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Abstract

Recently, as the demand for immersive videos increases, efficient video processing techniques for omnidirectional immersive
video is actively developed by MPEG-1. While the omnidirectional video provides a larger degree of freedom for a free viewpoint,
the size of the video increases significantly. Furthermore, in order to compress 6 degree-of-freedom (6 DoF) videos that support
motion parallax, it is required to develop a codec to yield better coding efficiency. In this paper, we develop a 6 DoF codec using
Versatile Video Coding (VVC) as the next generation video coding standard. To the authors’ best knowledge, this is the first
VVC-based 6 DoF video codec toward the future ISO/IEC 23090 Part 7 (Metadata for Immersive Media (Video)) MPEG-I
standardization. The experiments were conducted on the seven test video sequences specified in Common Test Condition (CTC) in
two operation modes of TMIV (Test Model for Immersive Media) software. It is demonstrated that the proposed codec improves
coding performance around 33.8% BD-rate reduction in the MIV (Metadata for Immersive Video) mode and 30.2% BD-rate
reduction in the MIV view mode as compared to the state-of-the-art TMIV reference software. We also show the performance
comparisons using Immersive Video PSNR (IV-PSNR) and Mean Structural Similarity (MSSIM).
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T 4. MB0| ALESH HIAE HIC|29| S
Table 4. Properties of test video sequences™
Sequence Name Format # of source view Resolution Class
ClassroomVideo ERP 15 40962048 Computer-generated
TechnicolorMuseum Semi-ERP 24 20482048 Computer-generated
TechnicolorHijack Semi-ERP 10 40964096 Computer-generated
TechnicolorPainter Perspective 16 (4x4) 20481088 Natural contents
IntelFrog Perspective 13 (13x1) 19201080 Natural contents
OrangeKitchen Perspective 25 (5x5) 19201080 Computer-generated
PoznanFencing Perspective 10 (10x1) 19201080 Natural contents
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Fig. 9. Information of Test sequence. Texture(Left) Depth(Right) [26][27]
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F 5. MIV mode A& Zix}
Table 5. Test results of MIV mode

TMIV+HEVC TMIV+VVC
Seauence Name | @7 | Total kbps |Avg. Y-PSNR U—I/-;VSQI;IR v-ﬁ\lsngR Total kbps Y—IAZ’\ISQNR U—?’VSQI\.IR v-lé\lsgNR
22 107717.5 33.97 47.52 49.49 103099.7 34.09 48.72 50.90
27 24016.3 33.94 46.23 48.14 23968.1 34.11 47.85 49.95
ClassroomVideo 32 8014.9 33.60 44.77 46.55 7296.1 33.85 46.64 48.58
37 3580.4 32.96 43.37 45.26 3007.0 33.33 45.26 47.11
42 2084.7 31.97 42.68 44.59 1722.7 32.59 44.09 45.77
BD-rate Y-PSNR High -51.13% Low -44.82%
BD-rate MS-SSIM High -35.8% Low -33.1%
BD-rate IV-PSNR High -38.8% Low -40.5%
22 51200.8 32.73 41.28 42.76 47494.4 33.07 41.58 43.16
27 31686.7 31.99 40.24 41.69 29846.1 32.48 40.74 42.40
TechnicolorMuseum | 32 17935.7 30.74 38.78 40.29 17358.4 31.56 39.63 41.38
37 8818.6 29.32 37.58 39.15 8694.5 30.20 38.38 40.14
42 3925.9 27.71 37.00 38.55 3896.0 28.54 37.58 39.23
BD-rate Y-PSNR High -33.52% Low -35.54%
BD-rate MS-SSIM High -35.4% Low -33.5%
BD-rate IV-PSNR High -26.0 Low -26.5%
22 43770.1 39.15 51.77 51.78 37477.0 39.42 52.33 52.37
27 24096.9 38.48 50.58 50.42 20370.3 38.79 51.48 51.37
TechnicolorHijack 32 13697.6 37.63 48.98 48.72 11639.6 38.03 50.23 49.97
37 7166.4 36.43 47.68 47.23 6106.5 36.97 48.68 48.33
42 3860.4 35.06 46.72 46.15 3310.9 35.65 47.47 46.94
BD-rate Y-PSNR High -34.50% Low -34.61%
BD-rate MS-SSIM High -34.4% Low -35.5%
BD-rate IV-PSNR High -38.1% Low -37.6%
22 61271.4 36.19 46.70 46.46 56861.8 36.25 47.29 47.06
27 35680.3 35.98 46.15 45.73 31342.8 36.03 46.58 46.23
TechnicolorPainter 32 21873.1 35.42 44.90 44.35 18858.0 35.65 45.81 45.22
37 12462.8 34.43 43.52 42.96 10739.7 34.88 44.65 43.80
42 7184.9 32.92 42.87 42.16 6374.6 33.60 43.62 42.58
BD-rate Y-PSNR High -27.44% Low -29.87%
BD-rate MS-SSIM High . Low -29.9%
BD-rate IV-PSNR High -30.8% Low .
