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A Study on the Performance Analysis of Deep Learning-based Point
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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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Table 2. RWTT: variance of decoded feature information depending on N

Variance of Decoded Feature Information (X< 10)

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
# 3. RWTT: Ngiol| 2 =S3tE SM HE| HEZT
Table 3. RWTT: entropy of decoded feature information depending on N
Entropy of Decoded Feature Information (X 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
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Table 4. Static: occupancy/feature information bitstream size ratio to the anchor depending on N

O

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
¥ 5. Static: N7kl M2 553tE S HEo E4
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
I 6. Static: Ng{0l| 2 53351E £ HHEo| HEZ]
Table 6. Static: entropy of decoded feature information depending on N
Entropy of Decoded Feature Information (><10')
Static N
1.0 2.0 10.0 50.0 100.0
Arco_Valentino_Dense_vox12 0.0001 0.0001 0.0049 4.1686 8.6761
Facade_00009_vox12 0.0002 0.0002 0.0320 3.8756 8.2798
House_without_roof 00057 _vox12 0.0003 0.0003 0.0208 2.7558 6.7856
Shiva_00035_vox12 0.0002 0.0002 0.0034 4.6116 9.1533
Statue_Klimt_vox12 0.0002 0.0002 0.0034 4.7187 9.2301
3 4, 5, 62 Static TEI=0| et 2AYY FR]of & % ], Static ZR=AME B53lH 54 FHo| Bt
A% AR Q54 AR wEAEY 27) e BEsE 0 AERA} S ALY $AG) da T G 4
5744 AR £k 8 01151234 BEE Yehdith 45 F L} H]EiE%-C’J A7V} Aadhs A 1T 5 Sltk &,
3l Static THN=2] K& Al ALY FA7F S7F 9 RWTT el =9] A3}e} Static ZRI=0] A5 7]k
Jol s A AU WEAER Mg GAHD & O ¥ HEAN A5 AU 0 54 P B3
4 AR HEAEY A7) HE2 Sk As & F A4 Hete] Hoste 54 AW xd¥s AL, oS
ol RWIT 282t #AHE A% HolFgleh £5.6 53 AL 46 3ud g 98 4% #9¢ uo}
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Fig. 13. RWTT_156_vishnu_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 informatior
depending on N; (D) D2 PSNR and entropy of decoded feature information depending on N
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Fig. 14. RWTT_211_foxstatue_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 in-
formation depending on N; (D) D2 PSNR and entropy of decoded feature information depending on N
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Table 7. Static: occupancy/feature information bitstream size ratio to the anchor depending on N and lambda

Oceupancy (I?Jzitream Ratio Feature Bitstream Ratio (%)
Static rate lambda N N
1.2 16 2.0 1.2 16 20
o1 0.06 0 0 0 0.27 0.93 1.70
r 0.01 0 0 0 0.17 0.61 1.09
o 0.15 0 0 0 2.06 8.81 165
Arco Valenfino D . r 0.1 0 0 0 0.46 1.38 253
feo_Valentino_Dense_vox 0 0.1 0 0 0 0.24 0.83 157
: 0.05 0 0 0 0.46 1.38 253
1 0 0 0 0 0 0
04 05 0 0 0 0 0 0.01
o1 1 0 0 0 0 0 0
05 0 0 0 0 0 0
1 0 0 0 0 0 0
r02
05 0 0 0 0 0 0
Facade_00009_vox12 o 1 0 0 0 0 0 0
05 0 0 0 0 0 0
o4 0.12 0 0 0 115 456 8.66
05 0 0 0 0 0 0
o1 1 0 0 0 0 0 0
05 0 0 0 0 0 0
1 0 0 0 0 0 0
r02
. 05 0 0 0 0 0 0
House_without_roof_00057_vox12 o 1 0 0 0 0 o 0
05 0 0 0 0 0 0
1 0 0 0 0 0 0
04 05 0 0 0 0 0 0
o1 0.08 0 0 0 0.44 1.46 259
0.06 0 0 0 0.32 1.05 1.87
2 T 0 T o | o | oz | orn | 1
EUCE R L 03 0.15 0 0 0 2.36 10.5 204
0.1 0 0 0 0.49 1.45 259
04 0.1 0 0 0 0.49 1.45 259
0.05 0 0 0 0.23 0.84 1.60
o1 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
r02
. 05 0 0 0 0 0 0
Statue_Kiimt_vox12 03 0.12 0 0 0 0.79 2.46 403
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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d), o] =% £ lambda
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MakE PEe] A 2

[0 o2 ol
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b 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 03 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 1 72.95 72.95 72.95 72.95 77.28 77.28 77.28 77.28
03 0.5 72.94 72.94 72.94 72.94 77.28 77.28 77.28 77.28
04 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 1 73.22 73.22 73.22 73.22 77.96 77.96 77.96 77.96
03 0.5 73.19 73.19 73.19 73.19 77.94 77.94 77.94 77.94
04 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 03 0.15 71.57 71.91 72.66 73.19 76.79 77.11 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 0.12 72.47 73.18 74.22 74.65 77.47 78.11 79.12 79.54
03 0.06 74.93 75.47 76.02 76.25 79.96 80.50 81.01 81.28
04 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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