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�0.0	OVERVIEW

The twelfth meeting (Meeting “L”) of the ITU-T Video Coding Experts Group (VCEG) [Q.6 / SG 16] was held at the Eibsee Hotel Resort in Eibsee, Bavaria, Germany during 9-12 January, 2001.  The meeting was chaired by the Q.6 Rapporteur and the Associated Rapporteur, Mr. Gary Sullivan and Mr. Thomas Wiegand.  Excellent arrangements were provided by Siemens AG, the host organization.  This meeting report [VCEG-L45] contains several annexes of important information:

Annex A: A list of the QQ collaborating experts attending the meeting [VCEG-L02],

Annex B: A list of the 45 contributions and 2 Temporary Documents of the meeting [VCEG-L00],

Annex C: The detailed meeting agenda [VCEG-L-TD-1],

Annex D: The list of ad-hoc groups established at the meeting,

Annex E: Liaison letter to ISO/IEC JTC1/SC29/WG11 [VCEG-L35]

Annex F: Collaborative letter to IETF AVT Working Group [VCEG-L39],

Annex G: Adopted Rules for Proposals to TMLx and H.26L [VCEG-L33]



The overall issues addressed at this meeting are summarized in Table 1.



TABLE 1

CATEGORIZATION OF SUBJECT AREAS AT PORTLAND MEETING

SUBJECTS��1.	Opening Session��2.	Deployment and Support of Existing Video Coding Standards��3.	H.263 Enhancements��4.	H.26L Proposals and Demonstrations��5.	Workplans and Closing Review of Results��

0.1	Document Access

Documents for this meeting, for other meetings, and other information pertinent to the activities of the Video Coding Experts Group can be found on the VCEG ftp site hosted by PictureTel Corporation and managed by the Rapporteur:

	ftp://standard.pictel.com/video-site

	http://standard.pictel.com/ftp/video-site



Documents for this meeting are found in the 0101_Eib subdirectory of the ftp site.



Document numbers are used to refer to documents listed in this report (e.g., VCEG-L46, which denotes this report itself) according to the document registration list [VCEG-L00] provided in Annex B of this report.  A document number in italic font refers to a non-administrative document that was not uploaded onto the ftp site prior to the advance upload deadline (four business days prior to the meeting).  Document numbers are also used in the filenames for storing documents on the ftp site (e.g., filename VCEG-L46d1.doc for draft 1 of document 46, which is this meeting report, or VCEG-L00r1.doc for the 1st revised version of the document list).  The “VCEG” in a document number refers to the Question 6/16 Video Coding Experts Group, and the letter (e.g., “L” for this meeting) refers to the meeting for which the document was registered (“A” for the first meeting, “B” for the second, etc.), starting with the first meeting of the experts group in June of 1997.

0.2	Email Communications

Email conversations pertaining to the activities of this group are routinely conducted using the email reflector currently hosted by PictureTel Corp.  Those wishing to subscribe or unsubscribe to this email reflector are asked to send a plain-text email message to:

	majordomo@standard.pictel.com



in which the body of the email message is in the following format:

	subscribe itu-adv-video YOUR-EMAIL-ADDRESS



in which “YOUR-EMAIL-ADDRESS” is replaced by the subscribing email address (similarly substituting “unsubscribe” above to be removed from the list).



The address for email to be sent to all members of the email reflector list is:

	itu-adv-video@standard.pictel.com

1.0	OPENING SESSION

The group thanked Siemens AG, the host organization, for their excellent arrangements for the meeting.

1.1	Organizational Items [VCEG-L02,VCEG-L03,VCEG-L-TD-0]

The current experts list was made available to the members for sign-in for construction of the new attendee list [VCEG-L02] and the updated experts list [VCEG-L03]. The meeting invitation document [VCEG-L-TD-0] was noted.



The Rapporteur discussed the importance of the upcoming tests of video coding algorithm performance to be conducted by ISO/IEC JTC 1/SC 29/WG 11 (MPEG). SG16 indicated to MPEG that our organization plans to participate in these tests with a demonstration of H.26L performance.  There was some discussion of how best to balance our dual concerns at this meeting of exhibiting the best possible performance in the results of these tests while retaining our conservative process for adopting any new performance-enhancing proposals into the draft standard.



The Rapporteur discussed the new ITU-T approval procedure. It was pointed out that the “Alternative Approval Procedure” refers to a process called “Consent“ and approval is given automatically if no comment is made. It was also pointed out that the new approval procedure provides a faster method for standardization.



1.2	Patent Policy Issues

The Rapporteur discussed the importance of the disclosure of patents and of the filing of statements pertaining to such intellectual property claims with the ITU.  The group was encouraged to consult the policy and further information available at the ITU web site

http://www.itu.int/ITU-Databases/TSBPatent

The group felt that more attention should be paid to collecting and tracking IPR declaration information in the development of the H.26L recommendation than has been the case in recent past ITU-T video work.  The group felt that companies submitting proposals should be required to provide a statement of IPR policy status along with their proposal, and that companies should generally be solicited for such information also in regard to the existing and evolving draft content.  These activities to try to track IPR status within our group are intended to aid (not replace or modify) the requirements of the filing of patent statements with the ITU secretariat as required by ITU patent policy as referenced above.  Dr. Istvan Sebestyen (Istvan.Sebestyen@icn.siemens.de) indicated that he would volunteer to collect and track the status of IPR statements provided as a result of these requests.

The members indicated that it would be a desirable result to have a license-fee free “baseline” codec for the current H.26L project if possible.  Thus, “type 1” patent statement and licensing declaration forms are encouraged for proposals to be included in the baseline codec profile. The collection of IPR status information as described above should be able to aid us in assessing the feasibility of this goal and in determining how to achieve it.

1.3	Previous Meeting Report [VCEG-L01]

A report of the Q.15/SG16 activities held during the 13-17 November 2000 meeting of SG16 in Geneva, Switzerland was provided by the Rapporteur [VCEG-L01], and was reviewed and approved. It was pointed out that the Advanced Video Coding question is now Q.6/SG 16.

1.4	Review of Contributions [VCEG-L-00]

The list of meeting contributions was reviewed, updated, and approved [VCEG-L-00]. We are pleased to note that the vast majority of documents for this meeting had been uploaded to the ftp site for the group several business days prior to the meeting.  Advance electronic distribution of contributions will continue to be our policy, with further electronic distribution facilities available at our meetings (no paper copying or distribution).  Late, unannounced contributions hand-carried to the meetings were noted to be accepted only with the consensus of the meeting participants.  Some late contributions were made at this meeting as noted in the document list (documents not uploaded prior to a 4-business-day advance distribution deadline are noted by italics in the list and in the document numbers referenced in this report), and these were all accepted.  Facilities were made available by the host for obtaining electronic copies of documents at the meeting.

1.5	Meeting Plan [VCEG-L-TD-1]

The meeting plan outlined in VCEG-L-TD-1 and attached in Annex C to this report was reviewed, updated, and approved.

1.6	Proposed Future Meeting Plans

The upcoming meeting plans were presented:



Rapporteur’s Meeting	April – location not yet known

SG 16 Meeting	May/June 2001

[Post-meeting information on SG16 meeting: 28 May – 8 June, 2001 – Porto Seguro, Brazil]

1.7	Ad Hoc Committee Reports [VCEG-L04, VCEG-L05, VCEG-L06, VCEG-L07]

Reports were presented for the four Ad Hoc Committees that were established at the previous meeting.  The ad hoc committees and their report document numbers are listed below in Table 2.



TABLE 2

Ad Hoc Committees Reporting to This Meeting

AD HOC COMMITTEE�CHAIRPERSON�REPORT��Test Model and software development�Stephan Wenger�-No activity-��H.263++ Development�Gary Sullivan�VCEG-L05��H.26L Development�Gary Sullivan�VCEG-L06��H.26L Network Adaptation Layer�Thomas Stockhammer�VCEG-L07��1.7.1	Test Model and Software Development [-No Activity-]

Test model 5.2 had been issued in November.  Except for B-pictures, it contains most features approved for incorporation by the group. Coordination issues for the MPEG-4 tests were discussed. Concerns were raised about the effort to integrate proposals into the test model. The group decided to stick with the rule that every submitted proposal must be implemented into the test model.

1.7.2	H.263++ development [VCEG-L05]

The status of work on Recommendation H.263 was reported.  Annexes U, V, and W were “decided” (given final approval) at the November 2000 meeting of SG16 in Geneva.  Annex X was given “consent” under the “alternative approval process”. Ongoing work items include the following:

Address possible comments to Annex X and finalize approval of Annex X. 

Replace Appendix II

Refine and approve a test model appendix

H.263 implementer’s guide

1.7.3	H.26L development [VCEG-L06]

The common conditions for H.26L development at the start of this meeting were specified in the following documents:

Q15-I-60, for mobile channel error resilience

Q15-I-61, for internet packet loss error resilience

Q15-I-62, for compression efficiency

Our prior drafted proposed rules for accepting new proposals are found in Q15-K-55. The document also contains features that are adopted but not integrated into the software. The current status of the software was reviewed and the current status was updated in VCEG-L06r1. The schedule was discussed.

