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ABSTRACT

The rapid advancement of Extended Reality (XR) technology has significantly increased the importance of 3D
content. Accordingly, there is a growing need for technologies that can efficiently represent and transmit 3D
content. 3D content can be represented in various ways, with each representation method differing in aspects such
as data size and quality. This study focuses on four major 3D content representation methods: Point Cloud,
Mesh, Neural Radiance Field (NeRF), and 3D Gaussian Splatting (3DGS). In this research, we analyze the
network performance characteristics of these four representation methods by creating the same content using each
method and evaluating factors such as data size, quality, and the impact of data loss. Additionally, we present
additional considerations that affect service and network quality, along with related research and technologies. The
aim of this study is to provide a comprehensive understanding of various 3D content representation and to assist

in improving service and network quality management.
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Fig. 1. Rendering example of each 3D representation
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Table 1. Point cloud information with different quality

# of . Gbps
Level . Size (MB)
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0 102,224 1.462 0.343
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3 885,307 12.664 2.968
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E 4. o8] FAZ AA= 3DGS AR
Table 4. 3DGS information with different quality

sh- cull-alpha Size Gbps
Level
degree -thresh (MB) @30Hz
0 1 0.4 4.441 1.041
1 1 0.1 5.265 1.234
2 2 0.4 7.106 1.665
3 2 0.1 8.071 1.892
4 3 0.4 10.683 2.504
5 3 0.1 12.333 2.891
2. M EE 24
At mael A7 AL el Sl

PSNR, SSIM [17], LPIPS [18]¢] & A 71#] =4
AxE ARk Al AR 2T olvR|e] AR
Hrlsl7] 913 A|EE5Z, PSNR, SSIMS 3}4
FARRS ks S8 = AR, LPIPS
oke] F A|;ur} lzF A 7bHel wE vS
23k A Folth. PSNR, SSIMS #8542 =&
o], LPIPS+= F55 2 FHoth %2l
FERrse} 9= BlRE o]u]R|e} 3 AJFol|A]
AtEgS sl7] $I8ted dlole]AlelA Algshe AHX
HEk gHEs o8] ke Wiy W
(Intrinsic)®} $1%]5 Al4FI12H, Open3DE ©]4-
2

A

*

e 2o aju

(

M K

N2

& 3D weld Befen wlrjisie] oA A
shaick. AAE ovA S HIAE o]v|A] 53]

3DGS =L Nerfstudiod|A] Al2lsl= 7l &2
sHasioict o 7] F8 vk 22 X E AR

3l 22 efelHei] [19] ¥ 7 AR

we} 5241 A B Python &AL o]&sl 33}
aov, A7 £Ae) e adlE 7] s A
wAslA] e UDP ZREFS o|83lsich

q

e}

232 to WRelF o83t 0.1%, 1%, 10%°] 3
AL e, AR B M2 A7 Ed 54

oA} e wlom Azt FAL B7RIch

o] Aol & ol Alelehs 24| Az
sk 3D E& W) A8 98l welsel & exF

& A

1. Hlojy =Z7|(tHY=)-F& A

WA ¥l FEheel Aty edx] ZE
o] =Z7] AA e ue} F-o] thEA vepsdch oH
2% ¥QE =Z7|d| ufE g=kF2 (PSNR) 1=
oltf, ¥JIE FEhro| f3 dukHow F ¥
JES] 4 F2 ¥lES] Wxel nlgsl=d], ¥l
E9] m77} 2He wje ¥elES] Wrr) o] wji
off ¥l F7te] Wol AA FAo] A A=

18 : : : : :
17 f ]
16 F e :
1 Y e

14

PSNR (dB)

13 F

12 F 3
F Point Size 1
11 :— === Point Size 2 ]
£ semes Point Size 3
10 C Il 1 1 1 1 1
0 2 4 6 8 10 12 14

Data Size (MB)

J7 2. ¥3E FeResod ZQIE =Z7]el| uhE PSNR
Fig. 2. PSNR according to point size in point cloud

53



KNOM Review ’24-02 Vol.27 No.02

Data Size(Gbps@30Hz)

0 1 2 3 10 15 o
r TT T T T f A el ] N i
30 F f& ‘ T
25 | ' II ]
= I
< 20 ]
o L
Z L
N
A, L
15 F ]
[ —f— Point Cloud
—F+ Mesh
I NeRF
=i+ 3DGS
10 | | L 1 Lol
0 5 10 25 50 165170

Data Size (MB)

a2l 3. dleJe] =7]e] uE A7 F4 (PSNR)
Fig. 3. PSNR according to the data size

Data Size(Gbps@30Hz)

0 1 2 3 10 15 NN
100 T T T T T LR T )
0.95 — } L
0.90 ]
0.85 ]
=
= 0.80 ]
n
0.75 ]
0Tk —— Point Cloud ]
=F Mesh
e} +}++ NeRF 9
—i- 3DGS
0.60 . o
0 50 165170

Data Size (MB)

T8l 4. dole] =)ol wE A2 F4 (SSIM)
Fig. 4. SSIM according to the data size

Data Size(Gbps@30Hz)

