Diego, USA (February 2016) and the 24th meeting in Geneva, CH (May/June 2016).
An issue tracker (https://hevc.hhi.fraunhofer.de/trac/hevc) was used in order to facilitate the reporting of errata with the HEVC documents.

The "High Efficiency Video Coding (HEVC) Test Model 16 (HM 16) Update 5 of Encoder Description" was published as JCTVC-W1002. This document represented a refinement of the previous HM16 Update 4 of the Encoder Description document (JCTVC-V1002). The resultant document provides a source of general tutorial information on HEVC Edition 1 and Range Extensions, together with an encoder-side description of the HM-16 software.

The recommendations of the HEVC test model editing and errata reporting AHG were for JCT-VC to:

· Encourage the use of the issue tracker to report issues with the text of both the HEVC specification and the Encoder Description.

· Review the list of bug fixes collected for HEVC Edition 3, and include all confirmed bug fixes, including the outcome of the above items, if any, into a JCT-VC output document for the purpose of HEVC Edition 3 defect reporting.

JCTVC-X0003 JCT-VC AHG report: HEVC HM software development and software technical evaluation (AHG3) [K. Sühring, K. Sharman]

This report summarizes the activities of the AhG on HEVC HM software development and software technical evaluation that have taken place between the 23rd and 24th JCT-VC meetings. Activities focused on integration of software adoptions and software maintenance, i.e. code tidying and fixing bugs.
A brief summary of activities related to each mandate is given below.

· The two proposals that were adopted at the last meeting (JCTVC-W0038 and JCTVC-W0062 [lambda/QP aspect only]), and one proposal that was adopted at the 21st meeting (JCTVC-U0128) were added to the HM development code base.

· In addition, some minor bug fixes and cleanups were addressed. The distribution of the software was made available through the SVN server set up at HHI, as announced on the JCT-VC email reflector, and http://hevc.info has been updated.

· Version 16.10 was due to be released during the current meeting.

· There were a number of reported software bugs that should be fixed.

Versions developed

HM16.8 was tagged on 23 February during the previous meeting. The changes can be found in JCTVC-W0003.
HM16.9 was tagged on 21 March. It included the following modifications:

· JCTVC-W0038 “HEVC encoder optimization” – in particular the addition of chroma QP offsets to GOP table and an adaptive deblocking filter method.

· JCTVC-W0062 “Non-normative HM encoder improvements”. This tool is currently disabled by default (see below).

The addition of functions that have been added to JVET’s JEM software model, to help with benchmarking. The functions are SAOResetEncoderStateAfterIRAP and TemporalSubsampleRatio.

None of the changes affect the coding results of the common test conditions set out in JCTVC-L1100 or JCTVC-P1006, and therefore these have not been re-published. However, note that when JCTVC-W0062 is enabled, changes would be observed.

HM16.10 was expected to be released during the meeting. It should include:

· Bug fixes (including the fixing of interlace which was inadvertently broken by a previous adoption), comment fixes and code tidies.

· JCTVC-U0128 “An HEVC SEI Message for Green Metadata”.

· Reduced encoder memory footprint (see below).

Currently none of the changes should affect the coding results of the common test conditions set out in JCTVC-L1100 or JCTVC-P1006. 

Lambda and QP control

During the integration of JCTVC-W0062, the software coordinators became concerned about the mechanism that was being used to select the QP. As a general rule, if a setting is controlled by the user, it is used as specified.

However, for the inter configurations, the user specifies a base QP for the sequence, and also QP offsets for each of the GOP entries. In addition, lambda adjustments are specified, both in the GOP table and as separate parameters. With JCTVC-W0062, it was noticed that by modifying the lambda, the QP can become disconnected from the optimal QP, and therefore the QP should be modified to compensate for the lambda change.

The result is that the QPs observed during the normal CTCs are adjusted. This can be seen in a table provided in the AHG report, along with the values used when the similar but optional “RecalculateQPAccordingToLambda” function, described in JCTVC-J0242 (“Encoding with fixed Lagrangian multipliers”), is enabled.
From a control point of view, the coordinators felt that having settings that were subsequently changed was potentially confusing for the user and it was hoped that an alternative approach could be found.

In addition, the presence of so many different methods to specify lambda and QP should be studied to see if there could be more concise and transparent control methods.
Finally, it was unclear what would happen to the “RecalculateQPAccordingToLambda” optional tool once JCTVC-W0062 was enabled.

It is noted that the proponents of JCTVC-W0062 had provided an alternative parameterization, described in JCTVC-X0038. See notes for X0038.

Encoder memory footprint

It was observed that the HM encoder incurred a large memory footprint. This problem is exacerbated by analysis of 4K images and the use of 16-frame GOPs, an aspect of other branches of the HM software.

For example, when encoding Traffic (2560x1600) with the 16-frame GOP structure used by JVET (and proposed previously in JCTVC-W0062 and again in JCTVC-X0038), memory requirements peak at 2482 MiB. For 4K sequences, memory requirements are approximately 2.1 times higher; i.e. ~ 5361 MiB. For derived branches, such as JEM, memory utilization is even higher.

The reason was found to be because all memory is allocated for all the processing at the outset. This means that for a 16 frame GOP simulation, up to 32 TComPic objects will be present, all of which have memory allocated for all encoding decisions.

However:

· 15 of the frames will only actually contain source image data. These are frames that have been buffered up prior to the complete GOP encoding. 

· 1 of the frames will be being processed. This will therefore need source data and encoding decision data.

· Up to 16 frames will be kept as part of the reference picture list structure. These technically only require the reconstructed picture data and other information present in the DPB.

A patch was developed that reduced the memory usage by ~60% for the above example, reducing Traffic, GOP-16 from 2482 MiB to just 1020 MiB. It achieves this by allocating memory only when it is needed. It also introduces a DPB structure into which side information is placed for reference frame usage.

Note that there is not such a significant problem in the decoder, as the decoder only allocates data for pictures when they are decoded, and destroys the data afterwards (as the decoder also has to cope with video format changes, so array sizes are potentially dynamic, unlike in the HM encoder).

The patch does not have a noticeable effect on the run-time; it has no impact on coding efficiency.

Decision (SW): It was agreed to include this fix in the HM.

Remaining issues

The following were persistent bug reports where study is encouraged:

· High level picture types: IRAP, RASL, RADL, STSA: Tickets #1096, #1101, #1333, #1334, #1346.

· Rate-control and QP selection – numerous problems with multiple slices: Tickets #1314, #1338, #1339.

· Field coding: Tickets #1145, #1153.

· Decoded picture buffer: Tickets #1277, #1286, #1287, #1304.

· NoOutputOfPriorPicture processing: Tickets #1335, #1336, #1393.

· Additional decoder checks: Tickets #1367, #1383.

However, a patch had been generated that adds some conformance checks. It was being considered for potential inclusion in a future release.

As described to the community at the last four JCT-VC meetings, alterations to remove the unused software hierarchy in the entropy coding sections of the code, and to remove terms such as CAVLC were being considered. However, this will now need to also consider the impact on the JEM branch under development in the JVET group.

Recommendations

· Continue to develop reference software based on HM version 16.9/16.10 and improve its quality.

· Test reference software more extensively outside of common test conditions.

· Add more conformance checks to the decoder to more easily identify non-conforming bit-streams, especially for profile and level constraints.

· Encourage people who are implementing HEVC based products to report all (potential) bugs that they are finding in that process.

· Encourage people to submit bit-streams that trigger bugs in the HM. Such bit-streams may also be useful for the conformance specification.

· Continue to investigate the merging of branches with the other software coordinators.

JCTVC-X0004 JCT-VC AHG report: HEVC conformance test development (AHG4) [T. Suzuki, J. Boyce, R. Joshi, K. Kazui, A. Ramasubramonian, W. Wan, Y. Ye]
Discussed Wednesday 11:15 (GJS)
The e-mail reflector is [jct-vc@lists.rwth-aachen.de]. To receive email, please subscribe to the e-mail reflector: http://mailman.rwth-aachen.de/mailman/listinfo/jct-vc. For e-mail exchange, it is recommended to put [AHG4] in the subject line for easy grouping.

The ftp site at ITU-T is used to exchange bitstreams. The ftp site for downloading bitstreams is

http://wftp3.itu.int/av-arch/jctvc-site/bitstream_exchange/

The spreadsheet to summarize the status of bitstream exchange, conformance bitstream generation is available at this directory. It includes the list of bitstreams, codec features and settings, and status of verification.

JCTVC-S1004 (output document from Strasbourg meeting) summarizes the defects of the current conformance bitstreams. After the Strasbourg meeting, all known problems were resolved. The revised bitstreams were uploaded at the following site, separating the bitstreams under ballot.

http://wftp3.itu.int/av-arch/jctvc-site/bitstream_exchange/under_test/

A new bitstream was offered by Main Concept called SAODBLK_C_MainConcept_1.
This stream verifies that in-loop filtering across slices can be switched on/off randomly for each slice, a usually rare condition allowed by the HEVC specification.

This bitstream is not only for a HEVC v.1 stream but includes multiple segments with different profiles.  More specifically, the attached text file says it includes Monochrome, Main, Main 4:2:2 10, Main 4:4:4 10 profiles and some of those profiles were actually not part of v.1.

Those bitstreams are available at

http://wftp3.itu.int/av-arch/jctvc-site/bitstream_exchange/under_test_for_new_edition/

But a question was raised regarding whether such a bitstream is useful. Most of decoders may not support all such profiles, or switching rapidly between profiles.
In the discussion, it was suggested that the bitstreams should be split up into single-profile bitstreams or the contributor should be asked to otherwise-provide a variety of single-profile bitstreams for consideration.

The document JCTVC-O1010 contains the general guidelines for bitstream generation, with uploading and bit-stream naming conventions. 

Substantial further progress was reportedly needed on development of SCC conformance testing. Volunteers for providing bitstreams are needed. This will be given priority in the upcoming period, now that the work on the spec drafting is done.

HEVC Screen Content Coding extensions conformance testing will test the following profiles: Screen-Extended Main, Screen-Extended Main 10, Screen-Extended Main 4:4:4, Screen-Extended Main 4:4:4 10, Screen-Extended High Throughput 4:4:4, Screen-Extended High Throughput 4:4:4 10, and Screen-Extended High Throughput 4:4:4 14.

The table below lists the bitstream features to be tested for SCC and the current status of volunteering and submission of data. Some bitstream features may be represented using multiple bitstreams.
In the discussion, it was noted that additional features should be added, such as 4:2:2 and other screen-extended high-throughput profile aspects like combining tiles and wavefronts together.
	Chroma format
	Bit depth
	Category
	Sub category
	Bitstream feature
	Volunteers
	Candidates

	4:4:4
4:2:0
	8/10
	Palette
	Predictor palette initialization (PPS/SPS/initialized to zero)
	
	
	

	
	
	
	Palette size 0/1
	
	
	

	4:4:4
4:2:0
	8/10
	Current picture reference (CPR)
	bi-prediction restriction (conversion from bi to uni)
	
	Qualcomm
	

	
	
	
	DPB
	in-loop filtering enabled/disabled
	
	

	4:4:4
4:2:0
	8/10
	adaptive residual transform
	
	
	
	

	
	
	
	slice ACT QP offsets
	
	Qualcomm
	

	4:4:4
4:2:0
	8/10
	adaptive motion vector resolution
	motion_vector_resolution_
control_idc = 0/1/2
	
	Microsoft
	

	4:4:4
4:2:0
	8/10
	Intra coding
	Intra boundary filtering disable
	
	
	


JCTVC-X0005 JCT-VC AHG report: SHVC verification test reporting (AHG5) [Vittorio Baroncini, Ye-Kui Wang, Yan Ye]

This AHG was established to finalize the SHVC verification test report, as found in document JCTVC-W1004. The report was uploaded on March 18th. 

There were two input contributions noted to be related to SHVC verification test at this meeting: 

· JCTVC-X0046, “Draft supplemental SHVC verification test plan”

· JCTVC-X0058, “Cross check of JCTVC-X0046: Draft supplemental SHVC verification test plan”

The AHG recommended to review and discuss these at this meeting.
JCTVC-X0006 JCT-VC AHG report: SCC verification testing (AHG6) [H. Yu, R. Cohen, A. Duenas, K. Rapaka, J. Xu, X. Xu]

This report summarizes the activities of the JCT-VC ad hoc group on SCC verification testing (AHG6) between the JCT-VC 23rd meeting in San Diego, USA, and the 24th meeting in Geneva, Switzerland.

A kick-off message for AHG 6 was sent out on March 11, 2016.
A draft test plan JCTVC-X0074 was submitted and it proposes the following test conditions:

· Software: SCM-8.0, HM-16.9, JM-19.0

· Test material: all sequences in the SCC common test condition JCTVC-U1015

· 8 test cases: 4:4:4 lossless, 4:2:0 lossless, 4:4:4 AI/RA/LB, and 4:2:0 AI/RA/LB

· Test points: 4 QPs for SCM, i.e. QP=22, 27, 32, and 37.

Open issues identified in the AHG report for further discussion:

· Time line

· Subjective test necessity
· Matching bit-rates or QP values for HM and JM

The AHG recommended to

· Approve the last version of U1015, uploaded on Dec. 2, 2015. It has the new test-results reporting templates with SCM-6.0 anchor data. 

· Discuss the open issues in X0074, perhaps in a BoG, and provide an update on bitstream generation, subjective testing, and time-line.

The discussion of the AHG report included the following comments:

· It was suggested to use some test sequences for verification testing that were not used in the SCC CTC.

· It was commented that bit depths should be considered in the test planning. It was commented that the design process primarily focused on 8 bit screen content (and the only screen content we have was captured as 8 bit content), so that should be the primary tested scenario.

· It was commented that HDR could be considered. Another participant commented that this was not in the scope of the design process.

· Areas of potential difficulty included identifying content and determining how to do subjective quality testing for screen content video. Side activity during this meeting to work on those aspects was encouraged (coordinated by H. Yu and V. Baroncini).

· In terms of scheduling, it was suggested to finalize the test plan by the next meeting and conduct the test by the next meeting after that.

JCTVC-X0007 JCT-VC AHG report: SCC extensions text editing (AHG7) [R. Joshi, J. Xu (AHG co-chairs), Y. Ye, S. Liu, G. Sullivan, R. Cohen (AHG vice-chairs)]
This document reports on the work of the JCT-VC ad hoc group on SCC extensions text editing (AHG7) between the 23rd JCT-VC meeting in San Diego, USA (February 2016).and the 24th JCT-VC meeting in Geneva, Switzerland (May 2016).
The sixth specification text draft (JCTVC-W1005) for the High Efficiency Video Coding Screen Content Coding (HEVC SCC) extensions was produced by the editing ad hoc group as an output document following the decisions taken at the 23rd JCT-VC meeting in San Diego, USA (February 2016).

Three versions of JCTVC-W1005 were produced. The text of JCTVC-W1005 (version 3) [uploaded 05-29] was suggested to be considered final for the ISO/IEC FDIS ballot text.

Post-meeting note: After a further refinement, a fourth version of JCTVC-W1005 was uploaded on 06-25.

The following is a list of changes with respect to JCTVC-V1005:

· Alignment with SHVC, MV-HEVC and 3D-HEVC in the syntax for disabling weighted prediction when current picture reference (CPR) is enabled, by using both layer ID and POC (JCTVC-W0076)

· Decoding process invocation for an independent non-base layer in an additional layer set containing more than one layer (FINB comment #1)

· Relaxed constraint on the presence of layers not present SEI messages (FINB comment #3)

· Changed the instances of VpsMaxLatencyPictures[][] to MaxVpsLatencyPictures[][], as there are also instances of VpsMaxLatencyPictures[] (JCTVC-V0031)

· Ignore the undefined RPS when deriving NumPicTotalCurr in IDR pictures (JCTVC-V0031)

· Setting of the initial value of NumActiveRefLayerPics0 and NumActiveRefLayerPics1 equal to 0 in clause F.8.1.4 (JCTVC-V0031)

· Added an update of the constraint, specified in clause 8.3.2, that requires no entry in RefPicSetStCurrBefore, RefPicSetStCurrAfter, or RefPicSetLtCurr when one or more of three conditions are true into clause F.8.3.2 to take FirstPicInLayerDecodedFlag into account. (JCTVC-V0031)

· Clarified the semantics of poc_reset_period_id and added a constraint to explicitly express that the value of poc_reset_period_id shall be the same for all pictures in an access unit. (JCTVC-V0031)

· Name change for chromaticity-derived colour matrix coefficient specification for clarity, precision, and objectivity

· Renamed variables pps_act_*_qp_offset to PpsActQpOffset* to follow editorial conventions. Added a note regarding the default values for qp offsets (JCTVC-W0096)

· Enabled simultaneous use of wavefronts and tiles for Screen-Extended Main 4:4:4 and Screen-Extended Main 4:4:4 10 profiles. (Geneva October 2015 meeting notes)

· Modified the semantics of entry_point_offset_minus1 (ticket #1440)

· Miscellaneous tickets (ticket #1435, ticket #1437, ticket #1439, ticket #1441)

· Added a constraint that when sps_max_dec_pic_buffering_minus1[ TemporalId ] is equal to 0, the value of TwoVersionsOfCurrDecPicFlag shall be equal to 0

· Corrected the constraint that requires slice_type to be equal to 2 to be "When sps_max_dec_pic_buffering_minus1[ TemporalId ] is equal to 0, nuh_layer_id is equal to 0, and pps_curr_pic_ref_enabled_flag is equal to 0, slice_type shall be equal to 2."