1.7.4	H.26L Network Adaptation Layer (NAL) [VCEG-L07]

An NAL interface has been integrated into the test model software. With this integration of the NAL design into the H.26L design it was suggested that an ad-hoc group devoted specifically to NAL issues might not be needed after this meeting. However, this is not to indicate that our NAL work is all completed.  We are still in need of work toward NAL design and software for H.320 and H.324 environments.  A need for an H.26L file format was also expressed as having a close relation to the need for NAL definitions for communication environments.  Methods of integrating NAL designs into the H.26L recommendation were discussed. It was pointed out that the IETF would probably prefer to have official control over NAL use for RTP packetization.  An annex to the H.26L standard itself might be the preferred method of NAL definition for some other environments such as H.324 and/or H.320.

1.8	Liaison with Other Organizations [VCEG-L08]

The IETF sent a communication to our group.  There was a comment on our reflector that pointed out that the values of some numbers in the IETF draft design are not correct. The group agreed to send a collaborative letter to the IETF to inform them of the problem, and Dr. Stephan Wenger agreed to coordinate the drafting of that letter (see Annex G).

2.0	Coordination of Deployment and Support of H.120, H.261, H.262, H.263 / H.263+

2.1	H.263 Profiles [VCEG-L08, VCEG-L39]

A reply to IETF AVT regarding the H.263 profiles and levels as discussed in section 1.8 was produced as VCEG-L39.

3.0	H.263 Enhancements

3.1	Workplan for H.263 [VCEG-L05]

The group made no alterations to its workplan in regard to work on Recommendation H.263.  That workplan includes:

Response to any comments on draft Annex X, and approval of that annex

Replacement of Appendix II with remarks that the former non-normative content of that appendix is supplanted by the adoption of the new normative Annex X

Addition of a test model appendix as Appendix III

Adoption of an implementer’s guide or corrigendum containing errata for the recommendation.

No contributions on these topics were received.

4.0	Proposals and Demonstrations for H.26L

4.1	Workplan and Development Policy [VCEG-L18, VCEG-L30, VCEG-L33, VCEG-L34, VCEG-L36, VCEG-L38, VCEG-L42, VCEG-L43, VCEG-L44]

At our last meeting, an output document was drafted containing plans for our work process [Q15-K-55].  These plans were intended to achieve any final refinement and to be adopted at this meeting to govern future work.  It was noted that the group planned to participate in performance tests in cooperation with ISO/IEC JTC1/SC29/WG11 (MPEG).



A contribution was provided discussing the requirements of the H.26L project and identifying specific issues in terms of missing tools and the need for simplification of the codec design [VCEG-L18].  The identified areas of work included:

Examining complexity reduction by simplifying the choices of block sizes for motion compensation in P and B pictures.

Evaluating the usefulness of using motion vectors over picture boundaries.

Providing the ability to change quantization step size at the macroblock level of the syntax within a picture, including examination of the “overhead” bit rate for signaling the step size specification.

Deblocking filter complexity reduction.

Combining the concepts of B pictures and multiple temporally-prior reference pictures.



Another idea mentioned in the group was to evaluate the use of a transform requiring only 16 bits rather than 32 bits for calculations.  Most of the issues that were brought up in the contribution document need testing work to assess their feasibility.  Some of the issues (notably items 4 and 5) were the subject of other contributions to this meeting.



A contribution was provided that advocated that H.26L should include a definition of a “baseline” operational mode and application-specific profiles [VCEG-L30].  The contribution advocated rapidly defining such profiles and closely examining the implementation complexity and real-time feasibility of the specification.  It also advocated subjective performance evaluation against a “reasonable” reference (such as H.263 draft Annex X profile 2, which contains Annexes F, I, J, and T) for assessment of performance.



The group agreed with the points made in these contributions and agreed that effort toward complexity minimization and profile specification was needed.



Our development policy was discussed and an output document was produced to describe the policy, which will govern our future work [VCEG-L33].  That approved document is attached as Annex G to this report.



An output document was produced containing draft profile definitions [VCEG-L34].



It was decided that an ad-hoc group should be formed to address the need for complexity minimization, and Mr. Michael Horowitz volunteered to coordinate that activity.  An output document was produced that described intended work in this area [VCEG-L36].



Modified common conditions output documents were authorized to be drafted for specifying common methods of testing performance in four scenarios:

Coding efficiency testing [VCEG-L38]

H.324/M [VCEG-L42]

3GPP RTP/IP Conversational Use [VCEG-L43]

3GPP RTP Streaming [VCEG-L44]



4.2	Overall Compression Performance [VCEG-L31, VCEG-L35]

A contribution was provided that described work toward comparison of the compression efficiency of H.26L with that of ISO/IEC 14496-2 “MPEG-4” [VCEG-L31].  The testing conditions used in the contribution were similar to those planned for the future video coding efficiency proposal testing to be done by ISO/IEC JTC1/SC29/WG11 “MPEG” (in which VCEG had declared an intent to participate).  Some testing conditions and coding configurations were altered in a manner described in the contribution in an effort to ease the testing process and to evaluate certain performance features in a controlled fashion.  Some objective and subjective results were provided.  The contributors indicated that they intended to bring their contribution also to the MPEG meeting in Pisa to be held immediately after the VCEG meeting in Eibsee.



The group found this to be a valuable contribution and invites its members to closely examine its contents.  However, the group expressed some reservations about the test conditions and result reporting described in the contribution, and wished to record its assessment of these issues.  An output liaison statement was therefore drafted to contain these remarks and was approved for sending to ISO/IEC JTC1/SC29/WG11 “MPEG” [VCEG-L35].

4.3	Intra Prediction [VCEG-L09]

A contribution was provided which proposed alteration of the spatial prediction process for intra macroblocks [VCEG-L09].  It proposed two types of specific changes:

Altering the vertical intra block prediction by adding an approximation of the 1st-order vertical variation in the horizontally-adjacent block to the value of the sample in the vertically adjacent block – thus obtaining a prediction that uses high-frequency variations from the vertically-adjacent block and also low-frequency variations from the horizontally-adjacent block (and adjusting the horizontal intra block prediction process in a similar fashion).

Altering the “DC and chroma” prediction processes by smoothing the prediction so that there is less of a discontinuity at the edge of the predicted block.



Preliminary experimental results were provided on the first picture of five test sequences, showing a small reduction in the coding bit rate (approximately 2%) with an approximately neutral effect on PSNR and obtaining a smoother appearance to the decoded picture.



Further work appears needed to assess the impact of this proposed alteration with more rigor.  The group’s development policy and common conditions should be consulted for guidance regarding that further work.

4.4	Adaptive Block Transforms [VCEG-L11, VCEG-L12, VCEG-L15, VCEG-L16, VCEG-L41]

In VCEG-L15, the coding elements used for the application of Adaptive Block Transforms (ABT) were described, where each block would be coded with a transform of the maximum applicable size. Since the current H.26L design contains blocks with side length 4, 8, and 16, integer transforms for 8 and 16 dimensions are proposed to be added to the syntax. The additional transform sizes require an alteration of the CBP syntax and coefficient scanning patterns. The performance evaluation has been conducted via entropy measurements, as a coding method has not yet been developed for the proposed method (although some entropy coding methods presented at this meeting were likely to be sufficient for developing this aspect).



It was noted that the word length for the design of the larger transforms stay in the 32 bit computational range. It was emphasized that it might be possible to find a 16 bit version.  Motion estimation for sub-pel motion is conducted using a Hadamard transform of appropriate size. Further, the impact on the ABT performance was discussed when the variety of motion segmentation shapes changes. Some members of the group (fastVideo) indicated a plan to make a contribution on the transform for various lengths at next meeting.



Contribution VCEG-L12 contained a comparison of length 16 transforms from Sharp and IENT.  Both methods use the same even basis functions, but the methods differ in the odd basis functions.  Better theoretical coding gain for a first order autoregressive source than the Portland length 16 transform was reported, with the IENT method being slightly better in this regard.  Approximation accuracy was measured relative to DCT basis functions, with the Sharp method being very close and IENT a little less close.  The Sharp method was also reported to have a smaller maximum distortion from IDCT, Coding gain measured on AR(1) process (IENT slightly better than Sharp)



Contribution VCEG-L16 contained an overview of the tests performed, using common conditions (using Hall Monitor instead of Forest, due to the lack of availability of the Forest sequence).  Some commonly used features were switched off in the tests (the tests used an prior TML4 design, no single coeff removal was performed, no rate-distortion optimized quantization was performed, and no deblocking filter was used) in all tests (and in the test material used as a reference).  Entropy comparison was the basis for test the results with regard to coefficient values.  The Sharp transform was used (so that more than one proposal would be used to show the same transform choice results).  Improvements around 0.5 dB maximum were reported at high bit rates with QP in the range 10-30.  The VLC design from Sharp was reported to be very close to entropy measurements and thus likely to be suitable for entropy coding use in this design.  It was reported that it might be possible to improve the measured performance if the coded block pattern were customized for ABT.  The subjective performance was reported to show some visible gain (Paris QP = 25, no deblocking filter), although a D-1 demonstration format would possibly have done a better job of illustrating the performance.



Contribution VCEG-L11 contained the results of ABT core experiments with an emphasis on entropy coding.  Alternative scanning methods were evaluated (with zig-zag appearing best) – and the existing VLC design was reported to give worse performance with ABT than without it.  A new prefix/suffix VLC code design including full scan for larger block sizes was described, in which a prefix part of a code determines the table to be selected for the remaining data (although in principle one can ignore the prefix/suffix structure and just think of the structure as a conventional Huffman code).  Different VLC designs were used for each of 5 different classes of coefficient blocks (16x16, 16x8 & 8x16, 8x8, 8x4 & 4x8, 4x4).  The entropy code design is described in more detail in another contribution (see section 4.5 below), although the codes used for the ABT evaluation were not adaptive and those proposed in the other contribution primarily were.  That entropy coding design was reported to give results very near the entropy measurements.



