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[Abstract]

This paper studied the 3D modeling process for the restoration of the 'Three-story Stone Pagoda of
Bulguksa Temple in Gyeongju', a stone pagoda from the Unified Silla Period, using artificial intelligence
(AI). Existing 3D modeling methods generate numerous verts and faces, which takes a considerable
amount of time for Al learning. Accordingly, a method of performing more efficient 3D modeling by
lowering the number of verts and faces is required. To this end, in this study, the structure of the stone
pagoda was deeply analyzed and a modeling method optimized for Al learning was studied. In addition,
it is meaningful to propose a new 3D modeling methodology for the restoration of stone pagodas in

Korea and to secure a data set necessary for artificial intelligence learning.
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I. Introduction
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II. Preliminaries

2.1 Analysis of traditional Korean Pagodas
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Fig. 1. Detailed name map of the stone pagoda
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Fig. 2. the upper ring of a stone pagoda
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Fig. 3. the pagoda body of a stone pagoda

Fig 3& A180] 750 012 BAjolct. Bel FAng
Al %ﬁ% OE QI SR, AL, 9
2 pojEct oY HYL 5 3508 3 5 ¢ A 24
I gAoR P, S S5 Y4, B, 9]
W0z oj2olA gk, g7l Y4me go] el



A Study on Tower Modeling for Artificial Intelligence Training in Artifact Restoration 29

taengju
wooju

gidanbu

Fig. 4. The pagoda gidanbu of a stone pagoda
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2.2 Analysis and Utilization of 3D Software
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Table 1. Comparison of 3D programs

Functional Accessi
Tool Feature o

range bility

Maya a systematic base 000 o0
Blender Efficient interface 000 000

modifier stack
3Ds Max 00 ( 1)
procedures
Cinema 4d Mograph [ ] 000

1 9oz, 3D 2] =1= Blender, CINEMA 4D,
Z-brush, Sketch UP, 3D MAX,
CATIA, Solidworkso] THI[10].

Inventor, Rhino,

2.3 Texture Mapping for Materials
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Fig. 5. Poly Haven Site for Texture Mapping
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III. The Proposed Scheme
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Fig. 6. 3D modeling production process
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3.1 Analysis of 3D Modeling Tools
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Table 2. Blender Mode for Model Editing

Mode Key Action
Object Object translation, scaling, rotation,
Mdoe and duplication.
Edit Mode Edit the shape of the obje.cF in
vertex, edge , and face editing.
Edit the shape of the object b
Sculpt » . p . ) v
& directly manipulating the mesh
Mode = .
using brushes.
Vertex [==%0 | directly paint the vertices of a 3D
Paint mesh is called vertex painting mode.
The mode where you can apply
Weight weight values to each vertex of a
Paint mesh is called vertex weighting
mode.
The mode used to paint or edit
Texture
Paint textures on the faces of a 3D model
is called texture painting mode.
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3.2 The Process of Modeling
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Table 3. Apply a texture to the cube object
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Table 4. Stone pagoda seal modeling
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Table 5. Make “bokbal” for the stone pagoda
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Table 6. Stone pagoda “orb” modeling
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Table 7. Finished Stone Pagoda Modeling
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Fig. 8. Stone Pagoda
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Table 8. Three-story Stone Pagoda of Bulguksa Temple
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IV. Experiment and analysis
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Table 10. Newly created stone pagoda model
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Fig. 9. Comparison diagram graph of generated
modeling and original modeling

V. Conclusions

al
Holt}. Q7oA 3D oIl %
Rl AEE Cloleite 71z



A Study on Tower Modeling for Artificial Intelligence Training in Artifact Restoration 33

[
g Z2ut 71E9) AIBEs ekl 3D sy
of 5 2o 9 W A A4g S E3

71208 @

2.
cl
wo

ko
e
olt
o
Kl
i
(o)
=C|)L_I4
o,
-+
it
g
ilo o
-l>’ Ol){l
1T
fas
ba)
ol
ol
N
10
<)
2

b
i)
Tor
rin
Iﬂ o
o
4>
xS,
H1
E ox
o
o
ox
1o
2 o
%)
o%
Y

> re

%
el
o
ofm

ol
=
ro
oK
Do)

g or
0,
n o

|
2 2«

2 Rk 7120 AR 5
A MeTle] BlLRAS S $980] of

L=

et A7t B sttt

i
ba)
[i2a)
=
~
<l
>

Ir 2
o
H1
or
o)

ACKNOWLEDGEMENT

This work was supported by the National Research
Foundation of Korea(NRF) grant funded by the Korea
government(MSIT).(No.2020R 1A2C1007668)

REFERENCES

[1] C. Zeyu et al,, "3D Forest-tree Modeling Approach Based on
Loading Segment Models," 2021 11th International Conference
on Information Technology in Medicine and Education (ITME),
Wuyishan, Fujian, China, 2021, pp. 55-59, doi: 10.1109/ITME
53901.2021.00022.

[2] T. Hattori, R. Masuda, Y. Moritoh, Y. Imai, Y. Kawakami and
T. Tanaka, "Utilization of Both Free 3DCG Software “Blender”
and 3D Printing for Early STEM Education," 2020 IEEE
International Conference on Teaching, Assessment, and Learning
for Engineering (TALE), Takamatsu, Japan, 2020, pp. 879-882,
doi: 10.1109/TALE48869.2020.9368379.

[3] T. Aung, M. M. Sein and H. Hama, "Reconstruction of the Ancient
Pagodas," 2018 IEEE 7th Global Conference on Consumer
Electronics (GCCE), Nara, Japan, 2018, pp. 555-556, doi: 10.1109/
GCCE.2018.8574770.

