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Abstract

Due to the massive size of point cloud data that represent a 3D object or scene, the need for efficient point cloud compression
techniques has been increasing. Accordingly, the international standards body MPEG(Moving Picture Experts Group)
standardizing deep learning-based point cloud compression, which shows superior compression performance compared to existing
signal processing based approaches, and is developing TMAP(Test Model for Al-based Point Cloud Compression) as the reference
software. TMAP takes a point cloud as input, transforms it to a latent space, and encodes the transformed features into a bitstream
through entropy coding. During this process, quantization within the entropy-coding leads to the loss of fractional feature
information, which can reduce the expressiveness of the decoded features for point reconstruction. To address this, this paper
enhances the expressiveness of decoded feature through scaling before quantization and analyzes the impact of enhanced feature
precision on compression performance metrics like bitstream and PSNR.
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Table 1. RWTT: occupancy/feature information bitstream size ratio to the anchor depending on N

Occupancy Bitstream Ratio (%) Feature Bitstream Ratio (%)
RWTT N N
2.0 10.0 50.0 100.0 2.0 10.0 50.0 100.0
RWTT_059_tomb_vox10 0 -0.48 -1.06 -1.08 0 145 3993 8805
RWTT_156_vishnu_vox10 0 -0.27 -0.76 -0.78 0 60 2383 5124
RWTT_211_foxstatue_vox10 0 -0.22 -0.42 -0.44 0 51 1726 4680
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F 2. RWTT: Ng{oll & =o3tE S4 H=o it
Table 2. RWTT: variance of decoded feature information depending on N

Variance of Decoded Feature Information (< 1[)4)
RWTT N
1.0 2.0 10.0 50.0 100.0
RWTT_059_tomb_vox10 0.0015 0.0004 0.1654 0.3143 0.3147
RWTT_156_vishnu_vox10 0.0021 0.0005 0.0819 0.2134 0.2150
RWTT_211_foxstatue_vox10 0.0018 0.0004 0.0617 0.1280 0.1337
E 3. RWTT: N0l 2 253l= EM MEO| HEZT]
Table 3. RWTT: entropy of decoded feature information depending on N
Entropy of Decoded Feature Information (><10')
RWTT N
1.0 2.0 10.0 50.0 100.0
RWTT_059_tomb_vox10 0.0004 0.0004 0.1936 3.3112 6.4656
RWTT_156_vishnu_vox10 0.0005 0.0005 0.1040 2.5202 4.8560
RWTT_211_foxstatue_vox10 0.0004 0.0004 0.0807 1.7436 4.0358
2 BE A@ 2o 2ALE 27t St we 2 3 3914 RWTT 211 foxstatue vox10 A|@ o] 2AUH
o3t 54 AR 24 2 dERYI} HtHow STt FA7F 100 W o] Eoste 54 FHE] AERI= 2F
e AT BA F Ak oln), BEshE 54 e UY $A7 502 W) AEZS) A ju) o 2.30) F715)
A 7 2 A AR AR HEXZEY A7) H &9 om, ol 2 279 bE A2 RWTT 059 _tomb
W Z3 fAe 23 A4S HoFglen, 5ostdE 5 vox10, RWTT 156 vishnu vox10E.T} & Z7} &8 Ho
AR JER = S 54 JE HEXEY A7) ¥ FAk
&9 T7F F3 fARE FA4T S7F Zo] A5H U 53, 17 59 62 % 1,2, 39 2AYY FA WE HR/E
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I 4. Static: o o
Table 4. Statlc. occupancy/feature information bitstream si

2ol M2 2 iH] BR/EN ME HEAEER

November 2025)

