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Abstract

Conventional point cloud rendering methods proceed under the assumption that the input point cloud is complete. However, in
real-world setting, quality degradation often occurs during acquisition and transmission. To address this issue, a rendering network
that operates reliably even on degraded point clouds is needed. This paper proposes a novel point cloud rendering method that
employs a cylindrical projection tailored for streaming environments. The proposed method projects the entire point cloud onto a
cylindrical plane with respect to its central axis, reducing spatial distortion and enabling efficient gird-based 2D processing. In
particular, the method delivers strong performance even for sparse or incomplete point clouds. Extensive experiments show that the
proposed approach effectively renders diverse scenes and objects without additional fine-tuning and achieves superior performance
and generalization in streaming environments compared with conventional methods.
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Copyright © 2025 Korean Institute of Broadcast and Media Engineers. All rights reserved.
“This is an Open-Access article distributed under the terms of the Creative Commons BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/3.0) which
permits unrestricted non-commercial use. distribution. and reproduction in anv medium. provided the original work is proerly cited and not altered.”



285 91 958 F9 94 5 U 287 IUE F9E AUy 877
(Hyungwoo Kang et al.: Efficient Point Cloud Rendering using Cylindrical Projection Feature Maps)

1. M2

HA e A P FAHY FFOE AF FUd
Neural Radiance Fields (NeRF)'&= ozt 2219 GAES
HHEO & 3abe] 7 W) HARLS S ste] AR Al 9
S T F JAGAT, AT 7k dAE 2l BF
AT YO 2 Qe bl FE A7ke R AT 2ETY 3
g0 A7} 1tk ¥HE 3D Gaussian Splatting (3DGS)™!
& gHAE HAA TS JeeE 18s GPU W Es)
of HAstE 214 AW S AlFIHAE NeRFE 57
she Abd A BdES BT, dAl Ao AH 94 34
Bofe] g&o0 2 Amgch

I3y FA 3DGS ATFE HIE3 WAIA dolHE AL
Lot XQE 9L vy dAtdds 2 7HA @At
EAgh A HA, 2] A7 ZH FHe 2
S BFI Ak dF 5 AUE gFEE A7 EA
SHAEE AR Za ] T A st o8}y wiTel Al
24 AE Al AT Asprh gtk 23 giksh 7t
T R AEdoy, 2 A BREe o A
GF =R s AT S8 AA FAe A 9] A
SAo] "ot o dolrt, 7]E Aqts AHE nA X
g S st AU gol AAIS Asl . =4,
B A7t HitEE Y e 2RE S oY
O 2 Mgtk deu AA oA EAE FeH-Ee
Y53 A AAAA dFo] E7HEIAL o] Qe oY

a) =3ty o) st a3 A 24 B3 8t 7 (Electornics and Information
Engineering, Korea Aerospace University)
b) e=tg i st 7 FE 82 (Computer Engineering, Korea Aerospace
University)
% Corresponding Author : £ ¥ & (Byung Tae Oh)
E-mail: byungoh@kau.ac.kr
Tel: +82-2-300-0408
ORCID: https://orcid.org/0000-0003-1437-2422
ol =] A% F dFe FS-rvolT ey 20251 shAsE
Sloll A xS vk AT
# This work was supported by the Institute of Information &
Communications Technology Planning & Evaluation (IITP) grant
funded by the Korean Government (MSIT) (RS-2023-00229330), and
by a grant(RS-2025-02633421, Drone SAR System Development for
Monitoring Landslide Structure and Collapse Analysis) funded by
Ministry of Interior and Safety(MOIS, Korea)
- Manuscript September 9, 2025; Revised October 14, 2025; Accepted
October 14. 2025.

dlolele] F4 Ashs A F4 Atz olojZth o]
g A2 AAl 2ELY $4M B FEHA S,
2EYY S40Me EJE STE7F 2 =
AAZE JHH L, SA dd s FEOR A s,
A A 24o] 58 HA &7 el AZEe A
Aoz 4¢3 439 Ael7t Brbssith webA 7 =9
UL 5 33 YO E RFHA L A 5
< BAY F ole AAT dutgl Bdo] dgH ol