· On a constraint on the value of num_long_term_pics, a correction was also made from using sps_max_dec_pic_buffering_minus1[ sps_max_sub_layers_minus1 ] to sps_max_dec_pic_buffering_minus1[ TemporalId ], as this is a slice segment header level constraint

· Added a note to clause 8.1.3 trying to clearly describe the difference cases of the current decoded picture depending on the values of TwoVersionsOfCurrDecPicFlag and pps_curr_pic_ref_enabled_flag, and markings of the different versions of the current decoded picture

· Updated, in clause C.5.2.2, the condition for invocation of the bumping process by taking into account the value of TwoVersionsOfCurrDecPicFlag (JCTVC-W0077)

· Clarification of the semantics of the colour remapping information SEI message semantics in a less restrictive way than had been planned at the Geneva October 2015 meeting (per meeting notes of editorial review at San Diego February 2016 meeting)

· Fixed subscript typo for ST 2084 transfer function, missing space for SMPTE ST 428-1, and factor-of-12 scaling, full-range scaling, and nominal range for ARIB STD-B67 transfer function (JCTVC-W0044)

· Updated, in clause F.13.5.2.2, the condition for invocation of the bumping process by taking into account the value of TwoVersionsOfCurrDecPicFlag, to be aligned with the bumping process invocation in clause C.5.2.2

· Aligned the DPB handling process in clause F.8.1.5 with that in clause 8.1.3

· Removed the definition and initialization of CurrPicInList0Flag and CurrPicInList1Flag, which are not used anymore

· Corrected the condition in the equation for including the current picture into RefPicList0 when reference picture list modification is not in use

· Updated the reference picture list construction process in clause F.8.3.4 to enable current picture reference

· Updated the constraint on the value of NumPicTotalCurr in clause F.8.3.2 to take into consideration of pps_curr_pic_ref_enabled_flag, for alignment with the corresponding constraint in clause 8.3.2

· Updated in clause F.7.4.7.2 the equation for deriving NumPicTotalCurr taking in account pps_curr_pic_ref_enabled_flag, for alignment with the corresponding equation in clause 7.4.7.2

· Added in clause F.8.3.4 a constraint on RefPicList0 and RefPicList1 not to contain entries that refer to a picture other than the current picture for an independent non-base layer, for alignment with clause 8.3.4

· Replaced the decoder capability requirement description in clause H.11.1.2 with changes to clause F.11.2

· Added the derivation of sub-bitstreams subBitstream and baseBitstream to a new clause F.11.3 and replaced each of the descriptions of the same derivation in clauses G.11.1.1, H.11.1.1, H.11.1.2, and I.11.1.1with a reference to clause F.11.3

· Added missing CABAC information related to the palette mode in clause 9.3 (ticket 1433)

· Added fix for SHVC text and test model ticket 111

· Clarified the bitstream conformance condition on the picture referred to by the collocated_ref_idx so that the condition applies only when slice_temporal_mvp_enabled_flag is equal to 1 and the slice type is not 2. This allows for pictures having only the current picture in the reference list, which was intended to be allowed but had been accidentally disallowed by the previously drafted language.

· Changed the payloadType values for the alternative transfer characteristics information SEI message and the ambient viewing environment SEI message from 182 and 183 to 147 and 148 to maintain the intended logical groupings of SEI messages

· Added the coded region completion SEI message to the suffix part of the syntax table as intended by the contributions and meeting notes (already present in the prefix part).

The screen content coding test model 7 (SCM 7) (document JCTVC-W1014) was released on 23 May 2016. The main changes from SCM 6 to SCM 7 are the introduction of bottom-up hash value calculation and validity check method for hash-based inter search.
AHG recommendations:

· Approve the documents JCTVC-W1005 and JCTVC-W1014 as JCT-VC outputs

· Address the comments and feedback on SCC extensions text specification as appropriate

· Compare the HEVC SCC extensions document with the HEVC SCC extensions software and resolve any discrepancies that may exist, in collaboration with the SCC extension software development (AHG8)

JCTVC-X0008 JCT-VC AHG report: SCC extensions software development (AHG8) [K. Rapaka, B. Li (AHG co-chairs), R. Cohen, T.-D. Chuang, X. Xiu (AHG vice-chairs)]
This report summarizes the activities of Ad Hoc Group 8 on screen content extension software (SCM) developments that had taken place between the JCT-VC 23rd meeting in San Diego, USA, and the 24th meeting in Geneva, Switzerland.
One software revision (HM16.8-SCM7.0) was produced and announced on the JCT-VC email reflector. The integration details and performance summary is provided in the report. The performance results of the software revision was observed to be consistent with the adopted techniques.
HM-16.8_SCM-7.0 was announced on the email reflector on March 21, 2015. The software was tagged as https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-16.8+SCM-7.0/ .

HM-16.8_SCM-7.0 incorporates following adoptions/bug fixes:

· JCTVC-W0075: Encoder improvements of PLT in lossless mode. 

· JCTVC-W0077: DPB process update for CPR.

· JCTVC-W0078: Bottom up hash calculation 

· Software Bug fixes for previous integrations of JCTVC-U0181/JCTVC-V0057

· Ticket #1422: Parsing order mismatch between spec and software.

· Merge to HM 16.8

· General code cleanup and removal of macro’s related to SCM 6.0.

The performance of HM-16.8_SCM-7.0 compared to HM-16.7_SCM-6.0 was described according to the common test conditions in JCTVC-U1015. No noticeable performance change was observed for the lossy 4:4:4 configuration, lossy 4:2:0 configuration, and lossless 4:4:4 configuration.

For the lossless 4:2:0 configuration, it was observed that this version provides a BD-rate reduction of 1.1%, 0.5% and 0.5% for the YUV 1080p & 720p text and graphics category in AI/RA/LB configurations respectively. This was reported to be due to encoder-only improvement for lossless operation.

The JCT-VC issue tracker at https://hevc.hhi.fraunhofer.de/trac/hevc/ had been updated to allow bug reports to be entered for SCM, currently under milestone HM+SCC-8.0, version SCC-7.0 (HM16.8).

Ticket #1422 was closed during the meeting cycle. There were no remaining open tickets.

AHG recommendations:

· Continue to develop reference software based on HM16.8_SCM7.0 and improve its quality.

· Remove macros introduced in previous versions before starting integration towards SCM-6.x/SCM-7.0 such as to make the software more readable.

· Continue merging with later HM versions.

It was remarked that it would be desirable to have software prepared that is suitable for ITU-T Consent at the current meeting.

It was commented that it would be desirable to replace the HM with the SCM ASAP, rather than maintaining them separately. This would pose some difficulties for the SHM, HTM, and JEM, but would reduce the number of codebases to maintain and provide a single codebase for single-layer HEVC.

It was commented that some code cleanup is needed regarding duplication of code in the SCM (which is needed anyway, but becomes more important if this becomes the core codebase).
It was later commented that before we consider the SCM as a replacement for the HM, there should be some code cleanup, so these codebases will be kept separate pending that. Work to improve the SCM code structure was requested.
It was also commented that some vectorization code was developed for the JEM of JVET that could be beneficial to speed up the SCM and/or HM, and the software coordinator was encouraged to consider incorporating this (while retaining cross-platform operating capability).
JCTVC-X0009 JCT-VC AHG report: SHVC software development (AHG9) [V. Seregin, Y. He, G. Barroux]

This report summarizes activities of the AHG9 on SHVC software development between 23th and 24h JCT-VC meetings.
SHM software can be downloaded at https://hevc.hhi.fraunhofer.de/svn/svn_SHVCSoftware/tags/

Software issues can be reported using the bug tracker https://hevc.hhi.fraunhofer.de/trac/shvc.
The latest version was SHM-12.0 and it was released along with JCTVC-W1013 for the ISO/IEC DAM ballot.

SHM-12.0 is based on HM-16.9 with the following software improvements:

· Fixes for tickets ## 101, 102, 104, 108, 110, 114

· Integrated multiview support from JCTVC-W0134

· Updated RA configuration files to reflect temporal layers setting adopted to HM

Anchor data and templates had been generated based on common test conditions JCTVC-Q1009 and were attached to this report.

A loss in RA configuration arose from the updated temporal layers setting.

The AHG proposed the following development plan and recommendations

· Continue to develop reference software based on SHM-12.0 and improve its quality.

· Fix open tickets.

JCTVC-X0010 JCT-VC AHG report: Test sequence material (AHG10) [T. Suzuki, V. Baroncini, R. Cohen, E. Francois, T. K. Tan, P. Topiwala, S. Wenger, H. Yu]
For e-mail exchange, it is recommended to put [AHG10] in the subject line for easy grouping.
The following relevant contribution was noted to have been submitted at this meeting.

JCTVC-X0068 "New 4K HDR Proposed Test Material", from P. Topiwala, madhupk83@gmail.com, and S. Andriani (ARRI).
The test sequences that were available for HEVC development and experiments were listed in the report, along with their various characteristics and relevant usage scenarios.
It was commented that we should check and ensure that copyright terms are available with all test sequences. It was generally encouraged to ask contributors to provide liberal terms, e.g., to enable independent verification by external parties, etc.

JCTVC-X0011 JCT-VC AHG report: HDR/WCG visual testing (AHG11) [V. Baroncini, P. Topiwala, E. Alshina]
This report summarizes the activities of the AhG11 on HDR/WCG visual testing that have taken place between the 23rd and 24th JCT-VC meetings. Activities focused on preparing test environment and getting new HDR test content.
For use at the current meeting:

· A SIM2 display was provided by Technicolor.
· An LG OLED display was provided by EBU.

Contribution JCTVC-X0068 from ARRI was noted as relevant, as it reports the availability of new 4K HDR test material.

The AHG recommended to:
· Conduct viewing for new HDR sequences and discuss results during F2F meeting

· Thank Technicolor and EBU for providing viewing equipment

· Thank Arri for providing new 4K HDR test material

JCTVC-X0012 JCT-VC AHG report: HDR/WCG verification test preparation and testing (AHG12) [A. K. Ramasubramonian, R. Sjoberg]

This document provides a report of the AhG12 activity on verification test preparation and testing of HDR/WCG technology conducted between 23rd and 24th JCT-VC meetings. This document report contained the mandates, summary of AhG activities and email discussions, list of AhG-related input contributions to 24th JCT-VC meeting, and recommendations.

During 23rd JCTVC meeting, JCT-VC initiated work on producing a technical report on conversion and coding practices for HDR/WCG video coding using HEVC Main 10 profile. A plan for an HDR/WCG video verification test for single-layer coding was drafted to test the coding performance of High Dynamic Range (HDR) content using HEVC Main 10 coding as specified in HEVC version 2.

AhG12 was formed to finalize the verification test plan for HDR/WCG video, conduct the verification tests and begin drafting a preliminary report of the test results. 

A kick-off message was sent on March 8, 2016, listing the mandates of ad hoc group 12 and suggesting an email discussion on these issues to be conducted on the JCT-VC reflector, jct-vc@lists.rwth-aachen.de. 

There were around five relevant email messages, mostly relating to the frequency of the playback system and monitor. 

It was reported that the testing activity had been completed on schedule, and the results of the subjective testing conducted had been submitted. A summary of the activities related to the mandates is presented below:

The finalized verification test plan JCTVC-W1018 was submitted on 11 March, 2016.

The bitstreams for HDR/WCG verification testing as described in JCTVC-W1018 were prepared on 15 March, 2016, and was cross-checked by Qualcomm and Apple.

Subjective testing was performed at two locations:

· Ericsson AB, Sweden – tests were conducted between April 11 and April 15, 2016

· GBTech Laboratory, Italy between May 11 and May 22, 2016.

The subjective testing results had been submitted to the 24th JCT-VC meeting in the following contribution: V. Baroncini, K. Andersson, V. Kulyk, “Results of the HDR/WCG Verification test using HEVC Main 10 Profile in Stockholm and Rome,” JCTVC-X0033, Geneva, CH, May 26 – June 1, 2016.

The ad hoc group recommended to review the verification test results reported in JCTVC-X0033.

The goals of the test were discussed. The primary goal is to show that HEVC can be used to effectively deliver good quality HDR with some reasonable bit rate. A secondary and more internal goal is to confirm that the guidelines we are developing provide a visual benefit.

JCTVC-X0013 JCT-VC AHG report: HDR/WCG coding practices guideline development (AHG13) [J. Samuelsson (chair), C. Fogg, A. Norkin, J. Sole, J. Ström, A. Tourapis, P. Yin (vice-chairs)]

This document reports the activity of the ad hoc group on HDR/WCG coding practices guideline development (AHG13).
A kick-off message was sent on April 1, listing the mandates and suggesting times for the teleconference meetings. Several further email messages were exchanged related to the ad hoc group.

A teleconference call was held on April 11 at 22.00-23.59 CEST. Approximately 30 experts participated in the call.
A teleconference call was held on May 9 at 22.00-23.59 CEST. Approximately 30 experts participated in the call.

Detailed notes of the teleconferences were included in the AHG report.

A total of approximately 30 input contributions were reported to be related to the ad hoc group. These were listed and summarized in the report.

The ad hoc group recommended that relevant input contributions be reviewed and that editing work on the guideline document “Conversion and Coding Practices for HDR/WCG Video” continue.
Guidelines scheduling target: October PDTR in ISO/IEC; January TR & ITU-T approval.

JCTVC-X0014 AhG report: HDR/WCG technology for backward compatibility and display adaptivity (AHG14) [Dmytro Rusanovskyy, Edouard Francois, Walt Husak]

This document provides a report of the AhG14 activity on HDR/WCG technology for backward compatibility and display adaptivity conducted between 23rd and 24th JCT-VC meetings. This document reports the mandates, summary of AhG activities and email discussions, list of AhG-related input contributions to 24th JCT-VC meeting and recommendations.
During 23rd JCT-VC meeting there were multiple input contributions on HDR video coding. The contributions targeted several aspects of HDR video coding, including new tools for improving compression efficiency of HDR/WCG video signals, providing backward compatibility, and encoding techniques using the HEVC Main 10 profile in a manner optimized for encoding HDR/WCG signals. 

As output of the study conducted in the JCT-VC, it was concluded that no technology has been identified that would justify the creation of a new HDR-specific HEVC profile. JCT-VC initiated a work on producing a technical report on conversion and coding practices for HDR/WCG video coding using HEVC Main 10 profile.

JCT-VC also identified several standard technologies that can be utilized for backward-compatible HDR services, among which are HLG in combination with the alternative transfer characteristics SEI message, the colour remapping information SEI message, and the SHVC extensions. 

AhG14 was formed to continue study on HDR/WCG technologies for backward compatibility and display adaptivity, including (but not limiting to) study of single-layer solutions with existing and potentially new SEI messages, dual-layer coding with SHVC, and study on relevant test conditions and experiments.

A kick-off message was sent on March 9, 2016, listing the mandates of ad hoc group 14 and suggesting email discussion on these issues to take place on the JCT-VC reflector. 

There were around 20 email messages sent to the reflector. The discussion of two-layer coding received the most of experts’ attention. Work on each mandate area is summarized below.
Mandate 1: Study the technical characteristics of single-layer coding with HEVC using existing SEI and VUI indicators for backward compatibility and display adaptivity.

There was no discussion over the reflector on issues related to the mandate 1. There were two contributions to this meeting which were suggested as related to the mandate 1 of the AhG14.

Contribution JCTVC-X0060 addresses the JCT-VC conclusion from the 23rd meeting about the possibility to utilize the colour remapping information (CRI) SEI message for providing a single-layer HDR coding with backward compatibility. Proposal JCTVC-X0060 presents simulation results of utilizing CRI signalling and CRI post-processing to enable two types of backward compatibility: SDR display compatibility and SDR bitstream compatibility. The contribution also proposes a draft text to document “Conversion and Coding Practices for HDR/WCG Video” on utilizing the CRI SEI message for enabling backward-compatible HDR video. Contribution JCTVC-X0076 provides a cross-check of these results.

Mandate 2: Study the technical characteristics of two-layer coding with SHVC for backward compatibility and display adaptivity.

During the discussion on mandate 2, it was pointed out, that SHVC verification test conducted for the previous meeting included a test on colour gamut scalability. In this configuration, an SDR/BT.709 video signal was coded at the base layer and HDR/PQ/BT.2020 video was coded as an enhancement layer. Although testing one use case of CGS, the original verification test omitted another envisioned scenario of SDR-to-HDR scalability – namely, when an SDR/BT.2020 signal is coded at the base layer and HDR/PQ/BT.2020 is coded at the enhanced layer. It was suggested to supplement the SHVC verification test with additional test results addressing this use case.

