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Abstract

This contribution proposes to add an SPS-level parameter in HEVC that expresses a constraint on the maximum amount of reordering that can be applied to any frame in a coded video sequence. By comparing the latency status of each frame in the DPB to the value of the maximum latency constraint, a decoder can determine when the maximum latency limit has been reached, and can immediately output any frame that has reached this limit. It is asserted that this can enable the decoder to more rapidly identify frames that are ready for output than with the current syntax for a variety of video encoding structures that includes typical cases. It is also asserted that directly expressing such a limit on the amount of reordering latency allowed through the encoding-decoding process would be a useful characteristic to be established for system-level negotiation and characterization purposes.

1 Introduction

The AVC (and draft HEVC) design contains the parameter max_dec_frame_buffering for expressing the top-level memory capacity needed for a coded video sequence to enable a decoder to output pictures in the correct order. Similarly, the memory capacity needed for picture reordering and for reference pictures are expressed by num_reorder_frames and max_num_ref_frames, respectively.
· max_dec_frame_buffering (or MaxDpbFrames) specifies the required size of the decoded picture buffer (DPB) in units of frame buffers.

· num_reorder_frames (or max_num_reorder_frames) indicates the maximum number of frames (or complementary field pairs, or non-paired fields) that can precede any frame (or complementary field pair, or non-paired field) in bitstream order and follow it in output order. In other words, it is a constraint on the memory capacity necessary for picture reordering.
· max_num_ref_frames specifies the maximum number of short-term and long-term reference frames (or complementary reference field pairs, or non-paired reference fields) that may be used by the decoding process for inter prediction of any picture in the coded video sequence. max_num_ref_frames also determines the size of the sliding window for operation of the sliding window decoded reference picture marking process. Again, it is a constraint on required memory capacity.
However, a fundamental property of a coded video sequence is its latency characteristics, and these parameters do nothing to constrain the maximum latency. Adding a latency constraint at the parameter set level would be beneficial, not only for purposes of system-level negotiation (e.g., for interactive real-time communication), but also for enabling a decoder to make an earlier identification of frames that are ready to be output.
We propose to add a parameter to the sequence parameter set for this purpose.

By comparing the latency status of each frame in the DPB to the value of the parameter, a decoder can determine when the maximum latency limit has been reached, and can immediately output any frame that has reached this limit. It is asserted that this can enable the decoder to more rapidly identify frames that are ready for output than with the current syntax for a variety of video encoding structures that includes typical cases.
2 Proposed syntax and semantics text

2.1 Sending the value directly

We can add a syntax element to the HEVC sequence parameter set called max_latency_frames_plus1 that is encoded using exponential-Golomb coding – i.e., as a ue(v).

The proposed semantics of this parameter are as follows:

max_latency_frames_plus1, when not equal to 0, is used to compute the value of MaxLatencyFrames as specified by MaxLatencyFrames = max_latency_frames_plus1 – 1. When max_latency_frames_plus1 is not equal to 0, the value of MaxLatencyFrames specifies the maximum number of frames that can precede any frame in the coded video sequence in output order and follow it in decoding order. When max_latency_frames_plus1 is equal to 0, no corresponding limit is expressed. The value of max_latency_frames_plus1 shall be in the range of 0 to 232 − 2, inclusive.
We could then define the variable MaxLatencyFrames = max_latency_frames_plus1 – 1.

2.2 Sending the increase relative to num_reorder_frames

We note the relationship that ordinarily MaxLatencyFrames is greater than or equal to num_reorder_frames. We can enforce sensibility and save some bits in the representation of MaxLatencyFrames by sending the difference between the two quantities (using Exp-Golomb coding) rather than sending the value itself – as follows.

max_latency_increase_plus1, when not equal to 0, is used to compute the value of MaxLatencyFrames as specified by MaxLatencyFrames = num_reorder_frames + max_latency_increase_plus1 – 1. When max_latency_increase_plus1 is not equal to 0, the value of MaxLatencyFrames specifies the maximum number of frames that can precede any frame in the coded video sequence in output order and follow it in decoding order. When max_latency_increase_plus1 is equal to 0, no corresponding limit is expressed. The value of max_latency_increase_plus1 shall be in the range of 0 to 232 − 2, inclusive.
We propose this approach.
3 Examples
In each of the examples shown in this section, each frame is denoted by the symbol Fjk with a subscript j that indicates its position in output order and a superscript k that indicates its position in decoding order. Note that the output order subscript increases from left to right in each figure. Arrows are used to illustrate the use of preceding frames in decoding order for the prediction of subsequent frames in decoding order. For simplicity, the encoding process in each example uses no more than two frames as references for inter-frame prediction when encoding any particular frame. The value of MaxLatencyFrames is effectively the maximum allowed difference between the subscript value and the superscript value for any particular coded frame.
Example 1 below shows a coded video sequence that would have a value of num_reorder_frames set equal to 1 since, at any point in the processing of the decoding system, there is only one frame, the F81 frame, that is stored in the DPB for reordering purposes. However, this coded video sequence has a relatively high latency, because, after encoding the first frame, the F00 frame, the encoder would wait until it had buffered up eight source frames before encoding the next frame, the F12 frame, that appears in output order. While this coded video sequence has a low value (1) for num_reorder_frames, it would have a relatively high value (7) for MaxLatencyFrames.
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Example 1: A video sequence with num_reorder_frames = 1 and MaxLatencyFrames = 7.
Example 2 shows another example sequence. In contrast with Example 1, although this sequence has the same low value (1) for num_reorder_frames, it has a low value (1) for MaxLatencyFrames and therefore exhibits a substantially lower end-to-end latency.
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Example 2: A video sequence with num_reorder_frames = 1 and MaxLatencyFrames = 1.
Example 3 shows another example sequence for contrast with Example 1. Again this sequence has the same low value (1) for num_reorder_frames, and it has a relatively low value (2) for MaxLatencyFrames and therefore exhibits a substantially lower end-to-end latency – although its latency is not as low as that shown in Example 2.
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Example 3: A video sequence with num_reorder_frames = 1 and MaxLatencyFrames = 2.
Example 4 shows another example sequence. While this coded video sequence has a relatively low value (2) for num_reorder_frames, it would have a relatively high value (7) for MaxLatencyFrames.
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Example 4: A video sequence with num_reorder_frames = 2 and MaxLatencyFrames = 7.
Example 5 shows another example sequence. In contrast with Example 4, although this sequence has the same value (2) for num_reorder_frames, it has a substantially lower value (3) for MaxLatencyFrames and therefore exhibits substantially lower end-to-end latency.
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Example 5: A video sequence with num_reorder_frames = 2 and MaxLatencyFrames = 3.
Note that in each example, if the value of MaxLatencyFrames is known, the decoder can identify the following frames as being ready for immediate output upon receipt of the frame that precedes it in output order. These frames could not be identified as being ready for output using num_reorder_frames alone until additional frames (or the end of the coded video sequence) had been received. In particular, the MaxLatencyFrames parameter enables earlier output of the following frames:

1. In Example 1, the frame F81.

2. In Example 2, the frames F21, F43, F65, and F87.

3. In Example 3, the frames F31, F64, and F97.

4. In Example 4, the frame F81.

5. In Example 5, the frames F41, and F85.

Moreover, the declaration or negotiation of the values of MaxLatencyFrames at the system level would provide a summary expression of the latency characteristics of the bitstream in a way that is not enabled by the num_reorder_frames measurement of reordering storage capacity.
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