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1. iNTRODUCTION
The enhanced GOP concept introduced in JVT-B042 was accepted to the JVT coding standard in the second JVT meeting. The enhanced GOP concept organizes pictures in temporal scalability layers and sub-sequences. A sub-sequence represents a number of inter-dependent pictures that can be disposed without affecting the decoding of any sub-sequence in any less enhanced scalability layer. JVT-B042 proposed the enhanced GOP concept for streaming servers for unequal error protection and rate shaping purposes. Consequently, the concept required support only in the file storage format, and JVT-B042 included the changes regarding the interim file format. No changes in the transmitted codestream were seen necessary at that time.

Since the second JVT meeting, we have found application scenarios that require transmission of enhanced GOP information. Moreover, we found that using parameter sets efficiently, no burden is placed on systems that do not require enhanced GOP information. Thus, we propose adoption of the proposed signaling mechanism for the enhanced GOP information to the baseline profile.

The contribution is organized as follows: Section 2 introduces some applications that would require or utilize signaling of the enhanced GOP information. Section 3 presents the proposed syntax and semantics. Section 4 describes the decoder operation regarding the proposed signaling.

2. Applications

2.1 Unique Identification of Coded Pictures

While the in the Internet Draft for RTP payload Format for JVT Video (ftp://ftp.ietf.org/internet-drafts/draft-wenger-avt-rtp-jvt-00.txt) was discussed the following application scenario was presented: Some video content is pre-delivered to smooth over fluctuations in the bit rate needed to code the video to a given fidelity. For example, if you know you're going to switch to transmission of a particular inserted commercial message soon, then you can start pre-delivering its I frame content if there isn't much activity in the current video. The decoding time of the pre-delivered content is not known at the time of its transmission. The pre-delivered content stays in the receiver buffer in its coded form as long as the decoding time is separately signaled using the Supplemental Enhancement Information (SEI) mechanism, for example. The decoding time message must be associated with a correct picture explicitly. This requires unique identification of pictures.

The picture number can be used as an identifier of short-term stored pictures. The picture number shall be incremented by 1 for each stored picture. When a certain maximum picture number value, defined in the parameter set, is reached, the picture number wraps over to zero. Thus, picture numbers serve for short-term identifiers only.

The definition of picture number serves both efficient picture number difference coding of multi-picture buffer operations and detection of lost pictures. If the difference of the picture numbers of two consecutively received and stored pictures is not 1, the decoder should infer a loss of pictures or corruption of data. However, because of file editing or when accessing a file or a bit-stream randomly, a discontinuity in picture numbers may occur naturally. Thus, it was proposed in JVT-B041 that the picture number shall be reset to zero in the first picture of an independently decodable GOP. The methods presented in JVT-B041 ended up in the output document JVT-B109 that is considered for approval in the third JVT meeting. JVT-C083 is an updated version of JVT-B041. If JVT-C083 becomes adopted, picture numbers wrap over to zero more often, and their use for reliable longer-term picture identification is more limited.

Associating layer and sub-sequence information with pictures provide a way to identify pictures having the same picture number from each other. 

2.2 Computational Scalability in Receiving Terminals

Video coding levels define the computational and memory requirements for decoders. While receivers should request only for bit-streams that they are able to decode in real-time, such bit-streams may not always be available. Moreover, it cannot always be controlled which video clips are received. For example, ignorant users may download a 30-Hz CIF-sized video clip to a handheld terminal that is not able to decode more than 15-Hz QCIF-sized content in real-time. Furthermore, 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. The enhanced GOP concept helps to maintain real-time decoding and playback in all of these cases. Decoders can choose which layers and sub-sequences they are able to decode in real-time. This property is equally important with streams received in real-time and with files.

2.3 Gateways and Transcoders

A video communication gateway may sometimes have to tune the bit-rate of a coded video stream. The methods of bit-rate control of 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 temporarily.

3. Proposed syntax And Semantics

3.1 Parameter Set

The following parameters are added to the parameter set:

Number of Layers (NOL)

Value 0 indicates that no enhanced GOP information is present in slice headers. Value 1 indicates that no layer number is present in slice headers but sub-sequence identifiers are included in slice headers. Values greater than 2 indicate that the layer number field is present in slice headers. 