There was good correspondence between the results reported in VCEG-L11 and VCEG-L16.  In both cases the ABT technique was not applied to intra coding.  Performance gains of up to approximately 12% were preliminarily reported with use of ABT and modified entropy coding, primarily at the extreme ends of the fidelity range.  The bases of the transforms were orthonormal and allowed a 1-D butterfly structure for implementation.  It was not entirely clear how much of the reported gain was from the ABT technique and how much was from the improved VLC design, although it was reported that the VLC design improvements were primarily responsible for the performance gain at high bit rates while the ABT technique was primarily responsible for the gain at low bit rates.



No immediate action was taken on the ABT proposals due to lack of sufficient maturity.  The group indicated an interest in further investigation of the ABT concepts, and an output document was produced to describe a future core experiment on the issue [VCEG-L41].

4.5	Entropy Coding [VCEG-L13, VCEG-L19, VCEG-L28]

A contribution was provided that proposed the use of context-based adaptive binary arithmetic coding [VCEG-L13].  A binarization of the symbol set was conducted to enable binary arithmetic coding in a manner that relied on shorter binarizations for more likely symbols in order to obtain average complexity reduction, and context models were designed to capture expected interdependencies.  Adaptivity was used to provide local statistical accuracy.  Substantial bit rate reductions were reported from this technique, ranging from approximately 5 to 30%, with more potential reported by possibly incorporating the entropy estimates into decision processes.  The bit rate reduction was most significant at the high and low ends of the fidelity range.



A contribution was provided that proposed a configurable entropy coding scheme [VCEG-L19].  The entropy code design in this case consists of a “coarse code” and an “additional code”.  The “coarse code” in the proposal consists of a number of zeros followed by a single bit having the value 1, and specifies a category for further specification by an “additional code”.   The table length characteristics can be configured by specifying the number of members for each of the “additional code” segments of the table.  The configuration can be done by sending a list of monotonically non-decreasing integer values, each of which may be restricted to be a power of two if desired.  This customization feature can be used to enhance the performance of the code, and can be used to avoid the extra implementation complexity of features such as double-scan and dynamic symbol re-ordering.  Bit rate savings up to 13% were reported, as well as the ability to construct codes appropriate for a variety of modified syntax structures.



A contribution was provided that proposed another entropy coding alteration of the current test model’s universal VLC coding method [VCEG-L28].  In the proposed design, one or more codewords from the original UVLC table is used as an optional prefix to the codewords in the remainder of the table.  Significant gains (up to 6%) were reported to be achieved by use of this modified code in the double scan case of the test model at high bit rates.  The modifications preserve the universal and self-aligning nature of the VLC design.



These three contributions make it clear that H.26L performance can be improved by modifying its entropy coding.  Of the three proposals, the first (VCEG-L13) appears to show the most potential for performance improvement if alteration of only the entropy coding method is assessed in isolation (e.g., as opposed to coupling entropy coding changes with using adaptive block transforms).  This judgment is based on the automatic adaptivity in the proposed method and based on the performance improvement measurements submitted with the proposal.  However, the results have not been verified.  It is also possible that implementation of this binary arithmetic coding scheme difficult.  Some concern was also expressed regarding error resilience for adaptive coding.  There is therefore still interest in investigating other forms of entropy coding improvement such as those presented in VCEG-L19 and VCEG-L28.



The group decided that use of H.26L with the modified entropy coding technique of VCEG-L13 probably represents the best performance we can represent as the full known capability of H.26L.  However, since VCEG-L13 has not yet been fully evaluated in our process, we should not consider it fully adopted into our test model at this time.  Further work on entropy coding issues is encouraged.

4.6	Using a 4x4 Coded Block Pattern [VCEG-L22]

An informational contribution was provided that contained an investigation of adding explicit signals for which 4x4 blocks within an 8x8 region contained coefficient data [VCEG-L22].  The current test model indicates that a 4x4 region contains no coefficients by simply signaling an end-of-block as the first coefficient of the 4x4 block, rather than sending this information separately at a higher level of syntax.  If the indication of whether each 4x4 block contained non-zero coefficients was sent separately (e.g., as a fixed-length code using one bit per 4x4 block), there would not need to be an ability to send end-of-block as the first coefficient value of a block and the VLC for the coefficients could potentially be made more adaptive to the expected statistical behavior of the coefficient data.  The entropy coding of coefficient data could be altered to treat the first coefficient as a special case.  The net immediate effect of the use of a 4x4 coded block pattern was neutral on performance, but the contribution indicated that greater flexibility in designing altered coefficient entropy codes could results.



One member of the group indicated that similar lines of reasoning were used in the design of H.261 and that perhaps we should also keep in mind the VLC design of H.263 as an efficient solution.  As this was an informational contribution, no immediate action was requested.  However, the concepts discussed in the document may prove useful as the design process progresses.

4.7	Motion Representation [VCEG-L20, VCEG-L24]

A contribution was provided that discussed the complexity of the interpolation process for 1/4 and 1/8-sample motion representation [VCEG-L20].  A direct method of obtaining the interpolated result was discussed as a contrast with the multi-step interpolation now described in our test model.  The direct method was shown to result in a computational savings in the decoding process.  It was also shown that the decoding interpolation for 1/8-sample motion compensation would not necessarily require more computational operations than the 1/4-sample motion compensation presently used in the test model.  If 1/8-sample motion compensation were used in this fashion, a significant performance gain could be achieved in some specific cases (up to 1 dB), although the performance was not improved in all cases (some cases, particularly at QCIF resolution, actually resulted in a performance loss).  Although the contribution showed that the 1/8-sample case was less of a problem for the decoder than might have been assumed, it was pointed out that encoder complexity would still be increased by 1/8-sample motion.



The group decided that documenting the ability to use direct interpolation in the decoding process had obvious usefulness, although it does not affect the syntax or decoding process in a normative fashion.  It was therefore decided that our test model document should be altered to include a description of the direct interpolation technique (without altering the mathematical result).  One question that arose in the discussion was whether the 6-tap vertical extent of the current 1/4-sample interpolation process was really necessary or if 4-tap vertical filtering would have been sufficient, as it seemed that 6-tap filtering had been better justified in the horizontal direction than the vertical direction.  Further investigation should help answer that question.  The question of increasing motion compensation accuracy to 1/8 sample was deferred for further investigation.



A contribution was provided on the concept of “multihypothesis” motion compensation [VCEG-L24].  Multihypothesis motion would entail averaging together the predictions obtained by use of more than one reference blocks (e.g., a block obtained by one motion vector in some reference frame and another block obtained by a different motion vector in perhaps another reference frame).  This concept is similar to that of B pictures, but the pictures used as references may not bracket the current picture in time.  In fact, a multihypothesis picture could be constructed using only temporally-previous reference pictures, thus eliminating the added delay of conventional B pictures.  Bit rate savings up to 10% at high bit rates were reported to have been obtained in tests by use of this technique.



The results reported in VCEG-L24 were from a somewhat preliminary investigation and it was hoped that further work could improve the performance of the technique.  The remark was made that simply including a picture reference parameter at the motion compensation block level rather than at the macroblock level (as done in this proposal for the multihypothesis case) might give a performance benefit without using multihypothesis prediction.  The search method used for optimizing the selection of motion vectors in the simulations for this contribution appeared to be highly complex.  The method of indicating which picture is used for reference picture selection in multihypothesis motion could also potentially be made more efficient.



It is possible in principle for the multi-hypothesis concept to subsume the B picture concept by simply defining one type of picture that can use multiple reference pictures for prediction, with the relative temporal location of the reference pictures being not necessarily relevant to the decoding process.  This principle was taken as the basis of our judgment at the Portland meeting that B pictures should be seamlessly integrated with the multihypothesis motion concept.  However, the “direct” prediction mode of B pictures seems to provide a useful performance benefit not easily replicated in forward-only multihypothesis motion.  Further investigation of this topic is encouraged.

4.8	Loop Filter Contributions [VCEG-L21, VCEG-L25, VCEG-L32]

Two contributions were provided on loop filter complexity reduction [VCEG-L21, VCEG-L25].  It was remarked that the current loop filter in the H.26L design includes approximately half of the decoding complexity, so there is strong interest in decreasing its complexity.



A savings of 35-45% in complexity was reported, along with an increased degree of smoothness in the resulting pictures and a slight loss (0.2 dB) in PSNR quality.  One area of complexity savings reported was the use of luminance filter strength for application to chrominance filtering.  A “regularization parameter” is calculated for the filtering operation.  A division operator is used in the computation of the regularization parameter.  A look-up table is used to provide a computational savings in some operations (increasing the RAM requirements by approximately 32 kB).  Filtering is made stronger at the edges of macroblocks.