| 27| Hlg
ze ratio to the anchor depending on N

Occupancy Bitstream Ratio (%) Feature Bitstream Ratio (%)
Static N N
2.0 10.0 50.0 100.0 2.0 10.0 50.0 100.0
Arco_Valentino_Dense_vox12 0 -0.0017 -0.0790 -0.0899 0 3 8702 21214
Facade_00009_vox12 0 -0.0248 -0.1209 -0.1358 0 27 7257 | 18288
House_without_roof_00057_vox12 0 -0.0053 -0.0611 -0.0754 0 11 3192 9662
Shiva_00035_vox12 0 -0.0007 -0.1101 -0.1213 0 2 8377 | 19077
Statue_Klimt_vox12 0 -0.0003 -0.1069 -0.1152 0 2 8888 | 19832
X 5. Static: NZol E SoslE M FHo| 2t
Table 5. Static: variance of decoded feature information depending on N
Variance of Decoded Feature Information (X 10%)
Static N
1.0 2.0 10.0 50.0 100.0
Arco_Valentino_Dense_vox12 0.0007 0.0002 0.0027 0.2702 0.2452
Facade_00009_vox12 0.0008 0.0002 0.0218 0.2562 0.2476
House_without_roof 00057 _vox12 0.0014 0.0004 0.0138 0.1682 0.1758
Shiva_00035_vox12 0.0009 0.0002 0.0018 0.3138 0.2911
Statue_Klimt_vox12 0.0008 0.0002 0.0018 0.3229 0.2954
¥ 6. Static: NZH0i| [I}E 25stE EA HHEHO| HEZL]
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Fig. 12. RWTT_059_tomb_vox10 sequence: (A) D1 PSNR and variance of decoded feature information depending on N; (B) D1
PSNR and entropy of decoded feature information depending on N; (C) D2 PSNR and variance of decoded feature information
depending on N; (D) D2 PSNR and entropy of decoded feature information depending on N
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rate @ lambda®¥ HH 2L EA AH H]E’\Ea A7) ¥&
3} DI/D2 PSNRE HolFT) &
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F 7. Static: N, lambda zioil M2 A2 CfH] B7/EY AL HEAER! F7| H|IE
Table 7. Static: occupancy/feature information bitstream size ratio to the anchor depending on N and lambda

=

Enhancement)

Oceupancy ?;?ream Ratio Feature Bitstream Ratio (%)
. 0
Static rate lambda N N
1.2 1.6 2.0 1.2 1.6 2.0
01 0.06 0 0 0 0.27 0.93 1.70
0.01 0 0 0 0.17 0.61 1.09
02 0.15 0 0 0 2.06 8.81 16.5
Arco_Valentino_Dense_vox12 01 0 0 0 0.46 138 2.53
- - - 03 0.1 0 0 0 0.24 0.83 1.57
0.05 0 0 0 0.46 1.38 2.53
1 0 0 0 0 0 0
04 0.5 0 0 0 0 0 0.01
1 0 0 0 0 0 0
o1 0.5 0 0 0 0 0 0
1 0 0 0 0 0 0
r02
0.5 0 0 0 0 0 0
Facade_00009_vox12 o 1 0 0 0 0 0 0
0.5 0 0 0 0 0 0
04 0.12 0 0 0 1.15 4.56 8.66
0.5 0 0 0 0 0 0
1 0 0 0 0 0 0
01 0.5 0 0 0 0 0 0
1 0 0 0 0 0 0
r02
House_without_roof 00057 _vox12 0.5 0 0 0 0 0 0
- - = - 03 1 0 0 0 0 0 0
0.5 0 0 0 0 0 0
1 0 0 0 0 0 0
04 0.5 0 0 0 0 0 0
01 0.08 0 0 0 0.44 1.46 2.59
0.06 0 0 0 0.32 1.05 1.87
02 0.06 0 0 0 0.32 1.05 1.87
. 0.03 0 0 0 0.23 0.79 1.42
Shiva_00035_vox12 03 0.15 0 0 0 2.36 105 | 204
0.1 0 0 0 0.49 1.45 2.59
04 0.1 0 0 0 0.49 1.45 2.59
0.05 0 0 0 0.23 0.84 1.60
01 0.06 0 0 0 0.31 1.03 1.84
0.03 0 0 0 0.23 0.78 1.40
1 0 0 0 0 0 0
Statue_Klimt_vox12 o 0.5 0 0 0 0 0 0
- - 03 0.12 0 0 0 0.79 2.46 4.03
0.06 0 0 0 0.24 0.83 1.60
04 0.06 0 0 0 0.24 0.83 1.60
0.03 0 0 0 0.22 0.79 1.45
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rate 194 = #ZH) o]=, § 22 lambda #HS AHE-S} #ZE A k=), o)+ uf$- 2 lambda Fol EA
A=, Hoste 54 JEo 2d8ES S7HAIIIA & e 00l 7HA WHEo], 2.0 o]&Fe] AAYH Fx
3, PSNRo A o] BrAEA] k& Ao 7 FAgH & st EostE 54 JH 2dHE PP TIR
3l ¥ 89 lambda 7te] 191 7%, PSNRE] o W3l PSNROI| th3l H3lE THEo] x| F3t 210 o

