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The following is the text of a contribution to MPEG that is also relevant to VCEG due to its impact on the common-text H.262 video coding specification.

1.
Summary
IDCT (IEEE 1180) standard) has been withdrawn by ANSI and IEEE. The following recommendations are made:

1. Replace all normative references to ANSI/IEEE 1180 in MPEG standards (MPEG-1 part 2, MPEG-2 part 2, and MPEG-4 part 2) with text that imposes identical technical requirements.

2. Issue a call for contributions for submission of an exact integer IDCT specification toward developing a standardized specification that meets the following criteria:

a. Satisfying all accuracy requirements for use in MPEG-1 part 2, MPEG-2 part 2 / H.262, and MPEG-4 part 2, and

b. Minimizing complexity of implementation in a manner compromising for the needs of both hardware matrix-multiply and DSP software implementations (possibly also including considerations for integration of the inverse quantization and inverse transformation processes and for "pruned" operation in cases with a small number of non-zero coefficients).

3. Eliminate any normative statements that unnecessarily constrain the method of implementing an IDCT in products in ways unrelated to inverse-transform accuracy or encoder-decoder interoperability.

4. Determine what part of MPEG in which to do such work (e.g., ISG) and what form to use for the new specification (e.g., as a video coding tool specification referenced by other standards)

2.
Background / Introduction to the Issue

Three MPEG video coding standards (MPEG-1 part 2, MPEG-2 part 2 / H.262, and MPEG-4 part 2) make normative reference to the ANSI/IEEE 1180 Inverse DCT accuracy standard [1].  (In fact, in the case of MPEG-1, it seems to reference IEEE 1180 as a non-final draft.)

However, that IEEE 1180 standard has been withdrawn by ANSI and IEEE, apparently due to a lack of awareness of the importance of maintaining the ability of other important standards to be able to reference it (despite renewing the standard in 1997 after learning of such references).  This is an obvious problem that demands action by MPEG to maintain the integrity of its standards.

Clearly, MPEG should replace the normative reference with text that imposes an identical technical requirement.  (Even if it was possible to get ANSI and IEEE to again reverse their withdrawal action, it would probably be better to eliminate the reference and therefore eliminate the risk of future such problems.)

3.
An Interesting Opportunity

With the existing accuracy requirements in MPEG standards, different implementations will have different rounding.  This manner of specification results in inexact reproduction and drift between interoperable encoder and decoder representations of the same video content.  Thus, video quality suffers (somewhat).

Furthermore, the need to find one's own design for implementation of an IDCT to meet the requirements specified in the standard is an unnecessary burden to implementers.

Gone are the days when implementing an 8x8 IDCT was a huge processing burden that necessitated a great deal of implementation-specific freedom.

Without changing the requirements for conformance to the standard, MPEG could now establish a single exact preferred integer IDCT specification that meets the accuracy requirements of all MPEG standards.  By encouraging implementations to all adopt the same specific method of IDCT implementation, it is possible to actually increase the fidelity achieved by use of the MPEG standards in deployed practice – by reducing the diversity of implementations.

Encoders would be built to use the new IDCT method, ensuring that their products are the most compatible with the best decoder implementations.  Decoders would be built to use the new IDCT method, as they would be assured of often achieving better quality decoded video this way than they could obtain by designing their own approximation to the ideal IDCT equations.

Possibly, some backward-compatible method could be specified for encoders to indicate their use of the preferred method in the video stream.  (This would not be especially important, but may be worthwhile.)

Possibly, the intra refresh requirements could be reduced for encoders that indicate use of the new method.

These same motivations were considered previously in the ITU-T Video Coding Experts Group (VCEG) during the development of Annex W to ITU-T Recommendation H.263.  That was the first international video coding standard to include a recommendation of a specific integer IDCT algorithm [5].  Unfortunately, while the algorithm specified there meets the accuracy requirements specified for use in Rec. H.263, it does not meet the more stringent accuracy requirements specified for Rec. H.262 | MPEG-2 part 2 video.

4.
Eliminating Unnecessary Saturation Requirements

The author has noticed that some MPEG standards contain what appear to be statements imposing IDCT conformance requirements that are nonsensical from an MPEG point of view – i.e., statements that constrain how decoders can be implemented without any rational basis in terms of accuracy of decoded results or improvements in encoder-decoder interoperability.  This should be taken as an opportunity to remove or such ill-advised apparent requirements, or replace them with clarifying statements of a proper nature.