A second contribution on this topic reported a 60-65% complexity reduction by use of other techniques [VCEG-L25].  However, it was remarked that good estimates of the amount of complexity reduction are difficult to make and perhaps the degree of complexity reduction in the proposal might roughly be considered the same.  One distinction between the two complexity-reduction designs appeared to be that the second (VCEG-L25) requires no division operations (other than division by fixed constant values, which should trivially be possible to change to a multiply followed by a shift or some similar simplified operation such as changing (a+b+c)/3 to (5(a+b+c)+b)>>4).  Somewhat more simplification of the VCEG-L25 method was remarked to potentially be achieved perhaps by examining the order of the difference and clipping operations in order to save some addition operations. The subjective quality of the VCEG-L25 method was reportedly about the same as that of the current design, and the objective quality appeared to show some minor (within about 0.3 dB) PSNR gain at low bit rates for various sequences and a 0.3 dB loss at high bit rates only for one sequence (Silent) but not loss for other sequences.



One suggestion mentioned was that we could design a low complexity loop filter and a higher complexity outside-the-loop post filter which, when coupled together, would give the best visual performance while allowing complexity reduction in a decoder by skipping the post-filtering step.  However, the group interest seemed to remain primarily on tending toward keeping only an in-loop design.



The group felt that the current loop filtering design had unacceptable complexity and fixing this was an urgent matter.  Because the VCEG-L25 method appeared to be straightforward and consistent with the current design, provided more of a reported savings, did not appear to reduce objective or subjective performance, had reportedly already been implemented in the test model software, and avoided the complication of division operations in the decoding process, the group decided to adopt the simplification proposal of VCEG-L25.



A contribution was provided that noted a couple of problems in the current loop filter software and specification [VCEG-L32].  It noted and inconsistency between the document and software for filter strength calculation and also remarked that areas predicted from different pictures should probably be treated as not being “close” to each other in terms of controlling the filter.  The group agreed that this contribution appeared to point out some errors in the current design and adopted the suggestion to fix these problems.

4.9	“SP” Transition Pictures for Streaming Applications [VCEG-L27]

A contribution was presented that proposed a new picture type called an SP picture to be used as a transition between two different stream representations of the same video content (e.g., at two different bit rates) [VCEG-L27].  These pictures could be used for switching between two different bit rates in a streaming application, as a synchronization method for video redundancy coding, as a method of enabling fast-forward or fast-reverse playback, or for other such purposes of multi-stream representations of the same content.  In such a picture, the decoding process includes transformation and quantization of the prediction picture within the decoder prior to adding the decoded residual difference data.  The extra quantization step is used to place the prediction picture into the same quantized space as the difference coding – allowing any difference between two quantized prediction pictures to be possible to correct in the difference coding stage. (Note that uniform-reconstruction quantization without a reconstruction dead zone is assumed in order to allow this correction.)



The complexity of the decoding process is increased for these pictures due to the extra transformation and quantization stages in the decoding process.  The value added by the extra capability enabled by this feature must be weighed against this complexity increase.  This proposed method would also entail some quality loss within the sequence to be joined, although not nearly as much quality loss as including an intra picture while trying to remain within a bit rate constraint (the other obvious method for joining a stream without incurring a mismatch between reconstructed pictures at the juncture).



One question that arose in the evaluation of this proposal was whether a mismatch-free coding is really necessary.  For example, whether the joining stream could simply include a coding of a close approximation of the coded picture in the stream to be joined rather than burdening the stream to be joined with extra complexity in its decoding process.  Another issue that was discussed was whether the use of SP pictures would ameliorate or aggravate an artifact known as “I frame beating” which appear as periodic visible changes in picture content.



Further investigation of these issues is sought.  No immediate action was taken on the proposal, although the group found the concept very intriguing.

4.10	Network Adaptation Layer [VCEG-L07, VCEG-L26]

The ad-hoc report on Network Adaptation Layer (NAL) development is discussed above in Section 1.7.4 [VCEG-L07].  It contains a description of the general status of NAL development.



A contribution was provided that noted two specific problems in the current status of NAL specification [VCEG-L26]:

The concept and the software integration of the network adaptation layer do not completely match,

The concept presented in Q15-K-19 adds inherent delay due to the packet length parameter. 

The contribution contained a clarification of the concept of the NAL, and proposed some changes in the interface between video coding layer (VCL) and NAL to avoid the inherent delay problem.  It also sought clarification in our draft that the VCL to NAL interface is conceptual and is not required to be implemented as described in the specification.  The proposed solution to the delay problem due to the packet length parameter was the inclusion of a flag to indicate whether a macroblock ends a slice rather than use of a packet length parameter at the header of the slice layer in the interface.



The group welcomed these suggested alterations to the drafted NAL specification and adopted them as proposed.

4.11	Bit Errors and the UVLC design [VCEG-L23]

An informational contribution was presented that explored the impact of bit errors on the VLC design used in H.26L [VCEG-L23].  It was shown that bit errors modify the sequence of decoded symbols both by damaging individual elements and by insertions and deletions of symbols, although alignment to symbol boundaries is eventually recovered.  An important observation is that errors in codeword values cannot be detected from the sequence of generated bits because the symbol set output by the UVLC is complete.  Errors can only be detected by semantic constraints such as violations of ranges of decoded indices for specific syntax elements.  The specific location of errors in the bits would be difficult to determine, and although synchronization to the codeword boundaries is eventually recovered, it would be difficult to determine the actual meaning of the sequence of symbols later produced (because of the potential for erroneous insertion and deletion of symbols as a result of errors).  It was noted that a prior proposal contained a reversible decoding design using a general VLC (Q15-E-32).



A member of the group remarked that the ability to deal with individual bit errors may not have great value, as isolated and localized bit errors do not generally occur in modern video transmission systems.   More common phenomena are long bursts of errors and losses of large packets or strings of packets of content.



The group found the information in this contribution valuable and wishes to ensure careful analysis of the VLC design in our system relative to what useful purposes it can actually be expected to serve.

4.12	Test Model Encoding Design [VCEG-L10, VCEG-L14, VCEG-L29]

A contribution was provided that investigated the use of B pictures in the H.26L test model [VCEG-L10].  Tests reported in this contribution confirmed the significant performance benefit that could be obtained by use of B pictures.  The mode decision process for B pictures in the test model was investigated in greater depth, with the conclusion that altering the mode decision method currently found in our test model document would give a performance benefit.  In particular, biasing the decision process toward greater use of the “direct” bi-directional prediction mode appeared to result in a significant improvement in performance.



The group greatly appreciated this contribution and expressed its frustration that our test model software had not yet included B picture capability.  Greater experience with the use of the test model design as can be achieved by use of good reference software is likely to directly lead to a better resulting design.  The mode decision method modifications proposed in this contribution were therefore adopted since they appear to represent the best state of our knowledge for how to obtain good performance from the syntax design.  (Note that alteration of the mode decision process does not affect the normative syntax or decoding semantics – only the use of the syntax in the reference encoding design.)



A contribution was provided that noted that although the syntax does not limit the amount of reference picture memory that can be used in the encoding process, the current test model software can use at most five reference pictures and nearly all of our tests are done with this amount of memory [VCEG-L14].  Increasing beyond this five picture memory range was reported to provide a performance benefit on some test sequences.  The contribution proposed that our test model reference encoder be altered to provide the capability to use more memory, and proposed a particular reduced-complexity motion search and mode decision process for when the reference picture memory exceeds five pictures.  Remarks were made that increasing the motion search range from the current range in the test model might also enhance performance without altering the normative syntax or decoding process.  The group agreed that this contribution appeared to help in showing the best possible performance from the H.26L design and adopted the suggestion to modify the test model document and software capabilities to allow such high-performance use.  However, the group thought we would continue to use only five reference pictures in our typical test scenarios and would only use very high-memory configurations for demonstrations of maximal possible performance in particular special cases where the benefit from this use would be significant.  (Note that no normative syntax modification is involved in this proposal – only the use of the syntax in the test model document and reference software design.)



A contribution was provided that reported on the subjective quality achieved by coding video at different source resolutions [VCEG-L29].  It was noted that lower fidelity coding at a higher resolution is often preferable to higher-fidelity coding at a lower resolution.  An analogy could easily be drawn to the tradeoff between fidelity and source spectrum bandwidth in speech coding.  The fidelity range from QP=20 to 25 in the H.26L test model design appeared to result in approximately optimal quality (for lower QP, a higher resolution might be preferred instead and for higher QP, a lower resolution might be preferred).  This range of fidelity was thus emphasized as perhaps the most important part of the operating range for the video codec design.  It was noted that complexity reduction can be viewed as an enabling feature to achieve higher picture quality as it enables the design of encoders and decoders capable of higher resolution.  The group found this contribution valuable and hopes to keep its lessons in mind in our future work.

5.0	WORKPLANS AND CLOSING REVIEW OF RESULTS

5.1	Workplan for H.263

The H.263 workplan consists of the following goals to be achieved by the next Study Group meeting:

Final approval of H.263 Annex X

Alteration of H.263 Appendix II to reflect obsolescence due to adoption of H.263 Annex X

Approval of new Test Model Appendix to H.263

Approval of Implementer’s Guide or corrigendum to H.263

5.2	Workplan for H.26L

There were a number of contributions toward the H.26L project at this meeting.  The individual actions taken on each of these contributions are described above in Section 5.



The schedule for H.26L was kept essentially unchanged from the plan stated in Portland, expecting to reach technical stability approximately in August of 2001 and final approval approximately in May of 2002.  The “final major feature adoptions” milestone was removed from the plan to provide flexibility and to avoid debates over what is a major feature – deferring instead to the good judgment of the group as events progress (within the constraints of our development policy).

