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Abstract

Since its recent creation in amendment 1 to the 2009 edition of ITU-T Rec. H.264 | ISO/IEC 14496-10, the frame packing arrangement (FPA) SEI message has been strongly embraced by industry as the preferred method for deployment of broadcast stereoscopic 3D video services. This indicates that the FPA SEI message was a timely solution to a significant industry need that arose as 3D video emerges as a major mass-market application. Indeed, stereo 3D video has been one of the largest themes in recent consumer electronics development.

However, as a result of the effort to produce an SEI message in a timely fashion to suit the immediate needs of industry, the editorial state of the semantics of the FPA SEI message may not have been fully mature when it was produced.

This document reports on the issues of which the author is aware that require consideration in that regard.
Some aspects discussed here were previously discussed in the July 2010 WG11 meeting output document N11465, the July 2010 WG11 meeting input documents M17682 and M17867, and the July 2010 ITU-T SG16 meeting document TD 132/WP3.

This contribution provides updated information on this topic, and additionally suggests introducing a "2D content" indication capability in the FPA SEI message.

1. Sample aspect ratio interpretation

The FPA SEI message is intended to enable stereo 3D content to be delivered in a "frame compatible" way – i.e., so that the coded video stream can pass through existing 2D decoders in a compatible fashion, and only the post-decoding processing would need any modification to interpret the video as stereo 3D.

However, it should be noted that in some frame packing arrangements, the usage of the aspect ratio indicator, as described in the specification, does not really seem to achieve the intended compatibility goal.

For example, a typical broadcast format is 1280x720 with 1:1 sample aspect ratio (and a resulting 16:9 picture aspect ratio).

With side-by-side frame packing, although the decoding system for this application may expect the sample aspect ratio to be 1:1, the semantics of the FPA SEI message indicate that it should be signalled as 2:1. This could potentially cause serious unexpected behaviour from legacy systems.

In fact the currently written interpretation of the sample aspect ratio indicator in the of the FPA SEI message may cause the video bitstream to violate some application specifications for allowed values in major application environments. This would defeat the purpose of the "frame compatibility" goal of the SEI message.

We suggest that it would be preferable for the interpretation of the FPA SEI message together with the sample aspect ratio indicator to be what determines the actual intended aspect ratio for display of each view, not just the interpretation of the aspect ratio indicator by itself. Under this interpretation, legacy systems would not notice any unusual value in the aspect ratio indicator.

2. 2D content in 3D application deployments

In some stereo 3D application usage, there may be some content mixed into the video stream that does not actually contain any stereoscopic 3D parallax. For example, this could occur when some segment of 2D video content is put into a short clip (perhaps a commercial insertion or a short segment illustrating a scene shown from another production environment – such as a video clip within a 3D news program) within a larger 3D program stream.

In such a case, it is not reasonable to completely halt the usage of frame packing in the video bitstream and require the display to switch out of the frame-packed mode of operation. Some devices are unlikely to have the ability to immediately switch between 2D and 3D display in a frame-synchronous fashion. Thus, it seems likely that frame packing arrangement encoding may sometimes be applied when the video is actually only a 2D scene, and no stereo parallax will be evident to the viewer.

It seems useful for the receiving device to be able to detect such usage.

(As an acknowledgement, we note that this topic was first advocated to the author by Dolby Labs.)

We suggest that the appropriate signalling of this usage would be to define one bit of the frame_packing_arrangement_reserved_byte as an indicator for this usage. This would allow all syntax and semantics to remain as specified, and would be compatible with any previous deployed usage of the FPA SEI message. Note that the current semantics require that decoders shall ignore the value of frame_packing_arrangement_reserved_byte, and that encoders shall set this syntax element to zero.

It may be worth noting that if the two constituent frames that are packed within a frame packing arrangement that uses complementary sampling positions (i.e., a difference of 8 in the indicated grid position indicators of the two constituent views), it would become possible to obtain a higher-resolution 2D signal by unpacking and repacking the video samples for full-resolution display. But this can only be done if it is known that the two views in the frame packing arrangement actually represent the same viewing perspective. This signal would enable such usage.
3. Updated proposal for grid position indicator semantics

Background information on this topic is provided in section 2 below.

