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1. Introduction

Group of Pictures (GOP) layer was proposed in VCEG-O53, MPEG m7736 at Pattaya. It proposed video layer syntax to support random access, editing and etc. The AHG on GOP syntax was formed to study how to incorporate GOP syntax into the JVT codec considering VCEG-O53, MPEG-2 and the H.26L 

design. During the discussion, it was suggested that there are two conceptual layers, VCL (Video Coding Layer) and NAL (Network Adaptation Layer) in H.26L design. VCL encodes MBs to Slice only and NAL encapsulate them for transmission and storage. In this contribution, group of pictures for JVT codec is proposed considering the H.26L codec design.

2. Group of Picture Layer

A GOP consists of one or more consecutive pictures. GOP layer convey information attribute to a GOP. In the bitstream order, the first picture in a GOP is always an Intra picture. The functionalities of GOP are as follows,

Convey information attributed to group of picture
Random Access Functionality
Many applications require random access functionality. It is not only for storage applications. The examples of applications are,

· Random access for storage application, like DVD

· Channel hopping for broadcasting

· Splicing

· Editing

· etc.

Re-synchronization Tool for Error Recovery

The decoder can synchronize at GOP layer after encountering error. GOP layer can be used as a tool for error recovery. 
GOP does not need to be a mandatory for all of the application. It can be an optional layer. If the application doesn’t need to support this functionality, it can be skipped. But it should be supported by the application, which require the above functionalities. Many MPEG1&2 applications, such as DVD, Video CD use the GOP structure for Random Access functionality. The GOP structure is confirmed as a useful tool in real applications. It should be supported at an appropriate layer in the JVT codec.

3. Requirements

The requirements to support random access functionality are as follows.

1. Random access point must be identified quickly with a reasonable cost

2. Timing information: Absolute display time is necessary to identify the target frame.

3. Identify whether reconstructed frame is not corrupt due to the loss of reference frame.

The key technologies of GOP layer to support random access are as follows.

1. Unique start code: In order to find random access point efficiently, unique start code must be inserted at all random access point. Using the unique code, the decoder can find random access point without parsing a bitstream. 
2. Time code: Absolute display time is necessary at random access point to identify the target frame. 
3. Dependency between GOP: The flag to identify whether the GOP is dependent to the other GOP. If one of the frame in the GOP refers to the frame in other GOP, the frame will not be decoded correctly. The flag is necessary for decoder to identify whether the reconstructed frame is correct or not.

4. Network Adaptation Layer

During the discussion in the AHG, it was suggested that there are two conceptual layers, VCL (Video Coding Layer) and NAL (Network Adaptation Layer) in H.26L design. VCL encodes MBs to Slice only and NAL encapsulate them for transmission and storage. 
NAL also deal with startcode. In case of NAL for RTP, all slices are aligned to RTP packet header, and it can be used as a startcode for VCL. Startcode is necessary for bit serial communication, like MPEG-2 System. It is needed for some applications. 

The NAL receives coded elements lower than MB and encapsulate it to slices and form pictures, GOPs, and sequences for transmission and/or storage. In this framework, all information that was traditionally conveyed in high-level headers is transmitted out of band. Parameter sets is define to convey those high-level header information. Encoder and decoder maintain a synchronized those parameter sets. 

If we follow this H.26L design, GOP layer proposed in VCEG-O53 should be supported at NAL. In this document, the syntax elements in GOP except startcode are proposed to convey in the Local Parameter Sets. The solution for startcode is proposed in JVT-B-070. 

5. Proposal

In VCEG-N52, the Parameter Sets, which include the information of Sequence/GOP/Picture layers, is proposed. It is transmitted out of band. The Parameter Sets in VCEG-N52 seems to assume that the parameters are global. However, GOP carries information in the group of pictures and the synchronization and the link between the Parameter Sets and corresponding part of VCL stream. In this contribution, “Local” Parameter Sets is proposed for this purpose.

