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1. summary

We found a couple of ambiguities and shortcomings in the syntax and semantics of the sub-sequence SEI messages and propose solutions for the found problems.

The contribution is organized as follows: Section 2 introduces the sub-sequence concept, gives examples how to use the sub-sequence SEI messages, and comments on the maturity of feature. Section 3 describes the found problems in the FCD and summarizes the proposed solutions. An appendix to this contribution includes the proposed change-marked standard text relative to JVT-E022d7.

2. Introduction

2.1 Background

The concept of enhanced GOP introduced in JVT-B042 organizes pictures in sub-sequence layers and sub-sequences. Sub-sequence layers are organized hierarchically based on their dependency on each other so that sub-sequence layer 0 can be independently decoded and sub-sequence layer N can be decoded if layers 0, 1, …, N-1 are also decoded. A sub-sequence represents a number of pictures that can be disposed without affecting the decoding of any other sub-sequence in the same or any lower sub-sequence layer. Each picture belongs to one sub-sequence layer and sub-sequence.

JVT-D098 proposed the signaling of enhanced GOP information as Supplemental Enhancement Information (SEI) messages and was adopted. Three enhanced GOP related SEI messages are included in the FCD: sub-sequence information SEI message, sub-sequence layer characteristics SEI message, and sub-sequence characteristics SEI message. 

2.2 Usage Scenarios

The sub-sequence SEI messages can be used for the following purposes:

· Increased decoding and playback rate / fast forward trick mode. Figure 1 shows an example of a GOP where pictures are categorized into three sub-sequence layers. Boxes indicate frames, letters in boxes indicate frame types, numbers in boxes indicate frame numbers, dashed ellipses indicate sub-sequences, vertical alignment of boxes indicate the sub-sequence layer which the picture belongs to, arrows indicate prediction dependencies, and display time runs from left to right. A 7.5 Hz, 15 Hz, or 30 Hz picture rate can be achieved by decoding layers 1, 2, or all 3 layers respectively. If faster-than-real-time decoding is required, the decoder can choose the number of decoded sub-sequence layers. Returning to normal full-picture-rate decoding can happen after any layer 0 picture. 
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Figure 1. An example of 3-layer sub-sequence structure.

· Computational scalability in decoders. Sometimes there is no file or stream suitable for decoder’s computational capabilities available, and therefore a file that cannot be decoded in real-time has to be used. If the file were encoded using non-stored pictures and/or sub-sequences, the file can be temporally subsampled in coded domain and decoded in real-time. Similarly, in multitasking systems the processing power is shared between multiple processes, and therefore the performance of the video decoder may fluctuate depending on the number and complexity of other tasks executed simultaneously. 

· A video communication gateway may sometimes have to tune the bit-rate of a coded video stream. The abilities of bit-rate control methods for coded data are limited. Thus, it is advantageous to carry enhanced GOP information in systems where bit-rate control of coded video is desired. Gateways may decide to forward only certain layers or they may decide to discard one sub-sequence to drop the bit-rate.

2.3 Compatibility with the Rest of the JVT Codec

There is no mandatory decoder operation for any SEI message. Thus, the decoder may also ignore any received sub-sequence SEI message.

The sub-sequence feature has been implemented to the JM software. Its operation has been proved by discarding sub-sequences from coded streams and decoding the manipulated streams after that.

The values of HRD parameters for a coded stream containing sub-sequences are coded according to the full-rate stream. If non-stored pictures and/or sub-sequences are disposed from the stream, the stream still complies with the given HRD parameters, as the arrival and removal times of the remaining pictures remain unchanged.

3. Proposal

3.1 Signaling the Start of Sub-Sequence

Each picture in a sub-sequence may be accompanied with the sub-sequence information SEI message. The sub-sequence information SEI message tells the decoder which layer and which sub-sequence the target picture belongs to. 

To help the decoder distinguish the two sub-sequences, last_picture_flag is defined in the sub-sequence information SEI message. However, streaming servers may apply rate-shaping techniques that discard pictures starting from the end of the prediction chain of a sub-sequence and discard only of part of the sub-sequence [1]. Consequently, if SEI messages are pre-encoded, the sub-sequence information SEI message containing a last_picture_flag equal to 1 may never be transmitted. 

In the JVT FCD, the first stored picture in a sub-sequence has stored_frame_cnt equal to 0. However, stored_frame_cnt equal to 0 may also occur when the stored_frame_cnt wraps over to 0 due to the modulo MAX_FN operation used when incrementing the stored_frame_cnt. Thus stored_frame_cnt cannot be used to detect the beginning of a sub-sequence.

In order to detect the beginning of a sub-sequence robustly, we propose adding two flags first_stored_picture_flag and leading_non_stored_picture_flag to the subseq_information SEI message. If the target picture is the first stored picture in the sub-sequence, first_stored_picture_flag equals to 1. Otherwise, first_stored_picture_flag is 0. If the target picture is a non-stored picture preceding any stored picture in decoding order within the sub-sequence, leading_non_stored_picture_flag equals to 1. Otherwise leading_non_stored_picture_flag is 0.

We also propose that an IDR picture always starts a new sub-sequence in sub-sequence layer 0. An IDR picture cannot be included in higher sub-sequence layers, because it inherently resets the decoded pictures buffer. Furthermore, it makes no sense to include an IDR picture in an earlier sub-sequence, because it does not have any prediction dependencies on other pictures.

3.2 Duration in Bit-Rate Calculations
The sub-sequence layer characteristics SEI message and the sub-sequence characteristics SEI message include the average_bit_rate field specified as follows:

average_bit_rate gives the average bit rate in units of 1000 bits per second. All NAL units in the range of sub-sequence layers specified above are taken into account in the calculation. The average bit rate is calculated according to the decoding time of the NAL units. Value zero means an unspecified bit rate.  

JVT-E022d7 contains the following editor’s note regarding the field: “[Ed. Note: It is unclear a) how bit rate is specified (i.e. how is the duration derived in order to compute rate from a number of bits), and b) what is the intended use of this bit rate.]”

We propose the following clarifications:

· Instead of “the decoding time of the NAL units”, we propose referring to the removal time specified according to the HRD description (section C.1.1.2 of the FCD).

· As the average bit-rate may not be known exactly when coding the SEI message, we propose adding the accurate_statistics_flag to the syntax. The flag shall be 1, if the average_bit_rate and the average_frame_rate are exactly correct. The flag shall be 0, if the average_bit_rate and the average_frame_rate may deviate from the actual values.

3.3 Encoding Constraints

As entire sub-sequences may be deleted, memory management control operations on sub-sequence layers 1 and above must be disallowed. (A similar restriction is specified for non-stored pictures in section 7.4.3.2 of the FCD.) 

If sub-sequence SEI messages are used, the required_frame_num_update_behaviour_flag shall be 1 to allow gaps in frame numbers without inferring accidental frame losses (see JVT-B042 for details).

4. References
[1] Sang H. Kang and Avideh Zakhor, "Packet Scheduling Algorithm for Wireless Video Streaming", PV2002
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