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Summary
This contribution proposes seven ways of making the current JVT video codec design more robust.  We propose: 1) avoiding worst-case data expansion by adding an intra PCM mode,
2) reducing needless design variation by limiting the number of ways of partitioning the VCL data, 3) achieving basic decodability of intra regions by allowing intra prediction from inter-coded regions to be turned off within slices, 4) achieving greater error resilience and random access recovery by allowing deblocking filtering to be turned off at intra/inter boundaries within slices, 5) achieving greater error resilience and random access recovery by allowing deblocking filtering to be turned off at slice boundaries, 6) adopting “gradual decoder refresh” functionality as previously proposed, and 7) avoiding a needless coupling of codec technology to assumed input characteristics by letting encoder choice rather than the step size selection determine whether double-scan of coefficients is used.
1. Intra PCM Mode
In the worst case, it is possible for the video codec to act as a data expander rather than a data compressor.  Although the design achieves good compression for typical content, isolated macroblocks of atypical frequency content may produce large amounts of data.

MPEG-2 video specifies an upper limit on the number of bits for a macroblock.  Having an upper limit helps decoder design by providing an amount of data that can be grabbed and then processed for macroblock decoding.  However, MPEG-2 does not provide any particularly good way to achieve the limit. In this case the limit is 576 bytes for 4:2:0 macroblocks as specified in Table 8-6, and two macroblocks per row are allowed to exceed the limit.  Allowing the limit to be exceeded two times in each macroblock row seems to almost defeat the purpose.  And encoders could be forced to drop some coefficients or to find a way to suddenly increase the step size in order to avoid exceeding the limit.    Both of these approaches cause significant distortion, despite the fact that more than enough data can be sent for a completely lossless representation of the macroblock content.

We should adopt an intra PCM mode for macroblocks (and perhaps for 8x8 blocks if we have intra selection at the 8x8 level), in which we simply send the pixel values in the region using 8 bits per sample sent as raw byte values (acknowledgement: Larry Pearlstein of ATI).  There should be a limit on the number of bits used to code a region such that more bits than used by the PCM mode are not allowed.
We should add stuffing after the region type indicator so that the PCM bytes start in a byte-aligned position and therefore the pixel values can simply be dumped out of the bitstream without any bit-offset shifting.  This adds the small cost of an average of 3.5 bits for the region, which is nothing compared to the 3072 bits (384 bytes) sent in PCM if the region is a 4:2:0 macroblock.
We could perhaps adopt a simple DPCM mode instead (acknowledgement: Frank Bossen of NTT DoCoMo).  One simple such design would predict each sample as follows:

· Predictor = 128 for the top left sample of the region
· Predictor = Sample above for other samples in the first column

· Predictor = Sample to the left for remaining samples of the region
and then sending differences according to the following pseudo-code.
Syntax:

DiffPresence

1 bit

if (DiffPresence) {
  SignIndicator
1 bit
  DiffSign = 2 * SignIndicator - 1

  DiffMag

UVLC with decoded range [1,…,128-SignIndicator]

}else{

  DiffSign = 0;

  DiffMag  = 0;

}
Semantics:

Result = (Predictor + DiffSign * DiffMag + 256) % 256

It is easily shown that this DPCM coding method would also provide some limit on worst-case data quantity, perhaps about ten bits per sample.

Note: The entropy coding method described above is provided for simplicity – some design more specialized to the source statistics would probably do better (particularly since zero-valued differences are likely to have less than the 50% probability assigned to them in this scheme).

The rationale for the DPCM mode alternative is that it is likely to provide some degree of compression gain over PCM.  However,

· This mode is only expected to be used in the regions in which transform coding fails to compress the data, and therefore we should not assume that the compression gain would be the same as that of typical raw image sample values (in fact the contents of these regions may be high-pass rather than low-pass in overall frequency content), and

· The idea of byte aligning the data for decoding simplicity won’t work – this method requires bit-oriented UVLC coding, and

· Although the DPCM mode might ordinarily produce fewer bits, its worst-case behavior produces somewhat more bits than PCM, so its usefulness as a minimal predictable hard upper bound is diminished.
The author thus considers the conservative approach to be to use the PCM mode with byte alignment, as it:

· Provides the lowest hard limit on the number of bits for the macroblock,

· Provides extremely simple byte-oriented decoding, and

· Does not depend on an assumption of low-pass frequency characteristics

With CABAC entropy coding, the PCM regions could be sent by sending the region type, flushing the entropy coder (which I believe costs no more than two bits), padding for byte alignment, sending the PCM values, and then resuming CABAC operation.