5.1 Syntax

The syntax elements for GOP in the Local Parameter Sets are as follows,

Local Parameter Sets

Group of Picture Parameters

GOP() {


enum useAbsoluteDisplayTime;

if(useAbsoluteDisplayTime) 

Absolute_Display_Time();  (Optional)


enum closed_gop;


enum broken_link;

}

Absolute_Display_Time() {


enum drop_frame_flag;


enum time_code_hours;


enum time_code_minutes;


enum time_code_second;

enum time_code_pictures;

}

5.2 Semantics

Absolute_Display_Time: This is an optional element and contains drop_frame_flag, time_code_hours, time_code_minutes, marker_bit, time_code_seconds and time_code_pictures as shown in Table1. The parameters correspond to those defined in the IEC standard publication 461 for “time and control codes for video tape recorders”. The time refers to the first frame (in display order) in GOP. 
The drop_frame_flag can be set to either ‘0’ or ‘1’. It may be set to ‘1’ only if the frame rate is 29,97Hz. If it is ‘0’ then pictures are counted assuming rounding to the nearest integral number of pictures per second, for example 29,97Hz would be rounded to and counted as 30Hz. If it is ‘1’ then picture numbers 0 and 1 at the start of each minute, except minutes 0, 10, 20, 30, 40, 50 are omitted from the count.

The rest of parameter in tim_code are time_code_hours, time_code_minutes, time_code_seconds and time_code_pictures. The time_code_pictures specifies time based on frame rate. Since the display time of frame is independent from frame rate, we may not use time_code_pictures and fix to ‘0’. So the precision of time_code is second. 
NOTE -
The information carried by time_code plays no part in the decoding process.

Table 1 — time_code

	time_code
	range of value

	drop_frame_flag
	

	time_code_hours
	0 - 23

	time_code_minutes
	0 - 59

	time_code_seconds
	0 - 59

	time_code_pictures
	0 - 59


closed_gop -- This is a one-bit information which indicates the nature of the predictions used in any frames in the current GOP. The closed_gop is set to ‘1’ to indicate that all of frames following the GOP header have been encoded without predicting the frames previous to GOP header or intra coding. This bit is provided for use during any editing which occurs after encoding. If the previous pictures have been removed by editing, broken_link may be set to ‘1’ so that a decoder may avoid displaying these frames predicting frames in other GOPs. However if the closed_gop bit is set to ‘1’, then the editor may choose not to set the broken_link bit as all frames in the GOP can be correctly decoded. 

broken_link -- This is a one-bit information which shall be set to ‘0’ during encoding. It is set to ‘1’ to indicate that all frames following the group of picture header may not be correctly decoded because the reference frame which is used for prediction is not available (because of the action of editing). A decoder may use this flag to avoid displaying frames that cannot be correctly decoded.
5.3 NAL for RTP

Since GOP conveys information in the group of pictures, the Local Parameter Sets must be synchronized with the GOP in VCL bitstream. When the Local Parameter Sets is used, the parameter sets should be allowed to transmit in the payload in the same packet of corresponding VCL stream. In case of more complex system, this synchronization may be guaranteed in other ways.

5.4 NAL for MPEG-2 System

The detail proposal to convey JVT bitstream on MPEG-2 System is described in JVT-B-070. NAL for MPEG-2 adds unique startcode and parameter sets before each AU. Then, all AUs are mapped on PES packets. 

6. Summaries

In this document, Group of Pictures layer is proposed. Considering the H.26L design concept, GOP is introduced in Network Adaptation Layer. The Local Parameter Sets of GOP contains information in the corresponding group of pictures. Therefore, it must be synchronized with the corresponding part of VCL stream. It is proposed to allow transmitting the parameter sets in the payload in the same packet. The case of NAL for MPEG-2 System is also proposed in JVT-B070. 

Since GOP supports important functionalities, it should be included in JVT codec.
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