5.3	H.26L Actions Taken at This Meeting

The group authorized the creation of a Test Model Long-term number 6 (TML-6) representing the results of the conclusions reached at this meeting.  The test model document will be produced as VCEG-L45 and the writing of that document will be coordinated by the test model editor, Gisle Bjontegaard (gisle.bjontegaard@telenor.com).  The software development for TML-6 will be coordinated by the software coordinator, Stephan Wenger (stewe@cs.tu-berlin.de).



At the time of our meeting there were plans to participate in subjective performance tests to be conducted in coordination with ISO/IEC JTC1/SC29/WG11 (MPEG).  Our group planned to rapidly develop a near-term demonstration of the best achievable H.26L performance capability that could be demonstrated by the late January deadline for those tests, reflecting the judgments made at this meeting.  However, the plan for MPEG to hold such tests was postponed a few days after the conclusion of our meeting.  Our need to demonstrate the H.26L performance on that schedule was therefore obviated.  MPEG now expects to hold tests on a schedule delayed by a few months, and we can address our needs for participation in those tests at our next meeting.



Of particular note as a new development at this meeting is the adopted group development procedures [VCEG-L33] and IPR issues plan [VCEG-L37].  These agreed plans are attached as Annexes G and H to this report.  We plan to follow these guidelines in our future work.  Dr. Istvan Sebestyen (Istvan.Sebestyen@icn.siemens.de) agreed to act as the coordinator for tracking any IPR statements received by the rapporteur.



Changes approved at this meeting or at prior meetings for adoption into the TML document and/or software include:

B pictures [VCEG-L10]

Modified direct bi-directional prediction for B pictures (with 4 bits in picture header) [Q15-K-44]

Improved B picture mode decision [VCEG-L10]

Full H.263 Annex U capability [H.263]

Temporal decoupling of display and decoding processes [Q15-K-38]

Greater picture size and shape flexibility [COM 16 D.50]

Greater reference memory capacity flexibility [VCEG-L14] (only for purposes of maximal performance potential demonstration in exceptional cases)

Arithmetic entropy coding [VCEG-L13] (only for purposes of near-term demonstration, not to yet be integrated in group-maintained software)

Loop filter complexity reduction [VCEG-L25]

Alteration of loop filter application rules [VCEG-L32]

Direct computation of motion compensation interpolated values [VCEG-L20]

Minor alteration of the NAL interface and description [VCEG-L26]



Shortcomings of TML-5 taken as action items to evaluate and correct include:

Quantizer step size control

Step size change on macroblock by macroblock basis

Check the step control specified (currently 12% increase per increment)

Investigating fully-specified responses to lost or corrupted data



The technical areas for further improvement were discussed. The following set of Key Technical Areas (KTAs) was adopted by the group: 

KTAs to further improve compression efficiency:

Coding Modes and partitions of MBs

Adaptive block transforms

Intra coding

Entropy coding

Interpolation filters and MV resolution

B-pictures and multi-hypothesis pictures

Prediction from future pictures (generalized Annex U)

Loop filtering

KTAs to further improve network friendliness:

SP-frame coding and scalability

Transmission over error-prone channels

Network adaption and header level spec

Other KTAs:

Rate control and HRD

Supplemental enhancements

For finalization of the first version of H.26L, it was decided to concentrate VCEG’s efforts on those KTAs.



The list of H.26L functionality areas were kept unchanged as described below.



Functionality areas to be covered:

(a) High compression performance

  - capable of 50% or greater bit rate savings from ’98 H.263v2 (with Annexes DFIJ&T) at all bit rates

(b) Simplification “back to basics” approach

  - adoption of a generally simple, straightforward design using well-known building blocks

  - for example, use of a minimal number of VLC tables (e.g. one) for all parameters to be coded

(c) Flexible application to delay constraints appropriate to a variety of services

  - Low delay (e.g., no B pictures) for real-time conversational services

  - higher delay usage appropriate for storage or sever-based streaming application

(d) Error resilience

  - packet loss resilience

  - mobile channel corruption resilience

(e) Complexity scalability in encoder and decoder

  - asymmetry of encoder and decoder processing complexity

  - scalability between amount of encoder processing and achievable quality

(f) Full specification of decoding (no mismatch)

  - resolve mismatch problem (e.g., integer transform, VQ,…)

(g) High quality application

  - performance improvement in higher bitrate

  - applicability to entertainment-quality applications

(h) Network friendliness

  - ease of packetization

  - information priority control

  - application to video streaming services



Draft applications/profiles for H.26L were produced [VCEG-L34].



A study of H.26L complexity issues was authorized, with Michael Horowitz (mhorowitz@austin.polycom.com) agreeing to act as the activity coordinator [VCEG-L36].



Modified common conditions for performance testing were authorized to be drafted for the following scenarios:

For coding efficiency tests [VCEG-L38]

For H.324/M mobile use [VCEG-L42]

For 3GPP RTP conversational use [VCEG-L43]

For 3GPP RTP streaming [VCEG-L44]



Core experiment descriptions were authorized to be drafted for the following topics:

In-loop filter complexity reduction [VCEG-L40]

Adaptive Block Transforms [VCEG-L41]

5.4	Liaison Statements and Collaborative Letters Sent [VCEG-L35, VCEG-L39]

The group wrote one liaison statement and one collaborative letter and approved these for transmittal to the appropriate organizations:

A liaison statement to ISO/IEC JTC1/SC29/WG11 (MPEG) regarding video coding performance test evaluations (see section 4.2 above) [VCEG-L35]

A collaborative letter to IETF AVT regarding H.263 Annex X profiles (see section 2.1 above) [VCEG-L39]

5.5	Plans for future work, and ad-hoc committee designations

Our future workplans were reviewed.  The following ad hoc committees were established to progress the work between now and the next meeting, as detailed in Annex D of this report.

Test Model and Software Development			(Stephan Wenger)

H.26L Development   				(Gary Sullivan)

H.26L Complexity Reduction				(Michael Horowitz)

H.26L Profiles and Applications			(Thomas Wiegand)

5.6	Future meeting plans

The future meeting plans as described above in Section 1.5 were discussed and approved.

5.7	Closing of the meeting

There being no other business necessary for VCEG consideration, the group thanked the meeting hosts, and the meeting was closed at approximately 5:45 p.m. on Thursday January 11, 2000.
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TWELFTH MEETING OF ITU-T Q.6/SG16

VIDEO CODING EXPERTS GROUP (VCEG)
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DETAILED AGENDA

1.0	Opening plenary

1.1	Organizational items

Meeting logistical information

Generating attendee list			VCEG-L02

Reviewing experts list				VCEG-L03

Meeting invitation for this meeting		VCEG-L-TD-0

Comments regarding ITU-T patent disclosure policy�		http://www.itu.int/ITU-Databases/TSBPatent/

1.2	Review of previous meeting report

SG16 WP3 Report, Geneva 13-17 November, 2000	VCEG-L01

1.3	Document review				VCEG-L00

1.4	Review of the meeting plan			VCEG-L-TD-1

1.5	Future work plans

VCEG Meeting April

SG 16 Meeting May/June ‘01

1.6	Report of ad hoc committees

Test Model and software development (Stephan Wenger)  VCEG-L04

H.263 development (Gary Sullivan)		VCEG-L05

H.26L development (Gary Sullivan)		VCEG-L06

H.26L Network Adaptation Layer (Thomas Stockhammer)VCEG-L07

1.7	Liaison statements and collaborative letters received
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4.0	Proposals and Demonstrations for H.26L			VCEG-L06
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4.2	Compression Performance			VCEG-L31
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4.4	Adaptive Block Transforms

Experiment Results		VCEG-L11 (vlc: 1, 23, 4, 56, 7),�					VCEG-L16 (and data)

Integer Coding Transforms 		VCEG-L12 (and data)

ABT Coding Elements			VCEG-L15

4.5	Entropy Coding

Context-Based Adaptive Coding		VCEG-L13 (and data)

Configurable Entropy Coding		VCEG-L19 (and data)

VLC Concatenation			VCEG-L28

4.6	4x4 Coded block Pattern		VCEG-L22

4.7	Motion Representation

Accuracy and Complexity			VCEG-L20

Multihypothesis				VCEG-L24

4.8	Loop Filter

Complexity Reduction		VCEG-L21, VCEG-L25 (and data)

Description and switching rules		VCEG-L32

4.9	SP Frames			VCEG-L27 (exp1, 2, 3)

4.10	Network Adaptation Layer		VCEG-L07, VCEG-L26

4.11	Error Resilience and UVLC			VCEG-L23

4.12	Test Model Considerations

B-Picture Mode Decisions			VCEG-L10 (+ data)

Extension of Long-Term Memory		VCEG-L14

Picture Format and Subjective Quality	VCEG-L29

5.0	CLOSING REVIEW

5.1	Presentation and review of results of meeting sessions

5.2	Liaison statements and collaborative letters to be written

5.3	Plans for future work, and ad hoc committees

5.4	Future meeting plan
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D.1	Test Model Enhancement and Software Development

This group will act with a mandate to:

Improve the description of TMN 13 and TML 6

Evaluate technology for non-normative enhancements

Develop reference software and useful software tools for video coding activities

The objectives of the group are to

demonstrate the capabilities of the H.263 and H.26L designs

draft an implementers guide, informative appendix, or other such information to give good examples to users of the standard if necessary

The technical areas relevant to the ad-hoc activity are

pre- and post- processing

rate control issues

other encoder-specific content such as motion estimation methods, motion vector search ranges, mode decision mechanisms, etc.

evaluation of technology to realize a low-complexity codec (especially for an encoder)

define experimental conditions and/or new video sequences to provide good demonstrations of the performance of various methods

Primary group communication will be conducted via itu-adv-video@standard.pictel.com reflector.
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S. Wenger, Chairperson



B. Andrews�M. Bace�G. Bang�A. Bist��G. Bjøntegaard�P. Boissonade�G. Côté�M. Dahlqvist��T. Einarsson�R. Fryer�M. Gallant�T. Gardos��S. Gupta�G. Hellström�C. Huang�M. Karczewicz��A. Kaup�M. Kerdranvat�C. W. Kim�J. Kim��G. Klungsøyr�G. Liang�K. Lillevold�S. Lin��D. Lindbergh�P. List�M. Luomi�J. Mason��A. Nakagawa�T. Nakai�Y. Nakaya�W. Niem��K. O’Connell�J. Paulin�C. Quist�R. Schaphorst��J. C. Schmitt�I. Sebestyen�R. Sjöberg�G. Sullivan��H. Tanaka�Y. Tomita�T. Wiegand�M. Whybray��K. Zhang�K. Hibi���������

D.2	H.26L Development

The goals of this group are:

Refinement of the draft Test Model Long Term (TML-6)

Coordinate/merge proposals of interest to H.26L.

