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[Abstract]

This study proposes a VR simulation-based educational system for the conservation of fragmented ceramics. Traditional cultural
heritage conservation education relies on video-based learning or limited hands-on experiences, which lack immersive engagement
and direct use of tools and materials. To address these limitations, this study introduces an HMD-based VR system that allows
intuitive hand-based interactions, enabling learners to handle conservation tools and materials while performing each step of the
restoration process. Compared to video-based learning, the proposed system demonstrated significant advantages in terms of
presence, interest, learning quality, and awareness change. It effectively enhances public understanding and interest while
showcasing the potential for complementary use of both learning methods. This system could serve as an effective educational

platform for cultural heritage conservation and restoration in museums and educational institutions.
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Table 1. Examples of cultural heritage conservation
education for the general public

Opening of the conservation
science lab and provision of
hands—on programs
(Cultural Heritage Conservation
Science Center)

Educational video
(Gyeongju National Research
Institute of Cultural Heritage)

Y o S
Al = ’

’}Qﬁ#ﬁulﬁ

“The video's subtitles are written in Korean.

N
ZE=

¥ 2. TXP| #=X2| VR Ak
Table 2. Ceramic conservation treatment VR content cases

Virtual e-learning platform on

Conservation science lab VR - A
ceramic restoration

http://www.dcs.or.kr
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Fig. 1. System overview

F 3. Leap Motion 7|8t &F& F8
Table 3. Leap Motion based hand gesture tracking
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Table 4. System development environment

Distinction Specification
0s Windows 10 Pro
11th Gen Intel(R) Core(TM)
Desktop | Processor i9-11900K
Hard RAM 128GB
ware
VR device Vive Pro 2 HMD (with base stations)
Hand tracking Leap Motion
sensor

Game engine Unity 2021.3.34f1 (URP)

) OpenXR
XR plugin
Soft Ultraleap
ware SteamVR
Link module Vive Console for SteamVR

Ultraleap Tracking

3-2 AR 8

A|2~Ee Windows 10 Pro ©lA3E 3704 Unity
2021.3.34f1 wxdez spEEglon, XR 75 @l
OpenXR Z&8]7191, &2} F%oi= Ultraleap =Z8]1210]
AREEIITE BEAE 3 S =2b7] 3DHlolE ] wE Y
S o3t =7 o7 F338 4= Q== Shader Graph AF&S
A&st e, o]& $]3 URP(Universal Render Pipeline)
A A S 21Tt

Unityol| A 7§38k A 2~8l& SteamVR, Vive Console for
SteamVR, Ultraleap Tracking 59 282 53l AR 33
o} dAE3F3AT

T2 AME AX]= PC A48 VR A2l Vive Pro 2
HMD= A8t} 5K s%, 120° FoV, 120Hz A
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oFo] IXIwF, PCol AFH ATS AMESY] wie] 593
VR Ao H]3l] 2 HEMAE W = 93, B ARl A
= AR 91A17F A E] o] Q7] wiiell S Aok 2 A
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2 HMD2] $1#] 2 3148 F23}7] 93t Base Stationd} &=
2 45 918 HMD kel §-2+¢+ Leap Motion®] 21

1' _‘Nl

O

3-3 7FAIEH 1A Ol Q HAIE Hjx|

o
X,
2
o

N

135 AFsh7] el Al E27] BEAe)d A
A =27 REXEA] 24 oy =g
zgﬂ@._@ }/\1—51.74 T4 9 ouz_q}E HH;’(]%
ik T8 A4 99 Ao A & A= w4t
71¢] A aefste] HA HolERt ddow A4S &
FekE W HlolEo] AMEEE S wkdsiolon, 2]
el =13} s 7] & o]BA F4E 93 AR E wjH
siQit). ol A, 5=, AloP, AR, vig
& 87), M&ZA7), PHEA7], vAAIE, b8 2RE

7| EEME| BT AL 72

=

=, v, Blar o) & wiAIsklaL, AlH el A,
/\a*ﬂ’“ﬂ, ZEHAIA7], S oo WiAEIITE Rk v
T:loﬂ oA _L}\]}\—]O i x]8}ar oFH AE]F 2 __L}\], R

8 S8 R sl Fhaggel ARde Suistals
Bl A Z}(}‘ﬂ] AVFS vl o) ThselEE ] 1S B0

@ 1 9 A9 45 7 Al
& ASIe] e 218 A3 4] AN
Eg, EAY BN AHEHE READ TSt
MGz A ARiate) FAPIE ola e WS
& 5 Y= Sk AR REAY |S=E B
9 e UM 500 24 s 19 3 2.8
s o2 Bl st AP BYEES
!

