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1. iNTRODUCTION
In some usage scenarios of reference picture selection, such as in “Video Redundancy Coding”, some encoders may send more than one representation for the pictured scene at the same temporal instant (usually using different reference pictures). According to ITU-T Recommendation H.263, the decoder shall regard pictures having the same picture number as an indication that redundant copies have been sent of approximately the same pictured scene content, and shall decode and use the first such received picture while discarding the subsequent redundant picture(s). We refer the coded pictures representing the same picture contents as sync pictures and the reconstructed picture itself as the reconstructed sync picture.

Decoder operations in case of sync pictures have not been specified yet in the JVT committee draft, and this contribution addresses that. Moreover, we present needs for identifying a sync picture from its colleagues and propose syntax for this purpose. Finally, we justify the need for partial sync pictures and propose syntax for them as well.

The contribution is organized as follows: As a background, section 2 recaps the fundamentals of the enhanced GOP concept, which is preferably combined with the sync picture signaling. Section 3 includes the proposed syntax changes, whereas section 4 includes the changes in decoder operation. Section 5 justifies the design decisions by giving a few application examples.

The contents of the contribution are essentially the same as in JVT-C081, which was not handled in the Fairfax meeting due to lack of time. Syntax diagrams and definitions have been updated to reflect the conventions of the JVT committee draft.

Proposed agenda category: 2) issues previously identified for further study/verification

Keywords for agenda allocation: error resiliency, high-level decoder process

2. Background

2.1 Concept of Enhanced GOP

JVT-B042 introduced the concept of enhanced group of pictures, which also included use of sync pictures. This section recaps the fundamentals of the enhanced GOP concept.

Layers can be ordered hierarchically based on their dependency on each other. The base layer is independently decodable. The first enhancement layer depends on some of the data in the base layer. 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. 

A sub-sequence shall not depend on any other sub-sequence in the same or in a more enhanced scalability layer. In other words, it shall only depend on one or more sub-sequences in one or more less enhanced scalability layers. A sub-sequence in the base layer can be decoded independently of any other sub-sequences and prior long-term reference pictures. Thus, the beginning of a base layer sub-sequence can be used as a random access position.

A sub-sequence covers a certain period of time within the sequence. Sub-sequences within a layer and in different layers can partly or entirely overlap. A picture shall reside in one layer and in one sub-sequence only. 

Pictures sharing the same display time in the same layer are considered alternative representations of the same picture content, and any representation of the picture can be used. These so-called sync pictures shall reside in the same sub-sequence, but their reference pictures can reside in any sub-sequence. Indication of the reference sub-sequence helps streaming servers to decide which coded sync frame to transmit. 

Figure 1 shows a coding scenario with sync pictures. A streaming server can decide whether the transmit the base layer or both the base layer and the enhancement layer based on the prevailing network conditions. Moreover, the streaming server decides, which sync picture it transmits (in unicast streaming), and it can dynamically switch from base layer to base+enhancement layer or vice versa if the network conditions change.
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Figure 1. Coding scenario for rate shaping in streaming server.

3. Proposed syntax and semantics

3.1 Relation to Enhanced GOPs

Contribution JVT-D098 proposes parameter set and slice header syntax for enhanced GOP information. Some of the following codewords are related to the proposed enhanced GOP information. However, the proposed syntax operates with and without the use of enhanced GOP information. Thus, if JVT-D098 is not approved, the text related to enhanced GOPs can simply be discarded from this contribution.

3.2 Parameter Set

The following parameters are added to the parameter set:

	
sync_picture_possibility
	0
	u( 1 )


Value 0 indicates that no sync pictures exist and sync_picture is not present in the slice header. Value 1 indicates that sync pictures may exist and sync_picture is present in the slice header. 

3.3 Slice Header

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

	
if (sync_picture_possibility = = 1) {
	
	

	

sync_picture
	4
	e( v )

	

if (sync_picture > 0) {
	
	

	


partial_sync_picture_flag
	4
	u( 1 )

	


if (num_layers > 1)
	
	

	



origin_layer_num
	4
	e( v )

	


if (num_layers > 0)
	
	

	



origin_subsequence_id
	4
	e( v )

	

}
	
	

	
}
	
	