Enhance the “Common Conditions” for H.26L Testing

Improvement of the description of a Delay Evaluation Model (R. Fryer).

Refinement of an H.26L Requirements Document

Primary group communication will be conducted via itu-adv-video@standard.pictel.com reflector.



Membership:



G. Sullivan, Chairperson



B. Andrews�M. Bace�G. Bang�A. Bist��G. Bjontegaard�P. Boissonade�H. Cho�M. Dahlqvist��T. Einarsson�R. Fryer�M. Gallant�T. Gardos��G. Greenbaum�S. Gupta�P. Haavisto�M. Hannuksela��B. Haskell�G. Heising�G. Hellström�K. Hibi��M. C. Hong�C. M. Huang�D. G. Jeong�Y. A. Jeong��T. Johansen�M. Karczewicz�A. Kaup�M. Kerdranvat��C. W. Kim�D. S. Kim�J. Kim�G. Klungsøyr��J. Lainema�I. Lille-Langøy�G. Liang�K. Lillevold��S. Lin�D. Lindbergh�P. List�M. Luomi��J. Mason�A. Nakagawa�T. Nakai�Y. Nakaya��W. Niem�M. Nilsson�P. Ning�K. O’Connell��J. Pandel�D. S. Park�J. Paulin�C. Quist��J. Ribas-Corbera�R. Schaphorst�J. C. Schmitt�I. Sebestyen��N. Shroff�R. Sjöberg�G. Sullivan�H. Tanaka��Y. Tomita�J. Wen�M. Whybray�M. Wien��K. Yoo�S. Wenger�J. Zhang�K. Zhang��K. Hibi�M. Horowitz���������

D.3	H.26L Complexity Reduction

The goals of this group are:

Study the encoding and decoding complexity of the H.26L design

Seek alterations of the H.26L design to minimize its implementation complexity while maximally preserving its performance capabilities

Primary group communication will be conducted via itu-adv-video@standard.pictel.com reflector.



Membership:



M. Horowitz, Chairperson



G. Bjontegaard�C. Fogg�G. Heising�M.-C. Hong��T.-I. Johansen�L. Kerofsky�P. List���J. Lainema�D. Lindbergh�M. Luttrell�R. Rao��G. Sullivan�T. Wedi�S. Wenger�T. Wiegand��E. Viscito����������



D.4	H.26L Profiles and Applications

The goals of this group are:

Definition of H.26L Profiles, Levels, and Versions

Specification of H.26L Profiles, Levels, and Versions and assignment of applications

Primary group communication will be conducted via itu-adv-video@standard.pictel.com reflector.



Membership:



T. Wiegand, Chairperson



G. Sullivan�T. Stockhammer�D. Lindbergh�S. Wenger��M. Luttrell�M. Hannuksela�P. List�M. Horowitz��T.-I. Johansen�R. Sjoberg�C.-M. Huang�G. Bäse�������
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Filename: VCEG-L35.doc

Generated: 10 Jan ’01��
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This liaison statement is written to provide some comments about some study work conducted by WG11 participants and reported in WG11 contribution M6801 regarding the relative compression performance of our draft Recommendation H.26L video codec standard relative to that of MPEG-4.  The results of that work were also reported at January 9-11 meetings of the ITU-T Video Coding Experts Group (now Q.6/16).



We are pleased to see an effort to evaluate the performance of our draft standard and to see that the results reported in this study support our understanding that H.26L has performance significantly beyond that of prior video coding standards such as MPEG-4.



However, we also have some comments below that we would like to relay to MPEG regarding what we consider the proper interpretation of these study results and possible methods for improving the ability to measure H.26L compression performance in the future.  Several choices were made in the conduct of the study reported in M6801 that significantly impact the measured results.



The first of these issues involved in the conduct of the study is that the motion estimation method found in the MPEG-4 VM was altered in this test to enhance its performance by making it similar to the techniques used in the H.26L software.  We agree that such modification is useful in such a comparison of these standards.  We have included such enhanced “rate-distortion optimized” motion estimation techniques in our own experiments with H.263 and H.26L for a couple of years now, and have found them to be valuable.



However, there are some other test design issues in regard to M6801 that we believe may have caused the test results to under-report the actual performance capabilities of H.26L.  In particular,

The test results reported in M6801 were obtained after disabling the use of intra/inter mode decisions in both the H.26L and MPEG-4 encoders.  Intra/inter mode decisions are a very basic part of video codec design, and is found in the relatively dated video coding standards such as H.261.  We believe that disabling the ability of an encoder to use such decisions may result in unreliable comparative results, and certainly will harm absolute performance.  The relative performance results might be different if this basic feature were not disabled, in particular because the intra coding performance of H.26L is significantly improved relative to that of MPEG-4 (as partially reported elsewhere in M6801).

An encoder quantization optimization feature in the H.26L design was disabled in these tests.  The H.26L codec normally uses a small block-size (4x4) transform.  Because of the small block size and the overhead associated with signaling coded blocks, it is important to avoid coding blocks unnecessarily.  Our reference encoder therefore quantizes some isolated AC coefficients to zero in cases where the overhead for indicating a non-zero value seems to exceed the benefit of refining the predicted value.  This feature of our reference encoder design was disabled in these tests, and we believe this disabling is likely to have harmed the measured H.26L performance.

Some of the results that are calculated and graphically reported in M6801 were computed only from comparisons of luminance-component quality.  It is clear from other results also reported in M6801 that chrominance color fidelity is significantly improved in the H.26L codec relative to that in the tested MPEG-4 implementation.  Since it costs bits to enhance chrominance fidelity, any results obtained by measuring only luminance quality will understate the overall relative visual quality of H.26L in such a comparision.



For future test efforts, we believe that the performance of H.26L would normally be better represented by using the latest version of the H.26L reference software without disabling features of the codec and without operating with reduced quality settings (such as in regard to the issues listed above or in regard to reducing quality by using a single reference picture, as was also done in some of the M6801 tests).



It is probably also worth remarking that enhancing subjective rather than PSNR performance is the primary goal of our work, and we hope that the upcoming tests to be conducted within MPEG will provide valuable information in that regard.  We are working toward trying to have the best possible H.26L performance demonstration for those tests, and we look forward to the evaluation results.
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Thank you for your communication informing us of your recent status of work on video transport using ITU-T Recommendation H.263.  We are pleased to see this work progress.



Regarding draft-ietf-avt-profile-new-09.txt (Section 5.6), please note that we consider the H263-1998 packetization defined in IETF RFC 2429 to be fully capable of carrying bitstreams using the capabilities defined in the recently-enhanced 2000 edition of ITU-T Recommendation H.263 (as well as those of the prior 1998 and 1996 versions of H.263).  We continue to have a high opinion of RFC 2429 and wish it to move forward along the standards track as soon as possible.  It is our understanding that the RFC 2429 RTP payload packetization format is now in wide use by a number of independent organizations and that it should meet the requirements for promotion along the IETF standards track.



Regarding draft-ietf-avt-rtp-mime-03.txt (Section 4.2.7), please note that the profile and level information in this internet draft is somewhat out of date with our current design.  ITU-T VCEG has drafted a new Annex X for Recommendation H.263 which was given “consent” by ITU-T SG16 and for which final approval is imminent (under the new ITU-T “Alternative Approval Procedure” per http://www.itu.int/ITU-T/aap/index.html).  The new Annex X contains a normative definition of profiles and levels for H.263.  We suggest that the reference to H.263 profiles and levels in draft-ietf-avt-rtp-mime-03.txt should refer specifically to Annex X of H.263 (to avoid confusion with the prior non-normative content of H.263 Appendix II).  Please also note that the current specification of H.263 Annex X contains nine defined profiles (numerically ranging from 0 to 8) and seven levels for these profiles (numerically designated as levels 10, 20, 30, 40, 50, 60, and 70).  These ranges differ from the numerical values currently defined in draft-ietf-avt-rtp-mime-03.txt.  It is also hypothetically possible that additional profiles and levels may be defined, so it may perhaps be best if the ranges specified in the MIME registration could simply be indicated as ranges such as [0,…,10] for profiles and [0,…,100] for levels – with H.263 Annex X being referenced to govern the specific values and their meaning.



