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Abstract: To investigate the impact of point rendering methods on the subjective quality of
quantization point clouds and optimize the rendering algorithm, a subjective quality evaluation
experiment is designed, considering different basic geometric types and calculation methods for
rendering radius. The effects of the basic geometric types and nearest-neighbor rendering
algorithm on the subjective quality of geometric and attribute quantization distortion are analyzed
through the Wilcoxon signed-rank test and independent samples T-test. The experimental results

show that the subjective quality is affected differently by the basic geometric types due to

Wk B 2023-06-02,  fEZEM . BRE1995—), B Wi HA s T GEGEES) . &, 88, W HERN, E4UWE. B
K ARBLAZETBIH (62171353) s H K ARBLEF L B H (62101409)
W 2% R | . 2023-09-21 [ 2% Hi R AIE : https: // link. enki. net/urlid/61. 1069. t. 20230919. 0846. 002



o544

Wi, &5 o T e 0 OO0k A R 2 22 W5k f 5 ) % S kA1

33

variations in the degree of overlap. A larger overlapping area of the basic geometric types shall
result in lower subjective quality. The nearest-neighbor rendering algorithm does not have any
significant impact on the subjective quality. This algorithm reduces the occurrence of holes in the
rendered point cloud but increases the level of overlap. When the attribute distortion is minor,
the nearest-neighbor rendering algorithm outperforms the fixed rendering radius method.
However, when the attribute distortion is significant, it underperforms the fixed rendering radius
method. Based on the subjective experimental results, a mathematical model is established to
calculate the rendering radius of the basic geometric types, considering overlap and the distortion
of holes. This model has employed geometric quantization with an octree pruning and simplified
the model parameters using spatial similarity. An algorithm is proposed to calculate the rendering
radius of the basic geometric types using geometric quantization parameters. Compared with the
nearest-neighbor rendering algorithm, the proposed method reduces the time complexity by 52%
and improves the peak signal-to-noise ratio of the rendered point cloud by 12. 3%. Additionally,
it enhances the subjective quality by 0. 5 points. The research, featuring the reduction of
computational resources and the improvement of rendering efficiency, can provide references for
the design and optimization of renderers.

Keywords: point clouds; quality evaluation; subjective experiments; point-based rendering; quantization
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Fig. 1 Point cloud sequence thumbnail
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Table 1 Point cloud sequence details

gl Bl WA L 52/ bit
basketball player 2925514 11
longdress 857 966 10
soldier N7 1089 091 10
dancer 2 592 758 11
boxer 3493 085 12
house without roof 4 848 745 12
frog 3614 251 12
Egyptian mask nk 272 684 12
facade 4 061 755 11
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Table 2 Quantization parameters of point cloud sequence

JIRGIES X 24 EH RS
1 5 / bit
JT#t RO5 R02  RO5  RO3 RO1
12 1 1/2  1/32 28 40 51
11 1 3/4  1/16 28 40 51
10 1 7/8 1/8 28 40 51
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Table 3 Sub-experimental rendering parameters
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Table 6 Point cloud subjective quality assessment DMOS
distribution

SEH IRCIFRE!4 DMOS #1{8
TR £ 374 RO5 RO3 RO1
Jo 4. 96 4,48 3.03
1 RO5 4.93 4.36 2.97
RO2 2.94 2.38 1.88
Tom 4. 94 4,53 3.28
2 RO5 4.89 4.37 3.12
RO2 3.03 2.51 1.99
Jo 4.83 4.56 3. 46
3 RO5 4.51 4.18 3.30
RO2 2.27 2.22 2.14

2.2 JUAEREE X E W RE RN

R BRGE TUART AR 28 0 6F 3 L5 da 14 5% 00, X 5 52
LR WU SR A D SN T o o o i T R O 14
B SRR FEE AR AT 5 B A 56 R BU 37 A A
TG 58 43 31 ok P L S5 0 AR 194 e (L N 34 {3 A
BEATARL G . D R UM SRR AR T R 5 T 25 5% bk
(4 S 56 2% 1+ R P 3 SORS 36 96 IR A A 20 7 22 5% IK

http: // zkxb. xjtu. edu. cn

Mo A 50 A R S R BN SR 7 R .

AT RS &BEMKL
Table 7 Null hypothesis and alternative hypothesis
A6 96 J7 ¥k JE A 5 R
BR B e R PIREAS o3 A1 PIREA I3 A1
5 Bk 5 Hh A IR HE AR
YR PIREAR R A U7 22 PIREASR 1 05 22
AR IR i3 43 A5 TR Y 53 A5
XU ST A A PIREA I3 A1 PIAREAS o3 A1
T K5 B {EAA A B (H A [

Kl 48 B . Fo0 1 7525 2 By BUR B
TERRAT S RRAR SR P {H M 0. 000 065, 36 LK 56 P (H N
0. 762, WML HEA T 350 P {0 0. 69, F 355 1 Al
2 K P AEKRT 0,05, P I 4% AN REAS 26 2 3 12
XUBN ST REAS T K 560 14 5 25 57 M 2 1k i F R B
LRSS BRI B P AE/NT 0,05, BT 925 1 Al
TR 2 AR AR EAEAE 22 S E gL LA
A 28 R XoF 5 R I 5 A7 FE R

Bl 3 s A fb R BN R , 7505 2 RS
B 1 W o R 2 (8 m A XL BT AR AR o
RN

dyy = d, —d, (3)
Kf:dide 30 500 1 525 2 1145 3
) DMOS 14,

25% ~75% K4 i
0.7 A
0.6 - i
05k i

RO5 RO3 RO1  RO5R03 RO1 RO5 RO3 RO1 J& P i 16454
Je RO5 RO2 JUFT AL

3 THE2MT S 1 EWmEREEEARXE
Fig. 3 Sub-experiment 2 and sub-experiment 1 subjective

quality difference compartment plots
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Fig. 7 Diagram of the proposed method point rendering process
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Table 8 The performance comparison results between the

nearest neighbor rendering algorithm and the proposed

algorithm
W T 571 Alpswe /% Alpwos AT/ %
basketball player 11.5 0.7 —37
longdress 12.5 0.5 —43
loot 13.7 0.5 —51
redandblack 13.4 0.6 —42
head 8.9 0.5 —75
soldier 13.7 0.7 —50
dancer 14.6 0.6 —A47
boxer 11.9 0.6 —73
house without roof 11.4 0.4 —71
frog 11.3 0.5 —63
Egyptian mask 10.7 0.4 —33
facade 13.4 0.4 —42
-2 {H 12.3 0.5 —52
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Fig. 8 Comparison of the subjective effects between the

nearest neighbor rendering algorithm and the proposed

algorithm
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