0 1 2 3 10 15 &%
0.5 L T T T F T T ™
—f— Point Cloud
[ =F+ Mesh
r =+fsr NeRF
0.4r —-+ 3DGS

LPIPS

03l h
0.2 Sl “‘l """ { I .
o1l T

00 [ | | | ~;....I ....... I LHL_
0

5 10 25 50 165170
Data Size (MB)

T2 5. dlo|g =7|dl W Azt F4 (LPIPS)
Fig. b. LPIPS according to the data size

o4

Hhel E9lBe] =7)7F =9 of#d Rl 3k A
L 7 V] el =K EIIE yme] 5ol
vrlels 4 Aelrt Agdek ol ZRIE FEhE
co] wvly Wy wgk el S v £ <l
the & Bojgrh v 3D 23 WAEke] mla
T flEixe w7RE Al A9 ZRlE 27 B o
=° PSNRS Hel ¥QlE =7] 2 AAS A3l

a7 38 ¥elE ZEh$-=, w4, NeRF, 3DGS
Z d 7B EE wRel] oigk dlole] =7)-F
(PSNR) 1efzo|t} 18 4, 718 5% zpzh tﬂo]EJ
F7]-F4(SSIM), Hlole] =7]-EFZ(LPIPS) 1=
oty EQIE FERe=9] 735
ol whet 3 =g ARl 9 S oAkl
A= 79 tﬂi}ﬂ M= EES Horh ol EH=
o W}E}, *l—g-x} F|e} FH= Ae]e] Az]el
E Wru sieE AASH Ak
< 7 ok AL owgkct W)

dlele =717} 51

& *17—%%4 %ﬁ
#e] 7% 22l

EE FAE HAFAAE, AAH R dlele =7]
7 el 2A debsch m=g OA g5 ol
PSNRS 71¢] Wisb} ¢lglw, SSIM} LPIPS®: 4
% /WAdEgdel 3DGSE 2 =719 s A2 H]
53 ¥4 FAE HolFglnh 2RlE FEhgest
dAdcks el wrhks FAE BT
NeRFErh= U2 45 RoFch &=k
NeRFMrh= X 22 =712, &3 in] F4lol
& B5g BTt

| 4 A = A A wwt
g 4 olrbd dldE)s & 5 97 whiel], &=
Ago] Z7Ijtel wel FAo] FAsAwl, mds
2eg = glodk A wepy dF EZJES
o] ¥l $I|ol tFe] =AY A5 A& 7}
Al AL Fld 5= gk vwt A Ao digh
ARE il Q= dort E4E ASolls 220t
Brhss Aew welth w4 e Hfole FQE



WEY= - e 3D Zel= F3 uba] 34

T

T ZIE 7
H
T

4z
o] A== A%

|

f
o o,

AEe} A WS o]F] 9
= A 2 9l &
wdls 2edt £ glodrk ZelE FEhere) vt
TR EYrr 24E Afele 2ert e
7122 Helrh NeRF w2 2orh 7hsdh A
o} BrbFssE A9 2% sl 94 =
AFAENE =8 ><4E7} A=A o
T A vl 2 sAE s AL
ZAORE ofitEe] Rert rled ZloRE H
Ao £4F 0.1%014 NeRF 2l
%’-—?‘SHX]U]- 3}A) g,__oq] Aas 7/4\

3 4 gl 218 ojwlgkt). 3DGSS]
gle Zelorol gkl 7t 7H-Algke l ol

S sl WA we el Sla

il
=
T

[m FE

rlr

=

%
im

|

A ARE T3 A= o] uite] oS A9
HAo] &AlE|viEie dlr]g]e] sl 3)A]|qt
5 7ReAlgte] ARl 91X, =], Mo =vE
wo] A
o]

2 rui & r& % rlr o

A Fe=E vk 24 A FAS ‘5
mEls 2555 #eld 4 9lrh SSIM ¥ LPIPS
el wle} FAo] "eolx|=
¥ 62 £AE w}—a— SSIM

£ rug

E 5. €489 wE PSNR W3}
Table 5. PSNR difference according to the loss rate
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Table 8. Advantages and Disadvantages of each 3D representations
Type Advantages and Disadvantages
+ Simple, easy to use. Supported by many existing libraries and frameworks. Available even if loss
Point occurs. Easy to edit (Beneficial for adaptive streaming).
Cloud - Low visual quality when there are few points or low density. High visual quality requires high
bandwidth.

Mesh Relatively easy to edit.

- Low visual quality. Unavailable if loss occurs.

+ Simple, easy to use. Supported by many existing libraries and frameworks. Low bandwidth.

to be resolved in the future).

+ High visual quality (photorealistic). A lot of research is currently ongoing (Disadvantages are likely

support by existing libraries and frameworks.

NeRE - Requires training. High bandwidth. Unavailable if loss occurs. Low FPS. Limited or no support by
existing libraries and frameworks. Hard to edit.
+ High visual quality (photorealistic) with lower bandwidth. High FPS. A lot of research is currently
ongoing. Editable.

3DGS

- Requires training. Available even if loss occurs, but quality can be greatly reduced. Limited or no
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