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RAHT Node Interpolation Method for Enabling G-PCC Inter-Frame
Attribute Prediction and Improving Compression Performance
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Abstract

Light detection and ranging (LiDAR) is a technology that can capture a wide range of environmental elements with high
precision. The data generated by LiDAR technology is presented as a point cloud consisting of a large number of points, which
has a huge capacity due to the excessive number of points. In response, the international standardization organization MPEG
(Moving Picture Experts Group) is standardizing Point Cloud Compression (PCC) to facilitate the processing, storage, and
transmission of point clouds. Among them, G-PCC (Geometry-based Point Cloud Compression), a representative PCC standard
technology, includes LiDAR content compression as one of its goals. Currently, G-PCC is actively standardizing the
inter-prediction technique between the different frames using the Region Adaptive Hierarchical Transform (RAHT). RAHT
inter-prediction method currently adopted by G-PCC only occurs when an attribute value exists at the same position in both frames
simultaneously. However, the current RAHT inter-prediction method has a low prediction ratio for LiDAR content, where there are
many dynamically moving objects along the time axis and the positions of points representing the same object are not the same
from frame to frame. Therefore, this paper proposes a reference RAHT node interpolation scheme for optimal redundancy removal
between frames with higher RAHT inter-prediction ratio of LiDAR content.
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Table 1. Time complexity comparison of proposed method for €
Encoder Time Complexity Ratio (%) Decoder Time Complexity Ratio (%)
€=2 €=3 €=4 €=2 €=3 €=4
Average Time Complexity Ratio 114 137 151 110 120 132
F 2. Mot 7IE Ms TtE
Table 2. Performance evaluation of proposed method
End-to-End End-to-End
Geom. BD [;'?tGeomRate BD AttrRate Geom. B?)/]TotaIRate BD TotalRate
° [%] ° [%]
D1 D2 Reflectance D1 D2 Reflectance
ford_01_q1mm 0.0 0.0 0.0 0.0 0.0 0.0
ford_02_g1mm 0.0 0.0 0.0 0.0 0.0 0.0
ford_03_g1mm 0.0 0.0 0.0 0.0 0.0 0.0
am.- fr?me gnxadas-junction-approach 0.0 0.0 -0.3 0.0 0.0 -0.1
spinning
gnxadas-junction-exit 0.0 0.0 -0.1 0.0 0.0 0.0
gnxadas-motorway-join 0.0 0.0 -0.2 0.0 0.0 -0.1
gnxadas-navigating-bends 0.0 0.0 -0.2 0.0 0.0 0.0
InnovizQC1 0.0 - -0.1 0.0 - 0.0
am-frame InnovizQC2 0.0 - -0.1 0.0 - 0.0
non-spinning
InnovizQC3 0.0 - 0.0 0.0 - 0.0
Time Encoder 126%
Complexity Decoder 108%
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Table 3. Performance results on Cognata’s LiDAR-velodyneHDLG4E dataset obtained through simulation
End-to-End End-to-End

Geom. BD TotGeomRate [%)]

BD AttrRate [%]

Geom. BD TotalRate [%)]

BD TotalRate [%]

D1 D2 Reflectance D1 D2 Reflectance
am-frame LiDAR-
spinning velodyneHDL64E 0.0 ) 05 0.0 ) 0.2
Time Encoder 134%
Complexity Decoder 120%

SR ARt 7)Eo] FadE

Atk
MM-34de] AZdE °]% DC A

VL ¢S 12 A3} End BD-AttrRate[%]) 0.1% ©]*}<]

o) 5o] WS, 1

< 27¢] F"l=o) disi#] A BD-Rate(End-to-End

$E9 MSE 543 oS BD-TotalRate[%])o1 A 2. o] 50] ¥

A== %tk Ford 1, 2, 3

0.25, 0.5, 0.75% o] A3 245 w2 E gnxa- o] A% AL FA 9 dF¥ol AFHANH, FAHOR

das-junction-exit &I =0| tj3}e]
HDLG4E &l =] djal| A& 0.25,
< 052 A&si3eh

I 99 gE Fd=E Rate £=241o] A

=]
=2

0.75, LiDAR-velodyne Ford 1, 3 &€=
o]

oA ZH2} 0.0003%, 0.0004%°] 43 BD-
A% 13, Ford 2 Sl =2
ZH Atk 3 InnovizQC3&

72 0.0002%2)

o|Eo] Z+z} 0.0002%,

A W7 HOE 45 EoF AT W HOE AR 0.0001%94 47] BD-Rate ©]5°] 2ASIAY HF Ht &
5+ Bjontegaard Delta-Rate™ S 243191 2™ & 20 A ] BD-RateZ 0.1%2] H]2FH Q] o]5o] A= ]t}

Al o] 5o] LAY ST F 3 AlEgelde Fdte] g53 LiDAR-velodyne

B ¢ gl%o], thre Zdl =) o)
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39014 vkt

D-Ratel| A ZH2F 0.5%, 0.2%

Uem AA LiDAR
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InnovizQC2 F€l =] tisir= &4 BD-Rate(End-to- o] ¢t o]5o] WAg A& 1T F
Average Inter-Prediction Ratio per Content (Anchor and Proposed)
Anchor 90.2 9.3 91
Proposed
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