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[Abstract]

In this study, we proposed a production pipeline to effectively create virtual spaces for use in a highly immersive metaverse
using 3D space capture technology. Previous research on virtual space production has focused primarily on the development of
core technologies and the use of hardware. We aimed to combine and optimize the latest engineering technologies to make the
production process commercially viable, and not merely focused on advancing them. We introduced automation using 3D
reconstruction and cross-polarization photography technology based on existing asset creation and scene rendering techniques. The
proposed method considers cost-effectiveness, that is, reducing the production time and costs, as well as productivity and software
availability resulting from the automation of some of the work processes. In the future, the proposed pipeline will contribute to
the infrastructure and technological development of the next-generation metaverse by enhancing the stability of virtual space

production and supplementing technological capabilities.
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Table 1. Research equipment details in this study

Equipments Details

Model: iPhone 13 Pro

Mobile phone camera application: 3D Scanner App

Camera Model: Canon 90D

HOYA UX CPL(Circular

Etc Polarizer/Linear) Filter 58mm

x| 7|& 7| Hke| MIEfs A M=} mo| Zatel od 7
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Table 2. Three-dimensional modeling methodologies and
equipments used in the previous studies

Researchers R e Method
(model)
Jun-Sang This stludy acquires 3D
Lee & Drone modeling data for a large
Im-Geun Lee (DJI Phantom | object using photometry with
4) using drones to acquire the
(2018) .
image data.
DSLR
C?nrgzriﬁ:’ This study proposes a
shooting dynamic 3D modeling
Ji—Hye Jeon, frames system consisting of mobile
et al. multi—shuiter shooting frames that can be
(2019) for camera variably transformed into any
systems number of DSLR cameras
ﬁ/ghting‘ within 10.
systems, etc.
This study used
Jae—Min Park photogrammetry to create a
(2020) 3D Scanner 3D model of a garden
space.
This study aims to propose a
new method to create
photo-realistic 3D assets
that can be used in the field
Yong Yan ) T S
(2020) Camera of visualization applications.
The new method combines
photogrammetry with
computer graphics
modeling.
Jae-Seok ThI.S .study proposes an
efficient method for
Yoo, RGB-D : . )
estimating and modeling the
et al. Camera
(2022) structure of 3D space based
on CNN model.
Drone In this study, the
(SISTECH occlusion—causing object is
Kyung—Ho K-Mapper) automatically detected using
Bae Camera * | the ResNet algorithm and
(2022) (SONY the occlusion area
ILCE-6000) in—painting in the texturing
image.
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Table 3. Data types provided by the 3D Scanner App
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Table 4. LiDAR Advanced mode settings in the 3D
Scanner App used for the spatial scanning

process
Parameter Value (range or option)
Confidence High (low/medium/high)
Range 5m (0.3m-5.0m)
Masking none (none/object/person)
Resolution 10mm (5mm-50mm)
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Fig. 3. 3D reconstructed mesh[A] and texture[B]
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Fig. 4. The process of 3D modeling interior spaces
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18] Cross Polarization Photography
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Fig. 6. The process of creating high-quality textures
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4-6 12} M2 &H (Cross Polarization Photography)
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Fig. 7. Comparison of before and after (top and bottom)
Cross-polarization shots

4-7 "lAA 74 (Texture Improvement)
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5 UAFHELE 93} ofuveld 58 Alxed ) Ak}
o] ool u] FAMe A HolA & o] ~EfdS AHT)
I A H T8 Whes 3o R, &3] 2994 S3)(Look
Dev)olgtar @3 41]. A4 = AR Fho]=Zed Ulof
A 3x) mAF Y A GAE A =& 33 T
AL 7HA AL Adgld AdAA HellA F51 2dS [yl
th 7P Rre] S5 vhdsk] f1siA, AT RS e <zl
oA AA AR AFs= 7|2 #E]Z| D] 4lo|t|(Shader)
T EE AR, T Aol gtaeo] mE|E| o] F
82 sk Az, 2ekd, F=(Mood) Soll gt 48 =74
gk Foll &8ale= WA gkl 2held(Lighting)¢] 7
-, g elzlo] AlFsh= ELE 2lo]E(Point Light), 2=
2 glo]E(Spot Light), HE #}o]E(Rect Light)9} &7+
EY ¥(Volumetric Fog) 55 E§a)4 Al&sle] 2}
7|9ke] 7Pzl 7HA = el o] FAE o]k} eglth
ek EE AU 1913393 Edlolole] FhHeke] x1E
ZZAPd(Post-Processing)ollA - Algsh= dAMA] A=
(Depth of Field, ©|3} DOF)¢} &4 E2(Motion Blur) 5
o] aas AEs] &&ato] % w2 AR YElllE &