w =l AAIRE A7) 7hsE dutskE 2RIE
- AN Y ALY oA, ditE JHAXE G
TA8E A HRE Ik o)E S8 WA 33 EQE
ZTFES 958 F9S T 239 Wl s e
2L AU s AEsklnt o] e T3l vHd
ERAE ST-ES AYsE ARz Hasto] 294, dy
A 54S B8R 28  glon, sasAu Bd
g Y 2RIE STF-EolM e QAo R FAE &
Uo7t F4 A=l b 2 APl Shaske FE A
dutsl ok WS mYstel A4 4 5SS AL
2 sfofel, 7F oY e N FAE SHAHLE o
S8 F A=S A ole e A A viAl =
A Qlolke whE FE3 Hage] dutst S8 FA 24
atH, ghd dwksl Bd the] ALk RS Fo 2B &
BAA eEs AN A SR v
2 O AdS T8l AR 71w Ase ASth

w EEs T 2ol AR 23 e ERIE St
FE AU e Bl siFele V€ ess N
Hor R 3FME o] 7IE Ve HIRS
2 & =wodA AEA At Z1es s ARt
43X At 71Ee] AsS AT A% A9 A3t
ol th3k B4 AT vpAEe R 5= AlQE A
Tl ik 282 AT

B NAE EIE FHPT ALY P B2 ¥
Fo EAE FEASE AUYY 4 4 23} Al
welof vhat Ak Ay e B4, 28T A 7%
FUS Av Rk



878 383 =EA #1304 A6Z, 20257 1€ (JBE Vol.30, No.6, November 2025)

m%m_oj%ﬂa. zo_ﬂ M%%ﬂﬂﬂ ﬂ%%ﬂ% N ﬁmmmurwv%
Y o s —_— TR %o < 3 T T T N
iy it N N A e g o 3 B 3 = X N
pouoe e B ~y TrwmmRy HEagd BT yae
oooﬂzlmm il =X A W o op °° = N wemMmﬁdu&wiW
T B9 O NS NTdounzm FTEaEgT BEITRTORS
T E oW N T e B s L MR g
o I O I S P Mo Xl »»® xzxgsx gxoPagl s
or o E 1Ho = "o KR = o BT - T
N UAEI_ o < _ NN T o - e o0 K N R
FopeTes g HeLe 5fik sLBETE Zufloss
e Mmoo g T kB BELY X omaz M BT wa B
wom M T hw T Mo N oF O R oo N =
o2 3 < < T w2 P T o= R &
pTEBEEP W TLoANTE LT METae N LTS
TEGXEE O zEaRERETE msAfl RedEEZos
sdmtEs ¥ PETasfPo R el o<eEETE
~ R F N o= ] 2 JL_EE ° 8§ s oTil7u.o1r/.|4ﬁlo X w7
Agal R o P Mall ey 8E LA FE G RT By o
~— ~ ol et 2 3 < ™
S 2 W mm :T_m_f_%%%w_ﬂmbm I I LD A
o = - = ororo
_@mezoﬂuaﬁ =_E_n_._ ﬂ.leleu7‘oo WL.m,m Epte%ﬂ,_wﬂ%iweﬂ%zedlmﬁ
Wogp FE oA o0 W o o R E R gy T8 yalﬂyﬂa;ﬁogig_mﬂm
TELEDLE  onl oy B M wm R o 8wy W LMok 0 o E 2
TREETY HA ST Lo s S EmaFPRITE. W oM S
Kpgmd? o AN e m s o 5w d Py oy ™ g
o ™ go m A T W " T OE R Z D RO I O " of S
TRARKRT O RBALENFEF g WO EFRWITR WY TN
o 2 W W ooy o o oy W ~ o B oo X% d Nr BN " T o
00 & N o To ~— ! o A o| N TR o o ol oo = K
w X o) T N W= = el Boac om0 N8 o o
P Ezmw wuegeEMoghoix Mwon™N _muwewm oy
T T2 T T wAT s S Mo g T K o o XN o o
S E ol o= e N oS ol gp X T T W o oo me B
‘mﬂ.mﬁ,_‘_.,m o| muom#}ﬁlrﬂ._ﬂulﬂﬂ o) NR Mu._LMOO‘,WoE o) %o _HT lo T oy
TEiagr, LDhc- P2l d yRxTa3808 7. =
o= g O W & XN %% ogo o T o = P N 5 o W= s
iy - = oo W T om B oL W8 o oy RO b
o SFedd YELR¥geziT LacomETELa oF
70 R o o~ ! — N = =Y el
o BEEme ] dImiwmgt®afs of oy sHawwD BT
m  F ke E 0 u- Mg e %o ©5 8 T Mo B oy
Do EeE MOERET  clrs FoREPEEE MG 1]
=l ao‘mﬂ_wo‘_cu,_ Ed]zeoztu] Zo N — o B = R o B P ow Eo
o — B .Mﬂtx_o:loﬂx N }Loﬁell.ﬂo =) 0
uf T m AT om oo Mo <o~ T BN Do Do O o
= o L. B o = ) o) ok "R H N it 0 = = P o GO Ao R jusl o i
ok 2oy = 2 P < gE BN o & — op oA PR =
wouEx P FEREL N Emaxm TRE DLl XY
m o &5 mmo~a®esse 82X 50 woTIREN = Mg No
W g A= RN X ome g KW m.h m n i o w = wp mo = ) oW oy ﬁﬂ T ®orE mo i
Weomemy ==y h @ an B Wyt Qe L EE
HowEFolw el LT T RLATE BT REETDIT 4R @
L TR R B A e C I
) SR o) o) o T o o m et k3 (i) #rouk X o o7 = |y = B
- H =M EE ®P o N £ AT B W e N T o P WS TN HE
o of W W Hp wow Tk W B2 W OW OB o T+ T E T MY R T ONMDT A

