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Abstract

At the Geneva meeting the contribution JVT-E133 was basically adopted and added to the CAT model. To verify whether this contribution achieves its aim, we studied the related models in detail and reached the following conclusions. E133’s intent was to avoid that the effective coded picture buffer size would be limited to F, but the pre-Geneva CAT model already had ways to avoid this limitation. On the other hand, E133 does fix a different problem, which is: the pre-Geneva CAT model limited the maximum coded picture buffer delay to the value initial_cpb_removal_delay. However, the latter is a part of a larger (and still existing) model initialization problem. In view of this, we describe an arguably better solution and propose to add this to the CAT model instead of E133.

Background

The contribution JVT-E133r2 concludes that the pre-Geneva CAT model limited the effective coded picture buffer to F which is the buffer fullness just before the “first” picture is removed from the coded picture buffer.

In contrast to this, a previous contribution describing the operation of the CAT model shows an example where the buffer fullness clearly exceeds F after the first picture is removed from the coded picture buffer. (This refers to the example called “Low Bit Rate into a VBR Pre-decoder Buffer” in the file “HRD and Related Issues.ppt” in JVT-D131r2-L.zip).

To understand the cause of this contradiction, both contributions were studied in detail. 

Detailed analysis of the pre-Geneva CAT model and E133r2

After reconstructing the timing of the example in D131r2, we were able to confirm that it complies with the CAT model constraints. (Note: if necessary we can report details of this investigation later). Consequently we conclude that the pre-Geneva CAT model can support buffer fullness levels which exceed F. 

An analysis of E133r2 also shows that it has correct calculations, however one of the assumptions in this contribution is only true in 1 kind of start-up scenario. This refers to the assumption (below (A7)) that R(t) = R during the initial time period from 0 to decoding_delay. 

In this case, equation A-7 returns its maximum possible value, which is indeed equal to F. Consequently, for this scenario following VBV(n) values will indeed be <= F.

However, the pre-Geneva CAT model also allows intervals where R(t) = 0 during the initial time period from 0 to decoding_delay. To be more precise, in many start-up scenarios the model actual requires the model’s R(t) to be 0 during this initial time period. This will happen e.g. when the first or first few pictures are small pictures as is the case in the “Low Bit Rate” example of JVT-D131r2. The result of this, is that equation A-7 will return a relatively small value for this time period. When after the initial time period pictures become larger, A-7 will return larger values and consequently VBV(n) can easily exceed F. Therefore this scenario shows that the pre-Geneva CAT not only supports VBV(n) values that exceed F, but also does so at times when such increased buffer fullness is required, i.e. when large pictures are coded.

A different observation from E133r2 is correct for all possible scenarios. This refers to the equation under (A8), i.e. decoding_delay = intial_pre_dec_removal_delay/90000. With this and other related constraints the pre-Geneva model would effectively require that all intermediate intial_pre_dec_removal_delay-fields in a bitstream be smaller or equal to the first intial_pre_dec_removal_delay . Note that this was a significant problem of the pre-Geneva CAT model, because with that constraint the standard would exclude useful bit streams that have short start-up delay at the beginning of the stream, but a long start-up delay (after random access to a point) in the middle of the bit stream. 

Therefore by adding intial_cpb_removal_delay_offset, E133r2 solves this particular problem, but it does not fix the other problem that exists at random access points. That is, at each random access point, besides supporting different values of intial_pre_dec_removal_delay the model should also allow different coded picture buffer fullness levels. The draft seems to prevent this with the sentence “The buffer is initially empty” (in C1.1.1). With this interpretation of the draft, the model is still broken and needs to be fixed with a preferably better solution.

An alternative proposal

We propose to revert the changes that were introduced by E133, (and therefore effectively go back to the pre-Geneva CAT model) and in stead change the following points (now in C1.1.1 of JVT-E146d37ncm):

· Instead of tai(0) = 0 use: tai(0) >= 0

· Instead of the sentence “The buffer is initially empty”, use e.g. “The initial buffer fullness is less than or equal to the buffer size B”.

(with an appropriate reference to the definition of B).

Conclusions

Compared with E133,

· This proposal fixes more of the CAT model’s random access problems in a simpler way,

· it requires no additional fields in the syntax and therefore it

· also avoids making encoder and decoder implementations more complicated.

[Note: this contribution may be revised later e.g. to improve readability or to report any related new findings]
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