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Abstract

Point cloud represents 3D objects in a 3D space using a set of points containing information such as position and color. Due to
the huge number of points, point cloud has massive data sizes and therefore requires efficient compression techniques. Accordingly,
research has been conducted on EG-PCC(Enhanced Geometry-based Point Cloud Compression), which compresses point cloud by
exploiting geometric distribution characteristics. Currently, EG-PCC employs RAHT(Region Adaptive Hierarchical Transform) as
one of the methods for attribute coding and achieves efficient spatial redundancy reduction through intra prediction based on
previously encoded/decoded attribute information. In this process, intra prediction performs an eligibility evaluation based on the
number of predictors to ensure the quality of the predictor, and the intra prediction technique is not applied to ineligible voxels. In
this paper, to improve compression performance through an efficient prediction strategy even for voxels where intra prediction
cannot be applied due to the insufficient number of predictors, we propose an extended intra prediction eligibility method based on
an expanded predictor search range and a Rank Order Filter.
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Fig. 2. Salt-and-Pepper noise removal of Rank Order Filter: (A) Ground truth image; (B) Salt-and-Pepper noise applied(10% area); (C) Rank
Order Filter applied to noise image (3 x 3 kernel size, median is used)
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Table 1. Parameter types and descriptions

Parameter Type Descriptions
Virtualizing Distance Distance between virtual point and center of parent voxel
Search Max Range Maximum distance of search range in Search Voxel stage
Exponent Exponent applied to the distance term in Repetitive Collect stage
Scale Scale factor used to assign the weighting effect to neighboring voxels in Repetitive Collect stage
Parent Weight Weight of coplane and coline voxels in Repetitive Collect stage
Child Weight Weight of replaced coplane and coline voxels in Repetitive Collect stage
Selecting Area The number of neighboring ranks around the median used for average in Average around Median stage
=2 B ) 12l AEol B opf el 2
Table 2. Parameter values for the Search Max Range experiment
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Fig. 6. BD-Rate variation according to the Search Max Range: (A) Y Channel; (B) Cb Channel; (C) Cr Channel
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Table 3. Parameter values for the Exponent experiment
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Table 4. Parameter values for the Virtualizing Distance and Selecting Area experiment

Parameter Type Se:’;::gl(\allax Vgit:g:f:zg Exponent Scale \lljvirizztt Child Weight Se)l\izt;ng
050 V3,
0.75v/3,
Value 9 1.00V/3, 1 9 8 7 1,3,5,7, 9
1.254/3,
1503
T ol ERIFYTE EE ANHOR AR W] ©h2 BD-RaeE oHEhH, w7 o] FPMALE g A5
A5 A5l Wske A 0.05%, HA 0.03%E wi¢ wA FAE, WINAFE 45 e AsE verdd
3 FES Btk LJd Cb A Cr Aol = Ak WA, U3 AE W9 WA 78 A7 0.50
Aol RO, AFR7H05 £ 19 W FTE004% /3,075, 1003 A we] 4 A5 AR 59
BV E A lCOl AT T A5 AAE T, AAE B o, 7Mdst ARl me 7P 9137t
G =3l AE-E A 10}”4 AR Ao M S daidee gAEE o BASe) fAH FREHo,
Aol viAE G v A2 AR Rt o/ AaRoR 53 Atolzh AYEA e3sh] ﬂ%%ﬁi Zr
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Table 5. BD-Rate according to the Virtualizing Distance and Selecting Area

Y Cb Cr
BD-Rate [%)] Selecting Area Selecting Area Selecting Area
1 3 .5 7 9 1 3 .5 7 9 1 3.5 7 9
0503 | 0.00 : 0.01 i 0.02 003 : 0.02 |-0.10 : -0.03 : -0.09  -0.17  -0.09 | 0.00 : 0.16 : 0.03 : 0.16 : 0.35
0753 | 0.00 | 0.01 | 0.02 | 0.03 : 0.02 |-0.10 : -0.03 : -0.09  -0.17 -0.09 | 0.00 : 0.16 : 0.03 . 0.16 : 0.35
8i"vfb(:;21(')°°‘ 1003 | 0.00 | 0.01 : 0.02 | 0.03 ' 0.02 | -0.10  -0.03 : -0.09 | -0.17 : -0.09 | 0.00 | 0.16 ' 0.03 : 0.16 : 0.35
1253 | 0.01 = 0.01 : 0.01 : 0.03 : 0.02 | -0.01  0.09 : -0.11: -0.02 : -0.13 | 0.06 : 0.16 - 0.11 . 0.26 : 0.19
1503 | 0.03 004 003 : 003 004 | 012 -0.16 -008 010  -0.06 | 0.01 . 0.08  0.12 : 0.06 i 0.12
0503 | -0.03 | 0.02 A 0.00  -0.02: 0.01 |-0.03 : -0.01  0.14 -0.07 : -0.08 | -0.01 : -0.02 : -0.01 : 0.02 : 0.00
Bivibva 0753 | -0.03 : 0.02 | 0.00 : -0.02 : 0.01 | -0.03 : -0.01 | -0.14  -0.07 : -0.08 | -0.01 : -0.02 : -0.01 | 0.02 | 0.00
redandblack | ¥ | 1.00v3 | 003 002 0.00 002 001 |-003 001 -0.44 -0.07 -008|-001 -0.02 -001 002 0.00
vox10 P D125/ | 003 001 000 002 000|-003 -002 -0.03 001 -041|-0.01 001 000 0.01 -0.02
U'S 11503 | 0.00 -001 001 0.00  -0.01| 0.00 : 0.03 003 0.00 -0.09| 002  -0.01 -002 -0.02; 0.01
I 810505 | 000 001 000 000 0.00 |-002 -0.01; 000  -0.02; -0.01|-0.02 -002;-0.01 -003;-0.02
Sivib2 i‘é 0.753 | 0.00 | -0.01 | 0.00 | 0.00 | 0.00 |-0.02 | -0.01 i 0.00 | -0.02 | -0.01 | -0.02 | -0.02 | -0.01 | -0.03 | -0.02
longdress | g | 1.00v3 | 0.00 | -0.01 | 0.00 | 0.00 | 0.00 | -0.02 | -0.01 0.00 ; -0.02; -0.01 [ -0.02 | -0.02 | -0.01  -0.03 | -0.02
el 1253 | -0.01  -0.01 0.00 | 0.00 | 0.00 | -0.01 | 0.01 | 0.00 | -0.02 | -0.01 | 0.00 i 0.01 | -0.01 | -0.02 i -0.02
1.50 /3 | -0.01  -0.01 | -0.01 | 0.00 | 0.00 | -0.01 | -0.01 : -0.01 | -0.01 | 0.01 | -0.01 | -0.02 | -0.02 : -0.01 | 0.00
0503 | 0.00 | -0.01 001 001 000 |[-0.42 -0.10 -0.16 -0.11 -0.18 | -0.05 0.07 : 0.07  -0.05 0.08
0.75v3 | 0.00 : -0.01 : 0.01  0.01 : 0.00 | 0.12 : -0.10  -0.16 -0.11  -0.18 | -0.05 : 0.07 : 0.07 = -0.05: 0.08
da"fgxﬂayer 1003 | 0.00  -0.01: 0.01 : 0.01 | 0.00 | -0.12 : -0.10  -0.16  -0.11 : -0.18 | -0.05 : 0.07 . 0.07 : -0.05: 0.08
1253 | 0.01 002 | 0.01 : 0.00 0.0 | 0.02 : -0.08 : -0.13 0.01 | 0.00 i 0.04
1.50 /3 | 0.00  0.00 | 0.01 : 0.00 : -0.01| 0.00 | -0.17 : -0.20 -0.03: 0.03 : -0.10
0.501/3, 0.75/3, 1.00/3 = 3= Adal= Zo] 3 Zehe-E ezl dis), FH2E HA s v Haeet
A Ao 7 AgtHTh ol 53 ¥F 45S v