[e) =
< gl

il

4-9 EE|ZEY0|7t 7ksTt MH B (Multi-playable Server
Setup)

HERH 2= Al]lo|ut dslel] =3k 7Y A4 €] T
S QHAE FollA] FEshE v AL EREO|RE, U
O] AREAP} AAZFO R FAIRE TFs s AT deF 0w
S FElEFYo)o] AW E F8l ARAFES TR A
AREAET} AAZE e 2 Ao A-83h, TRdAIA SellA] AFS],
A, AEHJHE, 3} &5 Fodd § ) A=
L& FE-=(Photon Cloud) [42] &8]191& B3 d8ld

2AE = FTHE AHE FAste], Edlolo]
off AAE s Ago] 7FsstES Sloltk X E FEk-Ee
o)
[e)

(6w

s

-
L

A

>,

ARl AR5 = AAIRE HElE e oo Al AW ol &
g A=z, 7R e A6l Algshs visd

RSN
2

3D SZHX 7|& 7|gte| M EHH A M =f mjo] 2ol o7t

23 HY A|2=ER] SR EBlueprint) 7]%5S &85}
= A AellA AR AR 5 e o

o Q

i3
ol
o
N2 %
. 2
S
o of
X e
b
i Lo
1y
T2
m &
>
3
il
-4
A
_O|L
rlr
%
i

B AHE ZRAES] FYTRle R FUl) 4, 22
E AlgolA ¥E F4(Configuration) 32l App ID=
#3lt). App IDE EE A% (Photon Engine) Ao Eol| A 3]
A 7H4E g AR dete] Z47te] ifrisE A gE
AR, EE ZEHF-E A 27 EFZHER AT EE dEE
ZZAE G Aol viX] e A3t} o] g Zo]
o e} AlY ZE|o]E(Game State)E o] AlY B=
(Game Mode) % #2]3pH L2 AEZ #g]sh= dlof &o]3}
th A, EANA AFete EFZHE =28 AMSSt] &
glolo] dole #et & 7F)Uoin Room), & ®HE7]
(Create Room) 9 7lss 8% + Ut =
OnJoinedRoom, OnPlayerLeftRoom % OnCustomEvent
of Fo] XE FERE oA At o|WIEE HEsh=
ol E #ME(Event Handler)E st o]0} Aozt
£l gigk Al 228 e 5= ek

o & K rlo

V. g3 dut

AT AE dibd o R AMSEE 32k oAl 9 g
AR S vako 2 33k Al 71e ) wak Hg 297
HE Agste], HAle 7HEEIhe o s Az 4= gl
£ o]z}l & Aottt ol WA E3 ATE o AT
A7} ket Wi el Ad 7hsd v &8 7)ee] e S A
Z3F3Th 3a) 2dE 2]& Open3D #ho]He 2]} wlof
W g 52 ARREl 75 S o, 8K Azt 4
§- 03F \WF BFS B v RS HAasgo =M Ft
2] glo] ARgE = Qe e FH HaAE I5% F
I HAl] UV ) glaAel] ukedsloleh. oA gt d-
o] I Folyl 2AHEE FI Asgsldlon, o &
& =E3 3xY w3 Bde T dgy FEe) e
A8 AL A7 el HElE L A8, 2ol EAE 22
Al o] AES Hs)FAT) =t ddoe] ehdH el
T2 AEd HE|ZH o] 7|5S Tt A8l XE FEE
A E gAlste], thre] AREAE 7PE e A &Ete] S

, Shof =

QI E 7P S AT ot ¥ 82 B AT
oA Atk 2ol whet FEsk TP Ihe A <l
o] Auel FhHlEHCinematic Camera)2 =3) <33k

otk

http://www.dcs.or.kr



TN FEHT 5 YT AF L AHFekaA skl
B AT ZPEIE A2 sfol Zakele 9 374 o
R of A ow, A 7]

| EEPR ohje Q-
e go] 2] f24

SPsels: Aslo] Qe ojel TR T4 91?«1 Eix
Aol Wk A% 8] fae 2ol Fsabl Hef E e
T8 7S AESHE 9 Qo] FHAIS Alae Aot B

3t
a8 8. HEA H mjo|Zajel el Azl o] A Aa Slele) olwa) = m o
Fig. 8. Results of the metaverse production pipeline study }\ij J/}jq{ 7]}0133 f]ijeg];];ﬁ =k ;}:]]j 7% 4 7]
K= <l T: .