On another issue, we wish to report that we are continuing to progress well on our new H.26L video codec standardization project.  In addition to providing a significant increase in compression capability, H.26L is designed to have a “network friendly” design incorporating a “network adaptation layer” (NAL) concept. The NAL design is incorporated to provide a packaging of the coded video data in a manner appropriate for delivery over a specific type of network (for example, such as IP networks).  We will be happy to provide further information about the H.26L project and to discuss its relationship to future IETF AVT work.



We again thank IETF AVT for its progress in relation to ITU-T Recommendation H.263 and look forward to further collaboration regarding the use of ITU-T video coding standards in the future.



�ANNEX G�Adopted Rules for Proposals to TMLx and H.26L [VCEG-L33]



ITU – Telecommunications Standardization Sector

STUDY GROUP 16

Video Coding Experts Group (Question 6)

_________________

12th Meeting: Eibsee Germany, 9-12 January 2001�Document  VCEG-L-33r5

File: VCEG-L-33r5.doc

Generated: 11 Jan 2001��

Question:�Q.6/16��Source:�Dave Lindbergh�PictureTel Corp.�100 Minuteman Road�Andover, MA 01810   USA

Stephan Wenger�TU Berlin, Sekr. FR 6-3�Franklinstr. 28-29�D-10587 Berlin   GERMANY�Tel:�Fax:�Email:



Tel:�Fax:�Email:�+1 978 292 4351�+1 781 944 1267�lindbergh@pictel.com



+49-172-3000813�+49-30-31425156�stewe@cs.tu-berlin.de��Title:�VCEG Rules for New Proposals to TMLx and H.26L��Purpose:�Information��_____________________________

The rules in this document were formally approved by VCEG (ITU-T Q6/16) at their 12th meeting (Eibsee Germany, January 2001).







VCEG Rules for New Proposals to TMLx and H.26L





G.1	Abstract

This document defines rules VCEG will use for the future standardization process of H.26L.  



VCEG reminds the reader that the ultimate purpose of standardization is not to develop an official Recommendation providing the highest possible theoretical performance, but to encourage actual interoperation between implementations in the field, at the highest practical level of performance.  “Optional” modes which are unlikely to be commonly implemented do not enhance performance in the field, despite any theoretical advantages.  This observation drives many of these rules.



The rules help to ensure maximal interoperability and simple capability negotiation of systems employing H.26L.  A Profile-Version-Level framework is introduced, that, in spirit, corresponds to the one previously used for Annex X/H.263 (although hopefully doing a better job by preventing divergence at the outset).



Note that all these rules apply only to the described types of proposals.  These rules do not apply to informative or discussion contributions.



G.2	Definitions

The Baseline mode is the common mode supported by all H.26L implementations, without exception.  The Baseline supports video communication between all ITU-T H.32x series systems Recommendations (H.320, H.323, H.324).



A Profile is defined by a particular tradeoff between:

Encoder RAM

Encoder ROM

Encoder MIPS

Decoder RAM

Decoder ROM

Decoder MIPS

Latency

Error resilience

within the encoder or decoder implementation.  Applications which require similar tradeoffs between these parameters should use the same Profile. 



New Versions are defined by a change in syntax that will allow an improvement in performance for a given Profile and Level.  Within each Profile, successive Versions may be defined by VCEG over time.  Each Version represents the “best” available technology for the application identified by the Profile at the time of approval of the Version.



A Level describes performance parameters within each Profile, which describe upper limits on decoder capability.  Performance parameters may include maximum picture size, macroblocks per second, bitrate, and similar parameters.  See the Test Model document for a list of Levels.  See Figure G.1.



Approval Date�Profile X�Profile Y�Profile Z��2008�L1  L2  L3����2006 Version 3�L1��L1  L2��2004 Version 2�L1  L2�L1�L1  L2  L3��2002 Version 1�L1  L2�L1  L2�L1��2002�---- Baseline ----��

Figure G.1 - Profile-Version-Level scheme (example only) 



G.3	Rules for VCEG itself



VCEG shall ordinarily define each Level and Version for a given Profile to require support of all lower-numbered Levels (L) and Versions (V) for the same Profile (P).  Therefore, when an endpoint signals Pa Vb Lc, this indicates the ability to operate in any mode Profile a, Version (1..b), Level (1..c).



For example, in Figure 1, PZ V3 L2 requires support for PZ V3 L1, PZ V2 L1, PZ V2 L2, PZ V1 L1, and the baseline.  It does not require support for PZ V2 L3.  However, VCEG may exceptionally drop backward compatibility, primarily in cases where serious problems have been found with one or more previous versions.



The minimum time between new Versions is normally 2 years.



VCEG shall not begin the ITU-T approval process for Recommendation H.26L or any Annex(es) thereof, until the complete C-code for that version has been shown to work and test bitstreams have been generated and tested on the C-code model.



Contributed proposals which do not comply with the following rules will be considered by VCEG only with the consensus of the group, and only if time is available after consideration of normal proposals.  VCEG may reach a tentative conclusion regarding such non-compliant proposals, but no proposal shall be formally accepted until the contributor supplies the required materials, and these are approved by VCEG.



G.4	Rules for Proposals of New Profiles 

Every proposal of a new Profile or for a change in the requirements of an existing draft Profile  shall include:



A description of the intended application from a user’s point-of-view.  



Examples: 

A Profile including “high encoder resource consumption, low decoder resource consumption, not latency-sensitive, highly error resilient”, might be appropriate for wireless streaming video applications.

A Profile including “moderate encoder resource consumption, moderate decoder resource consumption, latency-sensitive, not error resilient”, might be appropriate for ISDN video conferencing.



This description should include quantitative target values for the above parameters.



A list of Non-Required Attributes for the Profile.  For example, “Encoder computational complexity may be very high, Algorithmic Delay is unimportant”. 



A justification why proposed applications are not well-served by existing H.26L profiles.



At least one technical proposal for a solution of the posed problem, see below, OR an informative description of a possible solution.  In the latter case it is expected that a detailed proposal will be presented at the next meeting, otherwise the profile, if accepted, will be deleted then.



A text draft of Common Simulation Conditions appropriate for the new Profile. 



G.5	Rules for Proposals of New Versions



All proposals to start work on a new Version of a profile shall include a proposed requirements document for the version, stating quantitative target values for codec performance metrics such as computational complexity, delay, memory, etc.



The proposal shall also include evidence that a significant performance improvement can be achieved compared to the existing version.



G.6	Rules for Proposals of New Levels

Every proposal of a new Level for an existing Profile shall include:



A description of the intended performance parameters for the new Level.  See the definition of ‘Level’.  



A justification why the current Levels are inadequate.



A text draft of Common Simulation Conditions appropriate for the new Level.



G.7	Rules for Technical (algorithmic) Proposals

All technical proposals for algorithms to be included in one or more Profile-Version-Levels shall include:



The results of a reference implementation relative to the official TML design.  



In the case of enhancements or evolutionary developments of algorithms already present in TML-n, the results must be based on the most recent TML-n.  In the case of algorithms that address fundamentally new issues, it is sufficient that the software is relative to the earlier TML-n-1.  This requirement is distinct from the requirement of timely inclusion of the software implementation into TML-n+1 in case of adoption (see  below).  



A textual description that fits into the current structure of the Test Model, and a change-bar version of TML-n including the new proposal, as a hint to the editor how the resulting TML-x+1 may look like.



A written transfer of copyright in the contributed C-code to the ITU.  As the H.26L C-code model is a collaborative work by the VCEG experts, copyright on the jointly-developed software code shall reside in the ITU, and contributors must agree to this condition.



Contributors of software code retain the right to do whatever they wish with software they have contributed.  Contributors also retain full patent rights in their contributed algorithms, according to the ITU-T Patent Policy.  The ITU will grant, free of charge, the right to use this software or variations on this software to anyone for purposes of implementation of the standard.  VCEG intends to include the final C-code version of encoder and decoder into the standard in the form of some normative or informative part of the standard (at the discretion of the group).



This transfer of copyright shall be contained in the headers to all source C-code, in the exact following form:

/*

***********************************************************************

* COPYRIGHT AND WARRANTY INFORMATION

*

* Copyright <year>, International Telecommunications Union, Geneva

*

* The contributor(s) hereby donate this source code to the ITU, with

* the following understanding:

*      1. Contributor(s) retain the right to do whatever they wish

*         with the contributed source code, without limit.

*      2. Contributor(s) retain full patent rights (if any exist) in

*         the technical content of techniques and algorithms herein.

*      3. The ITU shall make this code available to anyone, free of

*         license or royalty fees.

*

* DISCLAIMER OF WARRANTY

*

* These software programs are available to the user without any

* license fee or royalty on an "as is" basis. The ITU disclaims 

* any and all warranties, whether express, implied, or

* statutory, including any implied warranties of merchantability

* or of fitness for a particular purpose.  In no event shall the

* contributor or the ITU be liable for any incidental, punitive, or

* consequential damages of any kind whatsoever arising from the

* use of these programs.

*

* This disclaimer of warranty extends to the user of these programs

* and user's customers, employees, agents, transferees, successors,

* and assigns.

*

* The ITU does not represent or warrant that the programs furnished

* hereunder are free of infringement of any third-party patents.

* Commercial implementations of ITU-T Recommendations, including 

* shareware, may be subject to royalty fees to patent holders. 

* Information regarding the ITU-T patent policy is available from 

* the ITU Web site at http://www.itu.int.