Between the 23rd and 24th meetings, experts collected additional test material, updated the encoder configurations, drafted a supplemental SHVC verification test plan, and performed a test according to the proposed test plan. The following was the timeline of the conducted SHVC-related activity:

1. Test material in SDR/BT.2020 were collected by 12 April 2016

2. Updated HDRTools configurations and md5 sums were distributed on 15 April 2016

3. Updated SHVC software and suggested tested rate points were distributed on 25 April 2016

4. The test set was updated to address some recommendations of experts on 9 May 2016, by adding "P3" content that includes colours not representable in BT.709

5. Encoded bitstreams were made available to the test labs by 11 May 2016

6. Subjective evaluation preparation and testing was conducted during 11–22 May 2016
A detailed description of the proposed supplemental SHVC verification test is available in JCTVC-X0035 and discussion on the proposed test plan is suggested in JCTVC-X0046. Details on a utilized SHVC configuration are available in JCTVC-X0055 and subjective evaluation results of tests conducted by GBTech Laboratory and Waitek Laboratory are available in JCTVC-X0080. A cross-check is provided in JCTVC-X0058.
Mandate 3: Identify and study the technical characteristics of proposed approaches to backward compatibility and display adaptivity with potential additional new SEI messages.

There was no discussion over the reflector on issues related to the mandate 3. There are 3 contributions to this meeting which are addressing upcoming standardization of SMPTE ST2094 group of specifications and may be categorized as related to the mandate 3 of the AhG14.

Contributions JCTVC-X0042 and JCTVC-X0075 propose to introduce new SEI messages into the HEVC specification to support display adaptation metadata specified in the SMPTE 2094-10 and -20 specifications. An individual SEI message for each specification is proposed in these contributions. Contribution JCTVC-X0062 proposes a regional nesting SEI message to provide a means for region descriptors specified in SMPTE 2094-1. 

An additional contribution JCTVC-X0061 had initially been registered to propose support metadata for SMPTE 2094-40. However, it was later withdrawn, based on the understanding that it might not be within the scope planned for JCT-VC work.
Mandate 4: Study and propose test conditions for associated experiments.

There was no discussion over the reflector on issues related to this mandate. However, there were two input contributions to this meeting which may be categorized as related to the mandate. Contributions JCTVC-X0044-r1 and JCTVC-X0064 propose two approaches for enabling backward compatible HDR video.

There were 13 input contributions identified in the AHG report as being related to the AHG.

The ad hoc group recommended to continue the work and the discussion related to mandate 2, namely SHVC testing. The ad hoc group further recommended to review the input contributions falling under the AhG14 mandates.
3 Project development, status, and guidance (6)
3.1 Corrigenda items (0)
See the section discussing the AHG2 and AHG7 reports.
3.2 Profile/level definitions (1)
JCTVC-X0034 On profiles and per-feature flags [S. Wenger (Vidyo)]

It was proposed to include a set of flags in the VPS or equivalent, which can be used to signal the non-use of individual coding tools in a given signalled profile. The mechanism is intended to allow the encoder to “dial down” on the feature set used in the bitstream, relative to the signalled profile. If the use of a tool becomes inadvisable due to technical or economical concerns, it is suggested that encoders stop using the tool and, “if the pain were too high”, upgradable decoders could stop implementing it as well – without becoming considered non-conforming. As a result, a likelihood is claimed that a tool could fall into disuse, in which case the implementation/testing burden for new or updated encoders and decoder should go down, and the economic base for exploiting a disabled tool should go away – making the exploitation of its implementation economically difficult if not impossible.
See notes on joint meeting of Monday in section 6.1.
3.3 Conformance test set development (0)
See the AHG report JCTVC-X0004 and output JCTVC-X1016 for SCC.
3.4 Text development for HDR/WCG coding practices report (1)
JCTVC-X0079 Suggestion for new draft version of Conversion and Coding Practices for HDR/WCG Video [J. Samuelsson, A. Tourapis, J. Ström, C. Fogg] [late]

Initially discussed Fri. 27 May 0900–1100 (JRO).

This document contains a new suggested draft of the “recommended practice” technical report on HDR video. It is based on JCTVC-W1017 with modifications discussed during the teleconference meetings of AHG13 on April 11 and May 9 and some further modifications. It provides guidance on processing of high dynamic range (HDR) video. The purpose of this document is to provide a publicly referenceable recommended practice for the operation of AVC or HEVC systems adapted for compressing HDR video. This document includes a description of processing steps for converting linear light, RGB, 4:4:4 video signals into ST 2084, Non Constant Luminance (NCL) Y(CbCr, 4:2:0 video signals compressed by the AVC or HEVC encoding. This document also includes a description of post-decoding processing steps for converting ST 2084, NCL Y(CbCr, 4:2:0 to linear light, RGB, 4:4:4 after decoding. Some high-level recommendations for compression with HEVC and AVC are also included in this document.

The term “HDR10” has been defined by other bodies. Note that even though currently mainly referring an “HDR10” style encoder, the report may finally point to the usage of additional elements, e.g., SEI messages.

It was suggested that the document will come with software and configuration files that reflect how the latest anchors were generated. Then, the processing done for the anchors should be described as primary examples, and at appropriate points express other ways of potentially doing it. The old CfE configuration and the current anchor configuration should be called “models” for which software configuration settings are provided, and this could later be extended by other models, if value is demonstrated.

The main body of the text should describe the processing steps, with some additional notes how it is done in the model(s), or how it might be done differently. More precise description of the model(s) should then be given in annex(es).

It was discussed whether to start experimentation on using different types of filters. Several experts expressed a desire for doing this. However, the current output draft TR document should only specifically describe the filters used for "anchor 3.2" (i.e., [1 6 1]/8 with [−1 9 9 −1]/16), and should not give the impression that only these specific filters are useful.

Discussion about the purpose of the document:

· The AHG report suggests that in general the document should be less of a “specification” and more of a “description”.
· However, it should only contain a description of building blocks for which a benefit has been demonstrated and agreed by JCT-VC.

· The document should enable the reader to understand how the current anchors are generated and what the motivation of certain processing steps is.

· The configuration(s) of the “model(s)” that are used to generate anchors should be described in annex(es).
· The current 7.2 and 10.2 of X0079 should be further studied, not included in the “conversion and coding practices” output.
The part about encoding should describe:

· The profile and transfer colour metadata types that are used

· The methods that were agreed to be useful for fixed QP, brightness adaptive quantization when adaptive QP is available, chroma QP offset, but primarily in terms of motivation rather than exactly specifying how it is done in the anchors. Side activity was requested (coord. by Jacob Strom and Andrew Segall) to draft some text for further discussion.

Further discussion was held Tuesday 1500 (GJS)

Decision: Regarding precision, it was agreed to have a sentence or two, but at least not much more, to mention that rounding can sometimes be done prior to the downsampling, e.g., to 10 bit, although retaining more precision through that process would avoid introducing distortion in that step.

Decision: The method used in the anchor will be described precisely (although briefly), but characterized only as an example to illustrate the concept.

The document should not say “we”, which seems informal and could lead the reader to wonder exactly who that is (since no specific authors will be identified in the published report).
3.5 HEVC coding performance, implementation demonstrations and design analysis (7)
JCTVC-X0033 Results of the HDR/WCG Verification test using HEVC Main 10 Profile in Stockholm and Rome [V. Baroncini, K. Andersson, V. Kulyk (Ericsson AB)] [late]
Initially discussed Thu. 26 May 1700–1800 (GJS); further discussed Fri. 27 May 1115–1300 (GJS).

This document reports on the testing procedure and results from the HDR verification testing with naïve viewers held in Stockholm during April 11 to April 15 and in Rome during May 11 to May 22. The results reportedly show that HEVC Main 10 Profile can be used to compress 1080p HDR content in PQ BT.2020 format with close to visually lossless quality compared to an HDR source signal at bit rates below 6500 kbps for HDR video sequences, including two sports sequences. It was also shown that significant improvements of coding efficiency are achieved when using state-of-the-art technology for pre-processing and encoding HDR content using the HEVC Main 10 profile, compared to pre-processing and encoding without considering that the content was HDR. BD-rate (MOS) numbers are presented based on the subjective scores in the test, showing an average bit rate reduction of 27% over all sequences of both test sites.
This document reports results for the HDR verification test for HEVC Main 10 profile using both state-of-the-art technology for HDR pre-processing and coding, and without such considerations, according to test plan in JCTVC-W1018. In this document the term “using state-of-the-art technology” is used to represent what is sometimes called “Anchor 3.2”, and which represents technology described in more detail in JCTVC-W1017. The term “without using state-of-the-art” is used to represent what is sometimes called “Anchor 1.0”, and which represents conventional processing used as the anchor for the CfE of February 2015 (per WG 11 output document N 15083). Ericsson generated the processed test sequences and they were cross-checked by Qualcomm and Apple.
Comments from initial review and discussion:

· Comments about results from the two test labs:
· Adjectives for rating scores were communicated by written instructions for Ericsson, by verbal communication for Waitec.
· Two versus one viewing per sequence pair. It was suggested that this is unlikely to be a significant factor.
· Guidance about what type of artefacts to look for, with sequences in the test set. The Waitec test lab provided viewers with more guidance about the location and nature of the artefacts that appear in the test set, which may have increased the ability of the viewers to discriminate between the coded and original video.
· Different SIM2 models (one a prototype with peak luminance 8000–9000 nits, the other an older model with peak luminance ~6000 nits)

· Scoring used electronic entry on an electronic tablet-type device for the Ericsson lab, and writing numbers on paper for Waitec. It was commented that the electronic entry method might increase the cognitive demands on the test subjects.

· Somewhat different populations of test subjects were used at the Waitec and Ericsson test labs.

· The tested content used a mixture of BT.709 and P3 RGB primaries content (4 sequences and 2 sequences, respectively), represented in a BT.2020 primaries "container". It was commented that such content does not really exhibit the 4:2:0 conversion artefact phenomenon that we have worked on mitigating (and we don't have content that occupies a true BT.2020 gamut). Even without wide colour gamut content, this does test HDR functionality.
· The SIM2 monitors used in the test have some limitations (e.g., 4:2:2 input and a limited colour gamut), but have high peak brightness.

· The primary processing technique tested here, because of the above, in terms of CE1 versus the "old anchor" is thus primarily testing the QP adjustment aspect rather than the 4:2:0 luma adjustment technique.
· Bit rates: The "Rate 1" bit rates, which were the highest tested, were relatively low (2.7–6.5 Mbps). The sequence with the lowest average MOS had one of the lowest bit rates (2.7 Mbps).

Further discussed Tuesday 10:30 (GJS) (with some notes integrated above).
· It was commented that the level of quality measured for "Rate 1" (the highest bit rate) is adequate, as MOS 8.75 or higher would correspond to 4.5 on a traditional MOS scale and would ordinarily be considered “transparent” (i.e., indistinguishable from the original source video content). The Ericsson results basically achieved this quality as the average on 5 of 6 sequences for Rate 1, and the GBTech results basically achieved this quality as the average on 4 of 6 sequences for Rate 1. Informal viewing during the meeting was offered to provide an understanding of the level of quality shown.
· It was suggested that the test report can include remarks on the relatively low bit rates at which the tests were performed.
It was agreed to consider these tests adequate to verify the HDR coding ability of the Main 10 profile (with appropriate encoding practices). We should also describe, in the report, the techniques used to produce the results.
As per the difference between encoding practices (red vs. blue curves), we can say there is evidence of benefit in some cases.
The informal phrase "state-of-the-art technology" should not be used in the report.

See notes about qualifying language for BD MOS measurements and encoders in the section about JCTVC-X0080 – the spirit of that also applies here.
JCTVC-X0046 Draft supplemental SHVC verification test plan [A. K. Ramasubramonian, J. Sole, Y.-K. Wang (Qualcomm), V. Baroncini]

Discussed Fri. 27 May 1615–1830 (GJS).

This document contains a proposed plan to supplement the previously performed SHVC verification tests. The proposed supplemental verification test dual-layer coding with both the base layer and enhancement layers using a BT.2020 "container" (with the HDR layer using the PQ transfer characteristics function). The base layer conforms to HEVC Main 10 coding as specified in HEVC version 2. The coding performance of the SDR to HDR scalability is tested using the Scalable Main 10 profile.

The prior SHVC verification tests evaluated the performance of SDR with a BT.709 “container” for the base layer and PQ HDR with a BT.2020 container for the enhancement layer. The supplemental test setup is proposed to be similar to those tests, but testing the relevant use case of having BT.2020 colour primaries for the container for both layers.

Subjective tests according to this proposed plan were conducted in May 2016. The proposed tests compare the scalable approach against HEVC Main 10 coding. The HEVC Main 10 coding used "anchor 3.2" technology (with brightness-variable QP, chroma QP offsets, and luma adjustment as described in JCTVC-W1017 and as implemented in JCTVC-W1020). The SHVC coding used the SHM software described in JCTVC-X0035.

After some concerns had been expressed in email, the test sequences proposed for this test were selected to include three P3 source content sequences. Four others that used BT.709 primaries in the source were also selected. These were then converted to use a BT.2020 colour primaries "container".
The sequences originated as HDR. Some of the sequences were manually graded for SDR and some used an automatic process.

Bit rates were selected so that:

· The enhancement layer bit rate is roughly 10–20% of the base layer bit rate

· The simulcast enhancement layer HDR would have about the same quality as the SHVC enhancement layer HDR

A random access configuration was proposed.
In the group discussion, the proposed test design was considered acceptable.

JCTVC-X0035 SHM encoder improvements for HDR verification testing [A. K. Ramasubramonian, J. Sole, D. Rusanovskyy, D. B. Sansli (Qualcomm)]

Discussed Fri. 27 May 1615–1830 (GJS).

This document describes and includes SHM software changes to help choose HDR/WCG coding candidates for the dual-layer solution of similar quality to the single-layer solution. The modifications developed in the context of CE1 for HM and used for the generation of the so-called “anchor 3.2” encodings were integrated for the enhancement layer on top of SHM-11.0.
JCTVC-X0058 Cross check of JCTVC-X0046: Draft supplemental SHVC verification test plan [Y. Ye, Y. He (InterDigital)] [late]

Discussed Fri. 27 May 1615–1830 (GJS).

This was a cross-check which included regenerating the encodings (using a patch described in X0035) and checking of bit rate points and subjective quality. The cross-checker expressed general confidence in the design and tested material, and also noted a couple of test cases for which the subjective quality seemed better for SHVC than for the single-layer coding.
The cross-checker said that in the case of single-layer coding, in bright areas, there seemed to be some colour artefacts that were reported to be present that were not evident in the scalable encodings. (These were not at the same QPs or bit rates.)
JCTVC-X0080 Supplement to SHVC Verification Test [V. Baroncini] [late]
Initially discussed Fri. 27 May 1615–1830 (GJS).

This document reports the results of the proposed supplemental SHVC verification tests. In the original SHVC verification tests (JCTVC-W1004, San Diego, USA, Feb. 2016), one of the test cases compared the performance of SHVC versus HEVC simulcast when the enhancement layer content is HDR content coded using BT.2020 colour primaries and base layer content is coded using BT.709 colour primaries. 

The supplemental verification test evaluates the performances of the dual-layer coder (with both the SDR base layer and the HDR enhancement layers coded using BT.2020 colour primaries) against the base layer coder. The base layer conforms to the HEVC Main 10 profile as specified in HEVC version 2. The draft plan for the supplementation verification test was described in JCTVC-X0046; testing conditions and video material preparation are again summarized in this document. The coding performance of the SDR-to-HDR scalability was tested using the Scalable Main 10 profile.

Subjective tests were conducted during 11–22 May 2016. The tests compared the scalable solution against the HDR encoding configuration for HEVC Main 10 coding described in JCTVC-W1017 and as implemented in JCTVC-W1020. The SHVC coding uses the SHM software as described in JCTVC-X0035. The lab used a SIM2 monitor with 9000 nits peak brightness.

The bit rate savings (based on MOS BD-rate) of the SHVC solution when compared to simulcast were reported to be on average 45%, and the bit rate overhead (based on MOS BD-rate) of the SHVC solution when compared to the single layer HEVC solution were reported to be on an average 15%, when both the base layer and enhancement layers are using BT.2020 colour primaries.

