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Abstract

In this paper, we propose a rate control method for texture map of dynamic mesh-based video to maintain spatiotemporally
consistent image quality under bit limit. The proposed method first allocates variable target bits to each picture according to the
temporal continuity of the texture map to improve temporal image quality consistency. The picture-level target bits, which enable
pictures with different continuities to be compressed with similar image quality, are derived under sequence-level bit limit, and the
experimentally estimated average bits at each sequence-level target bit are used to allocate bits efficiently compared to the existing
methods that refer to the rate-distortion performance of the previous picture. In addition, the proposed method refers to the R- A
model parameters of semantically similar CTU in the CTU-level rate control process to improve spatial quality consistency. The
proposed method was implemented in TMM v8.0, the reference software of V-DMC, and achieves an average bit error rate of
0.02% and 2.6% at the sequence and picture levels, respectively, and achieves standard deviations of 0.5dB and 0.4dB as temporal
quality variations of reconstructed luminance of 3D points and of rendered 2D image, respectively.
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Fig. 4. Block diagram of the proposed texture map rate control method
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E 1. TMM v8.09] & A& Z7i0f HolEl HAE AlEA
Table 1. Test sequences defined in the common test condition of TMM v8.0

Frame Rate Original Transferred Textur_e map _ o
Category Sequence count D texture map texture map quantization Visualization
resolution resolution parameter
R1 1024 x 1024 41
R2 1024 x 1024 34
Longdress 300 R3 2048 x 2048 2048 x 2048 38
R4 2048 x 2048 36
R5 2048 x2048 32
A R1 2048 x2048 33 7
R2 2048 x 2048 31
Soldier 300 R3 2048 x 2048 2048 x 2048 29
R4 2048 x 2048 27
R5 2048 x 2048 26
R1 2048 x 2048 41 (]
R2 2048 x 2048 35 _-_‘t
Basketball_player 300 R3 2048 x 2048 2048 x 2048 29
R4 2048 x2048 26
B R5 2048 x2048 22
R1 1024 x 1024 36 g
R2 2048 x 2048 36 3
Dancer 300 R3 2048 x 2048 2048 x 2048 30 :
R4 2048 x 2048 27
R5 2048 x 2048 23
R1 1024 x 1024 37 _
R2 2048 x 2048 36
Football 300 R3 4096 x 4096 4096 x 4096 39
R4 4096 x 4096 36
R5 4096 x 4096 34 9.2
R1 2048 x 2048 35
R2 2048 x 2048 29 i
Levi 150 R3 4096 x4096 4096 x 4096 33 :
R4 4096 x 4096 30
R5 4096 x 4096 27 1 l
c R1 4096 x 4096 44
R2 4096 x 4096 42
Mitch 300 R3 4096 x 4096 4096 x 4096 40
R4 4096 x 4096 39
R5 4096 x 4096 37 2
R1 4096 x 4096 40
R2 4096 x 4096 39
Thomas 300 R3 4096 x 4096 4096 x 4096 37
R4 2048 x 2048 30
R5 2048 x 2048 28
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Table 2. Target bitrate for each sequence and each bitrate range

Sequence name Rate ID Target bitrate (kbps) Sequence name Rate ID Target bitrate (kbps)
R1 922 R1 1228
R2 2212 R2 2573
Longdress R3 3138 Football R3 3771
R4 3939 R4 5088
R5 6210 R5 6456
R1 1139 R1 594
R2 2073 R2 1277
Soldier R3 2836 Levi R3 1744
R4 3910 R4 2502
R5 5197 R5 3406
R1 634 R1 783
R2 1202 R2 1156
Basketball_player R3 2337 Mitch R3 1763
R4 3386 R4 2238
R5 5611 R5 3560
R1 604 R1 929
R2 1238 R2 1144
Dancer R3 2400 Thomas R3 1811
R4 3404 R4 2419
R5 5587 R5 3868

E 3. Htole WHT J7|E Wl A|FA £FE HIE QFE

Table 3. Sequence-level bit error rate of the proposed method and the existing method

