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1. Introduction

SP and SI slices are included in the Extended profile to provide support for switching between different bitstreams representing the same content. SP and SI slices are encoded with a different encoding loop to P and I slices to enable the identical reconstruction of pictures even when different reference pictures are available.

This contribution identifies what is believed to be an editorial error concerning the deblocking of SP and SI slices, provides background information to support this opinion and experimental evidence that adequate performance is not possible with the standard as approved. Editorial corrections to the text of the standard are proposed, together with a recommendation on how to correct the reference software.

This issue is noted in JVT-J010 as issue 55.

2. The problem with the approved text

When SP and SI slices were originally proposed, macroblocks in SP and SI slices were treated, for the purpose of deblocking, in the same way as Intra macroblocks, always having strength 3 internally and 4 at macroblock edges.

In the approved text and in JM7.3, macroblocks in SP and SI slices are treated as macroblocks in P slices, having strength 2, 1 or 0 depending on such conditions as whether non-zero coefficients are present and the vectors are different by more than a threshold.

There are two problems with this change, as explained in detail below: it prevents identical reconstruction of SP and SI macroblocks in most cases, thus defeating the objective of SP and SI slices and this causes SP and SI macroblocks coded with coarse quantisation to have much stronger block edges due to weaker filtering.

2.1 History
The FCD produced in Klagenfurt, JCT-D157, contained the original specification, of SP and SI deblocking with strength 3 and 4. This information was however only present in a flow diagram and not in the text.

The change to the specification seems to have been made in Geneva October 2002, as part of the deblocking changes in JVT-E162, the title of which is "Text Modifications to MB-AFF quantization and MB-AFF interaction with deblocking filter". JVT-E162 does not provide reasoning for this change, only the edits. This contained an edited flow chart, with the block concerning the specific behaviour for SP and SI slices removed.

The flow chart from JVT-E162 was incorporated into the Awaji input document, JVT-E146d37_F013. Subsequently the flow chart was removed completely, as it had become redundant to the text.

The reference software was consistent with the FCD until JM7.2, dated 11 July 2003, at which point it became consistent with the approved text, although a comment does remain to indicate that SP and SI macroblocks are treated similarly to intra macroblocks for deblocking.

We have been unable to find a proposal document proposing this change to the deblocking filter and have been unable to find any record of the change in the notes of the meetings. It therefore appears to us to have been an editorial error made during the improvement of the deblocking filter text.

2.2 Complications to identical reconstruction

The main purpose of SP and SI slices is to enable identical pictures to be reconstructed when different reference pictures (including the ‘intra’ case of no reference pictures) are available. The change to the specification has made this identical reconstruction impossible.

The strength of the deblocking filter in P slices depends on whether non-zero coefficients are present and whether the motion vectors either side of the block edge are different by more than a threshold.

With SP and SI encoding, the same source picture is encoded multiple times, typically once for continuous play back and once for switching from another stream into the current stream and/or for random access into the current stream. As the current stream and the stream from which the switch is enabled have different reference pictures, selection of the same motion vectors in both coded representations is possible but not optimal, but achieving the same value of the boolean “non-zero coefficients present” would be very difficult, if not impossible, to achieve.

The change to the deblocking filter has therefore made it impossible to achieve identical reconstruction, the very purpose of SP and SI encoding.

By giving all edges in all macroblocks in SP and SI slices the same strength, independent of whether coefficients are present and the value of vectors, the above problem is prevented, and identical reconstruction enabled. The simplest way to achieve is to define deblocking in SP and SI slices exactly as the deblocking of intra blocks.

2.3 Poor deblocking performance

We have encoded the QCIF foreman sequence at QP=40 with the BT encoder, the first picture is intra (IDR) coded, every tenth picture consists of SP slices (for which QS=39), and all other pictures consist of P slices. 

We have compared the performance of the original intra-like deblocking of SP pictures with the standard P-slice-like deblocking of SP pictures. The result is that the first nine pictures are the same, but the tenth and following pictures are quite different. With the original intra-like deblocking, from picture 10 onwards, pictures are smooth, whereas with standard deblocking, from picture 10 onwards, all pictures are very blocky.

