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1 Introduction

In the context of the Mobile 3D Video Coding study item, this document proposes to split the section 5.2 Stereoscopic 3D video codecs into two sections on 3D format (pixel arrangement) and video codecs.
2 Proposed changes
5.2
Stereoscopic 3D frame packing formats
5.2.1
Frame-compatible packing formats
The frame-compatible packing format consists in sub-sampling the two views which compose a stereoscopic 3D video and pack them together in order to produce a video signal compatible with a 2D frame infrastructure.

In a typical operation mode, the spatial resolution of the original frames of each view and the packaged single frame, have the same resolution. The spatial packing arrangement may use a side-by-side, top-bottom, interleaved, or checkerboard format as illustrated in Figure XX and the down-sampling process should be performed accordingly.
In most commercial deployments only side-by-side or top-bottom frame packing arrangements are applied.
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Figure XX: Spatial frame packing formats

5.2.1
Full resolution per view packing format
In order to avoid the lack of definition introduced by the frame-compatible packing formats, it is possible to transmit both views at full resolution. In this case, the amount of data is twice as much as the frame compatible packing formats. Although the spatial packing format can be used in order to generate a twice bigger image, the most common format is the frame packing for which the left and right views are temporally interleaved such as shown on the figure YY below.
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Figure YY: Temporal interleave packing format
5.3
Video codecs for stereoscopic 3D
5.3.1
H.264/AVC for frame-compatible packing format
In frame-compatible stereoscopic video, at the encoder side a spatial packing of a stereo pair into a single frame is performed and the single frames are encoded. The output frames produced by the decoder contain constituent frames of a stereo pair. The encoder side indicates the used frame packing format by including one or more frame packing arrangement supplemental enhancement information (SEI) messages as specified in the H.264/AVC standard into the bitstream. The decoder side should decode the frame conventionally, unpack the two constituent frames from the output frames of the decoder, do upsamling to revert the encoder side downsampling process and render the constituent frames on the 3D display.




5.3.2
H.264/AVC for temporal interleaving packing format
In temporal interleaving, the video is encoded at double the frame rate of the original video as illustrated in figure 6. Each pair of subsequent pictures constitutes a stereo pair (left and right view). The rendering of the time interleaved stereoscopic video is typically performed at the high frame rate, where active (shutter) glasses are used to blend the incorrect view at each eye. This requires accurate synchronization between the glasses and the screen.
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Figure 6: Temporal Interleaving

5.3.3 
H.264/MVC (Multiview Video Coding) 

Multiview Video Coding was standardized as an extension (annex) to the H.264/AVC standard. In MVC, the views from different cameras are encoded into a single bitstream that is backwards compatible with single-view H.264/AVC. One of the views is encoded as "base view". A single-view (e.g. constrained baseline or progressive high profile) H.264/AVC decoder can decode and output the base view of an H.264/MVC bitstream. MVC introduces inter-view prediction between views exemplarily as illustrated in figure 7. MVC is able to compress stereoscopic video in a backwards compatible manner and without compromising the view resolutions. If the server is aware of the UE capabilities, it can omit sending the view components of the non-base view to a device that does not support 3D or does not have enough bitrate to deliver both views. 
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Figure 7: MVC encoding with exemplary inter-view prediction, the left view being the base view
5.3.4
Performance Evaluation of the Compression Efficiency
5.3.4.1
Simulation Setup
The following formats for stereoscopic 3D video are compared:

· Side-by-Side frame packing (SBS) 

· Top-Bottom frame packing (TB)

· Side-by-Side full resolution frame packing (SBSF)

· Temporal Interleaving (TMP)

· Multi-view Video Coding (MVC)

For side-by-side and top-bottom frame packing formats, the left and right views are sub-sampled to yield a packed frame that has the same resolution as the original view resolution. 

For side-by-side full resolution frame packing the left and right views are not sub-sampled. The resulting packed frame has the same height and double width. 

In temporal interleaving, the video is encoded at double the frame rate of the original video. Each pair of subsequent pictures constitutes a stereo pair (left and right view).
For the AVC encoding of the packed formats and time interleaving JM [19] has been used. The JMVC [20] encoder has been used to encode the MVC sequences.

NOTE: JMVC and JM reference software differ in maturity of the optimization level, and enhancements to both software implementations are possible. Therefore, results generated by these software implementations should not be taken as the definite.
The following encoding parameters have been used:

•
Fixed QP for I, P, B pictures: 

· 20-34 for Side-by-Side and Top-Bottom frame packing 

· 24-38 for Side-by-Side full resolution frame packing, Temporal Interleaving, and MVC

•
Reference Frames: 2

•
Frame Rate: 30

•
GOP period: 16 frames

•
High profile conformance

•
Motion estimation search range: 16

The test sequences that have been used are:

•
Flower3: 640x360, 111 frames

•
Car: 640x360, 234 frames 

•
Horse: 640x360, 139 frames

•
Caterpillar: 640x360, 100 frames

For side-by-side and top-bottom frame packing formats, the left and right views were unpacked and up-sampled before PSNR calculation. For the down-sampling and the un-sampling procedure the code from JMVC reference software [20] has been used.

NOTE: The type of chosen up-sampling algorithm has a significant impact on results achieved by the Side-by-Side (SBS) and Top-Bottom (TB) frame packing formats. There may exist an un-sampling algorithm that would provide better performance than the un-sampling algorithm used in the simulation.
5.3.4.2
Simulation Results

The following figures depict the Rate-Distortion curves for different formats of stereoscopic 3D video, compression configurations, and different video sequences. Figures 8 to 11 present results for all QPs mentioned in Section 5.2.4.1 while Figures 12 to 15 present results for a smaller range of QPs for better readability.

[No change on the figures]
3 Conclusion/Proposal


This contribution aimed at providing the missing parts of the draft Technical Report “Mobile stereoscopic 3D Video” (except for the Conclusion section) and a few corrections.
The proposed changed are considered for being integrated into the draft TR.
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