H 8. Static: N, lambda zt0f [}Z D1/D2 PSNR
Table 8. Static: D1/D2 PSNR depending on N and lambda

lamb D1 PSNR [dB] D2 PSNR [dB]
Static rate da N N

1.0 1.2 1.6 2.0 1.0 1.2 1.6 2.0
01 0.06 69.55 70.11 70.71 70.95 74.40 74.69 75.03 75.22
0.01 71.42 71.57 71.74 71.81 75.96 76.10 76.24 76.33
02 0.15 71.37 71.79 72.70 73.15 76.34 76.74 77.58 78.02
Arco_Valentino_D 0.1 72.98 73.76 74.70 75.13 77.90 78.67 79.57 79.90
ense_vox12 103 0.1 72.98 73.76 74.70 75.13 77.90 78.67 79.57 79.90
0.05 75.02 75.49 76.00 76.24 79.92 80.39 80.90 81.14
04 1 75.63 75.63 75.63 75.63 80.52 80.52 80.52 80.52
0.5 75.63 75.63 75.63 75.63 80.52 80.52 80.52 80.52
01 1 71.10 71.10 71.10 71.10 75.00 75.00 75.00 75.00
0.5 71.08 71.08 71.08 71.08 75.03 75.03 75.03 75.03
02 1 71.74 71.74 71.74 71.74 75.64 75.64 75.64 75.64
Facade_00009_v 0.5 71.73 71.73 71.73 71.73 75.66 75.66 75.66 75.66
ox12 03 1 72.95 72.95 72.95 72.95 77.28 77.28 77.28 77.28
0.5 72.94 72.94 72.94 72.94 77.28 77.28 77.28 77.28
104 0.12 73.75 73.96 74.31 74.50 78.95 79.29 79.78 80.02
0.5 73.64 73.64 73.64 73.64 78.44 78.44 78.44 78.44
01 1 71.21 71.21 71.21 71.21 75.03 75.03 75.03 75.03
0.5 71.19 71.19 71.19 71.19 75.01 75.01 75.01 75.01
02 1 72.01 72.01 72.01 72.01 76.12 76.12 76.12 76.12
House_without_ro 0.5 71.99 71.99 71.99 71.99 76.10 76.10 76.10 76.10
of_00057_vox12 03 1 73.22 73.22 73.22 73.22 77.96 77.96 77.96 77.96
0.5 73.19 73.19 73.19 73.19 77.94 77.94 77.94 77.94
104 1 74.34 74.34 74.34 74.34 79.42 79.42 79.42 79.42
0.5 74.32 74.32 74.32 74.32 79.41 79.41 79.41 79.41
01 0.08 69.15 69.54 69.97 70.14 73.65 74.09 74.56 74.74
0.06 69.87 70.18 70.46 70.58 74.70 75.05 75.38 75.52
02 0.06 69.87 70.18 70.46 70.58 74.70 75.05 75.38 75.52
Shiva_00035_vox 0.03 70.63 70.77 70.92 70.99 75.83 76.02 76.24 76.35
12 103 0.15 71.57 71.91 72.66 73.19 76.79 7711 77.77 78.20
0.1 73.01 73.74 74.62 75.00 78.12 78.72 79.46 79.77
04 0.1 73.01 73.74 74.62 75.00 78.12 78.72 79.46 79.77
0.05 74.98 75.43 75.90 76.11 79.81 80.18 80.61 80.81
01 0.06 69.78 70.09 70.37 70.49 75.05 75.48 75.92 76.10
0.03 70.49 70.64 70.78 70.86 76.33 76.57 76.83 76.97
02 1 71.36 71.36 71.36 71.36 76.51 76.51 76.51 76.51
Statue_Klimt_vox 0.5 71.36 71.36 71.36 71.36 76.51 76.51 76.51 76.51
12 03 0.12 72.47 73.18 74.22 74.65 77.47 78.11 79.12 79.54
0.06 74.93 75.47 76.02 76.25 79.96 80.50 81.01 81.28
104 0.06 74.93 75.47 76.02 76.25 79.96 80.50 81.01 81.28
0.03 75.94 76.27 76.57 76.68 80.97 81.35 81.69 81.83
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