22 373504.0 27.44 41.54 37.71 384695.9 27.47 41.85 37.88
27 133595.7 27.12 40.71 37.09 131449.7 27.15 41.24 37.38
IntelFrog 32 62326.9 26.79 39.86 36.49 57277.7 26.90 40.57 36.83
37 31475.4 26.15 38.91 35.83 27910.2 26.46 39.65 36.12
42 16373.5 25.14 38.01 35.05 14795.1 25.67 38.58 35.19
BD-rate Y-PSNR High -21.23% Low -31.46%
BD-rate MS-SSIM High . Low -27.0%
BD-rate IV-PSNR High -14.1% Low .
22 13761.0 24.96 33.37 31.89 11774.6 25.65 37.48 37.54
27 8159.2 25.80 35.94 35.24 6907.2 25.53 36.43 35.68
OrangeKitchen 32 4866.0 24.65 32.82 31.34 4132.9 25.03 33.42 32.08
37 2819.0 24.20 31.27 29.30 2426.3 24.11 31.10 29.26
42 1745.7 25.16 34.28 33.05 1518.5 24.43 32.55 31.22
BD-rate Y-PSNR High -26.68% Low -41.29%
BD-rate MS-SSIM High -27.3% Low -25.8%
BD-rate IV-PSNR High -28.1% Low -30.8%
22 42912.8 28.15 42.71 41.89 39738.0 28.24 42.90 42.04
27 24666.5 27.98 42.35 41.64 19930.4 28.10 42.60 41.82
PoznanFencing 32 16864.6 27.77 41.76 41.16 13359.5 27.87 41.99 41.30
37 10755.7 27.54 41.42 40.84 9058.6 27.59 41.35 40.75
42 5814.6 27.28 41.85 41.46 5296.5 27.27 41.32 40.76
BD-rate Y-PSNR High -34.40% Low -24.93%
BD-rate MS-SSIM High . Low -37.5%
BD-rate IV-PSNR High -33.4% Low .
Average BD-rate PSNR High -33.0% Low -34.6%
Average BD-rate MS-SSIM High -33.2% Low -31.8%
Average BD-rate IV-PSNR High -29.9% Low -33.9%
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Fig. 11. Test results of MIV mode. TechnicolorPainter (Up), IntelFrog (Down)
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TMIV+HEVC TMIV+VVC
Sequence Name QP Avg. Avg. Avg. Avg. Avg. Avg.