There was some discussion of the way the results were shown and comments that the lambda used in mode decisions (which is smaller in the enhancement layer, resulting in less skipping, etc.) and bit allocation effects might be affecting some of the curves in an unusual way. Another participant commented that the degree of training can affect whether results are consistent, and that viewers may have difficulty to assess the quality of a particular sequence (esp. the "Garage Exit" sequence). One suggestion was to potentially add some discussion to a report about observed phenomena. Another was to consider whether the method of plotting and tabulating results was appropriate, as the main purpose of the test is to compare the coding to a simulcast approach, and some of the plot curves and tabulated data (the parts that compare a scalable coding to single-layer coding) are not needed for that purpose. Dropping those comparisons from the report was agreed, since those comparisons are not central to the report and are not something we are confident about.
Deeper analysis of the data, e.g., per-frame bit allocations, was suggested to be potentially helpful. Further study of the single-layer comparison to scalable coding was encouraged, although not necessary for this test.
The group seemed reasonably comfortable with this test.
It was agreed that the test report should be drafted to make it clear that this was not a direct test of one standard versus another standard (or extension of the standard), but was a test of particular encoders that are configured in a particular way. The standard does not specify encoding methods (decision making methods, rate control / bit allocation / QP, etc.), and this should be made clear in the final report.
The report of BD MOS numbers should also be accompanied by qualifying language to clarify that statistical confidence was not considered in their computation.
JCTVC-X0055 AHG14: On Test Plan of SHVC Main 10 for HDR/WCG Backward Compatibility [W. Husak, F. Pu, T. Lu, P. Yin, T. Chen (Dolby)]

Initially discussed Fri. 27 May 1615–1830 (GJS).

This contribution presents some suggestions for a SHVC Main 10 HDR/WCG backward compatibility verification test. The contributor remarked that on the JCT-VC reflector, Qualcomm had recently shared updated software SHM11.0 and test clips with their corresponding rates. It was reported that a colour contouring artefact exists in the highest bit rate point selected as near-transparent quality for multiple clips. The test clips in the current test plan consist of four BT.709-sourced clips and only one P3-sourced clip. It was reportedly not clear how test conditions and bit rate were defined. The contribution had the following suggestions: fixing the colour contour artefact with a near-transparent rate point; increasing the number of P3-sourced content sequences; clarifying the goal of the test and avoiding the impression that the goal is comparison with single-layer coding.
For the first point, it was suggested that the described artefacts may not be so visible with full-motion display, and especially on the Sim2 display, and that encoder-only methods have been shown to address this issue.
It was suggested that if some encoder-only method is known that helps with these artefacts, it would be desirable to have that technique in our reference software.

Regarding the desire to use more P3 content than originally planned, that suggestion had already been followed.

Regarding clarifying the goal of the test, the goal was comparison to simulcast (not to single-layer coding).
JCTVC-X0074 Draft verification test plan for SCC extensions [H. Yu, R. Cohen, K. Rapaka, J. Xu] [late]
This contribution provides a draft test plan for verification testing of HEVC SCC coding performance. It describes a set of test conditions under consideration and presents a preliminary work plan for test preparation.
It was agreed that, to the extent feasible, we should use sequences that were not part of the CTC used in the design of the SCC extensions.

Some new sequences of the "text and graphics with motion" (TGM) sequences submitted for JVET use seemed like good candidates. Some additional "mixed content" sequences are also available that could be used.

It was agreed to issue a draft test plan and list available sequences there, expecting to finalize the test plan at the next meeting and conduct the test in the following meeting cycle.

It was commented that the lambda-QP relationship in the JM should be checked and potentially refined for this test. This should be studied.
3.6 Software development (1)

JCTVC-X0053 HDRTools: Software status [A. M. Tourapis, D. Singer (Apple)] [late]
Discussed Wednesday 1215 (GJS).

This report summarizes the activities relating to the HDRTools software package development that took place between the 23rd and 24th JCT-VC meetings. Activities focused on integration of software adoptions, software maintenance, and various other enhancements.
The HDRTools software package was created for providing the necessary signal processing and conversion tools to the video standardization community, in order to study the processes involved for the ingestion and processing of High Dynamic Range (HDR) and Wide Colour Gamut (WCG) video data. The package basically includes a variety of tools for converting video data from one format to another, including colour space conversions, applications of transfer functions, chroma format conversions, scaling, primitive tone mapping, and filtering among others. It also includes some basic video analysis tools, including tools for video quality measurement. The package is currently not only limited to HDR/WCG video data and could be used for other applications if desired.

The tool was previously only available to MPEG and VCEG members and access was protected by a password. However, since April 2016, read access to this tool was made public and is currently accessible without a password from https://gitlab.com/standards/HDRTools/. Software maintenance and control is still managed by the original developers of this software. There is currently no intention in making this an open-development software. Any suggestions, new modules, or bug fixes should be provided directly to the original developers, and integration in the software will remain at their discretion.

Recent enhancements, plans for future work, and issues in need of further attention were identified in the contribution.

At the 23rd JCT-VC meeting a few HDRTools related contributions were made, including two new distortion metrics, new methods for luma adjustment, and adaptive downsampling and upsampling methods. All of these contributions were adopted into the software, some after considerable code revision and rewriting, and are now available in the newly released version of the software (version 0.11, https://gitlab.com/standards/HDRTools/tags/v0.11). This version was released on 20 May 2016, although this code was already available through the software’s development branch.

Additional extensions were made to the software given considerable interest in evaluating new functionality, such as the ICtCp colour representation, improved support for the AVI file format and initial support for DPX file formats, and use of look up tables for transfer function conversions, among other things. Some of the code was also considerably restructured and memory handling was reportedly vastly improved.

In more detail, the changes in HDRTools in version 0.11 since version 0.10 included the following:

· Additional luma adjustment methods - JCTVC-W0052 (AT)

· Addition of Canon's JCTVC-W0056 luma adjustment method (VK, AT)

· Addition of Netflix's JCTVC-W0107 luma adjustment method (AN, AT)

· LUT support for Transfer Functions (both for conversions and metrics), a feature not properly supported for HLG (AT)

· Support of luma adjustment for HLG (AT)

· Implementation of Adaptive downsampling - JCTVC-W0051 (AT)

· Implementation of Adaptive upsampling - JCTVC-W0051 (AT)

· VIF support (HRZ, MA, MTP, PN, AT)

· VQM support (SS, KP, AT)

· limited DPX file input support (AT)

· extended AVI support (AT)

· Support of HLG (MN, MP, AT)

· ICtCp support (AT)

· Various bug fixes, optimizations, and code improvements (AT)

· Memory restructuring (AT)

Users of HDRTools are strongly encouraged to file bug reports in the available Issue Reporting system at https://gitlab.com/standards/HDRTools/issues. At the time of the contribution there were no bug reports filed relating to the software. However, there were several known limitations of the HDRTools software that, depending on time and resources, might be addressed in the future. Some of the limitations include:

· Format limitations in most image/video file formats including the following: 

· Only floating point raw (uncompressed) data are supported for OpenEXR.

· Limited TIFF file format support

· Only ST 2084 (PQ) encoded files are supported in DPX. No DPX output supported.

· No AVI input support

· No YUV4MPEG output support

· No floating point data support in RAW (headerless) files

· I/O could be considerably enhanced.

· Limited Image Scaling support.

· No temporal buffers for temporal processing.

· Most variables are public instead of private. This should be corrected in the future, with variables changed into private, and appropriate Set/Get functions created. This would improve encapsulation among others.

· Many processes are inefficient and slow. Code could be improved.

· Not all fixed precision processing is properly implemented. Priority has been placed in floating/double precision processing. All processes should be carefully tested and validatedusing different types of data.

· Distortion computation is currently limited to input sources that are of the same type.

· Functionalities such as data blending, concatenation, weighting, and adding offsets on images/image planes, etc, would be highly desirable.

· Code duplication in processing of different file types (e.g. EXR, YUV, and TIFF), and flow limitations. Changes in the order of processing need to currently be performed through code modifications instead of these being specified during runtime.

· Error checking and reporting is limited.

· There are considerable limitations in filtering and other similar processing tools that may be of interest to the video community. The existing code should be reviewed and enhanced with additional functionality.

Another major limitation of the software is the lack of usage documentation. A software manual is necessary, and will be provided in the future.

New software development will continue in the 0.12 development branch of the software that can be accessed from the gitlab location specified in https://gitlab.com/standards/HDRTools/tree/0.12-dev.

The creators of this software strongly encourage and expect new contributions to the HDRTools software by the video standardization community experts. However, the creators also request that any such contributions follow certain quality and implementation guidelines, since otherwise these will not be adopted into the software. In particular, the following are requested:

Any new code should be written in C++. 

Comments and clean code are strongly encouraged.

New files should be placed in their appropriate locations. If the new files that are introduced involve a generic/common processing functionality, then the files should be added in their appropriate location under the common directory. If a new tool is presented, then a new module should be created under projects and the new files appropriately placed in the new module folders.

The code should try to maintain the same naming conventions as the remainder of the software. Camelcase is used in naming functions and variables, member variables of a class should always start with “m_”, while use of private variables and use of get/set functions is encouraged even though that is currently not practiced in the software. Functions and variables should be intelligently named. Memory wasting is strongly discouraged.

Use of non-standard external libraries is strongly discouraged.  If functionality from other libraries is desired, then that should be re-implemented in C++, preferably within the scope of the new module that is introduced (unless it is determined that this functionality is useful elsewhere).

The new code should be tested on at least two platforms, Windows as well as Linux or Mac OS X (preferred). No warnings should be reported during compilation on either platform. 

The efforts of the primary contributor of this software have been very helpful and are appreciated.
3.7 Source video test material (1)
JCTVC-X0068 New 4K HDR Proposed Test Material [P. Topiwala (FastVDO), M. Krishnan (ARRI)] [late]

Discussed Wednesday June 1 1200 (GJS).

ARRI provided new 4K HDR test material for consideration for use at JCT-VC, JVET, etc. Certain 10s subclips were suggested for compression studies.
The camera manufacturer ARRI has provided some recently captured HDR footage using their Alexa HDR camera, in 4K resolution. Nearly three minutes of video is reportedly available, at 24 fps. From this video, the contributor selected four 10s subclips to suggest for compression studies, called “Desert Road, “Reunion”, “Slow Dance”, and “City Lights”. Scene changes were avoided as much as possible, since these complicate compression studies. All clips suggested are single scenes, with two being relatively bright, and two relatively dark. The entire video content was available by HDD at the Geneva meeting, and the contributor said that if the video was found suitable by the JCT-VC, they would aim to find a method of wide distribution for future testing. Study and consideration of this video content by the members of the JCT-VC was encouraged, especially in AHG10.
3.8 New application domains (2)

JCTVC-X0039 On MCTS extraction [R. Skupin, Y. Sánchez, K. Grüneberg, C. Hellge, T. Schierl (HHI)]

Discussed Sun. 29 May 1730–1745 (GJS).

Region of interest streaming is gaining attention with latest developments in 360° capturing and VR headsets. HEVC already features motion-constrained tile sets (MCTS). However, from the system perspective, there is no specified procedure to derive a standard compliant bitstream out of an MCTS. This document proposes syntax for carriage of MCTS-specific parameter sets and SEI messages as well as an MCTS extraction process to derive a standard-conforming HEVC bitstream from an MCTS based on the proposed syntax.
Some similarity with X0062 was noted, although this is for a different purpose and is based on tile sets rather than rectangles.

The proposed syntax has a nesting of SEI messages associated with a MCTS ID.

Another SEI message would carry parameter sets for the extracted data, or such parameter sets could be carried as non-activated parameter sets in the bitstream.

Some additional steps would be needed in some cases to construct a bitstream from the extracted MCTSs – e.g., setting the first slice in picture flag and CTU address in the slice headers appropriately.

It was commented that perhaps this should be handled in a file format rather than put into the video elementary bitstream.
There would need to be a specified process for performing the extraction (including rewriting of slice headers, replacement/rewriting of parameter sets, and such actions as discarding pictures and SEI messages). As proposed, the rewriting process would discard all SEI messages and replace them with nested ones.

It was remarked that if the image was warped to put it into a VR scene, the extraction performed by this operation would not necessarily produce a view that is suitable for viewing as ordinary rectangular video.

It was commented that perhaps a nesting method could be defined that could either operate based on tiles or based on rectangles (e.g., with a flag to distinguish the two cases).

For further study; see notes on joint meeting in section 6.1.

4 Core experiments (0)
No CEs were run during the preceding meeting cycle.

5 Technical contributions (34)
5.1 HDR coding (27)

5.1.1 Conversion and coding practices for HDR coding (2)
JCTVC-X0065 Comments on Conversion and Coding Practices for HDR/WCG Video [C. Fogg (MovieLabs)] [late]
Discussed Tuesday May 31 15:45 (GJS)

The current draft of the “Conversion and Coding Practices for HDR/WCG Video” technical report (JCTVC-X0079) provides a detailed workflow description of a video signal format conversion between linear RGB primary component samples into an HDR signal format (Y′CbCr NCL 4:2:0) represented in Main 10 HEVC bitstreams. In its current draft stage as of May 2016, the document currently provides specification-style formulae for the conversion steps, and does not provide the level of explanation provided, for example, by the HM HEVC reference encoder test model developed over the past five years in JCT-VC. It was suggested that more background be provided for those steps, perhaps also referencing to external publications such as tutorials and book chapters. It was suggested that within the next few meeting cycles (Chengdu, China, October 2016 and Geneva, January 2017) the encoder sections be developed to equal depth of the format conversion stages, similar to the level of discussion in the traditional (SDR) reference encoder test model document, but only covering the details that differ from the encoder test model (the latest draft of which was JCTVC-W1002). It was suggested that the technical report should provide the reader with a strong sense of how HDR coding and signal conversion differs from traditional SDR processing.
The suggestions in the contribution were reviewed to some extent. It was agreed not to refer to a named privately-developed technology. For aspects relating to filter length, see notes under X0079. Remaining review of the suggestions in the contribution is delegated to the editors and the relevant AHG, AHG13.
JCTVC-X0084 Suggestion for a Technical Recommendation on HDR/WCG technology for backward compatibility and display adaptation [D. Rusanovskyy (Qualcomm), A. Segall (Sharp), E. Francois (Technicolor)] [late]
This late contribution consisted of a PowerPoint slide deck proposing the drafting of a second TR to discuss HDR/WCG technology backward compatibility and display adaptation. The scope of the second TR would cover aspects not covered in the first TR, which does not consider backward compatibility issues.
See notes of joint discussion in section 6.1.
5.1.2 Resampling 4:2:0 issues (9)

JCTVC-X0043 AHG13: On Luma Adjustment [F. Pu, T. Lu, P. Yin, T. Chen, W. Husak (Dolby)]

Discussed Sat. 28 May 0900–1100 (GJS).

A luma adjustment algorithm is used in the pre-encoding step for the conversion of source data into “HDR10” format (NCL Y′CbCr PQ 4:2:0 10 bit) in "Anchor 3.2" for HDR/WCG video coding and is also listed as one of the major tools in the prior JCT-VC output document of conversion and coding practices for HDR/WCG Video. It tries to fix chroma sub-sampling distortion due to the nature of non-constant luminance encoding of Y′CbCr. It is a closed-loop conversion system, in the sense that both a chroma downsampling and chroma upsampling are performed as part of the luma adjustment process, assuming that certain filters are used. This contribution comments on the problem that the luma adjustment algorithm tries to solve and discusses its effectiveness. The contribution includes test results for luma adjustment. It is reported that, in terms of its impact on compression, if luma adjustment is disabled, the BD rate loss is only 0.5% for tPSNY, 0.5% for DE100, 0.3% for PSNRL100, and that the subjective quality remains indistinguishable from the HDR10 Anchors. Due to the nature of being a closed-loop conversion system, luma adjustment is subject to the potential problem of the chroma upsampling filter used during pre-processing being different from the chroma upsampling filter used in post-processing. For this potential mismatch problem, it is reported that unmatched pre- and post-processing upsampling filters may introduce new colour artefacts, compared to not using luma adjustment. It is therefore suggested that more careful study is required to justify recommending luma adjustment to be used in real applications. Further, it is asserted that the ICTCP colour representation achieves better performance without the additional complexity for chroma subsampling or the potential problem of mismatched upsampling filters in pre- and post-processing.
In a prior contribution m35255, Technicolor noted visible artefacts in some BT.709 content (Market, FireEater, and Tibul) that were induced by the 4:2:0 resampling, when using a BT.709 "container", but these artefacts are not evident if the content is converted to a use a "container" with BT.2020 primaries. The artefacts are, generally speaking, significant when the colour is near the gamut boundary of the "container".

Decision: It was agreed that the TR should discuss the conditions under which some visible benefit is likely to arise from this special processing and should acknowledge that no benefit may be evident for some video content. It should also acknowledge the interaction between the effectiveness of the method and other aspects of the workflow, such as compression effects, the selection of downsampling and upsampling filters, and filter mismatch. The introduction part of the document needs improvement.
It was commented that the target of the current luma adjustment process uses only a luminance target, which may not be the best approach.

The contribution considers two key issues:
· Loss of the benefit due to the compression effects – little benefit is evident in the CTC.
· The effect of a mismatch between the decoder's upsampling and that assumed by the luma adjustment pre-processing – rather than [−1 9 9 −1]/16, the contributor tried [21 −52 159 159 −52 21]/256 and found that some artefacts can occur – it was commented that this depends on various factors, e.g., on the degree to which the filters differ, the use of negative taps, the length of the filter, and the application of edge-adaptive filtering.
The contribution asserts that there is less cross-talk between the chroma channels and the luminance when using ICTCP than with Y′CbCr.