The two representations of picture 10 are shown below.
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SP encoding of Foreman. Original deblocking (left). Standard deblocking (right).

The probable explanation is as follows. In a P slice, if neighbouring blocks have no coefficients and/or similar vectors, no or little deblocking is needed. But in an SP slice, as the ‘reconstructed’ transform coefficients are quantised a second time, neighbouring blocks with no coefficients and the same vector can have significant edges which need to be filtered. Hence strength 3 and 4 should be used on all edges in SP and SI slices.

We investigated whether the loop filter offsets could be used to improve deblocking performance in SP slices. We set the offsets to 12 and repeated the standard encoding. There was no noticeable improvement in performance. This is explained by the following statistics. Of the 400 pictures encoded, 39 were encoded with SP slices, making a total of 39 x (99x32 – 80) = 120432 4x4 block edges to filter. Of these, 111034 (92.2%) had strength equal to zero, 5963 (5.0%) had strength equal to one, and 3435 (2.8%) had strength equal to two. So 92.2% of edges were not being filtered at all, making the filter offsets irrelevant for large parts of the picture.

3. Proposed corrections to the approved text

The following changes, shown relative to JVT-J010d2, are proposed to the calculation of deblocking filter strength in 8.7.2.1.

The variable bS is derived as follows.
· If the block edge is also a macroblock edge and any of the following conditions are true, a value of bS equal to 4 shall be the output:
· the samples p0 and q0 are both in frame macroblocks and either of the samples p0 or q0 is in a macroblock coded using an Intra macroblock prediction mode
· the samples p0 and q0 are both in frame macroblocks and either of the samples p0 or q0 is in a macroblock that is in a slice with slice_type equal to SP or slice_type equal to SI
· MbaffFrameFlag is equal to 1 or field_pic_flag is equal to 1, and verticalEdgeFlag is equal to 1, and either of the samples p0 or q0 is in a macroblock coded using an Intra macroblock prediction mode.
· MbaffFrameFlag is equal to 1 or field_pic_flag is equal to 1, and verticalEdgeFlag is equal to 1, and either of the samples p0 or q0 is in a macroblock that is in a slice with slice_type equal to SP or slice_type equal to SI
· Otherwise, if any of the following conditions are true, a value of bS equal to 3 shall be the output:
· mixedModeEdgeFlag is equal to 0 and either of the samples p0 or q0 is in a macroblock coded using an Intra macroblock prediction mode
· mixedModeEdgeFlag is equal to 0 and either of the samples p0 or q0 is in a macroblock that is in a slice with slice_type equal to SP or slice_type equal to SI
· mixedModeEdgeFlag is equal to 1, verticalEdgeFlag is equal to 0, and either of the samples p0 or q0 is in a macroblock coded using an Intra macroblock prediction mode
· mixedModeEdgeFlag is equal to 1, verticalEdgeFlag is equal to 0, and either of the samples p0 or q0 is in a macroblock that is in a slice with slice_type equal to SP or slice_type equal to SI
4. Proposed corrections to the reference software

The following changes to JM7.3 are proposed. The same changes are required in the encoder and the decoder.

· In global.h, add “SliceType slice_type;” to the definition of “typedef struct macroblock”

· In macroblock.c, add “currMB->slice_type = img->type;” in the function “start_macroblock”

· In loopfilter.c, modify the function “GetStrength” as follows:

    if(  !(MbP->mb_type==I4MB || MbP->mb_type==I16MB)

        && !(MbQ->mb_type==I4MB || MbQ->mb_type==I16MB)



&& !(MbP->slice_type==SP_SLICE || MbP->slice_type==SI_SLICE)



&& !(MbQ->slice_type==SP_SLICE || MbQ->slice_type==SI_SLICE))

5. Summary

It is believed that the change to the deblocking of SP and SI slices made in Geneva October 2002 was accidental: there seems to be no proposal for making this change and no record of the decision in the meeting notes. The change results in difficulty with identical reconstruction, and significantly worse deblocking performance with coarse quantisation.

It is proposed that this editorial error be corrected by accepting the proposed changes to the approved text and to the reference software.
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