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1.0
Summary
The functionality known as "gradual decoder refresh" (GDR) or (rather more narrowly) "open GOP" is a commonly-used feature of MPEG-2 video that remains unsupported in the JVT design.  GDR differs from the "instantaneous decoder refresh" (IDR) feature supported in JVT video by allowing the use of predictions across the location of the random access point in the bitstream while providing information on how to deal with these pictures and initialize the decoding process.  This proposal advocates the adoption of GDR functionality using SEI messages, now that the SEI syntax structure is in place.
2.0
Background

GDR functionality was first proposed for this codec in [VCEG-O53] and then generalized in [JVT-B063] with sufficiently favorable reception to be included in a report document identified for Fairfax consideration [JVT-B109] after the "JVT concluded that gradual decoder refresh is a desirable feature and that the proposed signaling seems to address the needs well in spirit".  It was again proposed in Fairfax [JVT-C117], but deferred for consideration at the Klagenfurt meeting due to the normative decoding process receiving higher priority in the Fairfax rush.

JVT-B109 summarized the proposal with:

"The method is summarized as follows: All unavailable frames are initialized to mid-level gray (Y=Cb=Cr=128). Decoding of all frames is started, but a frame is considered completely correct in content only after at least one of the following conditions is fulfilled:

1. A pre-roll count, to be used in isolation (0 indicates unspecified or indefinite pre-roll needed, 1 indicates no pre-roll needed, 2 indicates one picture in bitstream order, 3 indicates two pictures, etc.)

2. An initialization delay, to be used in isolation (0 indicates unspecified or indefinite delay, 1 indicates no delay needed, 2 indicates one picture clock frequency tick, 3 indicates two picture clock frequency ticks, etc.)

3. A combination of a pre-roll count with an initialization delay, to be used jointly – only when both conditions are fulfilled is decodability assured."

Further work needs were identified as follows:

"It remained open which syntax is appropriate to carry the signaling. Moreover, it was unclear, which impacts loop filtering has on isolated I macroblocks and which is the most elegant way to cope with the problem."

Syntax issues were essentially worked out in JVT-B109 as follows:

aligned(8) class GradualDecoderRefreshPreRollCount aligned(8) extends SEIMessage(SEI_PREROLL_COUNT) {


unsigned int(16) preRollCount;

}

aligned(8) class GradualDecoderRefreshInitializationDelay aligned(8) extends SEIMessage(SEI_INITIALIZATION_DELAY) {


unsigned int(16) initializationDelay;

}

aligned(8) class GradualDecoderRefreshJoint aligned(8) extends SEIMessage(SEI_JOINT) {


unsigned int(16) preRollCount;


unsigned int(16) initializationDelay;

}"

Aside from obvious translation into the syntax table format of the current JVT draft, this syntax appears reasonably sufficient.

Semantics were described in JVT-B109 as follows:

"A pre-roll count indicates the number of reference pictures that should have been decoded on best-effort basis before receiving the next slice in order to obtain a correct reconstructed picture. 0 indicates no pre-roll needed, 1 indicates one picture in bitstream order, 2 indicates two pictures, etc.

An initialization delay indicates the presentation time, relative to the presentation time of the next received slice, that should be decoded before obtaining a correct reconstructed picture. 0 indicates no delay needed, 1 indicates one clock tick unit defined in the parameter set in use, 2 indicates two clock tick units defined in the parameter set in use, etc. 
Sending of a joint packet indicates that both the pre-roll count and the initialization delay are criteria that need to be mapped together where the meaning of each individual parameter is defined in the previous paragraphs."

Again these seem reasonably sufficient.

3.0
New Considerations
3.1
Time-Independence

There has been increased interest in having a time-independent codec.  The one clear place in the GDR design in which time was used was to specify an "initialization delay" in units of time.
If time-independence remains an important goal of the JVT codec design, we propose that the "initialization delay" parameter be replaced with a "post-roll count", indicating a number of pictures rather than an amount of time after which synchronization will have been achieved.

3.2
Effect of boundary filtering and exact versus approximate match

The remaining issue identified in JVT-B109 for consideration was the impact of boundary filtering and the question of whether exact or approximate match was desired.
We therefore advocate the following:

1. Adding an exact_match flag to the GDR syntax to indicate whether the match after recovery will be exact or approximate.

2. Enabling some ability to turn off the deblocking loop filter at intra/inter boundaries (an item of JVT-C117 marked for further July study).

3. Enabling some ability to turn off the deblocking loop filter at slice or slice group boundaries (another item of JVT-C117 marked for further July study), and

4. Enabling the ability to turn off the deblocking loop filter completely for a picture or stream (a feature not to be confused with removing the deblocking loop filter support from any profiles).

3.3
Need for associated HRD parameters

The GDR points are random access points.  It is therefore advisable that GDR HRD parameters be present at these points as well as being present at IDR locations.  These HRD parameters can be the same as those for IDR locations.

3.4
Considering "Broken Link" splicing
An item identified in JVT-B063 for further study was "broken link" editing.  If we wish to enable this form of crude bitstream splicing in the JVT design, we can do this as follows:

1. Add a broken_link_flag to the GDR SEI syntax.

2. If broken_link_flag = 1, the semantics should indicate that some pictures prior to the GDR point may be referenced in pictures subsequent to the GDR point, and that a splicing may have occurred at that point and therefore some pictures between the location of the GDR point and the location of the identified recovery point may be unappealing and therefore should not be displayed (with the use of the "may" and "should" terms to avoid SEI data from having a normative effect on decoder behavior).
3. Even when broken_link_flag = 1, the syntax of the pictures that follow shall be in conformance with the specification – however they need not necessarily look good.  A decoder that starts at an IDR point and decodes the rest of the stream continuously from there onwards shall not encounter any problem in its decoding process, even when it ignores the GDR SEI data (although again we state that not all pictures must look good, as indeed is always the case).

4.0
Summary

We believe GDR is a functionality that is useful, mature, supported in prior video codec designs, voluntary and supplemental in nature for both encoder and decoder use, and thus ready for adoption into the JVT codec specification.
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