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Voxel-based Point Clouds Rendering of G-PCC Compressed Point
Clouds

Hyungwoo Kang”, Seonyoung Jang”, and Byung Tae Oh®*
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B2 =M= Geometry-based Point Cloud Compression (G-PCC)Z ¢ZH IEQJE ZF9to g&7¢ Ay HL&S $3Hy
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oM w& Il 5HF 34 HolHME 53 A5 EAT 5 ddTh

Abstract

In this paper, we propose a method to improve point cloud rendering performance through voxel-based processing when using
point clouds compressed by G-PCC as input. By transforming the point cloud into voxels, leveraging the geometric compression
characteristics of G-PCC, the network is structured to apply existing grid-based CNNs without causing holes, even in sparse point
clouds. Additionally, it enhances the network's representational capability in compressed point cloud streaming environments by
analyzing both local and global features of the point clouds, as well as individual point features, enabling detailed representation of
3D models. Through experiments, it was confirmed that the voxel-based processing effectively analyzes both local and global
features of point clouds. These features contributed to the network's ability to deliver more accurate and stable performance on
new data. As a result, the network demonstrated strong generalization ability across various types of point cloud data and excellent
performance even on sparse data.

Keyword : Point cloud rendering, G-PCC, Voxel-based, Deep learning, Deep network
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Fig. 1. Classification of point clouds rendering: Rasterization model (left), Ray tracing model (center), Splatting model (right)

AFSAE 2ol AR Aol FA7} Atk o1& B3}
S8l & 7V d 54 e AP, 7R 23 35 280,
= W g R g $28 5o A7t EAE.
S4d ¥AE 2TYFET 4YOR Bt AE 2244
Hol] Fo] WA, olv|x-AY H2)g Fol T A
A F Qoid HIEA AN 5g Ageh

o] Edlo]y Bl NeRFIS ZE Zep¢Eo] 4
gatod, 7k FAolN Fukels FAE F435) EAE 2
SEoe] WA AMsE Btk ot H HHA
23 wE F2S Jsa A, A7 APl E o
28] ojzigol Qrk PAH FE Fepere) wANS F
o EW o]2L sk TopE At Al FAHeR
A ZAES] WAk F TAESS B, |
A WMEE AL B 38E mRg dFss i, 8a
3 ¥QIE FREE 2 BFOE Wsksle P4 27
&7 Nadsks RN ol A7 Sk AT ¥AE
SEPEI} Y OR Fol ot AP LIUE 7k 140] Hol
AwA FAo) EES} WAsHE NETt FolEo] Hag
£ o Fo] oJHYA L Ay FHeo] Astdct

A~

o HREEE Zol= upalllo] Zx)st}, ~E W 370
A ERJE ZHFETE A7 o] 9F glo] AleE Ag, Al
2 IJE FEFEo dig 7R Setu|EE 2713}

3t717¢ 01%‘1 s HE A skste] Abshe dl Az

¥RIE FHE 4F W G-PCCe Video-based
Point Cloud Compression (V-PCC)2] 2714 t}2 g
o= ) mﬂl 9) T2 131,



1036 WEe3) =52 A294 A6=, 20249 1192 (JBE Vol.29, No.6, November 2024)

voxelization

T2l 2. G-PCC 253} IXoj|Ae 245t

Fig. 2. Voxelization in the G-PCC encoding process!™

>

Input Point Cloud

N

Patch Projection

Altribute Video

Geometry Video

Occupancy Map

2l 3. V-PCC £33 THoMe| T3 2w
Fig. 3. Patch projection in the V-PCC encoding process!™

dlolelE &4 stet

o)

h =

F2dell A & (hole)2] TS & &

o] ® ¥9IE Fe$-E FojHo] Y
¢ J% 5 G-PCCE

A7E EUE 2P SEA T2 5 715 BY

"l [}
= Ause vpow 3xH A2 o] %A}%@M
ua v me A2, delEls] Aot 3 Aot 4
Qe Eol 7

g2 AH FZsty wpAY Image Networkoﬂfﬂ

W

=

ZRIE 9] o“ﬂ HEE A3l —‘?——‘?’—Oi MLPE 3| =
Voxel Network®} Point Networkoll 4] 42 AHE 3

u O}FJEEE% A A ’Sb_’-, Eﬂ% %“ﬂ g e Zﬂ%fﬂﬁ}. o]
m, Fo] ARE T drds FR o5, 234 AEFA



12l 5. SMs):
Fig. 5.

VoxelNet> 712
3D 7E

785 ¢ 22 G-PCC ¥5 EQIE 959 54 79k XQIE 95 A 1037
(Hyungwoo Kang et al.: Voxel-based Point Clouds Rendering of G-PCC Compressed Point Clouds)

Voxel Network

QU * Voxelization
J’ i —_—m
Point cloud Voxel

a7 4. HA WEYA 7=
Fig. 4. Overall network architecture of the proposed system

flo]of & 56 el A7} W41 BPCR: kA
W, BAE W@se] QA T2 GUE A Sk 3o
A WA 2 Aol s ol A A A

Voxel

Voxelization
° —

3431 TolE F2APCON TUS 2U= wa

Voxelization: Transforming sparse point clouds into dense voxels

A 7)9ke] F2F FH e} Aj7HH =

3 Al WA E A HRE 233 FAZ g Al
oF WFo A= VoxelNet!'e] 22 I & A-&3lt).
3D CNN3 ©h274 PointNet #|o]o]<}
EFA #ololE FA4E o] 343 HolE Al &
EHOE MEA HA BN 5L FE3h= 284
olth. 71 VoxelNet®] 98> afrte] 54 Qhof] ofg] 221