*

* THIS IS NOT A GRANT OF PATENT RIGHTS – SEE THE ITU-T PATENT POLICY.

************************************************************************

*/



IMPLEMENTATION OF RULES (a), (b), (c)



Only for rules (a),  (b) and (c) above, the contributor does not need to include these items in an initial contribution to VCEG.  In the case that VCEG tentatively accepts the proposal, this will be noted in the VCEG Meeting Report, and the contributor is then required to supply items (a),  (b) and (c) before formal inclusion of the proposal.  The VCEG Document Editor and Source Code Coordinator have the discretion to accept items (a), (b), and (c) between VCEG meetings.  Such acceptance shall be notified to and reviewed by VCEG at their next meeting.



An intellectual property (patent) statement. This shall be in the format described in VCEG-L-37r1.



Performance and complexity figures as discussed below in the attached “Form for Resource Consumption Metrics”.



VCEG will choose proposals that in the opinion of the experts, best meet the Requirements for the Profile-Version-Level.  As the metrics describing the performance offered by contributions will not be directly comparable to the metrics used in the requirements document (due to differences in development platform, optimization, etc.), the experts will have to make judgments about appropriate correction factors to compensate for measurement differences.



It is the policy of VCEG that all technical results shall be confirmed by independent implementations tested under common conditions.  At the discretion of VCEG, technical results may be confirmed by submission of source code software to be tested under common conditions.



Note: in a later stage of the standardization process it may be desirable to have less strict rules for inclusion into TML provided that syntax and semantics of the bitstream/packetstream remain unchanged. (Similar to past rules regarding adopting proposals into TMN versus adopting proposals into the H.263++ draft).

G.8	Procedure to add code of accepted proposals into TML

Immediately after the closing of each meeting, all proponents of accepted proposals and the software coordinator meet (in person, or by telecommunication) in order to synchronize the implementation efforts.  During this meeting the software coordinator assigns, solely on technical parameters, timeslots, during which proposals will have to be included into the new software release.  Length, order, and eventual overlapping of those timeslots depend on the breakout group’s judgment on the best possible way to integrate the various proposals into the common code base.  All integration work should be finished after half of the period between two meetings (including Study Group meetings that contain a Rapporteur’s meeting).



The software coordinator maintains an RCS-based source code archive.  Any VCEG member can request from the software coordinator any version of TML, which will be sent by Email as soon as possible.



In case of situations where a proponent does not finish the integration work during the assigned timeslot, or the software coordinator judges the integration work’s quality inappropriate for acceptance, the software coordinator will inform the VCEG experts through the Email reflector itu-adv-video.  The Rapporteur then may grant a single time extension for that proponent.  If the Rapporteur doesn’t grant an extension, or if no successful integration work took place during the extension period, the proposal is automatically deemed to be withdrawn.  It may, however, be proposed again at the next meeting.



Following these procedures, in the middle of the period between two VCEG meetings, software of reasonable quality will exist, that include all features of the actual TML document.  All integration work for new technical proposals, as discussed in section 3 above, has to take place relative to this software base.



Software shall be provided in C or C++.  The software should compile at least on the most current version of MS-C++.  The use of specific features of this compiler, however, should be avoided, and the software coordinator will reject code that, in his judgment, is not portable to other platforms.



There is no real-time requirement for the code, but, as computational complexity is an important factor, the submission of somewhat optimized software is encouraged.  It is VCEG’s intent to keep at least the decoder close to real-time performance (e.g., for QCIF resolution at 15 fps).





G.A - Form for Algorithm Resource Consumption Metrics

When VCEG experts contribute proposals for H.26L algorithms, contributions shall be accompanied by Resource Consumption Metrics.  Contributions without the form below fully populated will not be considered by VCEG.



----



Algorithm Name: [one line]

Algorithm Description:  [brief summary, one to five lines]

Source:

Contact:



Encoding metrics



Computational complexity: [cycles/second] on [platform] under [conditions [scene, etc.]]

{ “platform” may be hardware, simulation, or a theoretical calculation.   But it must be stated.}

RAM memory required: [octets] on [platform] under [conditions]

ROM (table) memory required: [octets] on [platform] under [conditions]

Algorithmic delay: [seconds | frames] under [conditions]

Program space: [lines of C] | [bytes of executable] on [platform]



Decoding metrics



Computational complexity: [cycles/second] on [platform] under [conditions [scene, etc.]]

{ “platform” may be hardware, simulation, or a theoretical calculation.   But it must be stated.}

RAM memory required: [octets] on [platform] under [conditions]

ROM (table) memory required: [octets] on [platform] under [conditions]

Algorithmic delay: [seconds | frames] under [conditions]

Program space: [lines of C] | [bytes of executable] on [platform]



Efficiency metrics



Signal/noise ratio: [value] under [conditions]

Compression efficiency: [bitrate] at [SNR] under [conditions]

Robustness to errors: [SNR decrease] under [conditions] at [BER] compared to [reference]
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H.1	H.26L Basic IPR Principles 

Regarding Intellectual Property Rights (IPR) for the future ITU-T H.26L, Q.6/SG16 (VCEG) has agreed to the following basic principles:

H.26L should have a simple license free “baseline mode” (both on the encoder and decoder) in order to promote the wide implementation and use of ITU-T H.26L. All implementations should have such a common “baseline mode” core, in order to allow minimal interoperability among all H.26L codecs. The above requirement means that all technology applied in the “baseline mode” shall have either no, or expired IPR, or valid but license-fee-free IPR (according to Box 1 of the ITU Patent Statement and Licensing Declaration, attached below) . 

Special, more advanced profiles of the H.26L standard may contain patents per Box 2 of the ITU Patent Statement and Licensing Declaration (reasonable terms and conditions).

H.2	Collection of IPR information during the standardization process

According to the ITU-T IPR policy, ITU-T members/experts are encouraged to disclose as soon as possible IPR information (of there own or anybody else) associated with any standardization proposal (of their own or anybody else).  Such information should be provided on a best effort basis.

For collecting such information, VCEG has decided to use the same patent declaration form that is to be submitted to the ITU Director when the contributed technology becomes part of the final standard.

 

Therefore, VCEG requires all technical (algorithmic) proposals include one or more of:



Attached at the end of each technical contribution, a fully filled-out ITU “Patent Statement and Licensing Declaration” (attached below).  At the contribution stage, this form is for information only, and may be signed by an expert or left unsigned.  The form need not be submitted to the TSB at this stage, but must be included in the contribution to VCEG,



or, the following statement:



“The contributor(s) are not aware of any issued, pending, or planned patents associated with the technical content of this proposal.”,



or, the following statement:



“The contributor(s) believe(s) one or more third-parties may have issued, pending, or planned patents associated with the technical content of this proposal.”



Note that the submission of the ITU Patent Statement and Licensing Declaration to VCEG at the proposal stage does not have the same formal status as the final IPR declaration to the TSB. 



Such information provided to the Rapporteur will be tabulated in a “IPR status list” (e.g. a simple Word table) of the information received. Not relevant information (e.g. if a proposed method was not accepted) will be removed from the “IPR status list” as early as possible. The “IPR status list” is a living document of VCEG. 

H.3	Formal submission of IPR statements to the ITU TSB Director

In the final stage of standardization such formal IPR statements have to be forwarded to the ITU TSB Director. This should be done by a responsible member (e.g. IPR Department) of the IPR holder. To avoid formal IPR statements on proposals not included in the final Recommendation, it is suggested that this submission be done only after the H.26L standard has been finalized for the “consent” process in the Study Group.  The last call of the standard can only be issued by the TSB when all formal IPR statements have arrived to the ITU.

H.4	Outlook

It is hoped that the above implementation would facilitate to achieve the goals outlined under paragraph 1.

�H.A	Patent Statement and Licensing Declaration

(Typically one per ITU-T Recommendation)

This declaration does not represent an implied license grant



Please return to:	Director	Place des Nations 

Telecommunication Standardization Bureau	CH-1211 Geneva 20, Switzerland

International Telecommunication Union	Fax: +41 22 730 5853



Patent Holder/Organization:��Legal Name����Contact for license application:��Name & Department����Address��������Tel.����Fax����E-mail����ITU-T Recommandation:��Number����Title����Licensing declaration��The Patent Holder believes to hold granted patents and/or pending applications, whose use would be required to implement the above ITU-T Recommendation and hereby declares, in accordance with the Statement on ITU-T Patent Policy (see ITU-T web site), that (check one box only).�������1	The Patent Holder is prepared to grant – on the basis of reciprocity for the above ITU-T Recommendation – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above ITU-T Recommendation.�������2	The Patent Holder is prepared to grant – on the basis of reciprocity for the above ITU-T Recommendation – a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above ITU-T Recommendation.

Such negotiations are left to the parties concerned and are performed outside the ITU-T.�������3	The Patent Holder is unwilling to grant licenses according to the provisions of either 1 or 2 above. In this case, the following information must be provided as part of this declaration:

patent registration/application number;

an indication of which portions of the Recommendation are affected.

a description of the patent claims covering the Recommendation;��Signature��Organization����Name of authorized person����Title of authorized person����Signature����Place, Date���������

Patent Information (desired but not required)��No.�Registration Number/ Country�Title/ Inventor�Status�[granted/ pending]��1�����2�����3�����4�����5�����6�����7�����8�����9�����10�����11�����12�����13�����14�����15�����16�����17�����18�����19�����20�����

_____________________________
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