2. Simplifying Slice Data Partitioning

Three types of data partitioning have been primarily discussed for the design, as follows:

1. Single-partition interleaved packaging of VCL content (header, mode, dquant, and MV data for first macroblock, then associated coefficient data, then mode and MV data for second macroblock, etc.)

2. Double-partitioned packaging of VCL content (header, mode, dquant, and MV data in one partition, and transform coefficients in a second partition)

3. Triple-partitioned packaging of VCL content (header, mode, dquant and MV data in one partition, intra coefficients in a second partition, and inter coefficients in a third partition).

We support having these three partitioning types, and we see little value in enabling greater flexibility than this.  It might be worth asking whether the second of these three types is really needed or if instead the third type be used exclusively without a significant overhead penalty.  We only see value in the third type if the method described in the next section is adopted.
3. Eliminating Cross-Macroblock Intra Prediction Error
When triple-partitioned slices are used, the fact that intra coefficients are found in a separate partition adds no value unless it enables decoding of these coefficients into something useful.  In the current design, the intra regions would be predicted from the contents of spatial neighbor samples that the decoder may not have.  A somewhat similar argument holds for other partitioning schemes.
We advocate having the ability at the parameter set level to specify a slice type that defines the semantics of the intra prediction process as follows (or perhaps coupling these semantics with the use of triple-partitioning):

· If the neighboring samples outside the current intra region lie outside the current slice, the prediction process shall operate by assigning the value 128 to these samples (as in the current design)

· If the neighboring samples outside the current intra region lie within the current slice but in a non-intra region, the prediction process shall operate by assigning the value 128 to these samples (differing from the current design)

· If the neighboring samples outside the current region lie within the current slice and within an intra region, the prediction process shall operate using the actual values of these samples (as in the current design)

Adopting this modification will enable proper decoding of the intra macroblocks (at least until the deblocking filter messes up the edges – an issue to be discussed in the next section).

4. Deblocking Filtering and Intra/Inter Boundaries
By adopting proposed alteration number 3 above, the intra regions in a slice can basically be decoded even when neighboring inter regions cannot.  However, the deblocking filter will then mess up the samples on the boundaries between the intra and inter regions.  We therefore advocate being able to specify at the parameter set level a slice type that turns off deblocking filtering at intra/inter region boundaries within slices.  Without this capability, it is much more difficult for an encoder to enable a decoder to recover the stream contents in the cases of data packet loss or random access acquisition.

5. Deblocking Filtering and Slice Boundaries

The encoder should be able to specify at the parameter set level a slice type that turns off deblocking filtering at slice boundaries.  Without this capability, it is much more difficult for an encoder to enable the decoder to recover the stream contents in the cases of data packet loss or random access acquisition.

6. Gradual Decoder Refresh

Changes 3, 4, and 5 also improve the ability to best enable what is called “gradual decoder refresh” capability in the report document JVT-B109, which was originally proposed in JVT-B063.  We again propose the adoption of gradual decoder refresh capability (as found in JVT-B063 and JVT-B109).

7. Double-Scan and Step Size
The current JVT draft couples the scan order of the transform coefficients to the selection of step size.  This is an artificial coupling and it should be severed.  Scan order should be selected by the encoder at the parameter set level.  The current design is based on some assumptions about the characteristics of the input video for no apparent reason.  It should be obvious that allowing the encoder to choose the scan order will have better performance (because the worst it can be is what we are using today).  If left as-is, it will be a moderately famous quirk someday, like the previous strange coupling between DQUANT and 4MV.

8. Conclusion

These several methods proposed should improve the worst-case codec behavior for anomalous input content, data packet loss, and random access acquisition.
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