An still-picture example was shown of a visible benefit from the luma adjustment process with example similar colours.
JCTVC-X0056 AHG13: Crosscheck report of luma adjustment (JCTVC-X0043) [Y. He, Y. Ye (InterDigital)] [late]

Discussed Sat. 28 May 0900–1100 (GJS).

This document reports crosscheck results for proposal JCTVC-X0043 on luma adjustment. The luma adjustment functionality can be switched on/off via the setting of parameter “ClosedLoopConversion” in the configuration file. The luma adjustment off test was carried out by setting ClosedLoopConversion equal to 0. Two types of tests – conversion only (without compression) and conversion plus compression – were conducted and compared with HDR/WCG anchor v3.2. For objective metrics, the results reportedly matched those results provided in JCTVC-X0043. Subjective evaluation was also conducted. No visual benefit was reportedly seen, either with only pre-processing or with pre-processing followed by compression, with the CTC test sequences (which are BT.709 or P3 sourced content in a BT.2020 primaries "container").
JCTVC-X0036 Modified Linearization of Luma Adjustment [J. Ström, J. Samuelsson, K. Andersson, P. Hermansson (Ericsson)]

Discussed Sat. 28 May 0900–1100 (GJS); further discussed 1245 (GJS).

This contribution describes a proposed modification of the linearization approximation of the luma adjustment procedure presented in algorithm 2 of JCTVC-W0107. The contribution highlights a case for which a linear approximation for luma adjustment is asserted to result in numerical problems. It is reported that these problems occur due to the fact that the linearization model does not take into consideration that some colour components may clip against their maximum allowed value, resulting in the introduction of errors of a significant magnitude. A change is presented that is claimed to resolve these problems. The result is an approximate method that is asserted not to introduce significant errors due to clipping. The method does not reach the same performance as the original iterative luma adjustment method, but it is an iteration-free technique, which is suggested to potentially be good for hardware solutions or other implementations where worst-case complexity is of primary importance.
It was commented that the current linearization method of JCTVC-W0107 is based on the derivative at a single point, which does have some numerical stability problem, and that there may be other ways to improve upon that method.

The current draft guidelines document does not include the JCTVC-W0107 method; it only has an iterative method described, but mentions that some faster / more hardware-friendly methods are being investigated.

Decision: The TR should mention that corner cases could have a boundary issue and say that if the designer wants to account for that, the linearization could be altered when this occurs to fix the problem. (But full detail will not be provided.)
JCTVC-X0072 On closed form HDR 4:2:0 chroma subsampling (AHG13 related) [A. Norkin (Netflix)] [late]

Discussed Sat. 28 May 1130–1300 (GJS).

At the last meeting, two algorithms were proposed in JCTVC-W0107 that use a closed-form approach to the HDR 4:2:0 subsampling problem for removal of colour artefacts in saturated colours of HDR video that appear in non-constant luminance Y′CbCr 4:2:0 colour subsampling. Both proposed algorithms perform calculations in one step, which reportedly results in lower complexity compared to the luma iterative algorithm that is currently used for HDR anchors generation. The difference in performance of algorithm 2 and the current (iterative) anchor is reportedly smaller than the drop in performance of the anchor or algorithm 2 when the upsampling filter in the “decoder” mismatches the upsampling filter in the “encoder”.
It was noted that a floating-point division operation is involved in the process.

Algorithm 1 tries to minimize MSE for all three components; algorithm 2 is just for luma. It was suggested that the two are about the same subjectively, but algorithm 2 has better objective metric performance.

The contribution proposed to adopt algorithm 2 into the TR draft.

Further study of upsampling mismatch was encouraged.

There was support for including some non-iterative method in the TR draft.

Another reduced-complexity adjustment method was proposed in JCTVC-X0054.

In the discussion, it was suggested that the JCTVC-X0072 method would be better to include in the TR than the JCTVC-X0054 method, since the JCTVC-X0072 method is mathematically straightforward and can be implemented directly from the formulas without cumbersome tables or lots of lines of software.

Decision: Adopt the JCTVC-W0107 / JCTVC-X0072 algorithm 2 method into the draft TR. The TR can also mention that a LUT-based further simplification is also possible, without going into details about it. The text accompanying the software should disclaim any need for describing the undocumented parts of the software.
JCTVC-X0078 Crosscheck of JCTVC-X0072: On closed form HDR 4:2:0 chroma subsampling (AHG13 related) [T. Lu, F. Pu, P. Yin (Dolby)] [late]
Discussed Sat. 28 May 1130–1300 (GJS).

This document reports crosscheck results for proposal JCTVC-X0072 on closed form HDR 4:2:0 chroma subsampling. X0072 evaluated several luma adjustment algorithms (disabling, the iterative method, proposed algorithm 1 and proposed algorithm 2), and also studied a practical scenario using mismatched upsampling filters. The cross-checker reportedly repeated the experiments, and the objective metrics matched with those results provided in JCTVC-X0072. Results reportedly indicate that the difference in performance of algorithm 2 and the iterative method is smaller than the performance drop when the upsampling filter in the “decoder” mismatches the upsampling filter in the “encoder”. For the test dataset, the subjective quality of the algorithm 2 is reportedly indistinguishable from the iterative method, with lower complexity.
JCTVC-X0054 AHG13: Further results for LUT-based luma sample adjustment [C. Rosewarne, V. Kolesnikov (Canon)]

Discussed Sat. 28 May 1130–1300 (GJS).

The "Common test conditions for HDR/WCG video coding experiments" document defines an HDR anchor that includes a method known as luma sample adjustment. This method compensates for a shift in luminance that occurs, e.g., when downsampling from 4:4:4 to 4:2:0 using non-constant luminance and Y′CbCr. The method performs an iterative search to determine each luma sample value, which this contribution asserts to be overly complex for real time implementations. This contribution shows a method for performing a luma sample adjustment that replaces the iterative search with a LUT-based approximation, whereby a second-order model is applied to predict the adjusted luma sample, with the coefficients for the second-order model obtained from the LUT. The LUT generation process has been updated compared to the process used for the prior contribution JCTVC-W0056. With the updated LUT contents, the tPSNR is reported as 53.53 dB, 66.31 dB and 43.07 dB as tested (which is suggested to be better than a previous complexity-reduction contribution JCTVC-W0056). Also shown are results of an alternative to the linearization method presented in JCTVC-W0107, with the following tPSNR results of 53.80 dB, 69.70 dB, and 43.08 dB in X, Y, and Z components, respectively.
The test set was used for some fine-tuning of the LUT entry values.

If put into the TR, a concept-level algorithm description would be provided, and referring to specific software would be needed for complete detail.
Another reduced-complexity adjustment method is proposed in JCTVC-X0072. See notes on that.
Further study of the modified linearization method for JCTVC-W0107 / JCTVC-X0072 algorithm 2 was encouraged.
JCTVC-X0037 Evaluation of Subsampling Methods [J. Ström, J. Samuelsson, K. Andersson, P. Hermansson (Ericsson)]

Discussed Sat. 28 May 1130–1300 (GJS).

This contribution investigates the relative merits of different target functions when doing luma adjustment. In particular, it investigates a claim of whether the “algorithm 1” method presented in JCTVC-W0107 / JCTVC-X0072 improves the first frame of the Market sequence in a BT.709 colour container when compared to the luma adjustment presented earlier that is based on luminance matching. In this contribution, it is claimed that the “algorithm 1” method does not improve subjective quality over the iterative luma adjustment technique in this case, and instead adds a small artefact not visible in the luminance matching based luma adjustment technique.
See notes for JCTVC-X0072. No action was needed (e.g., since "algorithm 1" was not selected for inclusion in the draft TR).
JCTVC-X0045 A Study of Chroma Resampling for HDR10 [P. Topiwala (FastVDO)] [late]

Discussed Sat. 28 May 1430–1700 (GJS).

A number of chroma resampling techniques used in the 4:4:4 to 4:2:0 and 4:2:0 to 4:4:4 conversions are studied in this contribution. The filters studied are all part of the current HDRTools package. Since the combination of downsampling and upsampling is a highly lossly operation even without compression processing, this study looks at just the impact of chroma resampling in the HDR video coding processing chain, minus the compression itself.
The HDR/WCG coding tool chain currently utilizes a 3-tap filter [1 6 1]/8 for 4:4:4 to 4:2:0 conversion (downsampling) and a 4-tap filter [−1 9 9 −1]/16 for 4:2:0 to 4:4:4 conversion (upsampling) in the anchor generation process (Anchor v3.2). The question arises of whether this pair is optimal in any way, or it can be improved upon. There are a number of other filters of interest in the HDRTools software package, including: (a) the [1 2 1]/4 downsampling, [−1 9 9 −1]/16 upsampling pair; (b) a 15 tap downsampling, 4 tap upsampling pair (mentioned as DF_GS, UF_GS in the HDRTools package) and (c) various adaptive filters in HDRTools-0.11-dev.
In this contribution, a FastVDO-designed 9-tap downsampling, 4-tap upsampling pair proposed in JCTVC-W0055 is compared against the filters mentioned above.
The test sequences mentioned in the common test conditions document JCTVC-W1020 were evaluated in terms of various distortion metrics. Objective metrics are calculated by comparing the HDR RGB signal generated after the pre/post processing step with the original signal. Tables in the contribution show objective results obtained for each filter. It is asserted that the FastVDO 9 tap downsampling/ 4 tap upsampling pair outperforms the other filters. Complexity concerns are also expressed regarding the adaptive filters proposed in JCTVC-W0051.

It was asked whether floating point processing was enabled for this filter testing to avoid round-off effects in the LSBs.

It was commented that it is important to look for artefacts rather than just using objective measurements.

It was commented that the draft TR includes a caution about long filters and negative taps, and that we should make sure we are confident about that statement if we are to keep it there.
This was further discussed Tuesday 1600 (GJS). Decision: The report should say that these filters were chosen rather than longer ones out of concern for potential ringing artefacts (which may be aggravated by chroma leakage), although the selection of filters was not thoroughly studied.
Further study in a CE or AHG was encouraged – subjective quality needs to be an important aspect of that. Looking at error images was suggested as potentially useful as a way to find where to look more closely in actual pictures. Using test patterns rather than CTC test sequences was also suggested.
JCTVC-X0048 Non-linear resampling between 4:4:4 and 4:2:0 chroma [C. Fogg (Movielabs)] [late]

Discussed Sat. 28 May 1430–1700 (GJS).

This input document proposes experiments to be conducted between the current and next JCT-VC meetings on the topic of improved (non-linear) chroma resampling filters. Over the past decade, standard dynamic range (SDR) broadcast video encoder systems have reportedly employed separable 8+ tap FIR filters for decimating 4:4:4 chroma signals to 4:2:0 signals. In the MPEG HDR Call for Evidence anchor bitstreams, 3-tap filters were applied since long-tap-length filters reportedly exhibited ringing artefacts from a combination of chroma “leakage” and traditional filter ripples amplified by the greater brightness of HDR displays. Professional studio authoring equipment over the same time period has reportedly employed non-linear, edge-aware image scalers and chroma resamplers in post-production video authoring. The types of suggested filters and example image patches are provided in this document. It is also requested to investigate high-precision, floating-point format conversion between source (RGB linear) and encoded video (PQ .yuv) signals.
Further study in a CE or AHG was encouraged.
5.1.3 Usage of CRI SEI message for HDR coding (5)
JCTVC-X0041 Usage of CRI for HDR video compression with dynamic range adaptation [E. Francois, F. Hiron, P. Andrivon (Technicolor)]

Discussed Sat. 28 May 1430–1700 (GJS).

This contribution presents results of experiments consisting in using the CRI SEI message for Dynamic Range Adaptation (DRA) (a.k.a. reshaping) for HDR/WCG video compression efficiency. The CRI SEI message was specified to perform content conversion from one colour volume to another one. The CRI SEI message was also mentioned in 22nd and 23rd JCT-VC meetings as a relevant SEI message to perform DRA for improving the coding efficiency of an HDR10 signal, as achieved by the modified HDR Exploratory Test Model (ETM) presented in JCTVC-W0084. Experiments presented in the present contribution are based on the modified ETM of JCTVC-W0084, in which the DRA metadata are embedded in a CRI SEI message instead of modified PPS syntax. Similar results to this modified ETM are reported. It was proposed to add a description of CRI SEI usage for DRA to the Annex A of the document “Conversion and Coding Practices for HDR/WCG Video”, as an option to improve HDR coding efficiency.
The CRI SEI message has a piece-wise linear model for its operation. Some prior (e.g., "ETM" of JCTVC-W0084) work was focused on a piece-wise polynomial approach. The contribution confirms that the ETM behaviour can be effectively replicated using the CRI SEI message.
There was a comment about the "full range" used in the contribution, suggesting that the alternative "full range" used in the draft new Rec. BT.[HDRTV] be considered.

Setting the VUI transfer characteristics to "unspecified" was proposed. A participant commented that most firmware would interpret any unrecognized values as BT.709.

It was reported that Blu-ray uses the CRI SEI message and that it is applied in the 4:4:4 domain (and requires particular VUI values) for the purpose of tone mapping from HDR to SDR – and it does not specify an ID value.

It was noted that, when used for this purpose, the CRI SEI message is important to proper display of the video content – in that sense it resembles, e.g., a frame packing scheme, since the unconverted video is not intended to be displayed without using the CRI SEI message post-processing.
It was commented that the planned scope of the currently planned TR document is limited to "HDR10", and putting this concept into the document (as proposed) would be significantly outside of that scope. This was agreed. Decision: Adding PQ Y′CbCr 4:2:0 to the title was agreed.
A suggestion was to plan to create a second TR that could include HDR coding practices that are outside of the scope of the "HDR10" document. This was later discussed at the parent body level – see section 6.1.
JCTVC-X0066 Proposed text for usage of Colour Remapping Information (CRI) SEI message for Conversion and Coding Practices for HDR/WCG Video [E. Francois, F. Hiron, P. Andrivon (Technicolor)]

The colour remapping information (CRI) SEI message was specified to perform content conversion from one colour volume to another one. The CRI SEI message was also identified in the 22nd and 23rd JCT-VC meetings as a possible relevant SEI message to perform dynamic range adaptation (DRA, a.k.a. reshaping) for improving the coding efficiency of an “HDR10” signal. This contribution provides proposed text describing the usage of the CRI SEI message for DRA, which was proposed to be inserted in Annex A of the JCT-VC document untitled “Conversion and Coding Practices for HDR/WCG Video”.
This contribution supplements JCTVC-X0041 and was not reviewed in detail. See notes on that contribution.
JCTVC-X0059 Cross-check of JCTVC-X0041: Usage of CRI for HDR video compression with dynamic range adaptation [D. Rusanovskyy (Qualcomm)] [late]
Discussed Sat. 28 May 1730–2000 (GJS).

This document reports some crosscheck results for proposal JCTVC-X0041 on usage of the colour remapping information (CRI) SEI message for improvement of compression efficiency of HEVC Main 10 profile encoding for HDR/WCG video signals. The contribution JCTVC-X0041 reports three different CRI configurations, with 33, 17 and 9 pivot points targeting different accuracy of the Dynamical Range Adjustment modelling (reshaper) of the modified HDR Exploratory Test Model (ETM) presented in JCTVC-W0084.

Objective simulation results produced by Qualcomm confirmed the objective results reported in the proposal X0041. A minor mismatch was observed for two test sequences; however, it was identified that a source of this mismatch is not related to the CRI implementation. This mismatch was also observed in the original ETM code base utilized for the CRI implementation. Subjective viewing was also conducted by the cross-checkers on a SIM2 display. During informal visual assessment of results JCTVC-X0041, it was concluded that no visual difference against the reference scheme (JCTVC-W0084, which was the scheme that was subjectively tested to represent CE2 in the previous meeting) could be perceived.
JCTVC-X0060 Usage of CRI for guided mapping (dynamic range adaptation) [D. Rusanovskyy, A. K. Ramasubramonian, D. Sansli, J. Sole, M. Karczewicz (Qualcomm]

Discussed Sat. 28 May 1730–2000 (GJS).

The colour remapping information (CRI) SEI message was identified at the 23rd JCT-VC meetings as a potential standardized alternative for enabling guided Dynamic Range Adaptation (DRA) for the purpose of backward compatible HDR video coding. This contribution presents results of using CRI signalling for DRA in order to provide a guided mapping from HDR to SDR and from SDR to HDR. Two SDR compatible use cases are presented: the first is an approach for backward compatibility to SDR/BT2020 capable receivers with HDR reconstruction conducted through the CRI post-processing and the second is an approach for optional guided mapping from HDR to SDR/BT.2020 conducted with CRI post-processing. This contribution also proposes draft text content to add to the document “Conversion and Coding Practices for HDR/WCG Video” to reflect current usage of the CRI SEI message.
It was commented that this seems outside the planned/anticipated scope of the currently planned TR document. It is about providing some different functionalities, and there could be other approaches to these functionalities. Like JCTVC-X0041, this seems like another candidate for a TR with a different scope.
The proponent suggested that display adaptation could be considered within the scope of the current TR. However, others said that this has not been anticipated to be within the scope, and there could be other approaches to display adaptation, and these haven't been studied, so this does not seem appropriate to adopt this into the current TR effort (at least with the current timeline of that effort).

