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ITU-T SG 16 thanks ITU-T FG IPTV for its liaison statement TD 269 (GEN/16) regarding the People's Republic of China AVS standard Parts 2 (video), 3 (audio) and 7 (video for mobile).

At the present time, SG 16 has little information about these specifications and cannot comment in detail on that technology.  However, in relation to the information that has been provided to FG IPTV, we may be able to help provide some useful remarks about how alternative technology should be compared with ITU-T Rec. H.264 (a.k.a., ISO/IEC 14496-10, a.k.a. MPEG-4 AVC, a.k.a. H.264/AVC), Advanced video coding for generic audiovisual services (the current most advanced video coding standard in the domain of SG 16).

We note that a presentation on H.264/AVC was provided at the TSB Director's consultation meeting on IPTV of 4-5 April 2006 by Q.6/16 Associate Rapporteur Thomas Wiegand, and we continue to suggest that H.264/AVC should be considered the primary international standard candidate video coding technology for IPTV applications.  We note the widespread adoption of H.264/AVC in various SDOs and industry consortia, its widespread and increasing industry deployment in applications including IPTV, broadcast and satellite TV, stored-media consumer electronics devices, mobile services, and videoconferencing systems.  We also note the completed IETF standardization of an RTP payload specification RFC 3984 for its carriage in IP environments, its support in the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 standard for carriage over MPEG-2 transport and program streams, and its support in multimedia application standards such as ITU-T Rec. H.323, DVB/ETS TS 101 154, and DVB/ETSI TS 102 005. To the extent that we are aware, all significant IPTV deployments by industry have included support for H.264/AVC.
We have noted the comparison offered to FG IPTV between H.264/AVC and AVS Part 2, The Standards of People’s Republic of China GB/T 20090.2—2006, Information Technology, Advanced Coding of Audio and Video, Part 2: Video, as found in the FG IPTV‑ID‑0082 document "Introductions for AVS-P2", which was submitted in support of the accompanying FG IPTV‑ID‑0021 "Proposal to request of AVS video standard to be the must IPTV video format", which advocates that AVS be adopted as the primary mandatory video codec for IPTV applications.
In addition to noting that AVS has not been used in any significant industry IPTV deployments of which we are aware, we find it imperative to remark about the comparison test report that was provided to you in FG IPTV‑ID‑0021. Although only limited detail was provided regarding the methods of comparison used in FG IPTV‑ID‑0082, certain noteworthy aspects of the comparison can be determined from the information provided therein:

· The referenced profile of H.264/AVC in the FG IPTV‑ID‑0082 comparison testing was the Main profile of H.264/AVC (as noted in Sec. 2.1).  However, we suggest that the High profile of H.264/AVC would be the more appropriate choice.  The High profile has the greatest degree of support in industry applications for high-quality, high-resolution consumer-grade video applications.

· In particular, the High profile of H.264/AVC includes support of encoder-adaptive application of an 8x8 inverse transform block size for residual differences.  This key feature of H.264/AVC is lacking from the Main profile and appears to have been disabled in the AVS comparison tests. Its use would likely have substantially improved the measured performance of H.264/AVC if it were not disabled in the test.

· Both the Main and High profiles of H.264/AVC include support for an advanced entropy coding technology known as CABAC (context-based binary arithmetic coding).  The use of CABAC appears to have been disabled in the FG IPTV‑ID‑0082 AVS comparison tests (as noted in Sec. 2.3).  It would likely have substantially improved the measured performance of H.264/AVC if it were not disabled in the test.

· Both the Main and High profiles of H.264/AVC include support for an advanced interlaced video coding technique known as macroblock-adaptive frame-field coding (MBAFF).  It can be adaptively selected by an encoder in an optimized fashion in conjunction with a picture-adaptive frame-field coding (PAFF).  The use of MBAFF appears to have been disabled in the FG IPTV‑ID‑0082 comparison tests (as noted in Sec. 2.3).  Optimized application of MBAFF in conjunction with PAFF would likely have substantially improved the measured performance of H.264/AVC on interlaced video comparisons if it were not disabled in the test.

· No perceptual quality measurements were reported in FG IPTV‑ID‑0082, which makes it difficult to estimate the perceptual coding capabilities of AVS Part 2 in comparison to H.264/AVC.
· The High profile of H.264/AVC also supports encoder-specified perceptual-based frequency-selective inverse quantization scaling matrices.  This key feature is lacking from the Main profile and can provide a significant improvement in perceptual video quality (although it may not have a large impact on PSNR-metric performance behaviour).

Many details of the encoding comparison methodology were not described in FG IPTV‑ID‑0082, and we are therefore unable to further analyze the appropriateness of the test conditions and results reported therein.  However, we offer the following general tips for consideration regarding conducting comparison tests relative to H.264/AVC:

· Test conditions should be carefully selected to be appropriate for the intended application.