3.2 Slice Header

The following conditional parameters are added to the slice header preferably before reference picture selection parameters:

Layer Number (LN), variable-length code
This field is present only if NOL is greater than 1. It indicates the layer number of the picture that the slice belongs. Layers are ordered hierarchically based on their dependency on each other. Layer 0 (the base layer) is independently decodable. Layer 1 (the first enhancement layer) depends on some of the data in the base layer. Layer 2 (the second enhancement layer) depends on some of the data in the first enhancement layer and in the base layer and so on. The subjective quality increases along with the number of decoded enhancement layers.

Sub-Sequence Identifier (SSID), variable-length code
This field is present only if NOL is greater than 0. SSID identifies the sub-sequence within a layer. 

3.3 Supplemental Enhancement Information

It might be advantageous for gateways and receivers to receive the characteristics of layers and sub-sequences as well as dependency information of sub-sequences. We think that Supplemental Enhancement Information is a correct transport mechanism for this type of information. 

Signaling of time-stamps and time durations have not been accepted yet in the JVT codec. In the following, we assume that the timestamps are signaled as proposed in JVT-C070. The following SEI messages are proposed. Note that the potential adoption of JVT-C078 (“Coding of Parameter Sets”) and JVT-C079 (“Improved Coding of Slice Headers”) would affect the proposed syntax. However, as the impacts are straightforward, they are not presented here.

Layer Information

while (more_data_in_SEI_payload()) {


unsigned int(32) avgBitRate;


unsigned int(32) avgFrameRate;

}

The structure above is repeated until the size of the SEI payload is reached. The first instance of the structure signals the data for layer 0. The second instance of the structure signals the data for layer 1 and so on.

avgBitRate gives the average bit-rate in bits/second of the layer. All NALPs of the layer are taken into account in the calculation. Value zero means an undefined bit-rate.

avgFrameRate gives the average frame rate in frames/(256 seconds) of the layer. Value zero means an undefined frame rate.

The values are in effect from the point they are transmitted until an update of the values is transmitted. 

Sub-Sequence Information

{


uvlc layerNumber;


uvlc subSequenceIdentifer;


uvlc pictureNumber;


uvlc parameterSetAddress;


unsigned int(64) ssDuration;


unsigned int(32) avgBitRate;


unsigned int(32) avgFrameRate;


uvlc numReferencedSubSequences;


for (i = 0; i < numReferencedSubSequences; i++) {



uvlc layerNumber;



uvlc subSequenceIdentifier;

}

One structure as above exists per one SEI message. 

layerNumber and subSequenceIdentifier identify the sub-sequence.

pictureNumber identifies the first picture of the sub-sequence.

ssDuration indicates the duration of the sub-sequence. ssDuration equal to zero indicates an undefined duration. The clock frequency for ssDuration is fetched from the parameter set indicated by parameterSetAddress.

avgBitRate gives the average bit-rate in bits/second of the sub-sequence. All NALPs of the sub-sequence are taken into account in the calculation. Value zero means an undefined bit-rate.

avgFrameRate gives the average frame rate in frames/(256 seconds) of the sub-sequence within the segment. Value zero means an undefined frame rate.

numReferencedSubSequences gives the number of directly referenced sub-sequences. The following loop lists the referenced sub-sequences, i.e., layerNumber and subSequenceIdentifier within the loop identify a sub-sequence that is used as a motion compensation reference for the current sub-sequence. 

Explicit Decoding Time

{


uvlc layerNumber;


uvlc subSequenceIdentifer;


uvlc pictureNumber;


uvlc parameterSetAddress;


unsigned int((numBytesInDecodingTimeMinusOne + 1) * 8) decodingTime;

}

layerNumber, subSequenceIdentifier, and pictureNumber identify the picture which this SEI message concerns.

The clock frequency and size of the decoding time is fetched from the parameter set indicated by parameterSetAddress.

decodingTime signals the decoding time of the indicated picture.

4. Decoder Operation

The decoder may decide not to decode a certain layer having layer number C. In such a case, the decoder shall not decode any slice having a layer number equal to or greater than C.

The decoder may decide not to decode a certain sub-sequence in layer C and having sub-sequence identifier D. In such a case, the decoder shall not decode any slice having a layer number equal to C and a sub-sequence identifier equal to D. Once the decoder has received a Sub-Sequence Information SEI message concerning a sub-sequence in layer C and having the sub-sequence identifier D but starting from a different picture number than the discarded sub-sequence, the decoder should no more discard slices having layer number C and sub-sequence identifier D. 
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