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1 Summary

The objective of this proposal is to define a default leaky bucket for the Hypothetical Reference Decoder (HRD).  Current HRD model allows a set of Variable Bitrate Video Buffering Verifier (VBR-VBV) buffers to be coded in NAL level.  The calculation of the best leaky bucket depends on a peak transmission value R or the pre-decoder buffer size of the decoder, B.  

The current HRD is useful as it provides flexibility on the delivery of the bit-stream.  However it operates with certain assumptions about the server, terminal and the transmission system.  In situations when this peak transmission value, R, or the pre-decoder buffer size, B, cannot be determined, a default leaky bucket model needs to be used for both the delivery and decoding of the bit-stream so that buffer overflow or underflow situations can be avoided.  The use of the default leaky bucket model is to provide a conformance point for both the delivery and decoding of the bit-stream independent of the channel’s peak rate and also to remove the requirements to determine the peak transmission value R or the need of a negotiation between the server and the terminal to determine the best leaky bucket.

2 Introduction

The current HRD in the committee draft of JVT [1] allows a set of Variable Bitrate Video Buffering Verifier (VBR-VBV) buffers to be coded in NAL level.  The purpose of this is to provide a more general and flexible HRD model so that a bit-stream can be decoded at different peak transmission rate, and with different buffer sizes and start-up delays [2].  The best leaky bucket to be used is calculated from a set of leaky buckets based on a peak rate R or a pre-decoder buffer size B as shown in equations in [1].

The current HRD makes certain assumptions of the server, terminal and the transmission system.  For example, it makes assumption that the channel’s peak rate R can be determined to calculate the best-suited leaky bucket.  Or there is some form of negotiation to determine the peak rate R or buffer size B.  These, however, are not normative and a compliant decoder may or may not have the capability to perform these tasks.  

Thus there is no conformance point defined if such situation occurs and this may result in a different virtual buffer used for the delivery of the bit-stream as compared to the actual buffer at the decoder.  Buffer overflow or underflow may occur if this happens due to different vbv delay.  For example, due to an earlier vbv delay for the virtual buffer used for the delivery as compared to the decoder’s vbv delay, the decoder is expected to have started removing bits from the decoder’s buffer and thus more bits is sent to the decoder.  But in fact, the actual vbv delay at the decoder is later and thus this results in buffer overflow at the decoder.
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3 Method 

To solve this problem, the idea of a default leaky bucket is proposed in this document.  The purpose of this default leaky bucket is to set the conformance point for both the delivery and decoding of the bit-stream, independent of the peak transmission rate, R or the buffer size, B.

The current syntax for HRD allows a bit-stream to have one or more VBR-VBV Buffers and at most one CBR-VBV Buffer.  In the case where there are more than one VBV buffers, the method to select which VBV buffer to use is not defined in the standard if peak rate R and buffer size B cannot be determined.  

Therefore we propose to make some syntax and semantic changes to define the rules to select the default VBV buffer.  The syntax changes are shown in the accompanied documents.

3.1 Semantics

If a CBR-VBV buffer is present, the CBR-VBV buffer shall be used for both the delivery and the decoding of the bit-stream in the absence of peak rate R or buffer size B. 

If a CBR-VBV buffer is not present, the default VBR-VBV buffer shall be used for both the delivery and the decoding of the bit-stream in the absence of peak rate R or buffer size B.  The peak encoding rate of the video shall be the peak transmission rate for the default VBR-VBV buffer.

3.2 Default VBR_VBV buffer

The current syntax and semantics for HRD does not fix the order of the VBR_VBV buffers to be coded if more than one VBV buffer is present.  The first VBR_VBV buffer may be one with the largest buffer size among the rest.  In this proposal, we like to propose a default VBR_VBV buffer to be placed in the case if CBR_VBV is not present.  We would like to suggest the default VBR_VBV buffer to be the one based on the peak encoding rate of the video.  This is similar to MPEG-2’s VBV approach for VBR mode.

4 Conclusion

The use of a default leaky bucket allows implementations to select which HRD model to use for the delivery and decoding of the bit-stream, MPEG-2’s VBV or current JVT’s HRD.  By setting a default leaky bucket, the delivery of the bit-stream does not need to know the characteristics of the transmission media or the terminal.  As long as the bandwidth of the transmission media is sufficient, the transmitted bit-stream should be able to be decoded by the terminal without overflowing or under-flowing the terminal’s input buffer.  Some implementations can also select to improve the delivery of the bit-stream by using the current benefits of the HRD [2].  With the capabilities to determine the peak channel’s rate or negotiate with the terminal, these implementations can adjust its transmission rate to best suit to a particular type of network or terminal’s characteristics. 
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