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1. Introduction

Video access units, such as slices, have to be identified in MPEG-2 Program and Transport Streams for synchronization purposes. During the reflector discussion between the Pattaya and Geneva meetings, at least two solutions were mentioned: introduction of unique start codes and aligning video access units with Program Elementary Stream (PES) headers. 

When unique start codes are in use, start code emulations in the coded video data have to be prevented. The JVT codec has not been designed for such a purpose, and prevention of start code emulation might break its elegant entropy coding design. One possibility to overcome the problem is to insert and remove start code emulation prevention bits separately from the core coding and decoding processes. In other words, emulation prevention bits could be inserted into encoded slice data before transmission and removed before decoding the slice data. However, this is a bit-based operation and requires relatively many computations and duplicated buffering space for coded data.

Aligning video access units with PES headers inherits bit-rate redundancy, as only one PES packet can reside in one transport packet. Thus, this solution is not recommended.

This paper proposes a simple transport packet format that provides seamless interoperability with the planned RTP payload format for JVT. Moreover, the paper proposes a PES packet format that follows the current JVT design.

2. Proposal

2.1 MPEG-2 Transport Packet for the JVT Codec

Figure 1 shows a block diagram of the proposed transport packet syntax for the JVT codec. The transport packet header follows the MPEG-2 Systems standard. Packet IDs (PIDs) are used to distinguish between different streams. In addition, a PID can indicate presence of Program Specific Indication (PSI). If PSI is signaled, the syntax following a transport packet header is defined in the MPEG-2 Systems standard and is not reprinted in Figure 1. The transport packet header contains a payload_unit_start_indicator that indicates the presence of a PES header, which is coded according to MPEG-2 Systems. PES headers provide compatibility between the proposed design and existing MPEG-2 systems. Moreover, PES headers include some indications, such as time-stamps, that can be useful for applications receiving Transport Streams. If the payload_unit_start_indicator does not indicate the presence of a PES header, an 8-bit header_pointer is present. If header_pointer equals to 0xFF, there are no new video payloads (access units) in this transport packet, but rather the rest of the transport packet contains a continuation of the previous payload. If header_pointer is less than 0xFF, the transport packet contains at least one new payload. Next, a number of bytes equal to header_pointer follow and contain a continuation of the previous payload. header_pointer shall not have a value that would cause a transport packet overrun. After that, a payload, whose syntax is the same as the proposed RTP payload syntax (VCEG-N72r1), follows. The payload starts with a byte telling the payload type (single slice, data partition A/B/C, compound packet, supplemental enhancement information, or parameter update packet). Compound packets should be avoided, as they provide a “packet assembly” function, which is obsolete in MPEG-2 Transport Streams. Then, the payload data follows, and it can include a slice header and macroblock data, for example. If the payload fits into the transport packet (and if there are unused bytes left in the transport packet), the next payload can be started. If the payload does not fit into the transport packet totally, it is continued in the next packet.
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Figure 1. MPEG-2 Transport Packet Syntax for the JVT codec.
Synchronization to the bitstream after loss or corruption is easy: First, the sync_byte in the header of each Transport Packet is used to recover synchronization to the transport packets. Then, the receiver has to check the first byte (header_pointer) of a JVT video transport packet. If header_pointer is smaller than 0xFF, the transport packet contains a new video access unit, and bitstream parsing can be continued from the indicated unit.

When generating a transport packet, location of the next access unit or payload start position has to be known, if it is within the limits of the transport packet. In some coding systems, this may cause some delay. In order to overcome the packet generation delay, the header_pointer can be located as the last byte of the transport packet and point backwards to the first video access unit of the packet. In this case, when the receiver is out of synchronization, it has to buffer at least a whole transport packet before it can identify a video access unit.

The proposed syntax differs from the conventional MPEG-2 design, as no PES packets are inserted to the transport packets as such. Instead, the proposed PES packet syntax can be easily converted to transport packet syntax and vice versa. This decision helps to avoid use of start codes and provides additional flexibility in the PES packet design (see the next sub-section).

The proposed packetization scheme has at least the following benefits:

· Its bit-rate redundancy is likely to be smaller compared to the previous solutions.

· There are no bit-based operations.

· The syntax is aligned with the RTP payload syntax, which makes implementation of video gateways straightforward.

· The proposal does not require any changes in the Video Coding Layer.

2.2 MPEG-2 PES Packet and Program Stream for the JVT Codec

A PES packet contains a standard PES packet header according to MPEG-2 Systems. The packet data follows the interim JVT file format (VCEG-O58). If a PES packet begins with a Clump, the data_alignment_indicator of the PES packet header shall be set. A PES packet may contain any number of Clumps and PES packet boundaries need not be aligned with Clump boundaries (although it is recommended). 

System specifications, such as the next generation of DVD, may specify restrictions to the interim JVT file format. For example, having alternate tracks may be forbidden.

The proposed solution has at least the following benefits:

· It is aligned with the interim JVT file format, the RTP payload format, and the MPEG-2 Transport Packet format for JVT. Conversions between these formats are straightforward.

· The interim JVT file format is extensible and follows the fundamentals of the ISO media file format.
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