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1. Introduction:  the Problem

Our experience with MPEG-2 has been that bit errors are more common than we would like even in core network environments that are not considered to be highly error-prone.  Because of the compact nature of variable-length codes (VLC), even single-bit errors in a slice (or data partition of a slice) cause the decoder to misinterpret the rest of the VLC in the slice so that the video is not decoded properly.  This bit-error problem encourages the encoder to use slices much shorter than the size of a full picture in order to get some error resiliency with the slice start codes re-synchronizing the decoder to the correct VLC.

However, JVT coding gains a significant amount of coding efficiency from the predictions between macroblocks within a slice.  Since slices need to be independently decodable, these predictions cannot occur between slices.  (JVT-B024 [1] reported bit rate overheads ranging from 0.6% to 22% when single macroblock slices were used.)  This encourages a JVT encoder to use large slices to gain coding efficiency.

Thus the goals of error resiliency and coding efficiency oppose each other in the selection of slice size in JVT.  The encoder will need to make some tradeoff between these goals that it considers acceptable.

Allowing predictions between the slices of a picture is not a good solution to this opposition, because this would allow errors in one slice to propagate across the picture.

2. Proposal for Rectangular Slices

It is probable for a given number of macroblocks in JVT that the coding efficiency will be better the more closely they form a square shape.  Thus we propose for JVT that there be an alternative to the definition of slices as having macroblocks in the usual raster-scan order.  The alternative is to allow a slice to be defined as a rectangle of macroblocks, defined by parameters  FirstMacroblockInSliceX, FirstMacroblockInSliceY (as in JVT-B028 [2]) plus the parameters such as RectangularSlice (to indicate that the slice follows the rectangle definition) and SliceMacroblockWidth and SliceMacroblockHeight to give the size of the rectangular slice.  Note that the decoder knowing the size of the slice would also add some resiliency against the misinterpretation of macroblock_skip codes.  We require slices in a picture to not overlap, but they do not have to be sent in raster order.  Raster order should not be needed since decoders can render the whole picture into a frame buffer before they display it.  This is essentially the Slice Structured mode of Annex K of H.263 [3] using both the Rectangular Slice submode and the Arbitrary Slice Ordering submode.

To illustrate this, note that in Figure 1 we see that the usual predictors for a motion vector E are the vectors for blocks A, B, and C.  When we are considering 16x16 vectors, then A, B, C, and E are from neighboring macroblocks in the slice.  The prediction should work best when all of A, B, and C are in the same slice.  A similar situation occurs in intra prediction.
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Figure 1.  A, B, and C are the usual predictors for the vector E.

Figure 2 shows a CIF picture split into nine slices using the current slice definition.  Figure 3 shows a possible split of the same picture into nine rectangular slices. In the Figure 2 situation, a slice of 44 macroblocks is missing the A predictor on 2 macroblocks, the B predictor on 22 macroblocks, and the C predictor on 23 macroblocks, totaling 47 missing predictors.  In the Figure 3 situation, a rectangular slice of 42 macroblocks is missing 6 A predictors, 7 B predictors, and 12 C predictors, totaling 25 missing predictors.  Thus one would expect that the rectangular slices are likely to code more efficiently due to greater prediction between the macroblocks.

Note that rectangular slices could be implemented by the more general Flexible Macroblock Ordering  proposed in JVT-C089 [4].  However the method of specifying the ordering there has much more overhead than that specified in Annex K.

3. Needed Simulations

Unfortunately, we did not have time to perform any simulations of actual coding differences.  The software for Flexible Macroblock Ordering [5] could be used to test the value of rectangular slices.  We could then test rectangular slices for CIF pictures similar to those in Figure 3 on the common condition sequences to see how much added efficiency the rectangular slices have against the two-row slices in Figure 2.  In addition, we could run the sequences in single-slice-per-picture mode in order to see what is the upper bound of slice efficiency.

4. Conclusion

The addition of rectangular slices like those of Annex K of H.263 to the JVT tools will give the encoder greater flexibility in trading off error resilience and coding efficiency with a minimal change in syntax and semantics to the JVT definition.
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Figure 2.  CIF Picture split into nine normal slices.
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Figure 3.  CIF Picture split into nine rectangular slices.
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