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1. Introduction

Random access for JVT codec was discussed in Geneva meeting, and it was agreed to support two types of random access, instantaneous decoder refresh and gradual decoder refresh. In case of instantaneous decoder refresh, decoder is initialized at random access point and pictures after random access point do not refer to the pictures beyond random access point. Gradual decoder refresh provides the flexibility to tradeoff random and coding efficiency. But several issues, e.g. syntax, are still opened. In this document, further study on random access for JVT is reported. 

2. Gradual Decoder Refresh

Since JVT codec supports multiple reference frame prediction and long term frame buffer, random access is more difficult than that of MPEG-2/4. In case of MPEG-2/4, only B-pictures before the first I frame in GOP may refer to the pictures beyond random access point. All pictures after the first I-picture in display order can be decoded correctly. However, it is not applicable for JVT. P-picture may not be able to decoded correctly as well due to the multiple reference frame prediction. Closed GOP is one approach to support clear random access, but it reduces the coding efficiency. Gradual decoder refresh was proposed in JVT-B063. It proposed

· Pre-roll delay (pictures)

· Init delay (time)

· Use both

· Move random access point to any picture type

2.1 Signaling to identify the random access point

 The syntax to support the instantaneous decoder refresh for RTP NAL is proposed in JVT-B109. The definition of the gradual decoder refresh is tentatively defined in JVT-B109. In this proposal, dedicated NAL packet type is defined for instantaneous decoder refresh. IDERP (instantaneous decoder refresh packet) indicates the start of clean random access point. It is used for all slices of a randomly accessible picture. However specific packet types are not defined for gradual decoder refresh random access. Random access point must be identified easily and identification of random access point at higer syntax level is required. 

Parameters for gradual decoder refresh are signaled in Supplemental Enhancement Information. The example of syntax for RTP NAL is described in Sec. 4.2.2. 

3. Splicing and Bitstream Editing

3.1 Seamless and Non-seamless Splicing

Splicing is one of the important functionality of codec and JVT codec should support it. It was studied for MPEG-2 to insert the advertisement during broadcasting. For example, SMPTE standardized the splicing for MPEG-2 TS in SMPTE PT20.02, which supports both seamless and non-seamless splicing. JVT codec should support both of splicing. However the current specification doesn’t clearly support it, because 1) there are no clear syntax to carry buffer fullness, and 2) gradual decoder refresh random access is not defined yet. In this section, the extension to support splicing is described.
There are two types of splicing, seamless splicing and non-seamless splicing. Seamless splicing allows clean instantaneous switching of streams. The video stream to be spliced must be created to have matching VBV buffer characteristics at the splice. The time between when the old streams end and the last old picture is decoded must be exactly one frame less than the startup delay of the new stream. 

Non-seamless splicing avoids decoder buffer overflow by inserting short dead time between two streams. This assures that new stream begins with an empty buffer. The splicing device waits before inserting the new stream to assure that the decoder’s buffer is empty, thus avoiding the chance of overflow. The decoder’s picture should freeze during the startup delay of the new stream. VBV behavior of seamless and non-seamless splicing is shown in Figure 1. 
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        (a) Seamless splicing                                   (b) Non-seamless splicing

Figure 1: Seamless and non-seamless splicing VBV buffer behavior

The example of seamless splicing is shown in Figure 2. New stream begins the moment the old stream ends as shown in Figure 1 (a). The last old picture is decoded exactly one frame before the first new picture. The buffer occupancy at the end of old stream and occupancy just before removing bits of the first picture of new stream must be exactly the same as shown in Figure 2. In case of MPEG-2, vbv_delay of the last frame in the old stream must be the same as that of the first frame in the new stream. The splice point should be a random access point and new stream follows random access point header (GOP header). For seamless splicing, random access point should be clean random access point (closed_GOP). 
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Figure 2: Example of Seamless Splicing

The example of non-seamless splicing is shown in Figure 3. Splicing device holds up new stream at least drain time. The picture is frozen or turned to be black at splicing point while decoder initializes the buffer. The splice point should be a random access point and new stream follows random access point header (GOP header). For non-seamless splicing, gradual decoder refresh random access point (open_GOP) should be allowed. The pictures in the new stream before the frame indicated by pre-roll count are discarded, because it can’t be decoded correctly. The picture is frozen or turned to be block until decoder reconstructs correct pictures. In order to identify the availability of reference frame, indication of discontinuity of video stream is necessary.
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Figure 3: Example of Non-seamless splicing

In order to support the above functionalities, the following extension is needed.