So no action was planned, pending parent-level consideration of the scope and types of deliverables (see section 6.1).
JCTVC-X0076 AHG13: Cross-check of JCTVC-X0060 on usage of CRI for DRA [F. Hiron, E. Francois (Technicolor)] [late]

Discussed Sat. 28 May 1730–2000 (GJS).

This document reports crosscheck results for proposal JCTVC-X0060 on usage of the colour remapping information (CRI) SEI message for HDR distribution with SDR backward compatibility. Two SDR compatible modes are investigated in JCTVC-X0060: bitstream SDR backward compatibility and display backward compatibility. Cross-checking results reportedly confirmed the md5 sums and objective results reported in JCTVC-X0060. During visual check of the SDR quality, deviation of some colours compared to the HDR rendering were observed, but the SDR quality was suggested to be acceptable.
5.1.4 ICTCP colour representation (4)
See also JCTVC-X0043.
JCTVC-X0047 Further ICTCP testing [C. Fogg (Movielabs)] [late]
Discussed Sun. 29 May 0900–1045 (GJS). The initial upload was rejected due to incorrect filename formatting. This was only corrected (by the chair, after no response from the submitter) long after the meeting.
At the Geneva May 2016 meeting, experiments with ICTCP colour space on test patterns and video blending (mixing) were reported. Two areas were suggested to remain possibly unexplored by JCT-VC: (1) posterization / banding performance of ICTCP, and (2) colour volume mapping. Some patterns for (1) are presented, but it was suggested that many possible alternatives could be investigated. It is suggested that for (2), the existing colour volume tools in HEVC such as the CRI SEI message could be applied to ICTCP. Early experiments with (1) reportedly indicated that test patterns generated in the RGB-PQ or linear light domain perform better in coding in the Y′CbCr NCL 4:2:0 domain, while patterns generated in the intermediate LMS or final ICTCP space produce more efficient coding and less banding in tests prior to HEVC encoding (4:4:4 -> 4:2:0 -> 4:4:4). Visual results were conducted on a 65” Samsung JS9500 consumer HDR monitor. Tests were reported to be inconclusive at this time, but it was suggested that JCT-VC investigate the naturally occurring image patterns that report the most issues in Y′CbCr NCL and see whether ICTCP improves the artifacts.
Reports of artifacts in BD-ROM 3.1 titles (UltraHD BluRay) reportedly indicated that sunset or sunrise scenes exhibited the most visible problems, despite some titles coding up to 100 Mbps. Some issues were found to be the result of HDMI controllers actually passing only 8-bit samples in a 10 or 12-bit mode. Other scene problems were found to be the result of encoders that assume that smooth ramps in pictures have low cost in RDO, and therefore do not assign enough bits (e.g., lower QP) to these highly sensitive patterns. The X265 “AQ-mode 3” was reportedly added to help with such scenes. Using a smaller QP for darker smooth areas and ramps was reported to help.

A source code model was used to generate sunset patterns, as illustrated in the document. Simplified patterns that approximated sunset scenery were generated with hue ramps and also shown in the contribution.
JCTVC-X0050 AHG13: ICTCP Compression Using HEVC Main 10 [F. Pu, T. Lu, P. Yin, T. Chen, W. Husak (Dolby)]

Discussed Sat. 28 May 1730–2000 (GJS).

The ICTCP colour representation was proposed by Dolby, and is specified in the ITU-R Draft New Recommendation BT.[HDR-TV]. This contribution presents compression results of ICTCP PQ signal coding using common test conditions for HDR/WCG video coding experiments. The simulation uses the Anchor 3.2 HM software, but with different configuration parameters for the ICTCP colour representation. The simulation results reportedly show that ICTCP signal can be compressed well using the HEVC Main 10 profile.
For an "anchor" method of encoding ICTCP video, the proponent suggested the following:

· Luma QP adjustment – the same as in "anchor 3.2".

· For chroma, the variance of the chroma components is larger with ICTCP, so different configuration values are proposed (dependent on whether source video is BT.709 or P3)

· Disabling the closed-loop luma adjustment method for 4:2:0 conversion (since ICTCP reportedly has little cross-talk to begin with and the current design of that method doesn't converge properly for it.)

Decision: It was agreed to adopt this as our reference anchor method for ICTCP coding testing.

Further study was encouraged to find further improved settings for coding with ICTCP.
JCTVC-X0057 AHG13: Crosscheck report of ICTCP Compression Using HEVC Main 10 (JCTVC-X0050) [Y. He, Y. Ye (InterDigital)] [late]

Discussed Sat. 28 May 1730–2000 (GJS).

This document reports crosscheck results for proposal JCTVC-X0050 on ICTCP Compression Using the HEVC Main 10 profile. The configuration files and source code provided by the proponents were verified to be consistent with the description in JCTVC-X0050. Compared with HDR/WCG anchor v3.2, the BD rate-distortion performance was evaluated, and reportedly matched the results provided in JCTVC-X0050. Subjective viewing was also conducted, and the subjective quality reportedly seemed about the same as for the Y′CbCr anchor.
JCTVC-X0051 ICTCP colour representation: Observations and Findings [A. M. Tourapis, Y. Su, D. Singer (Apple)] [late]

Discussed Sun. 29 May 0900–1045 (GJS).

Some observations relating to the ICTCP colour representation, using created test patterns and sequences, are presented in this document. The test patterns try to exercise a dynamic range from 0 to 10000 cd/m2 as well as the entire range of BT.2020 colours, unlike more limited tests that have been conducted in the past using natural content. It is suggested that such tests may help to potentially uncover some of the limitations, if any, of this colour representation.
Claimed benefits of ICTCP were reported as reduced chroma leakage to luma, reduced banding / improved codeword representation, improved hue linearity, and better performance for larger colour volumes.

The contributor reported that the application of ICTCP to HLG was not fully understood.

The contributor reported that for PQ with Y′CbCr, a change of chroma value can significantly affect the associated luminance, and that this is greatly mitigated with ICTCP. For this reason, 4:2:0 sampling was reported to seem to work better with ICTCP than with Y′CbCr.
The contributor reported that the range of colours covered by ICTCP includes a concave region, such that averaging between values could produce out-of-gamut values that might cause clipping phenomena.

The contributor reported that there are some areas of red/green that are more sparsely covered than others. Another participant commented that this is because RGB is not a perceptually uniform colour space, whereas ICTCP is intended to be more perceptually uniform. Blending reportedly could produce questionable results in some cases.
Some generated test patterns were described, and the contributor reported that problems could be seen with some of these patterns, and that by some objective measures these had lower fidelity metrics with ICTCP than with Y′CbCr.

Problems with the ability to view results were noted, since no true BT.2020 PQ 4:4:4 display exists (and displays generally require conversion to 4:2:2 Y′CbCr to convey the signal to the display).
Another participant referred to a Dolby white paper (see the slide deck for X0050 for a link to that) that describes various considerations that were involved in the design of ICTCP.
5.1.5 SDR backward compatible HDR coding (2)

See also section 3.5 for SDR backward compatibility achieved by SHVC multilayer coding and section 5.1.4 for SDR backward compatibility achieved with the assistance of the CRI SEI message.
JCTVC-X0044 Improvements to HDR10 with Backward Compatibility Options [P. Topiwala, W. Dai, M. Krishnan (FastVDO)]

Discussed Sat. 28 May 1730–2000 (GJS).

This proposal presents a backward compatible approach to coding HDR video, by modifying the pre- and post-processing components of the anchor HDR video coding processing chain (essentially an “HDR10” compliant system). Moreover, potential coding efficiency gains from using “advanced” resampling filters for 4:4:4 --> 4:2:0 --> 4:4:4 conversion and an alternate intermediate colour representation (Y′FbFr) were also studied. Representative objective results for the system (compared with HDR10 anchor v3.2) reportedly include: (a) Overall results for RGB-PSNR, DE100, MD100, PSNRL100 were reportedly −43.7%, −3.3%, −33.7%, 5.6%. The proposed coding scheme reportedly provides equal or superior visual quality to the HDR10 anchor.
Some metadata was proposed to accompany the video (roughly conceptually like CRI SEI message data). In some proposed uses, the metadata would be necessary for proper display and would involve operations in the RGB 4:4:4 domain (although the coding would use 4:2:0).

In the discussion, it was commented that a need for operations in the RGB 4:4:4 domain seems incompatible with common workflow practices for consumer distribution – at least for broadcasters, who typically do not have access to 4:4:4 format content. There had been some previous contribution(s) like this which were later not pursued for that reason.
Some other variant would not operate that way, but would involve proposed resampling filters.

It was commented that tPSNR numbers have quite different results than those given above for other metrics.

For further study (not within the scope of the current first planned TR).
JCTVC-X0064 Backward Compatible Opto-Electrical Transfer Function for HDR Video Coding Based on Rational Quantization [C. Jung, Q. Lin, S. Yu (Xidian Univ.), M. Li, P. Wu (ZTE)]

Discussed Sat. 28 May 1730–2000 (GJS).

The hybrid log gamma (HLG) opto-electronic transfer function (OETF) combines a gamma function and a logarithmic function to achieve display backward compatibility. Proposed is a backward compatible OETF for high dynamic range (HDR) video coding based on “rational quantization”. A “uniform rational mapping function” (URMF) based on rational quantization is derived to approximate the logarithmic function of HLG. The HLG OETF is then set as the combination of the HLG gamma function and UMRF. Experimental results reportedly demonstrate that, when compared with HLG, the proposed method gets average bit-rate reductions of 4.59% and 5.70% for the same quality measured in tPSNR_XYZ and deltaE, respectively.

This is basically proposed as an improvement relative to HLG, with the asserted advantage of being simpler to compute, and also having less banding artefacts and less over-exposure artefacts. A coding efficiency gain was also claimed. However, only limited HDR perceptual testing had been done.
Regarding the asserted computational simplification, it was commented that, in practice, the transfer function would be implemented as a LUT, for which there would be no operational difference in complexity.

It was noted that this seemed somewhat similar in spirit to the prior JCTVC-W0072 from Univ. Warwick. As with that proposal, it was remarked that our usual approach for a transfer function would be to expect some other organization (ITU-R or SMPTE) to standardize the transfer function and then we would just provide a way to indicate it. The contribution seemed interesting but did not seem to need action by us at this time.
5.1.6 Other (2)

JCTVC-X0049 Conversion between PQ and Hybrid Log Gamma (HLG) [C. Fogg (Movielabs)] [late]

This information input document reports on testing methodology and the results of various conversion processes between PQ and HLG signals. In the primary case of study, display-referred video graded by a human professional in a BT.[HDR-TV] PQ (BT.2020 primaries) container is later automatically converted to BT.[HDR-TV] Hybrid Log-Gamma (also with BT.2020 primaries) by two different processes:

· Conversion to PQ by the BT.[HDR-TV] Annex 2 method that “stretches” the real-value video signal with a range of [0.0, 1.0] by the system gamma display peak luminance (Lw) computed in BT.[HDR-TV] Note 5e to map the peak real-value level 1.0 to the PQ source mastering display maximum luminance level

· Automatic re-grading of the PQ source signal to a new display target of approximately 1000 nits, such that pixels substantially above 1000 nits are rolled off by a tone curve into the upper range of the output signal with a system gamma that assumes a peak (Lw) around 1000 nits

Viewing was offered by the proponent, but there was no display available with an HLG HDR display mode. The information in the contribution about how to set up tone mapping is available for further study.

JCTVC-X0063 Adaptive Perceptual Quantizer for HDR Video Coding [C. Jung, S. Yu, R. Yu (Xidian Univ.), M. Li, P. Wu (ZTE)] 

Discussed Sun. 29 May 1115–1200 (GJS).

This contribution proposed an adaptive transfer function based “perceptual quantizer” (PQ) for HDR video, termed “adaptive PQ”. (Here, “PQ” does not refer to SMPTE ST 2084 PQ, but rather to the abstract concept of a perceptual quantizer.) Adaptive PQ usage is proposed to solve a reported problem that SMPTE ST 2084 PQ is not adaptive to HDR content because of using a fixed mapping function from luminance to luma. By introducing a ratio factor derived from the luminance information of the HDR content, the proposed adaptive PQ maps luminance to luma adaptively according to the content. The ratio factor would be conveyed in metadata.
In this sense, it would have a somewhat similar spirit to X0060 and other such "reshaping" proposals (although with a different type of "reshaping" to be applied). It was commented that a similar effect could be accomplished with the CRI SEI message (e.g. as proposed in JCTVC-X0060), and that the effect of the scaling factor proposed in the contribution could be approximated or replicated with the CRI SEI message syntax. Since the CRI SEI message is already specified, it might be best to try to use that rather than develop some other syntax for a similar purpose, so any further study of this should consider that alternative way to express the remapping. The requirement of metadata for proper interpretation of the content is also a general issue that would affect both schemes.
It was commented that the adaptive mapping process in the proposal operates in the RGB domain, which would mean it would need to operate in the 4:4:4 domain.

A participant asked how often the mapping would change. The proponent said it could change for every frame. However, it was commented that this could have problems with compression, and it was suggested that keeping it static on a scene basis would probably be better.
5.2 HL syntax (1)

JCTVC-X0077 Tile based VR video encoding and decoding schemes [Y.-K. Wang, Hendry, M. Karczewicz (Qualcomm)] [late]

This document contains the same content as the MPEG input document m38559. It is submitted to the JCT-VC as information of potential interest to JCT-VC participants.

This document presents a few virtual reality (VR) video encoding and decoding schemes wherein for the highest-resolution representation of the video, only the part that corresponds to the current field of view (FOV), reportedly needs to be transmitted and decoded. The schemes are based on coding of tiles in HEVC and SHVC. Furthermore, signalling of such partial VR video decoding schemes is discussed.
For further study; see notes on coordination with other groups and joint discussion topics reported in section 6.1.
5.3 SEI messages and VUI (7)
5.3.1 Content colour gamut descriptions SEI message (3)
JCTVC-X0040 Content colour gamut SEI message [H. M. Oh, J. W. Choi, J.-Y. Suh (LGE)]

Discussed Sun. 29 May 1200–1330 (GJS).

In this proposal, an SEI message was proposed to signal content colour gamut, which describes the actual colour distribution of the video content. This information is asserted to mostly be useful when the content colour is partially distributed in the possible colour area within the "container" colour gamut. Given the content colour gamut information, it is asserted that the performance of colour gamut mapping could be improved in terms of colour saturation.
This contribution is closely related to the proposed effective colour volume SEI message (see X0052).

Such metadata is intended as display adaptation assistance information (but not fundamental to enabling display, as the content can be interpreted without it).

The proposed syntax has an identification of colour primaries, and it is proposed that there could be more than three primaries. The white point is assumed to be the same as indicated in the VUI.
See the further discussion of this and related contributions below.
JCTVC-X0052 Improvements to the Effective Colour Volume SEI message [A. M. Tourapis, Y. Su, D. Singer (Apple)] [late]
Discussed Sun. 29 May 1200–1330 (GJS).

In this proposal, an SEI message is proposed called the “effective colour volume” SEI message, which is to indicate the effective colour volume occupied by the current layer of a coded video stream (CVS). This SEI message is said to be considered as an extension of the “content light level information” (CLL) SEI message that is supported by two standards, and is said to provide additional information to a decoder about the characteristics and limitations of the video signal. This information is suggested to then be used to appropriately process the content for display or other types of processing – e.g., to assist in processes such as colour conversion, clipping, colour gamut tailoring, and tone mapping, among others. 
The ECV SEI message was previously proposed in JCTVC-V0038 and JCTVC-W0098. Some changes to the previous proposal are included.
This proposal is basically a superset of what is proposed in X0040.

Multiple primary expressions and spatial regions are proposed to be associated with the identified characteristics.

The proposal has a substantial amount of syntax and semantics.
See the further discussion of this and related contributions below.
JCTVC-X0069 Content colour volume SEI message [A. K. Ramasubramonian, D. B. Sansli, J. Sole, D. Rusanovskyy, M. Karczewicz (Qualcomm)] [late]

Discussed Sun. 29 May 1200–1330 (GJS).

This document proposes a “content colour volume” SEI message to indicate the colour volume occupied by the content. It is asserted that this information is useful for display devices to map the content according to the specifications of the display.
This uses an (x, y, Y) description of the colour coordinates and has slices of Y with associated polygons for each slice.
See the further discussion of this and related contributions below.
General discussion

Discussed Sun. 29 May 1200–1330 (GJS).

Contributions X0040, X0052, and X0069 are similar in spirit but different in details – each proposing a way to define the range of colours in the video content.

Spatial regions are the subject of another contribution X0062.
Comments from the discussion of these contributions included:

· Which kind of such information is most like what display makers would want to use?
· The proposals vary in their type and amount of metadata

· The semantics of such proposals may be difficult to express clearly

· It might be useful to allow negative values of the coordinate parameters

· One difficulty is that this seems to be trying to describe a property of the content that is prior to the compression and therefore not accessible and difficult to describe from the usual decoder perspective. A suggestion was to describe the properties in terms of the nominal range of decoded values, such that deviations outside of this (e.g., due to compression) might occur.
· Scene-referred versus display referred interpretation is also an issue to consider.