Sequence Rate Sequence bit error (%) Sequence Rate Sequence bit error (%)
name D | TMM v8.0RC | Proposed name ID TMM v8.0 RC Proposed

R1 0.04 0.03 R1 0.05 0.07

R2 0.03 0.01 R2 0.03 0.02

Longdress R3 0.02 0.00 Football R3 0.01 0.02

R4 0.02 0.02 R4 0.01 0.00

R5 0.02 0.01 R5 0.01 0.02

R1 0.36 0.04 R1 0.27 0.03

R2 0.06 0.01 R2 0.18 0.03

Soldier R3 0.01 0.03 Levi R3 0.19 0.01

R4 0.01 0.01 R4 0.13 0.00

R5 0.01 0.01 R5 0.23 0.00

R1 0.03 0.03 R1 25.24 0.05

R2 0.02 0.03 R2 8.17 0.03

Basketball_player R3 0.02 0.02 Mitch R3 3.62 0.02

R4 0.01 0.01 R4 214 0.02

R5 0.01 0.01 R5 0.25 0.01

R1 0.06 0.06 R1 5.79 0.04

R2 0.03 0.02 R2 3.64 0.03

Dancer R3 0.04 0.02 Thomas R3 2.22 0.02

R4 0.02 0.01 R4 0.03 0.02

R5 0.01 0.01 R5 0.01 0.01
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Table 4. Picture-level bit error rate of the proposed method and the existing method
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Rate Control Method for Encoding Texture Map of Dynamic Mesh-based Video)

Sequence Rate Picture bit mean error (%) Sequence Rate Picture bit mean error (%)
name ID |TMM v8.0 RC Proposed name ID TMM v8.0 RC Proposed

R1 5.8% 4.6% R1 6.6% 6.1%

R2 6.3% 3.2% R2 6.0% 3.0%

Longdress R3 6.0% 3.4% Football R3 6.1% 2.5%

R4 6.6% 2.8% R4 5.8% 2.5%

R5 6.4% 1.9% R5 5.5% 2.4%

R1 11.8% 1.7% R1 11.0% 4.7%

R2 16.6% 3.6% R2 9.2% 4.2%

Soldier R3 15.8% 2.0% Levi R3 8.4% 1.9%

R4 14.2% 2.9% R4 7.6% 2.8%

R5 13.5% 1.9% R5 7.0% 2.4%

R1 6.4% 3.2% R1 234.5% 2.2%

R2 6.1% 3.3% R2 534.1% 1.7%

Basketball_player R3 5.9% 1.5% Mitch R3 70.3% 1.4%

R4 5.3% 1.7% R4 54.1% 1.6%

R5 5.4% 1.7% R5 41.4% 1.6%

R1 6.3% 3.1% R1 151.2% 2.0%

R2 6.6% 2.8% R2 121.1% 4.5%

Dancer R3 6.4% 1.7% Thomas R3 66.8% 2.1%

R4 5.7% 1.4% R4 30.2% 3.5%

R5 5.3% 1.5% R5 21.8% 2.8%
duht F&stA dSA=AE H7bske AFolth £ 3 oA 718 71et AR st 7+ ol S5 ) HIEo] °F 30%
¥ 4% 27k AQHsRE WS 1E e BENE ooz A jel A7E el wabt N &
9 QA& AlAL @99 IA @9dA S A A& Zh=th O 5 Thomas$t Mitch AlA2E 71E 7]3}
HE AA T AR FE9 oleed A FFE o RO s b oS 3 o 7L AIZE oA 7HE Wl st
& dd&S 77t 4 249 258 Bl Abstdh 74 A ¥ate 54S Z2eth 71E & Alo] WS g2aA W
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Fig. 10. Comparison of picture-level bit error between the proposed method and the existing method

under the R1 condition of the Levi sequence
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¥ 5. 3D M1t AMIC{2E 2D o|0|x|e] SJE Jlot X Mak HE0l| CiEt BD-rate
Table 5. BD-rate for the reconstructed geometry and color of 3D points and rendered 2D images

Texture Map of Dynamic Mesh-based Video)

