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[Abstract]

Currently, most of content restoration using artificial intelligence learning is 2D learning. However,
3D form of artificial intelligence learning is in an incomplete state due to the disadvantage of requiring
a lot of computation and learning speed from the existing 2 axes (X, Y) to 3 axes (X, Y, Z). The
purpose of this paper is to secure a data-set for artificial intelligence learning by analyzing and 3D
modeling the stone pagodas of ourinari by era based on the two-dimensional information (image) of
cultural assets. In addition, we analyzed the differences and characteristics of towers in each era in
Korea, and proposed a feature modeling method suitable for artificial intelligence learning. Restoration
of cultural properties relies on a variety of materials, expert techniques and historical archives. By
recording and managing the information necessary for the restoration of cultural properties through this
study, it is expected that it will be used as an important documentary heritage for restoring and

maintaining Korean traditional pagodas in the future.

» Key words: Cultural Heritage Image Modeling, Korean Historical Pagodas, Al-based 3D Reconstruction,
Cultural Heritage Restoration, Accuracy from Multiple Perspectives
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I. Introduction
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II. Preliminaries

2.1 The Stone Pagoda for Korea
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Table 1. Characteristics by Pagoda of Korea

Type Characteristics Image

It is a stone pagoda,
and there is also a
Stone | basic stone pagoda and
a parent stone pagoda
with bricks.

It refers to a wooden
tower and mainly means
Buddhist architecture.

Wood
en

It is a tower built of
Brick | bricks, and it is a rare
tower in Korea.

2.2 3D Modeling Tools for Pagoda
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Table 2. 3D Modeling Tools for Pagoda

Tool Characteristics

It can use functions such as animation, particle,
Blender | texture painting, fabric simulation, and sculling,

and it is widely used and easy in various places
@ such as mobile game development

Mesh Edit 70% Shade Edit 30%

It is an optimized program for high-quality image
Maya | effects because it has integrated interfaces such
as modeling, rendering, animation, and V-RAY
and the program speed is very fast.

Mesh Edit | 50% | Shade Edit | 50%

Basically, it works with mesh, polygon modeling
3D MAX | and is useful for performance that modifies
E multiple polygons.
) Mesh Edit | 80% | Shade Edit | 20%
Sketch | Simple and intuitive tools are the strength and
Up tools are easy to design.

©F | Mesh Edit | 90%

Shade Edit 10%
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Zbrush | 1t is often used in 3D game production or
s character design using a mouse or tablet.
23 | Mesh Edi | 50% | Shade Edit | 50%
It is easy to use, intuitive, and has abundant
domestic books and video courses for learning,
making it easy to access.
Mesh Edit [ 90% | Shade Edit | 10%
Fusion | Unstructured modeling can be easily designed,
360 and rendering, assembly, and simulation are

Solid
Wicks

2
DS SOLIDWORKS

E also built
Mesh Edit | 20% | Shade Edit | 80%
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2.3 The Structure of Korean Pagoda
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Table 3. the composition of the tower

Names by Structure
structure Image Explanation
The ,Fg The upper part of the tower
Pagoda s is the part that decorates
Bride B the tower magnificently at
(n (EE the top of the tower.
The ,}R) Th.e pagoda body can be
Pagoda EX said to be the most central
9 T i body of the pagoda, and it
Body 4o . L
T is a place where sarira is
2) i .
- enshrined.
- The base part supports the
The I
I | tower from the bottom of
stylobate o E.
3) £ ] the tower and serves as the
- " | foundation of the tower.
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Table 4. Trends of stone pagodas In Korea by period

Era Pagod Image
Golyeo
Dynasty
(S E)
Inheriting the stone pagodas of Unified
Silla, various types were erected
Silla
Dynasty
(FZEH)
Stone pagodas spread across the country
and various styles appeared.
Joseon
Dynasty
(FAEEE )
Religion centered on Buddha statues, low
construction of stone pagodas
Baek jae
Dynasty
(EFEH) :
Without high double stylobates above and
below, the first layer of low soil above the
ground stands, and many small stones
are assembled.
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III. The Proposed Scheme