When this issue was previously discussed, there was some hesitance expressed about the proposed modification. Some participants indicated that there may be emerging deployments in which the (x, y) grid position indicator value of (0, 0) was being used in a manner that might be inconsistent with the suggested modified interpretation.

As an input to this meeting, a contribution M18031 was submitted to WG11 from the USNB. It suggests to treat the (0, 0) value as a special case. We note that using zero values for these parameters would be unlikely to really be needed under the advocated modified semantics, so there would seem to be no harm in reserving this value as a special case.

We therefore suggest that the semantics of the grid position indicator syntax elements of the frame packing arrangement SEI message should be clarified such that if the (x, y) grid position indicator is equal to (0,0), this indicates the current (unspecified) spatial reference point interpretation; while otherwise the spatial reference point would be defined as the upper left corner of the rectangular area represented by the corresponding constituent frame as proposed in July 2010.
Potentially, the semantics of the (0, 0) value could also be provided as indicating the specific positioning that appears in the prior examples, rather than referring to this case as unspecified. For example, in the top-bottom arrangement case, (0, 0) could be defined as a special case that means the same thing as (8, 4).

The spirit of this modified proposal is specify an interpretation of the grid position indicators that makes these syntax elements more meaningful than the currently-written semantics, while preserving compatibility with any near-term deployments that use the (0, 0) value.
4. Background on grid position indicator semantics

In the recently-standardized frame packing arrangement SEI message, there are x and y coordinate grid position indicators for each of the two constituent frames. These are called frame0_grid_position_x, frame0_grid_position_y, frame1_grid_position_x, and frame1_grid_position_y.

The semantics of these syntax elements indicate that the (x, y) grid position indicator specifies the (horizontal, vertical) location of the upper left sample of the associated constituent frame 0 or frame 1 to the right of and below the "spatial reference point" in units of one sixteenth of the luma sample grid spacing between the samples of the columns of constituent frame 0 or frame 1 that are present in the decoded frame (prior to any upsampling for display or other purposes).

However, the text seems to have no clear definition of the location of the "spatial reference point" that is used as the reference for these grid positions.

In some earlier editor's drafts the "spatial reference point" was defined as the upper left corner of the rectangular area represented by the constituent frame 0 or frame 1, but this language was later dropped from the draft – reportedly most likely by accident. Without some definition of the location of what the spatial reference point actually is, its location becomes arbitrary, such that the actual values of the grid position coordinate indicators carry no specific meaning and only the difference between them (in the x and y directions) carries a meaning.

If this meaning (the upper left corner of the represented rectangle) is used, these parameters become useful for determining the appropriate phase of the upsampling process for display at the decoder side. For example, they could indicate whether a 2:1 upsampling process should be a process of "filling in gaps" by generating additional samples halfway between the available samples versus a "symmetric stretch" where the new samples appear at 1/4 and 3/4 positions relative to the original sampling grid. With the current semantics, it is asserted not to be possible to make a clear distinction between these two cases.

This interpretation changes the desired values used in the examples in the text. For example, according to this interpretation, the grid position indicators for Figure D-5 should be as follows:

· frame0_grid_position_x = 8 (currently specified as 0)

· frame1_grid_position_x = 8 (currently specified as 0)

· frame0_grid_position_y = 4 (currently specified as 0)

· frame1_grid_position_y = 4 (currently specified as 0)

Under both interpretations, the difference between the grid position indicators for the x coordinate would be the same, and the difference between the grid position indicators for the y coordinate would be the same. However, the modified semantics enables these parameters to carry more meaning.

5. Placement of semantics sentence

It has been noted that the placement of the sentence in the semantics section that describes the presence of the grid position indicators when quincunx_sampling_flag is equal to 0 is strange. This was reported in the July 2010 (Geneva) MPEG document M17682. Although minor (since the meaning is the same regardless of where the sentence is located), this should be corrected.
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