17} Aok MvS 71e B2

] 3]

[6}

s QoA s

o
=

SRt

[¢)

71

S

AE FeET} 84

R

R

= A R

¥

o]
pal

= AF



ACE 879

(Hyungwoo Kang et al.: Efficient Point Cloud Rendering using Cylindrical Projection Feature Maps)
Refinement

Radiance Prediction
-

- -

Cy-CNN

Cylindrical Projection
e e e e — e — e —

—
i
L

xy FHAA

[e]

L

[S)

Q

|

Yi
€.

3, 0, ,

S

o] 0 ht= A

arctan(

e

)

-
3t

2

oi,z
7ol $1A]

i

k)
gl

¥E 59

}

2~
Ry

} 7w

o

AL Al
A

=
Ty
b o

A

3kef 23kl oJu]A] 7]

)

7z

3

g AYgEE Yt
= g

O~

e e, 283 3709 2

A Al

9

3y

]

2l 1. M2t 7|gel HESY
Fig. 1. Network architecture of the proposed method
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Fig. 2. Detailed architecture of the cylindrcial convolution neural network
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Fig. 4. Visual comparison on the NeRF Synthetic dataset
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Table 1. Quantitative comparison on the NeRF Synthetic dataset

NeRF Synthetic Dataset!"

Method PSNR SSIM LPIPS
BPCR! 30.84 0.946 0.056
FreqPCRE! 31.14 0.950 0.049
Point2Pix!?'] 31.09 0.948 0.081
TriVoll") 31.34 0.951 0.047
Proposed 31.86 0.959 0.038
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RO2: 50,000 points/frame
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RO3: 200,000 points/frame
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Fig. 5. Visual comparison on the MPEG-PCC dataset
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Table 2. Quantitative comparison on the MPEG-PCC dataset

MPEG-PCC Dynamic Human Sequence Dataset!"”

Method R02: 50,000 points/frame R03: 200,000 points/frame R05: 1,700,000 points/frame
PSNR | SSIM | LPIPS | FPS | PSNR | SSIM | LPIPS | FPS | PSNR | SSIM | LPIPS | FPS
Pytorch3D!" 18.42 | 0.742 | 0.352 76 19.46 | 0.752 | 0.362 68 20.13 | 0.789 | 0.354 62
BPCR?” 18.21 | 0.793 | 0.245 60 19.21 | 0.823 | 0.215 53 18.52 | 0.852 | 0.202 32
FreqPCR® 18.35 | 0.792 | 0.276 59 18.76 | 0.842 | 0.226 51 19.42 | 0.856 | 0.196 28
Point2Pix?" 26.16 | 0.952 | 0.079 0.6 28.46 | 0954 | 0.078 0.1 31.26 | 0.977 | 0.065 | 0.001
TriVol!"” 2852 | 0.968 | 0.057 1 29.98 | 0.972 | 0.039 0.4 33.96 | 0.979 | 0.038 | 0.07
Proposed 30.98 | 0.969 | 0.046 45 31.82 | 0.975 | 0.032 44 32.28 | 0.984 | 0.022 25
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