[4] Lee Ji-hyun, “Secrets hidden in every comer of our stone pagodas”,
The science Times, 2006.11.16.

[5] M. -1. Y3, J. -H. Kim and J. -S. Son, "3-D GPR imaging of central
pillar of the Mireuk stone pagoda in Korea," Proceedings of the
XIII Internarional Conference on Ground Penetrating Radar, Lecce,
Italy, 2010, pp. 1-5, doi: 10.1109/ICGPR.2010.5550243.

[6] S. Usui, Y. Noborimoto, Y. Watanabe and H. Furukawa, "An
Examination of Learning 3D Modeling Software and Creating 3D
Data Using Online Video in a 3D Printer Workshop for High

School Students," 2021 10th International Congress on Advanced
Applied Informatics (IIAI-AAI), Niigata, Japan, 2021, pp.
924-925, doi: 10.1109/ITAI-AAI53430.2021.00165.

[7] B. Sheng, F. Zhao, C. Zhang, X. Yin and Y. Shu, "3D Rubik's
Cube — online 3D modeling system based on WebGL," 2017 IEEE
2nd Information Technology, Networking, Electronic and
Automation Control Conference (ITNEC), Chengdu, China, 2017,
pp. 575-579, doi: 10.1109/ITNEC.2017.8284798.

[8] L. Pan, F. Hong and F. Hao, "A segmentation algorithm of 3D
building model," 2012 IEEE International Geoscience and Remote
Sensing Symposium, Munich, Germany, 2012, pp. 566-569, doi:
10.1109/IGARSS.2012.6351530.

[9] D. Gitlin et al., "Generalized cost model for 3D systems," 2017
IEEE SOI-3D-Subthreshold Microelectronics Technology Unified
Conference (S3S), Burlingame, CA, USA, 2017, pp. 1-3, doi: 10.
1109/83S.2017.8309222.

[10] Rui Wang, Junshan Li, Guoqing Liu and Xuhui Li, "3D Geometric
Model Region Partition Method," 2008 7th World Congress on
Intelligent Control and Automation, Chongqing, 2008, pp.

8456-8459, doi: 10.1109/WCICA.2008.4594257.

[11] Spencer Grey, Mind-Melding Unity and Blender for 3D Game
Development: Unleash the power of Unity and Blender to create
amazing games , Packt Publishing, 2021.

[12] M. Bailey and C. Law, "A Summer Blender Camp: Modeling,
Rendering, and Animation for High School Students," in [EEE
Computer Graphics and Applications, vol. 34, no. 1, pp. 65-67,
Jan.-Feb. 2014, doi: 10.1109/MCG.2014.4.

[13] U. Mavinkurve and D. Verma, "EG-Easy: Design and Testing
of Blender-Based Tool to Teach Projections in Engineering
Drawing," 2016 IEEE Eighth International Conference on
Technology for Education (T4E), Mumbai, India, 2016, pp.
250-251, doi: 10.1109/T4E.2016.064.

[14] I A. Astuti, I. H. Purwanto, T. Hidayat, D. A. Satria, Haryoko
and R. Purnama, "Comparison of Time, Size and Quality of 3D
Object Rendering Using Render Engine Eevee and Cycles in
Blender," 2022 5th International Conference of Computer and
Informatics Engineering (IC2IE), Jakarta, Indonesia, 2022, pp.
54-59, doi: 10.1109/1C21E56416.2022.9970186.

[15] M. Ouza, M. Ulrich and Bin Yang, "A simple radar simulation
tool for 3D objects based on blender," 2017 18th International
Radar Symposium (IRS), Prague, Czech Republic, 2017, pp. 1-10,
doi: 10.23919/IRS.2017.8008254.

[16] G. V. Patil and S. L. Deshpande, "Distributed rendering system
for 3D animations with Blender," 2016 IEEE International
Conference on Advances in Electronics, Communication and
Computer Technology (ICAECCT), Pune, India, 2016, pp. 91-98,
doi: 10.1109/ICAECCT.2016.7942562.

[17] W. Guo, Y. Li, W. Li and M. Sun, "Image-Based Modeling of
Virtual Pagoda of China," 2008 International Conference on



34 Journal of The Korea Society of Computer and Information

Multimedia and Ubiquitous Engineering (mue 2008), Busan,
Korea (South), 2008, pp. 9-14, doi: 10.1109/MUE.2008.39.
[18] M. Z. Patoli, M. Gkion, A. Al-Barakati, W. Zhang, P. Newbury
and M. White, "An open source Grid based render farm for
Blender 3D," 2009 IEEE/PES Power Systems Conference and
Exposition, Seattle, WA, USA, 2009, pp. 1-6, doi: 10.1109/PSCE.

2009.4839978.

Authors

Byong-Kwon Lee received the B.S., M.S.
and Ph.D. degrees in Computer Science and
Engineering from Hanbat, Hannam and
Chungbuk University Korea, in 2000, 2003
and 2007, respectively.

My main areas of interest are embedded systems, virtual and
augmented reality(VR.AR), and artificial intelligence(AI). The
field currently being studied is the construction of an
exhibition hall using virtual reality. It is a technology that
combines Al with cultural uniform restoration technology as
a future research field.

A Young-Chae Park entered Seowon University
in 2020 and is attending the Department of
1 Design. My main areas of interest are

{ ’ embedded systems, virtual and augmented
reality(VR.AR), and artificial intelligence(AI).

The field currently being studied is the construction of an
exhibition hall using virtual reality. It is a technology that
combines Al with cultural uniform restoration technology as
a future research field.