F 79 YERd 45 A5 Hsh 2 YE RAHT o]
3. =™ o7 v 7| k= Me H= w9 ZA eREtth o= B =FollA Altst 7ol 71&
=2} & AFHO 7 9la] RAHT 715k 31 W o Zo] 24
3.1 Category 2 2HIX X2 Zy} A % dF B AgH o R ALY EoE
X 62 34w W B A S 53 HHsE dA EXHET A4 02, Category 2 alFsh=s Zel== 4
e UERdTh ol HA w7 WEE 7INECE CTC Y o] vl B Exse 5 7L o], 71E 4
Category 2¢] s Fate B EQE F2h9E Fal2d o 52 7 A4 Hrke FH8A Xate A 549 71
o % A5e Wrlelelon, 1 A% & 70 AAEel WS Atk 53] queen ZRES] A%, A B4 F Ao
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X 6. ZF O He MY
Table 6. Optimized configuration for parameter values
Search Max Virtualizing Parent . . Selecting
Parameter Type Range Distance Exponent Scale Weight Child Weight Area
Value 9 0.75v/3 1 9 8 7 1
F 7. Category 20ilAM2] =& Of7f Mo ME 4F Hs
Table 7. Compression performance with optimal parameter configuration in Category 2
BD-Rate [%]
Category 2 Dataset Y Cb cr
8ivfbv2 loot vox10 0.004 -0.097 -0.004
8ivfbv2 redandblack vox10 -0.027 -0.028 -0.005
Category2-A
8ivfbv2 soldier vox10 0.044 0.285 -0.037
queen 0.020 0.003 -0.082
Category2-B 8ivfbv2 longdress vox10 -0.005 -0.023 -0.025
basketball player vox11 0.018 -0.113 0.083
Category2-C
dancer player vox11 -0.002 -0.123 -0.049
F 8. Category 20ilM2| ZHXY F|X3tE 07l Hol ME &S M5
Table 8. Compression performance with optimal parameter configuration for each content in Category 2
BD-Rate [%]
Search Max| Virtualizing Parent Child Selecting
Dataset Range Distance Exponent Scale Weight Weight Area Y Cb Cr
8ivfbv2 soldier vox10 9 3V3 0.75 7 3 4 3 -0.017 | 0.159 | -0.092
queen 9 23 0.625 7 3 4 3 0.000 | -0.091 | 0.012
basketball player vox11 3 0.7V3 1 9 8 7 1 -0.016 | -0.054 | -0.230
F 9. Category 1 Dense ZEIZ0|AMS| X[ Of7f M40 M2 24X s
Table 9. Compression performance with optimal parameter configuration in Category 1 Dense contents
BD-Rate [%]
Category 1 Dataset Y Cb cr
boxer viewdep vox12 -0.388 -0.096 -0.097
facade 00009 vox12 -0.426 -0.237 -0.064
facade 00015 vox14 -0.134 -0.083 -0.129
facade 00064 vox14 -0.415 -0.241 -0.228
frog 00067 vox12 -0.067 -0.052 -0.045
head 00039 vox12 -0.165 -0.090 -0.098
Category1-Dense -
house without roof 00057 vox12 -0.075 -0.071 -0.193
landscape 00014 vox14 -0.415 -0.303 -0.299
longdress viewdep vox12 -0.707 -0.557 -0.647
loot viewdep vox12 -0.366 -0.066 -0.043
redandblack viewdep vox12 -0.389 -0.181 -0.706
soldier viewdep vox12 -0.532 -0.119 -0.110
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