· Transmit buffer occupancy at the random access point

· Definition of buffer initialization at splicing point and random access point

· Definition of displaying pictures during decoder initialization

· Indication of discontinuity of stream at random access point

3.2 Generalized HRD

The generalized hypothetical reference decoder (HRD) including multiple leaky bucket concept is defined. The parameters of leaky buckets, (R1,B1,F1),,,,(Rn,Bn,Fn) are encoded at the header of each bitstream. It intend to allow decoders at various bitrate and buffersize. Minimum bitrate and buffer size that bitstream is contained in leaky bucket is defined in sec. 13.7. The decoder can decode bitstream if its bitrate and buffer size is larger than Rmin and Bmin. The example of the characteristic of multiple leaky bucket (R, B, F) is shown in Figure 4. 

In order to guaranteed the continuity of buffer characteristics at splicing point, the leaky bucket parameters(R, B, F) of new stream must be exactly the same or must be contained in those of old stream. Therefore, the following conditions must be satisfied. 

Rmin_old >= Rmin_new

Bmin_old >= Bmin_new

The set of leaky bucket parameters of new stream is encoded at splicing point (random access point). 
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Figure 4: Illustration of leaky bucket concept

4. Proposal

4.1 Random Access Point and Buffering

In order to support the above functionalities, the following extensions are proposed. 

· Transmit buffer occupancy at the random access point

· Definition of buffer initialization at splicing point and random access point

· Definition of displaying pictures during decoder initialization

· Indication of discontinuity of stream at random access point

· Carriage of leaky bucket parameters at random access point

· Leaky bucket parameters condition at random access point

4.2 Syntax

The syntax for RTP NAL is defined in this section. At the moment, the Supplemental Enhancement Information (SEI) mechanism is used, as proposed in JVT-B109, to carry information of buffer occupancy and discontinuity of stream. 

4.2.1 NALP type

Regarding NAL packet type, dedicated packet type for gradual decoder refresh is also needed to identify the gradual decoder refresh random access point effectively. An gradual decoder refresh packet (GDERP) type should be added to NALP type. New NALP type is as follows,

NALP type

EI-Flag

NALP First Byte

GDERP

0


0x82

GDERP

1


0x83

4.2.2 Syntax elements

The syntax for MPEG-2 NAL is described in JVT-C055. In case of MPEG-2 NAL, the following information is encoded at random access point header (GOP header). 

aligned(8) class VBVBufferOccupancy aligned(8) extends SEIMessage(SEI_VBVBufferOccupancy) {


unsigned int(16) vbvBufferOccupancy;

}

aligned(8) class discontinuity aligned(8) extends SEIMessage(SEI_discontinuity) {


unsigned int(1) discontinuity;

}

vbvBufferOccupancy indicates the buffer occupancy just before removing the bits associated with the frame. 

discontinuity indicates the availability of reference frame of multiple reference picture prediction. discontinuity = 1 means that the reference picture is not available due to the editing or splicing. Decoder may not be reconstruct pictures by the frame indicated by pre-roll count. 

4.2.3 Examples

The example of random access point with instantaneous decoder refresh is as follows,

first_byte = “compound packet”

sub_packet = “SEI”


SEI_message = PresentationTimeStamp



SEI_message = DecodingTimeStamp



SEI_message = VBVBufferOccupancy



SEI_message = dicsontinuity



SEI_message = HRD_parameters


sub_pecket = “IDERP”
The example of random access with gradual decoder refresh is as follows, 

first_byte = “compound packet”

sub_packet = “SEI”


SEI_message = PresentationTimeStamp



SEI_message = GradualDecoderRefreshPreRollCount



SEI_message = VBVBufferOccupancy



SEI_message = dicsontinuity



SEI_message = HRD_parameters


sub_pecket = “GDERP”
The example of random access point header for MPEG-2 NAL is described in JVT-C055.

5. Summaries

In this contribution, further study on random access for JVT codec is reported. Splicing and bitstream editing for JVT codec is studied. JVT codec should support splicing and bitstream editing at video layer as it is supported by MPEG-2. The syntax and semantics extensions are proposed to support splicing. 
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