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1. Introduction
The draft TR [1] describes the relevant formats for stereoscopic 3D video. In this contribution, we evaluate the compression performance for the identified formats and compare them.

2. 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 [2] has been used. The JMVC [3] 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 the down-sampling the code from JMVC reference software [3] has been used.

For side-by-side and top-bottom frame packing formats, the left and right views were unpacked and up-sampled before PSNR calculation.
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
3. Performance Evaluation
The following figures depict the Rate-Distortion curves for different formats of stereoscopic 3D video, compression configurations, and different video sequences. Figures 1 to 4 present results for all QPs mentioned in Section 2 while Figures 5 to 8 present results for a smaller range of QPs for better readability. Additionally, all results are supplied in an excel file provided as part of this contribution. 
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Figure 8 Horse Video Sequence
4. Proposal

The proposal is to include the foregoing performance results in the TR [1] as detailed in the proposed changes in the Annex.
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5.2.4
Performance Evaluation of the Compression Efficiency
5.2.4.1
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 [18] has been used. The JMVC [19] 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 [19] 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.
5.2.4.2
Simulation Results
The following figures depict the Rate-Distortion curves for different formats of stereoscopic 3D video, compression configurations, and different video sequences. Figures 1 to 4 present results for all QPs mentioned in Section 2 while Figures 5 to 8 present results for a smaller range of QPs for better readability.[image: image9.wmf]
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