· There is some overlap with display adaptation metadata – e.g., some SMPTE 2094 metadata include source video property descriptions (e.g., "CLL")
It was agreed that something in the spirit of what is proposed in these three contributions seems useful to have, and it was planned to conduct further study in an AHG toward determining a best approach. See the planned AHG7 activity.
5.3.2 Other SEI message proposals (4)
JCTVC-X0083 pic_struct amended for 120 frames per second [C. Fogg (Movielabs)] [late]
Discussed Sun. 29 May 1730–1745 (GJS).

In response to the DVB liaison request from February 2015 and May 2016, an amended pic_timing() SEI Table D.2 (Interpretation of pic_struct), related semantics, and Table E.6 (Divisor for computation of DpbOutputElementalInvertval[n]) are proposed to enable explicit instructions in a coded bitstream for an HEVC decoder to output a single coded frame associated with pic_timing SEI as 4, 5, or 6 frames (by repetition) in fixed, high frame rate (HFR) applications, such as 90 or 120 Hz video. The current Table D.2 includes only frame doubling and frame tripling, that support, for example, 50 and 60 Hz frame output rates. It was proposed to use the three remaining reserved values in Table D.2 (pic_struct codes 13, 14, and 15) to signal 4, 5, and 6 output frame periods, respectively.
It was initially agreed to adopt this (with editorial refinements from review) and to constrain its use to frame rates above 60 Hz. However, in the joint meeting held on Monday (see section 6.1), it was commented that we should try to see if a different approach would be possible with better consideration of future extensibility.

Further discussed Tuesday 14:30 (GJS)
It was commented that it seemed unclear whether the 6x repetition is really necessary; if not, we could keep that value reserved as an extensibility mechanism.

Decision: Issue a WD that reserves the last value (15) and is otherwise as agreed earlier in the meeting. Recommend an LS to DVB to consult them on whether the provided solution is adequate (and also to point out the existence of the "duplicate_flag" and the low bit cost of coding a duplicate picture).
JCTVC-X0062 Regional nesting SEI message [A. K. Ramasubramonian, J. Sole, Y.-K. Wang, D. Rusanovskyy, D. B. Sansli, M. Karczewicz (Qualcomm), P. Andrivon, E. Francois (Technicolor), W. Haan, R. Brondijk (Philips)]

Discussed Sun. 29 May 1500–1730 (GJS).

This document proposes a "regional nesting" SEI message that specifies rectangular regions to which one or more SEI messages would be applicable. The design is similar to the scalable nesting SEI message – a set of rectangular regions is specified and a set of SEI messages associated with the set of regions is also specified. It is suggested to keep the design flexible to allow existing SEI messages to be nested, with the option of adding additional syntax elements that may be beneficial for some applications. The proposed SEI message provides a carriage means for SMPTE ST 2094-1 and is a mechanism for carrying SMPTE 2094-30 by nesting the colour remapping information (CRI) SEI message.
It was suggested that this could be used for various purposes, such as for CRI, tone mapping, post-filter hint, and the proposed content colour volume SEI message.

The syntax has an overall ID and another ID in it for each rectangle. This contrasts with the MCTS SEI message, which only has a common ID for the identified set of rectangles.

It was noted that more than one nested set could identify the same region to be processed, or a nested set could accompany a non-nested whole-picture SEI message. For such a case, a default behaviour would be defined and some external means could be used to specify a different behaviour.

Persistence would be specified by the nested message. It was commented that the ability to cancel persistence might require awareness of the region for which the cancellation would need to be indicated. This would need some thought.
Some extra bytes are proposed to be able to accompany each such SEI message. As proposed, what goes in those bytes would be undefined. Skepticism was expressed about the wisdom of that, as the only user-data mechanism that we have enabled is something different, and it does not seem clear why we would introduce a new one. It was suggested that since this is in a loop that is sending SEI messages, a user data SEI message could just be put there instead of in some other undefined bytes.
Some participants commented that they would prefer a different association structure between regions and SEI messages, might want to avoid overlap between regions, or would want to avoid sending multiple nesting messages. For example, there could be an outer loop in the nesting SEI message instead of a need to send multiple nesting SEI messages.
It seems like an interesting concept, but there were a number of questions about how it is structured and what purposes it would be used for.

It was commented that X0039 has somewhat similar aspects.

For further study; see notes on coordination; see section 6.1.
JCTVC-X0042 Indication of SMPTE 2094-10 metadata in HEVC [R. Yeung, S. Qu, P. Yin, T. Lu, T. Chen, W. Husak (Dolby)]

The ST 2094 suite of documents defines metadata for use in colour volume transforms of content. The metadata are content-dependent and can vary scene-by-scene or image-by-image. The metadata are reportedly intended to transform HDR/WCG image essence for presentation on a display having a smaller colour volume than that of the mastering display used for mastering the image essence. Multiple applications provide particular colour volume transforms. Among them, SMPTE 2094-10: Dynamic Metadata for Color Volume Transform – Application #1 has completed the document development process in SMPTE and is in the publication queue pending SMPTE audit and is asserted to therefore be very stable. This contribution proposes text changes to the HEVC specification to support SMPTE 2094-10 dynamic metadata. Specifically, a new SEI message was proposed for Annex D for the carriage of such metadata.
Deferred to parent body consideration; see section 6.1.
JCTVC-X0075 Indication of SMPTE ST 2094-20 metadata in HEVC [W. de Haan, R. Brondijk, L. van de Kerkhof, R. Goris, R. Nijland (Philips)] [late]

This contribution proposes an SEI message to support carriage of metadata of the SMPTE ST 2094-20 standard: Dynamic Metadata for Color Volume Transform – Application #2. Specifically, it is proposed to add a new SEI message to Annex D for carriage of such metadata.

The SMPTE ST 2094 suite of documents defines metadata for use in colour volume transforms of content. The metadata are content-dependent and can vary scene-by-scene or frame-by-frame. The metadata are intended to transform HDR/WCG source content for presentation on a display having a smaller colour volume than the source content's mastering display.
This document primarily an editorial update of a prior contribution JCTVC-W0133-v2.
Deferred to parent body consideration; see section 6.1.
5.4 Non-normative: Encoder optimization, decoder speed improvement and cleanup, post filtering, loss concealment, rate control, other information (3)

JCTVC-X0038 AHG 3 Recommended settings for HM [K. Andersson, P. Wennersten, J. Samuelsson, J. Ström, P. Hermansson, M. Pettersson (Ericsson)]

It is proposed to change the common test conditions for the HM to change the correspondence between QP and lambda and also to increase the GOP size from 8 to 16 for cases when random access configuration functionality is not affected. To change the correspondence between QP and lambda, some additional configuration parameters are proposed to be introduced for the HM – namely, a QP offset for intra pictures, and parameters for a linear model to adjust QP pending on the magnitude of the QP for the respective hierarchical level. This is an alternative implementation of the proposed change in JCTVC-W0062, which is asserted to have a similar relationship to QP and lambda that is achieved in a different way. The contribution reports average luma BD rate improvements for common conditions of 1.9%/2.0%/2.0% for RA/LD/LP for the QP change and 7.8% for the QP change with GOP 16. To verify that the GOP extension does not reduce performance for difficult-to-encode sequences, 8 additional sequences were reportedly tested. An average improvement in luma BD rate of 4.5% was reported for this additional test set. Results for HDR content were also presented.

Proposed changes to the common test conditions in JCTVC-L1100 and reference software (HM-16.9) were also provided in the contribution.

W0062 was adopted, but is disabled by default, and was reportedly problematic due to it changing QP in an unexpected way. It was remarked that there is also another mode in the HM that seems somewhat similar to that.

Decision (SW): Adopt as replacement of W0062, disabled unless enabled by a config option.

Decision (SW): Adopt the GOP length change, and adjust the intra period to be slightly longer as necessary to be a cycle length divisible by 16.

Further study was also encouraged – esp. to decide whether to enable the QP-lambda modification by default.
JCTVC-X0082 Cross-check of AHG 3 recommended settings for HM (JCTVC-X0038) [B. Li, J. Xu (Microsoft)] [late]
This document is a cross-check report of AHG3 recommended settings for the HM (JCTVC-X0038). For the tests that were checked, the RD results were reportedly verified. The contribution does not identify whether the code and algorithms were studied or the code was just compiled and executed.
JCTVC-X0070 HEVC Encoder Optimization Based on Perceptual Block Merging [C. Jung, Q. Lin, S. Yu (Xidian Univ.)] [late]

This contribution proposes an HEVC encoder optimization for HEVC Main 10 HDR video coding based on “perceptual block merging”. First a 10 bit luminance adaptation (LA) is performed for quantized HDR based on the Barten contrast sensitivity function (CSF) model. Then, a “free-energy” based “just-noticeable-difference” (FEJND) map for each frame is created to represent the “disorderly concealment effect”. Next, average FEJND values are created for each coding unit (CU) and the frame from the FEJND map to get a "perceptual Lagrange multiplier" for rate-distortion optimization (RDO). Finally, a “perceptual block merging” is performed by minimizing RD costs based on the perceptual Lagrange multiplier. Experimental results reportedly demonstrate that the proposed method produces block merging results that are more correlated with human visual perception, and improves the visual quality of the reconstructed HDR video.
This was not presented in detail. It is available for further study, which is encouraged.
6 Plenary discussions, joint meetings, BoG reports, and summary of actions taken
6.1 

· 
6.2 Project development

Joint meetings are discussed in this section of this report. Additional notes on the same topics may appear elsewhere in this report. One joint discussion sessions was held regarding JCT-VC work, as recorded below.
Monday 1500–1600 Joint discussion of JCT-VC, Q6/16, MPEG Video & Requirements

· Liaison

· TD 389/Gen from MPEG to SG 16 (confirming plans)

· m38244 TD 387/Gen SMPTE 2094 display adaptation metadata (see also JCTVC-X0042 and JCTVC-X0075, and possibly JCTVC-X0062)
· No change of the previously planned approach was made (wherein it continued to be suggested for SMPTE itself to standardize how to convey its display adaptation metadata family of specifications)
· m38279 DVB picture repetition (see also JCTVC-X0083)

· Check for a potential better solution (e.g., with extensibility; some refinement of the approach was later identified and discussed in parent body liaison communication)
· m38369 TD 400/Gen 3GPP TSG SA WG4 asks ITU-T SG16 Q6 and MPEG

· To provide the latest specification draft of HEVC Screen Content Coding extension

· To provide the information when the HEVC Screen Content Coding extension specification will be published
Liaison replies were sent by the parent bodies with responsive information.
· Verification testing for HDR

· HDR10

· BC by SHVC multilayer
· JCTVC-X0034 On profiles and per-feature flags [S. Wenger (Vidyo)]
· Proposes "sub-profiling", e.g., "Main profile without feature X"
· Could be motivated by other reasons as well

· Might be tough to make sure all combinations work
· For further study
· Potential additional TR on HDR (see also JCTVC-X0084)
· BC by display adaptation metadata (e.g., CRI SEI message)
· BC by SHVC multilayer

· BC by HLG

· Encoding for ICTCP
· Other types of "reshaping" metadata

· OK to work on developing such a report (exact scope TBD). It should only include well-studied techniques

· SEI message proposals: WG 11 further review was to be conducted after the JCT-VC meeting (non-joint review Thu 9am in MPEG)
· Content colour gamut (JCTVC-X0040, JCTVC-X0052, JCTVC-X0069)

· MCTS extraction (JCTVC-X0039)
· Other regional nesting proposal (JCTVC-X0062) with some relationship to SMPTE 2094
· VR using tiles (JCTVC-X0077)


· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
6.3 BoGs

There were no formal break-out groups established at this meeting, and hence no BoG reports were submitted.
6.4 List of actions taken affecting the HEVC specification and draft technical report for HDR coding practices
The following is a summary, in the form of a brief list, of the actions taken at the meeting that affect the draft text of the HEVC specification or the planned report on conversion and coding practices for HDR/WCG video content. Both technical and editorial issues are included (although some relatively minor editorial / bug-fix matters may not be listed). This list is provided only as a summary – details of specific actions are noted elsewhere in this report and the list provided here may not be complete and correct. The listing of a document number only indicates that the document is related, not that what it proposes was adopted (in whole or in part).

· No specific actions were taken regarding the text of the HEVC specification (except as noted for the AHG2 and AHG7 reports)

· For the draft technical report for HDR coding practices, see the notes for the AHG13 report, JCTVC-X0079, JCTVC-X0065, JCTVC-X0043, JCTVC-X0036, JCTVC-X0072, JCTVC-X0045, and JCTVC-X0041
7 Project planning
7.1 Text drafting and software quality
The following agreement has been established: the editorial team has the discretion to not integrate recorded adoptions for which the available text is grossly inadequate (and cannot be fixed with a reasonable degree of effort), if such a situation hypothetically arises. In such an event, the text would record the intent expressed by the committee without including a full integration of the available inadequate text. Similarly, software coordinators have the discretion to evaluate contributed software for suitability in regard to proper code style, bugginess, etc., and to not integrate code that is determined inadequate in software quality.
7.2 Plans for improved efficiency and contribution consideration
The group considered it important to have the full design of proposals documented to enable proper study.

Adoptions need to be based on properly drafted working draft text (on normative elements) and HM encoder algorithm descriptions – relative to the existing drafts. Proposal contributions should also provide a software implementation (or at least such software should be made available for study and testing by other participants at the meeting, and software must be made available to cross-checkers in CEs).

Suggestions for future meetings included the following generally-supported principles:
· No review of normative contributions without draft specification text

· HM text is strongly encouraged for non-normative contributions

· Early upload deadline to enable substantial study prior to the meeting
· Using a clock timer to ensure efficient proposal presentations (5 min) and discussions
The document upload deadline for the next meeting was planned to be the Wednesday of the week preceding the meeting (5 Oct. 2016).
As general guidance, it was suggested to avoid usage of company names in document titles, software modules etc., and not to describe a technology by using a company name. Also, core experiment responsibility descriptions should name individuals, not companies. AHG reports and CE descriptions/summaries are considered to be the contributions of individuals, not companies.
7.3 General issues for CEs and TEs
Group coordinated experiments have been planned in previous work, although none were established at the current meeting. These may generally fall into one of two categories:

· "Core experiments" (CEs) are the experiments for which there is a draft design and associated test model software that have been established.

· "Tool experiments" (TEs) are the coordinated experiments on coding tools at a more preliminary stage of work than those of "core experiments".

A preliminary description of each experiment is to be approved at the meeting at which the experiment plan is established.

It is possible to define sub-experiments within particular CEs and TEs, for example designated as CEX.a, CEX.b, etc., for a CEX, where X is the basic CE number.

As a general rule, it was agreed that each CE should be run under the same testing conditions using one software codebase, which should be based on the HM software codebase. An experiment is not to be established as a CE unless there is access given to the participants in (any part of) the CE to the software used to perform the experiments.

The general agreed common conditions for single-layer coding efficiency experiments were established as described in JCTVC-X1100.

The general timeline agreed for CEs was expected to be as follows: 3 weeks to obtain the software to be used as the basis of experimental feature integration, 1 more week to finalize the description and participation, 2 more weeks to finalize the software.
A deadline of four weeks after the meeting would be established for organizations to express their interest in participating in a CE to the CE coordinators and for finalization of the CE descriptions by the CE coordinator with the assistance and consensus of the CE participants.

Any change in the scope of what technology will be tested in a CE, beyond what is recorded in the meeting notes, requires discussion on the general JCT-VC reflector.

As a general rule, all CEs are expected to include software available to all participants of the CE, with software to be provided within two (calendar) weeks after the release of the relevant software basis (e.g. the SCM). Exceptions must be justified, discussed on the general JCT-VC reflector, and recorded in the abstract of the summary report.
Final CE descriptions shall clearly describe specific tests to be performed, not describe vague activities. Activities of a less specific nature are delegated to Ad Hoc Groups rather than designated as CEs.

Experiment descriptions should be written in a way such that it is understood as a JCT-VC output document (written from an objective "third party perspective", not a company proponent perspective – e.g. referring to methods as "improved", "optimized" etc.). The experiment descriptions should generally not express opinions or suggest conclusions – rather, they should just describe what technology will be tested, how it will be tested, who will participate, etc. Responsibilities for contributions to CE work should identify individuals in addition to company names.

CE descriptions should not contain excessively verbose descriptions of a technology (at least not unless the technology is not adequately documented elsewhere). Instead, the CE descriptions should refer to the relevant proposal contributions for any necessary further detail. However, the complete detail of what technology will be tested must be available – either in the CE description itself or in referenced documents that are also available in the JCT-VC document archive.

Those who proposed technology in the respective context (by this or the previous meeting) can propose a CE or CE sub-experiment. Harmonizations of multiple such proposals and minor refinements of proposed technology may also be considered. Other subjects would not be designated as CEs.

