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This contribution proposes a 1D displacement coding for a displaced subdivision surface in the V-DMC. In the V-DMC reference software, mesh data is reconstructed by subdividing a base mesh with the additional displacements for the subdivision surface, where displacements are coded by a 3D vector. It is proposed that the displacements are coded by 1D value based on the normals defined on the subdivision vertices to reduce the displacement bits and improve the coding performance. This contribution also presents the experimental results of the “EE4.7 on displacement coding.”
Problem statements
In the V-DMC reference software [2], the 3D displacement vectors approximate the original mesh data accurately. Two coordinate systems like global and local can be considered to represent the vectors. The V-DMC reference software implements the local coordinate system, which defines the normal direction as the n-axis, and the t-axis and b-axis as orthogonal to the n-axis. The displacement direction can be expected to be similar to the normal one.
Here, we show the distribution of each element of the displacements in Figure 1. It shows that most of the t-axis and b-axis values distributes in a neighborhood of zero. Therefore, the coding efficiency will be improved when such values are not coded.
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Figure 1: Distribution of each element of the displacements. 
Proposal
We propose a one-dimensional displacement coding instead of a three-dimensional one [1]. In the detail of the decoding process, we decode the displacement video frames using YUV400 format instead of YUV444 format. The inverse wavelet transform is then applied to one component. A normal vector of each vertex is derived and used for the signalled norm in reconstructing the displacement vector in the global coordinate system. The remaining decoding process is the same as the V-DMC reference software.
Simulation results
Simulation results by the proposal
Using the same experimental configuration in the V-DMC reference software, we implement the proposal on top of the V-DMC reference software version 1.0. Compared with the results by the V-DMC reference software, the proposed method can reduce by 30% at most in geometry coding. Figure 2 shows the comparison results between by the V-DMC reference software and by the proposal. The V-DMC reference software result is re-generated in our environment. It is confirmed that BD-rates are improved by the proposed 1D displacement coding.
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Figure 2: Averaged BD-rates against the V-DMC reference software for C1-AI condition
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Figure 3: Averaged BD-rates against the V-DMC reference software for C2-RA condition
Simulation results by the QP control method
We additionally compared with the results by the V-DMC reference software which set the quantization parameter to a large value. We set the t-axis and b-axis quantization parameters to 300, resulting in all t-axis and b-axis values being quantized to 0. Figure 4 and 5 show the comparison results. We confirmed that BD-rates of the proposed method is improved by about 0.1% in AI condition.
It is noted that the proposed method requires less capability of hardware and software decoder due to the YUV400 video codec rather than the YUV444 one. The implementation of the inverse wavelet process is also simplified.
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Figure 4: Averaged BD-rates against the V-DMC reference software (tangent QP = 300)for C1-AI condition
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Figure 5: Averaged BD-rates against the V-DMC reference software (tangent QP = 300) for C2-RA condition
Conclusion
In this contribution, it was proposed that the 1D displacement coding for the displaced subdivision surface in the V-DMC. The proposed method reduces the displacement bits compared with that by the V-DMC reference software version 1.0. The proposed method is superior to the V-DMC reference software, which has a large tangent QP from the hardware and software implementation context. It is therefore recommended to adopt the proposed method into the next V-DMC reference software or consider it in the next core experiments.
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image2.emf
lossy geometry, lossy attributes [all intra]

Cl_ai Pointcloud-based BD-Rate [%] Image-based BD-Rate [%]
| D1 D2 Luma Chroma Cb ChromaCr Geom Luma
Catl-Aaverage -0.1% -0.1% -1.9% -2.3% -2.5% -0.1% -0.2%
Cat1-B average 1.6% 1.8% -2.0% -2.3% -2.4% 1.2% 0.0%
Cat1-C average 0.0% 0.0% -0.3% -0.4% -0.4% -0.1% -0.2%
Overall average 0.4% 0.4% -1.1% -1.4% -1.5% 0.2% -0.1%
Avg. Enc Time [%] 100%

Avg. Dec Time [%] 99%
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lossy geometry, lossy attributes [inter, random access]

C2_ra Pointcloud-based BD-Rate [%] Image-based BD-Rate [%]
| D1 D2 Luma ChromaCh ChromaCr Geom Luma
Cat1l-Aaverage 0.6% 0.5% -2.0% -5.0% 4 8% 0.2% 1.0%
Cat1-B average 1.5% 1.7% -2.1% -2.4% -2.4% 0.9% -0.2%
Cat1-C average -1.6% -1.5% -0.6% -1.0% -0.9% -1.7% -0.6%
Overall average -0.3% -0.2% -1.3% -2.3% -2.2% -0.6% -0.1%
Avg. Enc Time [%] 100%

Avg. Dec Time [%] 99%
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lossy geometry, lossy attributes [all intra]

Cl_ai Pointcloud-based BD-Rate [%] Image-based BD-Rate [%]
| D1 D2 Luma Chroma Cb ChromaCr Geom Luma
Catl-Aaverage 0.0% 0.0% -0.1% -0.1% -0.1% 0.0% -0.1%
Cat1-B average -0.1% -0.1% -0.1% -0.1% -0.1% -0.1% -0.1%
Cat1-C average -0.1% -0.1% -0.1% -0.1% -0.1% -0.1% -0.1%
Overall average -0.1% -0.1% -0.1% -0.1% -0.1% -0.1% -0.1%
Avg. Enc Time [%] 99%

Avg. Dec Time [%] 99%
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lossy geometry, lossy attributes [inter, random access]

Pointcloud-based BD-Rate [%] Image-based BD-Rate [%]

C2_ra
| D1 D2 Luma Chroma Cb ChromaCr Geom Luma
Catl-Aaverage 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Cat1-B average 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Cat1-C average 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Overall average 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
100%

Avg. Enc Time [%]
Avg. Dec Time [%] 99%