S, W A AT AN sholZelele] ek 2

9 99 E A sl A2 487 ool A4

740 28 FeA AT WA AUT Aok W Ak 2

2p ol Ao A% sho]etel AT Aol

4 Aol ] AAHe) g BeA FNE AEeA 2 o ¥E-E 20239% FYthSL AT 3} /)5 AL
Sk w8, AP ASHE ol Zekele] HE AL Az ol@ AT,

o] 33H9l F3k 27he] Fdel) S Witk Alofo] A

o} @8] Open3D eolrele] B wlof sjol4le 7ko.

2PN AES TR A9, Yt XE 22 »ues
= dlolE7} 3 9l fAMS TNk Hie] o] ol
At} w2, Al Zel g A o] AnES A D Tl gl [1] J. H. Yoen and K. E. Kim, The Outlook and Innovation
A FELE F7 dolele] 4y oy A ¥, T2 Strategy for the Metaverse Virtual World Ecosystem,
W A2 A}e] olE] A AEA | ] B JELE /1R STEPI, Sejong, STEPI Insight Vol. 284, pp. 1-53, December
o %k 32k e Al 9ol UV B Ej2aA A Kol ghajA 2021.
= A3 Az ok & HAEo] EAsi). o}x] UV Y [2] S. H. Lee and S. Y. Han, Metaverse Begins: Top 5 Issues
AL AEAo] ol FEA Alay HAlS ul=Zy Qlom, and Prospects, Software Policy & Research Institute(SPRi),
]‘; AR TEJYHET 7)<&0) uﬂ/\]g UVE A= 1) Gyeonggi, Issue Report IS-116, April 2021.
210] Fhulg} Tz AM Hc}ﬂloﬂ}\-] 71018 Ajolr}. o= [3] Next Economy. Distributor, Gets into ‘Metaverse’
B oA g8y 7)&smyt ol I;}E 23 7EEL [Internet]. Available:
A2} dpo]Zejolel] EYPE AL w1, 2T A1E K http://www.nexteconomy.co.kr/news/articleView.html?idxn
TPFE AR AL Fola 9k V)ES N B 0=14635.
Qo] 9T} [4] ZDNET Korea. Naver ZEPETO, Attracts 220 Billion Won

in Investment [Internet]. Available:
https://zdnet.co.kr/view/?no=20211130232353.

v.d = [5] Yeongnam Ilbo. [Tech Investor] Metaverse and Platform
Industry Prospects...Will the Generation Change? [Internet].
o Felo] ksl A2 lo| ZelelS B vy AipEo Available: .
ol ARz Al AR gL Aasda Apldel https://www.yeongnam.com/web/view.php?key=202104130
TS WolFEL) Vel g AnEe 2elolgeln 14 01432365
T1sst Feo) Al Ao T THEYOH, o]Z Ea) ATEL [6] Al Times. Metaverse’s Future, Mixed Prospects [Internet].
AA— [ Ry = .
WEp s BPEoRA 2 479 FEIe] XL Qi Available:
- http://www.aitimes.com/news/article View.html?idxno=147
A Ak A AFEE ARATE PR X Y

SepEe) 2 339 A Bl 9 /1% st kel
Al 241 950) ARSI, W 1 ol 2
T8 71ee DS Wi ole} A 7S5 AA A4

—
~
—

Segye Ilbo. Maximizing Realism with Photorealism...
Pushing the Boundaries of the Metaverse [Internet].
Auvailable: https://m.segye.com/view/20220213508130.

http://dx.doi.org/10.9728/dcs.2023.24.5.1071 1080



[8] Unreal Engine. Nanite Virtualized Geometry in Unreal
Engine [Internet]. Available:
https://docs.unrealengine.com/5.0/en-US/nanite-virtualized-
geometry-in-unreal-engine/.

[9] e4ds News. NVIDIA, Expands USD To Accelerate
Metaverse and Al [Internet]. Available:
https://www.e4ds.com/sub_view.asp?ch=2&t=0&idx=15288.

[10] M. A. Bolstad, “Large-scale Cinematic Visualization

Using Universal Scene Description,” in Proceeding of

2019 IEEE 9th Symposium on Large Data Analysis and

Visualization (LDAV), Vancouver, pp. 1-2,

October 2019.

https://doi.org/10.1109/LDAV48142.2019.8944362

A. Baillet, E. Murphy, O. Dunn, and M. Gao, “Forging a

New Animation Pipeline with USD,” in Proceeding of

ACM SIGGRAPH 2018 Talks, Vancouver, Canada, pp. 1-2,

August 2018. https://doi.org/10.1145/3214745.3214779

Y. Yan, “Reconstruction of Photo-realistic 3D Assets for

Canada,

(11]

[12]
Actual Objects Combining Photogrammetry and Computer
Graphics,” The Journal of the Korea Contents Association,
Vol. 21, No. 1, pp. 147-161, January 2021.
https://doi.org/10.5392/JKCA.2021.21.01.147

J. M. Park, “The 3D Garden Modeling Using
Photogrammetry Technology,” Journal of Industrial

[13]

Science Researches, Vol. 37, No. 2, pp. 1-9, February
2020.