Category Sequence BD-rate for reconstruction of 3D points BD_r?;i dfg:erdec;og si’::;(;tgm of
name D1 D2 Luma Chroma Cb | Chroma Cr Geom Luma
Longdress 0.0% 0.0% -6.8% -5.6% -5.8% 0.0% -5.9%
Soldier -0.1% -0.1% -13.8% 13.7% 12.1% -0.1% -11.3%
Basketball_player 0.0% 0.0% -8.6% -7.0% -7.5% 0.0% -4.9%
Dancer 0.0% 0.0% -8.0% -7.4% -8.5% 0.0% -4.7%
Football 0.0% 0.0% -9.1% -13.5% -12.3% 0.0% -4.6%
Levi -0.1% -0.1% -8.8% -71.7% -7.5% -0.1% -4.1%
Mitch -2.6% -2.5% -29.2% -42.2% -39.2% -2.7% -21.4%
Thomas -1.7% -1.6% -26.0% -57.2% -31.5% -1.7% -20.2%
Cat-A average -0.1% -0.1% -10.3% 4.1% 3.2% -0.1% -8.6%
Cat-B average 0.0% 0.0% -8.3% -7.2% -8.0% 0.0% -4.8%
Cat-C average -1.1% -1.1% -18.3% -30.2% -22.6% -1.1% -12.6%
Overall average -0.4% -0.4% -12.3% -11.1% -9.2% -0.4% -8.7%

E 6. HMotoks Wt 7|E Wl PSNRO| EF HA H|W

Table 6. Comparison of standard deviation of PSNR between the proposed and the existing method

s Standard deviation of PSNR for reconstruction | Standard deviation of PSNR for reconstruction
Categol equence Rate ID of 3D points (Luma) of rendered 2D image (Luma)
gory name
TMM v8.0 RC Proposed TMM v8.0 RC Proposed

R1 A 0.5 0.7 0.4

R2 1.0 0.5 0.6 0.5

Longdress R3 A 0.5 0.7 0.4
R4 1.0 0.5 0.7 0.4

R5 0.9 0.5 0.6 0.4

R1 24 0.3 1.2 0.4

R2 2.2 04 1.3 0.3

Soldier R3 .9 0.3 A 0.3
R4 .6 0.3 0.9 0.3

R5 .3 0.3 0.7 0.3

R1 2 0.5 0.5 0.3

R2 .0 0.4 0.4 0.3

Basketball_player R3 0.7 0.3 0.3 0.2
R4 0.7 0.3 0.3 0.2

R5 0.5 0.3 0.3 0.2

R1 1.0 04 0.5 0.3

R2 .0 0.3 0.4 0.3

Dancer R3 0.8 0.3 0.4 0.3
R4 0.7 0.3 0.4 0.2

R5 0.5 0.3 0.3 0.3

R1 1.0 0.8 0.8 0.8

R2 0.8 0.8 0.8 0.8

Football R3 0.8 0.7 0.7 0.7
R4 0.7 0.7 0.7 0.7

R5 0.7 0.6 0.6 0.6

R1 1.3 0.9 1.1 1.1

R2 1.2 0.9 0.6 0.5

Levi R3 1.2 1.1 0.7 0.5
R4 1.2 1.2 0.6 0.5

R5 1.3 1.3 0.7 0.6

R1 0.6 0.2 0.4 0.2

R2 0.7 0.2 0.5 0.2

Mitch R3 0.7 0.2 0.6 0.2
R4 0.8 0.3 0.6 0.2

R5 0.9 0.3 0.7 0.3

R1 0.7 0.1 0.5 0.1

R2 0.7 0.1 0.6 0.1

Thomas R3 0.8 0.1 0.6 0.1
R4 0.5 0.1 0.4 0.1

R5 0.5 0.1 0.4 0.1
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Fig. 11. Comparison of PSNR variation of the reconstructed luminance component of 3D points between the proposed method and the existing

method under the R2 condition of the Soldier sequence
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Fig. 12. Visualization for comparing the consistency of image quality between the proposed method and the existing method under the R2 condition
of Soldier sequence
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Fig. 13. Visualization for comparing the consistency of image quality between the proposed method and the existing method under the
R2 condition of Soldier sequence (POC 126~130)
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