Any technology must have at least one cross-check partner to establish a CE – a single proponent is not enough. It is highly desirable have more than just one proponent and one cross-checker.

It is strongly recommended to plan resources carefully and not waste time on CE work on technology that may have little or no apparent benefit – it is also within the responsibility of the CE coordinator to take care of this.

A summary report written by the coordinator (with the assistance of the participants) is expected to be provided to the subsequent meeting. The review of the status of the work on the CE at the meeting is expected to rely heavily on the summary report, so it is important for that report to be well-prepared, thorough, and objective.
A non-final CE plan document would be reviewed and given tentative approval during the meeting (with guidance expressed to suggest modifications to be made in a subsequent revision).
The CE description for each planned CE would be described in an associated output document numbered as, for example, JCTVC-X11xx for CExx, where "xx" is the CE number (xx = 01, 02, etc.). Final CE plans would be recorded as revisions of these documents.

It must be understood that the JCT-VC is not obligated to consider the test methodology or outcome of a CE as being adequate. Good results from a CE do not impose an obligation on the group to accept the result (e.g., if the expert judgment of the group is that further data is needed or that the test methodology was flawed).

Some agreements relating to CE activities have been established as follows:

· Only qualified JCT-VC members can participate in a CE.
· Participation in a CE is possible without a commitment of submitting an input document to the next meeting.

· All software, results, documents produced in the CE should be announced and made available to all CE participants in a timely manner.

· If combinations of proposals are intended to be tested in a CE, the precise description shall be available with the final CE description; otherwise it cannot be claimed to be part of the CE.

7.4 Alternative procedure for handling complicated feature adoptions

The following alternative procedure had been approved at a preceding meeting as a method to be applied for more complicated feature adoptions:

1. Run CE + provide software + text, then, if successful,

2. Adopt into HM, including refinements of software and text (both normative & non-normative); then, if successful,

3. Adopt into WD and common conditions.

Of course, we have the freedom (e.g. for simple things) to skip step 2.

7.5 Common test conditions for HEVC Coding Experiments

See the notes for discussion of JCTVC-X0038, and the output documents JCTVC-X1100 for HEVC test conditions, JCTVC-X1009 for SHVC test conditions, JCTVC-X1015 for SCC test conditions., and JCTVC-X1020 for HDR/WCG test conditions.
7.6 Software development planning
Software coordinators were asked to work out the detailed schedule for software updates with the proponents of adopted changes.

Any adopted proposals where necessary software is not delivered by the scheduled date in a timely manner may be rejected.

At a previous meeting (Sapporo, July 2014), it was noted that it should be relatively easy to add MV-HEVC capability to the SHVC software, and it was strongly suggested that this should be done. This remains desirable. Further study was encouraged to determine the appropriate approach to future software maintenance, especially in regard to alignment of 3D video software with the SHM software.
8 Establishment of ad hoc groups

The ad hoc groups established to progress work on particular subject areas until the next meeting are described in the table below. The discussion list for all of these ad hoc groups was agreed to be the main JCT-VC reflector (jct-vc@lists.rwth-aachen.de).
	Title and Email Reflector
	Chairs
	Mtg

	JCT-VC project management (AHG1)
(jct-vc@lists.rwth-aachen.de)

· Coordinate overall JCT-VC interim efforts.
· Report on project status to JCT-VC reflector.
· Provide a report to next meeting on project coordination status.
	G. J. Sullivan, J.-R. Ohm (co‑chairs)
	N

	HEVC test model editing and errata reporting (AHG2)
(jct-vc@lists.rwth-aachen.de)

· Produce and finalize JCTVC-X1002 HEVC Test Model 16 (HM 16) update 6 of Encoder Description

· Collect reports of errata for HEVC

· Gather and address comments for refinement of these documents.
· Coordinate with AHG3 on software development and HM software technical evaluation to address issues relating to mismatches between software and text.
	B. Bross, C. Rosewarne (co‑chairs), M. Naccari, J.‑R. Ohm, K. Sharman, G. J. Sullivan, Y.‑K. Wang (vice‑chairs)
	N

	HEVC HM and HDRTools software development and software technical evaluation (AHG3)
(jct-vc@lists.rwth-aachen.de)

· Coordinate development of the HM and HDRTools software and its distribution.
· Integrate "Anchor 3.2" processing capability for HDR/WCG video coding into the HM
· Produce documentation of software usage for distribution with the software.
· Prepare and deliver additional HM 16.x "point" software versions according to JCTVC-X1100 and X1020 common 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 AHG2 on HEVC test model editing and errata reporting to identify any mismatches between software and text.
	K. Sühring (chair),
K. Sharman, A. Tourapis, (vice‑chairs)
	N

	HEVC conformance test development (AHG4)

(jct-vc@lists.rwth-aachen.de)

· Study the requirements of HEVC conformance testing to ensure interoperability.

· Develop proposed improvements to the SCC conformance testing draft X1016.

· Discuss work plans and testing methodology to develop and improve HEVC v.1, RExt, SHVC, and SCC conformance testing.

· Establish and coordinate bitstream exchange activities for HEVC.

· Identify needs for HEVC conformance bitstreams with particular characteristics.

· Collect, distribute, and maintain bitstream exchange database and draft HEVC conformance bitstream test set.
	T. Suzuki (chair), R. Joshi, Y. Ye, J. Xu (vice‑chairs)
	N

	SHVC verification test reporting (AHG5)

(jct-vc@lists.rwth-aachen.de)

· Edit and produce the final SHVC supplemental verification test report.
	V. Baroncini, W. Husak, A. K. Ramasubramonian, Y.-K. Wang, Y. Ye (co‑chairs)
	N

	SCC extensions verification testing (AHG6)

(jct-vc@lists.rwth-aachen.de)

· Study test conditions and coding performance analysis methods for verification of SCC coding performance.
· Prepare the draft verification test plan for SCC X1006
· Develop and propose further improvements of the test plan
	V. Baroncini, H. Yu (co‑chairs), R. Cohen, A. Duenas, K. Rapaka, X. Xu, J. Xu (vice‑chairs)
	N

	Content colour volume representation (AHG7)

(jct-vc@lists.rwth-aachen.de)

· Study approaches to the representation of the range of colours in video content
· Develop proposed syntax and semantics for SEI message representation of content colour volume
· Consider the proposals X0040, X0052, and X0069 in this work
	H. M. Oh, A. K. Ramasubramonian, A. Tourapis (co‑chairs)
	N

	SCC extensions software development (AHG8)

(jct-vc@lists.rwth-aachen.de)

· Coordinate development of the SCM software and its distribution.

· Prepare and deliver the reference configuration encodings according to JCTVC-X1015.

· Prepare and deliver improved HM 16.x-SCM-8.x "dot" version software releases as appropriate.

· Perform analysis and reconfirmation checks of the behaviour of the draft design, and report the results of such analysis.

· Suggest configuration files for additional testing of tools.

· Coordinate with AHG7 to address any identified issues regarding text and software relationship.
	B. Li, K. Rapaka (chairs), P. Chuang, R. Cohen, X. Xiu (vice‑chairs)
	N

	SHVC SHM software development and software technical evaluation (AHG9)

(jct-vc@lists.rwth-aachen.de)

· Coordinate development of the SHM software and its distribution.

· Prepare and deliver SHM 12.x software versions.

· Generate anchors and templates based on JCTVC-X1009 common test conditions.

· Discuss and identify additional issues related to SHVC software.
	G. Barroux, Y. He, V. Seregin (co‑chairs)
	N

	Test sequence material (AHG10)

(jct-vc@lists.rwth-aachen.de)

· Maintain the video sequence test material database for development of HEVC and its RExt, SHVC and SCC extensions.

· Identify, collect, and make available a variety of video sequence test material, especially focusing on new needs for HDR test material and corresponding SDR test material.

· Study coding performance and characteristics in relation to video test materials.

· Identify and recommend appropriate test materials and corresponding test conditions for use in development of HEVC and its extensions.

· Coordinate with the activities in AHG6 regarding screen content coding testing and AHG11 and AHG12 regarding HDR/WCG testing.
	T. Suzuki, V. Baroncini, R. Cohen (co‑chairs), E. Francois, T. K. Tan, P. Topiwala, S. Wenger, H. Yu (vice‑chairs)
	N

	HDR/WCG visual testing (AHG11)
(jct-vc@lists.rwth-aachen.de)

· Study content characteristics and identify appropriate test sequences for visual testing.

· Identify and develop test methodologies including consideration and characterization of test equipment
	V. Baroncini, P. Topiwala, E. Alshina (co‑chairs)
	N

	HDR/WCG verification test reporting (AHG12)
(jct-vc@lists.rwth-aachen.de)

· Finalize the verification test report JCTVC-X1018
	V. Baroncini (chair), K. Andersson, W. Husak, A. K. Ramasubramonian, G. Sullivan (co‑chairs)
	N

	HDR/WCG conversion and coding practices report development for PQ Y′CbCr 4:2:0 (AHG13)
(jct-vc@lists.rwth-aachen.de)

· Identify and study technical approaches to single-layer HDR PQ Y′CbCr 4:2:0 10 bit coding using the existing HEVC standard, including potential use of SEI messages
· Study and propose improvements of the draft guidelines X1017 for HEVC single-layer coding HDR/WCG PQ Y′CbCr 4:2:0 10 bit coding
· Particularly study and proposed improvements of chroma resampling filtering in this work
	J. Samuelsson (chair), C. Fogg, A. Norkin, A. Segall, J. Ström, G. Sullivan, P. Topiwala, A. Tourapis, P. Yin (vice‑chairs)
	N

	HDR/WCG technology for backward compatibility, display adaptation, and quality enhancement post-processing (AHG14)
(jct-vc@lists.rwth-aachen.de)

· Study technology and develop potential guidelines for single-layer coding with HEVC using SEI messages and VUI indicators for backward compatibility, display adaptation, quality enhancement post-processing
· Study the technical characteristics and develop potential guidelines for two-layer coding with SHVC for backward compatibility and display adaptation
· Study and develop potential guidelines for use of the ICTCP colour representation with the HEVC standard

· Study and develop potential guidelines for use of the HLG transfer function with the HEVC standard

· Study and propose test conditions for associated experiments
	E. Francois (chair), W. Husak, D. Rusanovskyy, P. Topiwala, P. Wu (vice‑chairs)
	N


9 Output documents

The following documents were agreed to be produced or endorsed as outputs of the meeting. Names recorded below indicate the editors responsible for the document production.
JCTVC-X1000 Meeting Report of the 24th JCT-VC Meeting [G. J. Sullivan, J.-R. Ohm (chairs)] [2016-09-30] (near next meeting)
Remains valid – not updated: JCTVC-H1001 HEVC software guidelines [K. Sühring, D. Flynn, F. Bossen (software coordinators)]

JCTVC-X1002 High Efficiency Video Coding (HEVC) Test Model 16 (HM 16) Update 6 of Encoder Description [C. Rosewarne (primary editor), B. Bross, M. Naccari, K. Sharman, G. J. Sullivan (co-editors)] (WG 11 N 16267) [2016-09-23] (near next meeting)
Post-meeting note on version numbering: During the 24th meeting, it was initially planned to produce a major release of the HM software by essentially replacing the HM software with the screen content coding test model (SCM) software. Later during the meeting, it was agreed that before the SCM is considered as a replacement for the HM, there should be some cleanup of the SCM code, so these codebases were agreed to be kept separate pending the outcome of that effort. As a result of this decision, only minor updates of the HM software and encoder description were needed, and thus the “major” version identifier for the HM version has not been incremented for the software and this document.
JCTVC-X1003 Draft text for ICTCP support in HEVC (Draft 2) [P. Yin, C. Fogg, G. J. Sullivan, A. Tourapis (editors)] (WG 11 PDAM N 16265) [2016-06-01] (now)
JCTVC-X1004 SHVC Supplemental Verification Test Report [V. Baroncini, W. Husak, A. K. Ramasubramonian, J. Sole, G. J. Sullivan, Y.-K. Wang, Y. Ye (editors)] (WG 11 N 16268) [2016-06-24] (3 weeks)
JCTVC-X1005 Draft Text for Picture Repetition Indication in HEVC (Draft 1) [C. Fogg, G. J. Sullivan (editors)] (WG 11 WD N 16266) [2016-06-10] (1 week)
JCTVC-X1006 Draft verification test plan for HEVC screen content coding extensions [V. Baroncini, H. Yu, R. Cohen, A. Duenas, K. Rapaka, X. Xu, J. Xu (editors)] (WG 11 N 16254) [2016-07-15] (6 weeks)
Remains valid – not reissued: JCTVC-V1007 SHVC Test Model 11 (SHM 11) Introduction and Encoder Description [G. Barroux, J. Boyce, J. Chen, M. M. Hannuksela, Y. Ye (editors)] (WG 11 N 15778)

JCTVC-X1008 [doc number unused]
JCTVC-X1009 Common Test Conditions for SHVC [V. Seregin, Y. He (editors)] [2016-06-17] (2 weeks)
Remains valid – not updated JCTVC-O1010 Guidelines for Conformance Testing Bitstream Preparation [T. Suzuki, W. Wan (editors)]

JCTVC-X1011 Reference Software for Screen Content Coding Draft 2 (WG 11 DAM N 16270) [K. Rapaka, B. Li, X. Xiu (editors)] [2016-07-15] (in time for DAM ballot)
JCTVC-X1012 [doc number unused]
JCTVC-X1013 [doc number unused]
Remains valid – not updated JCTVC-V1014 Screen Content Coding Test Model 7 Encoder Description (SCM 7) [R. Joshi, J. Xu, R. Cohen, S. Liu, Y. Ye (editors)] (WG 11 N 16049) [2016-04-30]

JCTVC-X1015 Common Test Conditions for Screen Content Coding [H. Yu, R. Cohen, K. Rapaka, J. Xu (editors)] [2016-06-24] (3 weeks)
JCTVC-X1016 Conformance Testing for HEVC Screen Content Coding (SCC) Extensions Draft 2 (WG 11 WD 2 N 16271) [R. Joshi, J. Xu (editors)] [2016-08-19] (2.5 months)
JCTVC-X1017 Draft 2 of Conversion and Coding Practices for HDR/WCG Y′CbCr 4:2:0 Video with PQ Transfer Characteristics [J. Samuelsson, C. Fogg, A. Norkin, A. Segall, J. Ström, G. J. Sullivan, A. Tourapis (editors)] (WG 11 WD 2 N 16272) [2016-09-16] (3.5 months)
JCTVC-X1018 Verification Test Report for HDR/WCG Video Coding Using HEVC Main 10 Profile [V. Baroncini, K. Andersson, A. K. Ramasubramonian, G. Sullivan (editors)] (WG 11 N 16273) [2016-06-24] (3 weeks)

JCTVC-X1020 Common Test Conditions for HDR/WCG video coding experiments [E. François, J. Sole, J. Ström, P. Yin (editors)] [2016-07-01] (4 weeks)

(including agreed ICTCP configuration setting; luma adjustment to use the iterative version)
JCTVC-X1100 Common Test Conditions for HM [K. Sharman, K. Sühring (editors)] [2016-06-17] (2 weeks)
10 Future meeting plans, expressions of thanks, and closing of the meeting
Future meeting plans were established according to the following guidelines:

· Meeting under ITU-T SG 16 auspices when it meets (starting meetings on the Thursday of the first week and closing it on the Tuesday or Wednesday of the second week of the SG 16 meeting – a total of 6–6.5 meeting days), and

· Otherwise meeting under ISO/IEC JTC 1/SC 29/WG 11 auspices when it meets (starting meetings on the Friday prior to such meetings and closing it on the last day of the WG 11 meeting – a total of 7.5 meeting days).

Some specific future meeting plans (to be confirmed) were established as follows:

· Fri. 14 – Fri. 21 Oct. 2016, 25th meeting under WG 11 auspices in Chengdu, CN.
· Thu. 12 – Wed. 18 Jan. 2017, 26th meeting under ITU-T auspices in Geneva, CH.

· Fri. 31 Mar. – Fri. 7 Apr. 2017, 27th meeting under WG 11 auspices in Hobart, AU.
The agreed document deadline for the 25th JCT-VC meeting is Wednesday 5 Oct 2016. Plans for scheduling of agenda items within that meeting remained TBA.
ITU was thanked for the excellent hosting of the 24th meeting of the JCT-VC.
Companies that provided equipment that was used for subjective viewing of video – Technicolor and EBU, were also thanked. Arri was thanked for providing new 4K HDR test sequence video. Apple was thanked for providing video test patterns for analysis.
The JCT-VC meeting was closed at approximately 1345 hours on Wednesday, 1 June 2016.
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� The definitions of PB and PU are tricky for a 64x64 intra luma CB when the prediction control information is sent at the 64x64 level but the prediction operation is performed on 32x32 blocks. The PB, PU, TB and TU definitions are also tricky in relation to chroma for the smallest block sizes with the 4:2:0 and 4:2:2 chroma formats. Double-checking of these definitions is encouraged.
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