J. H. Jeon, H. K. Lim, and C. W. Kim, “Research on
Dynamic 3D Modeling Based on Photogrammetry for

[14]

Objective Perspective,” The Journal of the Korean
Institute of Communication Sciences, Vol. 36, No. 12, pp.
38-44, November 2019.

J. S. Lee and I. G. Lee, “The 3D Modeling Data
Production Method Using Drones Photographic Scanning

[13]

Technology,” Journal of the Korea Institute of Information
and Communication Engineering, Vol. 22, No. 6, pp.
874-880, June 2018.
http://doi.org/10.6109/jkiice.2018.22.6.874

J. M. Park, “Comparison of Virtual 3D Tree Modelling
Using Photogrammetry Software and Laser Scanning

[16]

Technology,” Journal of the Korea Institute of Information
and Communication Engineering, Vol. 24, No. 2, pp.
304-310, February 2020.
https://doi.org/10.6109/jkiice.2020.24.2.304

J.S. Yoo, T. K. Yoo, and S. H. Seo, “Al-based 3D Spatial
Structure Estimation Using Indoor Floor Point Cloud,”
Journal of Digital Contents Society, Vol. 23, No. 6, pp.
1013-1020, June 2022.
https://doi.org/10.9728/dcs.2022.23.6.1013

[17]

1081

3D

urn }
=)

B4R 7|& 7|Hte| Ml B A H = mpo| Zatel od 7

[18] K. H. Bae, “Development of Detection and In-painting in
3D Object Texturing Occlusion Area for Digital Twin
Construction,” Journal of Korea Academia-Industrial
Cooperation Society, Vol. 23, No. 10, pp. 683-689,
October 2022.
https://doi.org/10.5762/KAIS.2022.23.10.683

[19] G. J. Verhoeven, “Computer Graphics Meets Image

Fusion: The Power of Texture Baking to Simultaneously

Visualise 3D Surface Features and Colour,” in Proceeding

of the 26th International CIPA Symposium, Ottawa,

Canada, pp. 295-302, August 2017.

https://doi.org/10.5194/isprs-annals-1V-2-W2-295-2017

Z. D. Hou and K. H. Kim, “Study on the Creation of

Realistic 3D Models of Building Glass Through the

Combination of Photogrammetry and Image Editing

Software,” Journal of Digital Contents Society, Vol. 22,

No. 10, pp. 1551-1558, October 2021.

https://doi.org/10.9728/dcs.2021.22.10.1551

X. Wang, K. Yu, C. Dong, and C. C. Loy, “Recovering

Realistic Texture in Image Super-resolution by Deep

Spatial Feature Transform,” in Proceeding of the IEEE

[20]

[21]

Conference on Computer Vision and Pattern Recognition
(CVPR), Salt Lake City: UT, pp. 606-615, June 2018.
https://doi.org/10.48550/arXiv.1804.02815

NDC 2018. [NDC] The Magic of Disappearing Light in
Photography - Shooting High-quality Character Texture

[22]

Sources with Light Removed Using Cross Polarization
Photography Auvailable:
https://www.youtube.com/watch?v=F9Q0mX3LYOw.
Unreal Engine.
[Internet]. Available:
https://docs.unrealengine.com/udk/Three/TakingBetterPho

Techniques [Internet].

[23] Taking Better Photos for Textures

tosForTextures.html.
[24] Q. Y. Zhou, J. S. Park, and V. Koltun, “Open3D: A
Modern  Library for 3D  Data  Processing,”

arXiv:1801.09847, January 2018.
https://doi.org/10.48550/arXiv.1801.09847

G. H. Jin and S. R. Ha, “Texture Image Generation
Storage of
3D-Spatial Data,” Journal of Digital Contents Society,
Vol. 15, No. 4, pp. 457-464, August 2014.
https://doi.org/10.9728/dcs.2014.15.4.457

J. Zhang, Z. Wan,
Optimization for 3D Reconstruction with Differentiable

[25]

Technique  Considering Optimization

[26] and J. Liao, “Adaptive Joint
Rendering,” [EEE Transactions on Visualization and
Computer Graphics, Vol. 29, No. 6, pp. 3039-3051,
February 2022.

https://doi.org/10.1109/TVCG.2022.3148245

http://www.dcs.or.kr



C| x| 28l =5t =&X|(J. DCS) Vol. 24, No. 5, pp. 1071-1082, May. 2023

[27] Apple. iPhone 13  Pro Available:
https://www.apple.com/am/iphone-13-pro/.