Some specific examples of these improper requirement statements are listed as follows:

· Item 1 of the list in Annex A of the MPEG-2 part 2 specification contains the statement "The IDCT function f[y][x] used in the decoding process shall have values always in the range of [-256, 255]."  That statement is nonsense, as it makes no difference whatsoever in the operation of the video decoding process whether this constraint is imposed or not.  Clipping will be performed on the final result as specified in subclause 7.6.8 (wherein p[y][x] shall be zero for intra macroblocks as specified in subclause 7.6), so any excess range of values for f[y][x] beyond [‑256,255] will make no difference in the final decoded result.  (While the testing process for determining conformance of an IDCT should clip the output of the tested IDCT to that range before testing whether it matches the output of the reference ideal IDCT, there should be no requirement that this range limit is obeyed in the implementation of the IDCT within a decoder.)

· The unnecessary word "saturated" in clause 7 of MPEG-2 part 2.

· The clipping aspects specified in item 3 of the list in Annex A of the MPEG-2 part 2 specification impose unnecessary constraints IDCT implementations to clip specific values of large-amplitude results, when in fact there is no rational basis for such a requirement.  (For example, there may be a rational basis for saying that under some circumstances if the ideal result is greater than 256 then the tested IDCT shall produce a result that is greater than or equal to 255, but not for requiring it to be exactly equal to 255.)

· Similarly, although less emphatically, MPEG-4 part 2 Annex A states that "the output from the inverse transform is represented with (n+1) bits" for n-bit sample values.  It would be better to say only that the output from the inverse transform can be represented with (n+1) bits, if the output values are clipped to fit in that range (as there is no assurance that the output will fit within that range unless the output values are clipped, and there should not be any requirement to do such clipping in an implementation).  The text also includes a probably-improper specification of the range of transform coefficient values without stating clearly whether this is an imposition of a requirement on a conforming bitstream (we don't think it is) or a clipping process that must be applied in a decoder (we don't think it is that either).

5.
Clarifying Vague Requirements

MPEG video standards contain some statements about IDCT accuracy requirements that are vague.  Providing a specific encouraged IDCT formulation could help reduce the vagueness in these specifications, as the example method would be assured to be adequate to meet all requirements.  Below are some examples of statements in MPEG standards that are vague.

From MPEG-2 part 2 subclause 5.4: "'Where arithmetic precision is not specified, such as in the calculation of the IDCT, the precision shall be sufficient so that significant errors do not occur in the final integer values."

From MPEG-4 part 2 subclause 5.4: "'Where arithmetic precision is not specified, such as in the calculation of the IDCT, the precision shall be sufficient so that significant errors do not occur in the final integer values."

From MPEG-4 part 2 Annex A: "NOTE 2: Whilst the IEEE IDCT standard mentioned above is a necessary condition for the satisfactory implementation of the IDCT function it should be understood that this is not sufficient.  In particular attention is drawn to the following sentence from subclause 5.4: 'Where arithmetic precision is not specified, such as in the calculation of the IDCT, the precision shall be sufficient so that significant errors do not occur in the final integer values'"  [Aside: Also note the missing letter at the start of NOTE 1, if this way in the final published text.]

6.
Where to Put the New Specification

The new IDCT specification could be adopted in one of several ways, including:

1. As a stand-alone "tool" specification that is referenced by several MPEG standards

2. As duplicate or partly-duplicate text in several different video codec standards, or

3. As text in one video codec standard that is also referenced in a couple of other video codec standards.

Note that the accuracy requirements in MPEG-1, MPEG-2, and MPEG-4 are all somewhat different.  This will mean that some variation in specification of accuracy requirements is defined somewhere.

7.
ANSI and IEEE Status Information

The IEEE 1180-1990 standard was first administratively withdrawn in October 1996, because of lack of activity. IEEE 1180 was reaffirmed in December 1997 after it was pointed out that it was still referenced by the MPEG standard.

More recently, ANSI then withdrew the standard in August of 2001 with an effective date of September 9, 2001 [2]. 

The IEEE itself then withdrew the standard effective February 7, 2003 [3]. 

This problem was called to the attention of MPEGIF in email on August 2, 2004 [4]. 
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