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1. Introduction

In the last JVT meeting, the technique of selectable reference picture of backward prediction in B-picture was adopted. This technique is applicable for future reference pictures, so the system has to be capable of storing more than one output picture, then it has to know how many output pictures should be stored.

From the compliance point of view, the number of pictures to be delayed to output should be conveyed in a bitstream, and the maximum number of it should be limited by something like Levels.
This document proposes the new high level syntax elements to indicate the number of frames to be delayed and it proposes the method of operating output picture memory.

2. Proposed syntax

In the sequence or GOP level, 2 additional elements are necessary, which are “num_of_delay_pictures” and “num_of_delta_delay_pictures”, whose positions are just after “num_of_reference_pictures” in parameter_set_rbsp().

In Parameter set RBSP syntax
parameter_set_rbsp( ) {

:

num_of_delay_pictures
num_of_delta_delay_pictures

:

}

num_of_delay_pictures: The maximum number of pictures which is stored in output picture memory

num_of_delta_delay_pictures: This number is used to calculate output_index.

And in the picture layer level, one additional element is necessary, which is “output_index_base”, whose position is just after “frame_num” in picture_layer_rbsp().

In Picture layer RBSP syntax
picture_layer_rbsp( ) {

:


output_index_base


:

}

output_index_base: This number is used to calculate output_index. Output_index is calculated with adding output_index_base and num_of_delta_delay_pictures. Output_index expresses the index number used for managing output picture memory.

These three elements are coded with UVLC.

3. Operation of output picture memory

NAL should be capable of operating output picture memory. This is because JVT codec’s B-picture has the effective functionality to select the reference picture for backward prediction. When more than one reference picture can be selected, those pictures have to be stored until B-picture is output to display device. In MPEG-2, B-picture can refer to only one strict reference picture for backward prediction, so there is no problem.

Therefore JVT decoder, including NAL, should have the capability to know how many output pictures could be stored before outputting decoded pictures of B-picture. In addition, to operate delaying to output the decoded pictures, JVT decoder should have the capability to operate the output picture memory.

The proposed scheme of operation of output picture memory is as follows. The conceptual block diagram and flow are depicted in Figure 1 and Figure 2. The output picture memory is located just after decoder’s circuit. Each output picture memory has its own index. And that index is set to output_index when decoded picture is stored. When no picture is stored, index is set to zero.

At first, output_index is decoded. And if output_index is equal to zero, the decoded picture is output immediately, and the indices of output picture memory are updated. Otherwise, if output_index is more than one, the picture whose index is one is output, and the indices of output picture memory are updated, and decoded picture is stored in output picture memory. In the update process of indices of output picture memory, each index value is decremented by one.
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Figure 1 The block diagram of operating output picture memory
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Figure 2 The flow of operating output picture memory

For instance, the operation of output picture memory for six pictures (B1) (B2) (I3) (P4) (B5) (I6) is as follows, where I,B,P expresses the picture type and the number expresses the presentation order. And (B1) and (B2) refer to either (I3) or (P4) for backward prediction, and (B5) refers to (I6) for backward prediction. And in this case, two pictures of output picture memory exist. Figure 3 illustrates decoded picture, its output_index, output picture, and the state of output picture memory after outputting the picture, updating indices, and storing decoded picture.
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Figure 3. The illustration of output picture memory

In this case, the output of pictures from the decoder is delayed two frames in the sequence level. This number of delaying pictures is the same as the number of output picture memory, and conveyed in a bitstream as num_of_delay_pictures.

This scheme is useful to edit the bitstream. When the bitstream is cut and inserted, there is no need to change output_index. Since at each editing point, output of decoded pictures is delayed with “num_of_delay_pictures” of frames, there is no overwriting and deleting output pictures.

For instance, when six pictures (B1) (B2) (I3) (P4) (B5) (I6) are edited to (B5) (I6) (B1) (B2) (I3) (P4), the operation of output picture memory is as follows.
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Figure 4. The illustration of arranged output picture memory

When combined two bitstreams whose num_of_delay_pictures are the same each other, there is no need to modify the syntax. But when combined two bitstreams whose num_of_delay_pictures are different each other, num_of_delta_delay_pictures is useful. “num_of_delta_delay_pictures” is set so that the value of num_of_delay_pictures plus num_of_delta_delay_pictures of one bitstream is the same as the other’s value.

These operations are independent of actual display timing, but are able to output the decoded picture in the presentation order.

4. Method of calculating output_index in the encoder side

The calculating output_index at the encoder side is very easy.

When “order_of_input_picture” expresses the input order of the picture, and “order_of_encode_picture” expresses the encode order of the picture, output_index is calculated from the following formula.

Output_index = num_of_delay_pictures + order_of_input_picture - order_of_encode_picture

For instance, in Figure 3, output_index is calculated per a frame as follows.

Output_index = 2 + 3 – 1 = 4

Output_index = 2 + 4 – 2 = 4

Output_index = 2 + 1 – 3 = 0

Output_index = 2 + 2 – 4 = 0

Output_index = 2 + 6 – 5 = 3

Output_index = 2 + 5 – 6 = 1

5. Conclusion

The concept of output picture memory is proposed. This proposed method stores decoded picture and delay to output it, so that the system can display the output pictures without breaking its memory management.

And in the proposed method, the value of proposed syntax is not changed in bitstream editing, so there is no additional cost in editing.
In addition, the proposed method can output the decoded picture in the presentation order. So when this output picture operation within the VCL, VCL is easy to know the presentation order without actual timing information, and to exploit for decoding operation. Of course, the proposed method can be also implemented in NAL, instead of VCL.

And if preferable, in the proposed method, presentation order of I-picture and P-picture can be also managed.

From the compliance point of view, the maximum value of num_of_delay_pictures is limited by Level definition.
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