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Abstract

In the lossy compression of 3D media, there is compression distortion in position information, and since position distortion is
accompanied by distortion in attribute information, it is very important to evaluate distortion of position information in terms of
various aspects. Particularly in point clouds, distortion can occur not only due to changes in the position of points but also due to
density distortion caused by variations in the number of points. To quantitatively evaluate this density distortion, D3-PSNR and
‘density adaptive distortion determination’ were proposed. However, since D3-PSNR estimates the surface of the point cloud based
on its volume, it has the limitation that the approximate value is significantly different from the actual surface area. Additionally,
the 'density-adaptive distortion determination' method is sensitive to distortion occurring in extremely low-density regions where
only 1 or 2 points exist. Therefore, this paper presents in detail the limitations of conventional point cloud density quality
evaluation methods and proposes a point cloud density quality evaluation method based on surface estimation and outlier removal
to overcome these limitations.

Keyword : Density quality evaluation, Density distortion, Point Cloud, D3-PSNR, AI-PCC
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Table 1. Detail of the point cloud test data set
Name Frame number Type No. points Whole density
Ford 01 g1mm 100 Hybrid 80,265 1.46*107°
Ford 02 g1mm 100 Hybrid 79,882 1.69*10°
Ford 03 g1mm 200 Hybrid 87,590 1.89*10"°
Qnxadas junction approach 1 Hybrid 31,279 0.35*10°*°
Longdress 1300 Dense 857,966 11.12*10°
Loot 1000 Dense 784,142 6.34*10°°
Redandblack 1450 Dense 729,133 8.19*10°?
Soldier 536 Dense 1,059,810 7.15*10°°
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Table 2. Comparison of the D3-PSNR and the proposed technology in terms of average n,iff

D3-PSNR Proposed technology
Type Name KNN 64 128 64 128
C part 32 64 32 64 32 64 32 64

Ford 01 g1mm 411.3 173.0 645.5 280.8 401.2 194.6 627.5 315.8
Ford 02 g1mm 779.8 375.8 1181.7 606.4 717.5 381.7 1086.3 | 616.1
Hybrid Ford 03 q1mm 12326 | 420.6 2147.0 806.8 1186.1 460.6 2069.5 | 879.7
Qnxadas junction approach 2841 86.5 493.3 145.5 282.5 104.9 490.1 1744
Hybrid-Average 677.0 264.0 1116.9 | 459.9 646.8 285.4 1068.3 | 496.5
Longdress 1201 102.3 231.8 199.0 58.2 57.1 121.3 106.4
Loot 105.3 88.4 211.7 178.7 57.7 56.4 119.7 105.3
Dense Redandblack 117.5 95.7 230.6 200.5 59.4 58.2 123.2 117.5
Soldier 120.2 102.5 2314 200.9 58.5 57.5 120.2 106.4
Dense-Average 115.8 97.2 226.4 194.8 58.4 57.3 121.1 108.9
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Fig. 11. Evaluation results of the G-PCC’s density distortion based on hybrid type data



224 929 Be 24 % oA AA A XAE FHE UE F4 W 1ws 783
(Junsik Kim et al.: Advanced Point Cloud Density Evaluation Method using Surface Estimation and Outlier Removal)

= ¢ F Atk

I8 139 A¥ES 19 113 FYal (e D3-
PSNR, (b)& ‘B A34 A= 47 7%, (o) oA
AA N&EEA £9 7L, 0u=10), (= HNE ERpsp
1&g dvate, 35 0F HS Uk OF g 0~2559
FOoE WHste] /7 AAFE AN MEES HHH
Ford 01 qlmm Atk 1¥ 13¢] W7k 13} g oA Kol H}Q}
Zol, () (@l Hls) ARE G2 o7k o FAl, L
o U YEhEE G-PCC &4 ¢hEolA uﬂ:,}],}‘__.
T oRE Eu Y HgsA x¥shs 2R Bl 8t
gl- 3]
o