[28] A. Chopine, 3D Art Essentials: The Fundamentals of 3D
Modeling, Texturing, and Animation, New York, NY:
Focal Press, 2011. https://doi.org/10.4324/9780240814728

[29] Y. Yan, “The Study to Improve Re-topology Efficiency

[Internet].

Between Analyzing Software and Making Examples of
Different Types of 3D Models,” The Journal of Korea
Contents Association, Vol. 20, No. 6, pp. 9-25, June 2020.
https://doi.org/10.5392/JKCA.2020.20.06.009

[30] The Hankyoreh. Metaverse, See If It Will Be
‘Post-internet’ after COVID [Internet]. Available:
https://www.hani.co.kr/arti/economy/economy_general/10
06235.html#csidxd6dfb30cfcOdfcaad25a73fd9d8d35a.

[31] J. Smart, J. Cassico, and J. Paffendorf, “A Cross-industry
Public Foresight Project,” Metaverse Roadmap Overview,
2007.

[32] S. Y. Han, Current Status and Prospects of Metaverse
Platform, STEPI, Sejong, Future Horizon, Vol. 49, pp.
19-24, June 2021.

[33] IPO News. Hyper-realistic Tech Companies Leading the
Way in Preoccupation with Metaverse [Internet].
Available:
https://contents.premium.naver.com/ipo4u/iponews/conten
ts/220421142334525Nt.

[34] Donga Ilbo. [CES 2023] Rave Reviews for Lotte's
Hyper-immersive Metaverse: ‘It Sets a New Standard’
[Internet]. Available:
https://www.donga.com/news/It/article/all/20230106/1173
21727/1.

[35] Nature. Available:
https://www.nature.com/subjects/3d-reconstruction.

[36] S. Lachambre, S. Lagarde,
Photogrammetry Workflow, Unity Technologies, San

3-D  Reconstruction [Internet].

and C. Jover, Unity

Francisco: CA, Rapport Technique, pp. 1-97, July 2017.

[37] S. Foster and D. Halbstein, Integrating 3D Modeling,
Photogrammetry and Design, London, UK: Springer, pp.
1-103, 2014. https://doi.org/10.1007/978-1-4471-6329-9_1

[38] 3D Scanner App. Website Available:
https://3dscannerapp.com/.

[39] Inven. [NDC 2018] “Character is All About Photography”
Texture Making Through Cross-polarization Photography
[Internet]. Available:
https://www.inven.co.kr/webzine/news/?news=198337.

[Internet].

[40] E. J. Kim, Development of Polarization Dental Imaging
Modality and its Clinical Feasibility Study: Selection of
Color for Tooth Restoration, Distribution of Dental Plaque
and Evaluation of Teeth Whitening, Master’s Thesis,

http://dx.doi.org/10.9728/dcs.2023.24.5.1071

Yonsei University, Seoul, February 2012.

[41]Y. M. Lee, “Study for 3D Look Development Process,” The
Journal of the Korea Contents Association, Vol. 20, No. 1,
pp- 392-402, January 2020.
https://doi.org/10.5392/JKCA.2020.20.01.392

[42] Photon Engine. Website [Internet]. Available:

https://www.photonengine.com.

s 21 (Hye-Min Yang)

20223 ~4 XH Zoetn A At eY g Askal A AL
¥ Aok fAY F9(Digital Human),

Azt &3 vho] e} (VFX Pipeline),

7578 22 2~ (Computer Graphics),

244 2 (eXtended Reality)

El4 (Tae-Kyung Yoo)
2002 @ Fg ol gk 7] A A AL
2004 F e RAa= ]

o
0,
£ g
gﬂ{‘
Kl
)ill
rﬁl

20129 ~20184: 928 ~Frle vAdE FH &

20199 ~&d Al TS AT o) 1‘%‘7-?

¥Rk 7MdE A (Virtual  Beings 3 2 (eXtended
Reality), AlZt&3H(VFX), A% U]‘iloi Immersive
Media)

o,
o
>



	3D 공간캡처 기술 기반의 메타버스 제작 파이프라인 연구
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 연구방법 및 연구범위
	Ⅲ. 이론적 고찰
	Ⅳ. 제작과정
	Ⅴ. 연구 결과
	Ⅵ. 결론
	참고문헌