.'
Point Network

=1l

Image Network

1=l

Lg

i

Novel view image

EV} EA) O}Vq ol XQQEQ AFS T Ao E4E
Asls Whaolth A QtE WHleM = SEZZ Bdd
¥QQE FEFTE YYo= AMEst 7t EIEV} Y
A4S dxsid, g 2ES EAS FE37] Sl
VoxelNetg &3t AA 3309 &4 A2 sivg}
g HE Fd 2239 54 Ao E Tt

F2 (Dell wet, 549 54 F, & XJE Fx x, A
AH cE 7|MFCZ Voxel network 6,5 £3] dojzlth

AN E, A JEE
% 2733, NeRF9} A}
63 o] gz w2 APt
= o] @738 Aol 7z, 7hlEt 914 o, 7H)
2t W HY dE Tl Tt 2UE FehvEe 21

X= 0+ zd

—~
~No
~

¥olE9] MY HxE x9 7l et Wk #¥E de positional

encodmg*a— 3y 0}“ e )/()3 EEH 2 o] Qﬂﬂ <,

=
2oz %w EA%E 7} 22



1038 W23 =52 A294 A6=, 20249 1192 (JBE Vol.29, No.6, November 2024)

e, o] Zh2 231 EJIE 153
23t AAS Fall 33 T2 e ZF A el tis) g gt
ER= S EalFd e, i?ﬁ%‘ ? 91

.—“~

P
5}% x, 7He =k “‘o”?} “—‘1151 dE 7]¥F2 2 Point network 6,
£ 53 ARt
F,=06,((x),(c)) 3)
y(d)
y(X)— E - - Radiance feature

T2l 6. Point Network 1%
Fig. 6. Point Network structure

4 HEYT 7Z Y B
HE 5 hel 229 54 WS UNerd S AgEIn

oA HAdst el M WA = Jh= Folt o}
EE AAB7] 918] Image Networkoll A A1 3} 2174 o)

x

©
W ok
oL —~

[m

VEL HEHoZ o)HE A HAHS Az & 1EA
R@3d”ﬂﬁﬂﬂﬂ-AZ”°E*F“*€‘§$LT
2 (4 2ol

fr lo —m J&a
>,

_l

T8,

A7 Lgot Lpe 242 A BEE 919 L2 S48
o} 7Z ABE 93 Perceptual £4 S on)si,
Ao \=0.0122 AH3Ack

1. HIO[HME

At 71€ A4554E $1sl MPEG PCC Dynamic
Human Sequence Dataset®] 2% tlo|E|Z AME-H S1t}. 3l
A EE oF 3T /9] ZRIER FAE AIFAXLE,
7} Al 2E 20% 59 30fpsE 71EH AL B4 7=
2048x2048x2048 % A OH, HOlEMES] XIE
ZEE GPCCE ¢=£F EIE FHFEE AL

E 1. QPO [}2 &3 ZOIE S2fREe 912 ToIE
22} D1-PSNR, D2-PSNR H|1?

Table 1. Comparison of output point cloud using various QPs and origi-
nal point cloud in terms of the number of points, and D1-PSNR,
D2-PSNR

SEfRERfe| ZOE

QP # pts. (M) | D1-PSNR | D2-PSNR
RO1 51 0.01 49 59
RO2 46 0.05 55 66
RO3 0.2 69 83
RO4 0.8 75 88
RO5 1.7 88 98
R06 2.3 93 101

-
N A

S2|12=2940| HIW: RO1, R02, R03, R06 X! /£ ZOIE S22

Fig. 7. Comparison of compressed output point cloud using various QPs and the original point cloud: R01, R02, R03, R06,

and the original point cloud (from left to right)
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Table 2. Performance comparisons of various point cloud rendering methods (results from training with different objects and
different motions/results from training with the same object and different motions)

PSNR SSIM LPIPS!® FPS

BPCR™ 19.94 / 23.26 0.803 / 0.852 0.202 / 0.159 68

Point-NeRF®! 18.61 / 27.84 0.794 / 0.920 0.226 / 0.094 0.05

TriVol® 29.14 / 29.98 0.956 / 0.962 0.054 / 0.048 0.4

Proposed method 22.87 / 30.23 0.898 / 0.954 0.100 / 0.050 44
ARt §Y QEAES & FRoE T4 g < Ho|dA SSIMZ LPIPSIIAE -3 A7=E Btk
PSRN 29.14 SSIM 0.962, LPIPS 0.048% =& 32 7|2 E3] FPS 445 715319, AA17F Aol w5 At A

SR, FPSE 042 vl -§- wiokt), whA, Aot ¥l & e dAF F 9tk

d QEAES & FOZ 5T uf 7MY =2 PSNR I% 9= Ale W29 g whale e A2y A3E

>

Q ~
.

.:-m%.nm

TE 9 Aol gt BN ik CiE eones| o SuoR U U3 (N 8). S 2
(F Hm &), 212 ol (M W &)
Fig. 9. Qualitative results of the proposed method: results from training with different objects and different motions (first

row), results from training with the same object and different motions (second row), and the ground truth (third row)
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Table 3. Quantitative results of the proposed method (results from training with different objects and different motions / results from

training with the same object and different motions)

# pts (M) PSNR SSIM LPIPS!'® FPS

Basketball player 0.2 22.40 / 30.58 0.899 / 0.958 0.103 / 0.045 39
Dancer 0.18 23.70 / 30.21 0.905 / 0.957 0.098 / 0.047 41
Model 0.07 21.98 / 29.89 0.887 / 0.945 0.100 / 0.062 52

Thai dancer 0.17 23.41/ 30.24 0.902 / 0.954 0.098 / 0.046 43
Avg. 0.16 22.87 / 30.23 0.898 / 0.954 0.100 / 0.050 44
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