3.1 Implementation environment.

2 A9+ 3d 2232 s Yl RIAAEE
window 10.02 A}23831, 3d &= T2 Blender
3.4, Unity 2021 HA& ARE3ich Table b= AA &
FR87 THolct.

Table 5. Implementation Environment

Implementation Version

window 10.0
11th Gen Intel(R)

IV. Experiment and analysis

2 Aol T2 Katras E8sh Ao tia
Aol &9 MAstn 3DRRYS A5k ARksIcE 3D

9 Alchg S92 Tels] AARon, wes
48 2712 BAU,

Table 7. Stone Pagoda Modeling by Angle

x-axis rotation y-axis rotation
0" | 15° | 45° | 80" | 15° | 40° | 80°| 120°

Era
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In the Golyeo Dynasty, unlike the previous era, it
was made of a polygon rather than a quadrangle,
and the number of floors was made of several stone
pagodas rather than three stories.
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Silla's stone pagodas have not only become smaller,
but there are also stone pagodas that are making
great changes in their style. First, the number of
stone materials decreased at the base, and the
tangju of each side stone was simplified, and
second, the number of support layers of roof stones

CPU Core(TM) i7-1165G7 on each floor is decreasing at the pagoda body.
Graphic Card 16383MB
Blender 3.4 * A ‘ ‘ ‘ C I ‘ A
Unity3d 2021.23f 2021.

3.2 Stone Pagoda Modeling
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Table 6. List of top modeling by era
Era Modeling Stone Pagoda Name
Nine- - - —
Golyeo ine-story Stone Pagoda in Seojeong-ri,
Cheongyang
Dynasty Five-story Stone Pagoda in Wanggung-ri
(@wHEs) | S0 ? 99ungTTL

Silla Gyeongju Bulguksa Three-story Stone Pagoda

D t

);rlas Y Changnyeongsuljeongri-dong Three-story
(3% E20)

Stone Pagoda

Joseon Yangyang Naksansa Seven-story Stone Pagoda
Dynasty
(R F &) Hamyang Byeoksongsa Three-story Stone Pagoda
Baek jae | Iksan Mireuksaji Stone Pagoda

Dynasty

(ERESEA) Jeongnimsa Five-story Stone Pagoda

o M4 4 4 & =madi

The overall size was reduced, the number of floors
increased, and the base was simplified. It can be
seen that the pagoda body stone of the pagoda
body is lowered, and the roof stone is low.
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Baekje stone pagodas are characterized by a lower
base than the pagoda body and a narrower base
from side to side, and a wider roof stone from

e
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side to side than the base of the member.
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Table 8. Model by Age Top Vertex

Era Modeling Stone Modeling Vertex
Pagoda Image
QUIE 184/184
Nine-story = 5
Stone  Pagoda T oo
in  Seojeong-ri,
Golyeo Cheongyang 4,320
DynaSty oHME 38/38
(BWEH) | Five-story - am a0
IO~ 1,752
Stone  Pagoda dam 3508
in Wanggung ‘
-ri, Iksan :‘—:’—d;: 1,827
Gyeongju z pn
BUIgUkSa 4%y 17518
Three-story
Silla Stone Pagoda 9.220
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(¥ £29) SR T,
Changnyeongsul 5 G
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Three-story
Stone Pagoda
Yangyang ' B
Naksansa dory 12408
Seven-story
Joseon Stone Pagoda
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(FAt¥E 25)
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Byeoksongsa Sl 2D
Three-story
Stone Pagoda
Baek jae |I k s a n
Dynasty Mireuksaji
(B%B48A) | Stone Pagoda
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Fig. 1. Modeling Result Using Unity
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Fig. 2. Modeling Result Using Web by Aframe

V. Conclusions
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