· Tests should use as broad an array of test material as possible to cover the range of source material that is relevant to the intended application.

· Perceptual quality testing methodology should be applied in addition to objective quality measurement methodology (e.g., see the methodology specified in the ITU‑R Rec. BT.500 perceptual quality measurement standard and the methods applied in the published reports [1-3] for verification testing of H.264/AVC).

· If using H.264/AVC reference software, the most recent available reference software should be used (although it is acknowledged that the software is not "application-ready" and using it well may involve some time, effort, and expertise).

· The primary profile to consider for use in most applications is the High profile (including enabling 4x4 vs. 8x8 adaptive transform block size selection).
· Strong rate-distortion optimization techniques should be applied in all stages of the encoder processing.
· CABAC entropy coding should be used.

· A large-range good-quality motion search algorithm should be used, possibly including chroma as well as luma distortion impact measurements if feasible.
· If testing for best PSNR capability, “flat” quantization matrices should be applied; otherwise, use “non-flat” quantization matrices with perceptual design optimization should be used.

· PSNR-based comparisons should ordinarily be conducted using the "Bjøntegaard Delta" measurement method (see [4]).
· For interlaced source video, encoder optimized selection between picture-adaptive frame-field coding (PAFF) and macroblock-adaptive frame-field coding (MBAFF) should be performed.
· Encoding should be performed using more than just one or two reference pictures.
· The hierarchical B reference frames coding structure should be used when beneficial (see [6]).

· Weighted reference picture prediction should be applied in the maximum feasible optimized fashion.
· Joint bi-predictive search optimization for B picture coding should be performed (see [5]).
· If testing compression capability with high fidelity, adaptive encoder quantization thresholding should be performed (see [7]).

We further note that there appears to be some confusion evident in Sec. 2.3 of FG IPTV‑ID‑0082 regarding the appropriate number of reference pictures to allow an encoder to use during encoding for H.264/AVC.  The ability to use a larger number of reference pictures can sometimes significantly improve compression capability (when the extra reference picture memory is used well by an encoder).  We provide the following guidance for use in your future application studies:

· For 1080-line applications, Levels 4, 4.1, and 4.2 of H.264/AVC support the use of up to 4 reference pictures of size 1920x1088, 5 reference pictures of size 1440x1080 (and nine reference pictures of size 1280x720).

· For 720p applications, Levels 3.1 and 3.2 support the use of up to five reference pictures of size 1280x720.

· For standard-definition usage, the scenario is the following:

· If the decoder has Level 4, 4.1, or 4.2 capability, H.264/AVC supports the use of up to 16 reference pictures of size 720x576 or smaller;

· If the decoder has Level 3.2 capability, H.264/AVC supports the use of up to 12 reference pictures of size 720x576 or smaller and 15 reference pictures of size 720x480 or smaller;

· If the decoder has Level 3.1 capability, H.264/AVC supports the use of up to 11 reference pictures of size 720x576 or smaller and 13 reference pictures of size 720x480 or smaller;

· If the decoder has Level 3 capability only, H.264/AVC supports the use of up to five reference pictures of size 720x576 or smaller and 6 reference pictures of size 720x480 or smaller.

· For CIF decoding, H.264/AVC supports a variety of Level capabilities, with Level 1.1 supporting at most 2 reference pictures of size 352x288 or smaller, Levels 1.2, 1.3, and 2 supporting up to 6 reference pictures of size 352x288 or smaller, etc.

For typical experiments, a simple rule is to use up to four reference frames, since this quantity is supported in nearly all Levels.

In summary, we believe that if several key features of H.264/AVC (features that are typically fully supported in IPTV applications) had not been disabled when conducting the testing reported in FG IPTV‑ID‑0082, the compression performance measured as its capability would likely have substantially improved (perhaps roughly 25% in bit rate savings for the same quality), and the lack of any perceptual quality test reports seems to be an additional deficiency. These shortcomings of the test are very substantial and make this contribution not appropriate to be considered adequate in any way for reaching conclusions relating to codec capabilities for IPTV applications.

For simple and informal testing, similar basic guidelines are contained in the Q.6/SG 16 "common conditions" for proposal experiments as found in [8].  Conceptually-similar "common conditions" for comparison testing were applied in the proposal phase of the development of H.264/AVC and have been used in published studies such as in [9].  A more stringent and broad testing methodology is advisable for higher-level evaluation purposes (such as whole-design verification testing of codec capabilities).

We would be interested in obtaining further detail about the AVS specifications and associated verification test methodology, and in reviewing the associated reference software, conformance bitstreams, etc., and would welcome the opportunity to study their content in greater detail. 

Moreover, we suggest that we should be involved when our Recommendation H.264 is being tested for such application standardization purposes, so that we can provide advice regarding the appropriate use of H.264/AVC in such a test, and can potentially provide active support including helping to set up the test conditions and providing H.264/AVC test bitstreams for comparisons.
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