, A4 Q3 o] AL RA o)A ghe] EAlEHE

FRIE 4= Sltk & =79 ARt 71ES o8 A

(b)ﬂC)QF (b)HoH(d)2] 73, @<k ()l vlsh A= FH

decoded r01 point cloud #H IEE Gl dehs OFF el Aozt FEA

21 12. 2(Ford 01 qimm)2} S2E/(01) EOIE Fales € 22 AT 4 528, @AN TR 13 2ol
Fig. 12. Original(Ford 01 q1mm) and decoded(r01) point cloud (b))t ()HeHd)NA = Azl Zlo] Fele

1% 14= GRASP-netS E3)) -2 3535lH B3 43 1

& Atk kA, IR E Gl EE o olf e Bk 93 7t AFHE Jehln, 7tE5E] FAst

FAol A B oY gho] EEHEE 7} BA01~105)E GRASP-net "ol A HolE 7& A8

| el &4 s Y & kg Ve ok B 7t Al AFEE 213 Ve 19 119 4

}LimEo&m

(b)

(b)+(c) (b)He)H(d)

21 13, E2(Ford 01 g1mm)z} S)A=(r01) ZQIE Z2}REe| U 27 M ZAnt
Fig. 13. Density error map results of the original(Ford 01 g1mm) and decoded(r01) point cloud



784 W3 SrE]E=EA A28W A63, 202313 112 (JBE Vol.28, No.6, November 2023)

PSNR Ford 01 qlmm PSNR results PSNR Ford 02 qlmm PSNR results
(dB (GRASP-ner) (dB) (GRASP-net)

0 0
101 102 103 104 105 101 102 103 104 105
Il ) Bl U] ®He (ByHeHD - -@ O —— O LD
PSNR Ford 03 gqlmm PSNR results PSNR Qnxadas junction approach PSNR results
(dB) (GRASP-net) (dB) (GRASP-net)

’ 01 2 03 04 15 ’ 101 2 103 104 s
== =(a) () (byHe) (ErHeHd) - = =@ (b) (0)He) DyHerHd

a2l 14. 25t 28 H|0|E| 7|8t GRASP-nete] LT of= my| Hu}

Fig. 14. Evaluation results of the GRASP-net's density distortion based on hybrid type data
Y3k FLsirh Aol A FQ1s = upek 2o, 49 (b)) 5 3 ¥RIE FH9EE 102 52103 YAkt B
oA ¥ v EZ o] E2] PSNRo| #45HA HolA &= A& £ 710 R A XQE ZeeEe H gt B 5
& ek mE AY 00 At g, A O o ALzl Ak olel, 102 FL 103 Gk G el
Aok 7 FHoIM 4% F o7 FHOE WANEE, 71 B PSNR glo] 28 H, T o1F9 st v
o'z GRASPnete] BE3te ZolE 2290 Wk 54 REE g 2E Zekere) Uk 4502 Qg Uk
3 FLske, F 304 Bk A48 S & ek g 3to] WASle] PSNR gro] wobd AL 6l 4% & 9

3E 304 BolE His} ZFo], GRASP-net2 3l 533} th 1 14014 Bol= uel 7Fo), A3 ()} (b)2] Al

H 3. GRASP-nete| 253lEl ZOIE Z2IRE W & Tl
Table 3. The number of points in the decoded point cloud of GRASP-net

Name original r01 r02 r03 ro4 r05
Ford 01 g1mm 80,265 37,540 85,364 166,099 267,151 286,012
Ford 02 g1mm 79,882 26,100 62,100 132,044 231,727 272,301
Ford 03 g1mm 87,590 24,945 57,728 126,432 242,911 304,012
Qnxadas junction approach 31,279 12,215 22,820 37,983 53,676 56,121
Longdress 857,966 153,372 511,143 555,686 719,965 798,963
Loot 784,142 141,041 463,434 502,385 650,479 726,188
Redandblack 729,133 127,718 430,854 474,259 612,420 684,405
Soldier 1,059,810 189,950 637,143 690,867 894,752 990,374
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Fig. 15. Evaluation results of the G-PCC’s density distortion based on dense type data
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