Total kbps | v psNR | U-PSNR | V-PSNR | 1O KOPS | v pgNR | U-PSNR | V-PSNR
22 541287.6 36.59 48.41 50.28 521171.2 36.76 49.91 51.89
27 125822.6 35.73 46.88 48.73 123775.8 35.92 48.79 50.75
ClassroomVideo 32 40730.7 35.07 45.23 47.01 37351.7 35.32 47.36 49.23
37 16633.4 34.15 43.76 45.63 13934.3 34.53 45.85 47.66
42 8630.7 32.98 43.04 44.95 7117.0 33.56 44.63 46.39
BD-rate Y-PSNR High -33.09% Low -37.74%
BD-rate MS-SSIM High -33.6% Low -30.5%
BD-rate 1V-PSNR High -39.4% Low -42.6%
22 125575.0 36.33 42.51 43.80 115581.5 36.65 42.97 44.40
27 78151.5 34.87 40.89 42.28 72878.1 35.37 41.55 43.22
TechnicolorMuseum | 32 43840.1 32.94 39.05 40.63 42085.1 33.73 40.00 41.85
37 21169.7 30.78 37.74 39.42 20821.9 31.67 38.57 40.45
42 9003.6 28.67 37.16 38.83 8956.0 29.51 37.73 39.51
BD-rate Y-PSNR High -23.61% Low -27.08%
BD-rate MS-SSIM High -28.5% Low -27.7%
BD-rate 1V-PSNR High -23.7% Low -25.1%
22 45567.4 42.95 52.38 52.28 39898.8 43.49 53.13 53.01
27 24570.3 41.53 50.92 50.72 21353.7 42.15 52.03 51.83
TechnicolorHijack 32 13722.5 39.89 49.12 48.90 11994.4 40.72 50.63 50.38
37 7127.7 38.13 47.68 47.32 6268.0 39.01 48.95 48.60
42 3875.6 36.26 46.78 46.25 3370.1 37.20 47.62 47.18
BD-rate Y-PSNR High -34.30% Low -35.46%
BD-rate MS-SSIM High -36.4% Low -36.9%
BD-rate IV-PSNR High -32.8% Low -34.8%
22 64145.9 38.99 47.24 47.03 61615.2 39.11 47.58 47.41
27 34370.5 38.38 46.33 45.98 30806.1 38.58 46.94 46.63
TechnicolorPainter | 32 20379.0 37.40 45.07 44.56 17883.6 37.73 45.95 45.38
37 11478.2 35.85 43.61 43.01 10043.7 36.43 44.83 43.92
42 6423.4 33.88 42.97 42.30 5821.2 34.62 43.86 42.79
BD-rate Y-PSNR High -25.16% Low -26.76%
BD-rate MS-SSIM High . Low -25.5%
BD-rate IV-PSNR High -28.7% Low .
22 287174.2 32.21 43.63 42.21 289832.2 32.38 44.20 42.72
27 94760.8 31.11 42.39 41.03 92326.6 31.33 43.37 41.89
IntelFrog 32 41791.7 30.28 41.16 39.80 38960.3 30.67 42.44 40.87
37 20613.3 29.11 39.93 38.60 18492.0 29.71 41.29 39.51
42 10558.5 27.48 39.02 37.56 9659.2 28.35 40.22 38.22
BD-rate Y-PSNR High -27.46% Low -34.53%
BD-rate MS-SSIM High . Low -3.7%
BD-rate 1V-PSNR High -36.4% Low .
22 40870.2 34.16 46.63 45.39 41795.7 34.34 46.92 45.56
27 20621.5 33.69 45.78 44.78 17587.3 33.83 46.18 44.99
PoznanFencing 32 13159.2 33.09 44.59 43.87 10835.0 33.33 45.18 44.21
37 8065.3 32.21 43.66 43.08 7003.6 32.56 44.06 43.28
42 4222.7 31.01 42.96 42.54 3978.0 31.45 43.16 42.50
BD-rate Y-PSNR High -28.97% Low -28.12%
BD-rate MS-SSIM High . Low -36.4%
BD-rate 1V-PSNR High -27.6% Low .
Average BD-rate Y-PSNR High -28.8% Low -31.6%
Average BD-rate MS-SSIM High -32.8% Low -26.8%
Average BD-rate IV-PSNR High -31.4% Low -34.2%
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Fig. 12. Test results of MIV view mode. TechnicolorPainter (Up), IntelFrog (Down)
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Table 7. Test results of deblocking filter when encoding TMIV by VVC
Sequence Name QP TMIV+VVC TMIV+VVC (without deblocking filter)
! View Total kbps Y-PSNR U-PSNR V-PSNR | Total kbps Y-PSNR U-PSNR V-PSNR
27| 1727193 35.49 49.03 50.95 17284.87 35.51 49.10 50.99
ClassroomVideo / | 32| 4116.47 34.73 47.59 49.44 4117.05 34.74 47.63 49.50
Basic view 37 1169.73 33.99 46.04 47.91 117217 33.99 46.03 47.88
42 508.67 33.14 44.79 46.44 509.46 33.13 44.70 46.51
BD-rate -1.18%
27 4614.59 41.47 52.06 53.93 4615.15 41.52 52.47 54.37
ClassroomVideo / | 32 1613.33 40.47 49.89 51.48 1611.21 40.56 50.26 51.92
Atlas 37 642.61 39.34 47.42 49.09 640.28 39.47 47.75 49.37
42 355.80 37.95 45.75 4717 353.24 38.15 45.86 47.28
BD-rate -7.83%
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