If sync_picture is zero, the slice belongs to the primary representation of the picture contents. If layer_num and subsequence_id are in use, the slice can only be predicted from data that lies on the same sub-sequence or on a layer having a smaller layer number than the current one. If sync_picture is greater than zero, the coded slice belongs to a picture that represents the same picture content as any other sync picture having the same layer_num, subsequence_id, and frame_num in the multi-picture buffer. sync_picture identifies a particular sync picture. Any complete sync picture can be used to recover the reconstructed sync picture, and no noticeable difference on the reconstructed picture or any picture based on that should occur. 

partial_sync_picture_flag 0 indicates that each macroblock of the transmitted sync picture was coded and a complete representation of the picture contents is obtained when decoding the picture. A sync picture having partial_sync_picture_flag equal to zero is referred to as a complete sync picture. Value 1 indicates that the sync picture does not cover the entire spatial area of the picture, and in order to get a complete reconstructed picture, missing spatial areas should be reconstructed from other. A sync picture having partial_sync_picture_flag equal to one is referred to as a partial sync picture.

origin_layer_num and origin_subsequence_id indicate the sub-sequence that is directly referred to in the motion compensation process of the sync picture. If multiple sub-sequences are referred to, origin_layer_num is the largest layer number of these sub-sequences. If there are multiple referred sub-sequences having the same largest layer number, origin_subsequence_id is the identifier of the sub-sequence whose first picture is the first one in coding order.

4. Proposed Decoder Operation

If sync_picture_possibility is 1, the decoder shall decode the first received complete sync picture for each received frame number. If parts of the first received complete sync picture are not received or are corrupted, the decoder should decode (parts of) the other received complete or partial sync pictures to reconstruct the missing or corrupted areas. The decoder should discard the subsequent redundant sync picture(s) having the same frame number. Only one reconstructed picture shall be inserted into the multi-frame buffer.

5. Applications

5.1 Identification of a Sync Picture

If sync pictures are conveyed over RTP/UDP/IP, each one of them may be encapsulated to more than one IP packet. Because of the connectionless nature of UDP, the packets may be received in different order from the one they were transmitted. Moreover, the originator may interleave slices from different picture into the same compound NAL packet on purpose. Thus, it may be difficult or impossible for the receiver to deduce which coded slices belong to a particular sync picture. This may result into the situation where slices overlapping which each other are decoded and the decoder may be confused about this. The sync_picture field in the slice header solves the problem.

5.2 Partial Sync Picture in Gradual Decoder Refresh

This section includes an example how partial sync pictures can be used for unequal error protection (UEP). Other similar UEP examples could be composed too.

In broadcast streaming (including digital TV and multicast IP streaming), random access positions are inserted into the coded video to enable newly tuned clients decoding the incoming stream. While full intra pictures have been conventionally used for random accessing, they are susceptible to transmission errors. Therefore, gradual decoder refresh has been proposed in JVT-B063 and in JVT-C074. In gradual decoder refresh, only a part of the picture is intra coded at one time, and a completely refreshed picture is gained when a certain series of pictures has been decoded. JVT-C072 and JVT-C074 introduced a concept of isolated regions that represent the reliably reconstructed area in one picture. The isolated region of the next picture is predicted from the isolated region of the previous one. Thus, isolated regions are especially susceptible to temporal error propagation and it might be beneficial to protect them better than the leftover regions. A relatively cheap way to provide unequal error protection of the intra-coded areas is to inter-code the same areas as a partial sync picture. Figure 2 shows the beginning of a gradual decoder refresh period, where one macroblock row at a time is being intra-coded. Small rectangles indicate macroblocks, and the block of small rectangles indicates a picture. Thick macroblock edges surround the isolated region in each frame. Mid-gray macroblocks indicate the intra-coded areas. Dotted macroblocks are not coded and indicate a partial sync picture. The shown frames are placed in temporal order. Vertically adjacent frames are sync pictures. Primary sync pictures are on the top row of the pictures, and the bottom row includes the corresponding partial sync pictures. The partial sync pictures are inter-coded as normally using earlier reference pictures (not shown in the figure).
[image: image2.emf]
Figure 2. Partial sync pictures adding protection to gradual decoder refresh.

5.3 Gateway Operation

A video communication gateway may sometimes have to tune the bit-rate of a coded video stream. One way to adjust the bit-rate is to discard some layers and/or sub-sequences of a video stream. If a gateway has discarded a layer or a sub-sequence, it makes no sense to transmit a sync picture based on that layer or sub-sequence. In order to prevent this, the gateway can study origin_layer_num and origin_subsequence_id fields and forward only those sync pictures that are predicted from layers and sub-sequences that were transmitted earlier.
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