3}5}913}. “dxi Dynamesh 71%5< 23] Zal2 4E 59
el A ml~aE FEl 27 FES EE1FORE Yol
GroupSplitg &3 ZHo 2 Faslal, Zmodelerol A Z+ 3}
Hepr} 3101‘”“ ylhd RS- vh= T Decimate 7153 &
3 ZE Vs tAl Eole AAHS AR L & UVE
Unwrapdlil 8l2=%] wlo]7sle] Exp7] HE HEAo= ¢
333t

E 5. 7hEd 74 24
Table 5. Virtual environment configuration order

@ Attaching posters and safety | @ Attaching safety marking lines
stickers on the floor

Y s -

® Installing a viewing window on
the wall
“All safety signs placed on the system are written in Korean.

(® Laying out tools and materials

http://www.dcs.or.kr
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Table 6. Complete and fragmented 3D models of ceramic

Complete model Fragmented model

O|X|5E] &0j|e1 AL} £|0f
EXp7| BEX2| YT E >8P ELICL

HEH 8 2I3H QH2lS SlelsiFA.

BE SAD|@ BEX2|SHL|C
AR 3 EAE MEEFAL.

“All Ul panels displayed on the system are written in Korean.
a8 2. Ul i 2 Ul =4 ofA
Fig. 2. Ul panel and Ul feedback examples

3-4 Ul 24

Ul o9& BEA] Ipgoll A Badh obd 3, o413,
Lot ARE WEge] Qs HAE ARE 33eleS
AAE AT AREARS] A Sl ARAA A4 FEs
ZolaL, HE JeAgE golskl o] flel SR A=

ARSI BE Ul e &
7t AAAFEE AAl getdd 4 JEF s1lo, doag 4

okl e

MARE AHgARIA ABeln B T S B4
=

s, A 2] 4L WEke A A e

w

-5

S E2U=

Enter the conservation Check safety rules Wear safety
treatment room equipment

Select conservation
treatment step

“All Ul panels displayed on the system are written in Korean.
a8 3. 2H| &M
Fig. 3. Lobby scene

http://dx.doi.org/10.9728/dcs.2024.25.12.3693
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‘ Step #1: Planning

Enter the planning Touch the conservation Check the preliminary
step treatment record card investigation results

Check the conservation Check whether t
treatment plan proceed to the next stage

“All Ul panels displayed on the system are written in Korean.
33 4. 2&Xz2| A 2H
Fig. 4. Conservation treatment planning scene

‘ Step #2: Cleaning

Enter the cleaning Turn on the arm Dry cleaning
step hood

L e —
Touch the conservation Check the records
treatment record card

A
Check whether to
proceed to the next stage

“All Ul panels displayed on the system are written in Korean.
a3 5. MA Ao
Fig. 5. Cleaning scene

Enter the joining Joining Touch the conservation
step treatment record card

e R I‘ = -

Ceck the records Ceck whether to

proceed to the next stage

“All Ul panels displayed on the system are written in Korean.
a8 6. HE &M
Fig. 6. Joining scene
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‘ Step #4: Restoring ‘

Relax the Attach the
modeling wax

Enter the restoring
step modeling wax

=

Touch the conservation
treatment record card

Restore the
missing part

Check whether to
proceed to the next stage

Check the records

“All Ul panels displayed on the system are written in Korean.
ag 7. 53 2

Fig. 7. Restoring scene

‘ Step #5: Color Matching ‘

Enter the color
matching step

End of experience

Check the records

Touch the conservation
treatment record card

“All Ul panels displayed on the system are written in Korean.
a8 8. MokE T

Fig. 8. Color matching scene

A Auke] e 71219k weh 7S st ona
EshUIZ WAS 5, C# 22 HE A4 5 492 5o 4%
AzE Esigen, AA AF e g e Y

7} .

V. AH22F 7t Wi

4-1 37t 52 2 thed

E 7. OIS fIE sk vlud

Table 7. Comparison of learning methods for evaluation

“The video's subtitles are written in Korean.

71E slalel AR WA e REATE: A HAe B
s, 9 B4 972 FUS WHE 5 L A

E 8 gtz ¥ 2F

Table 8. Evaluation scale and items

Types of Evaluation Evaluation
evaluation scale items
Sense of presence
Presence Envirénmental interaction
Physical response
Separation from reality
Enjoyment of content
Interest CLlJriosity stim ulati(?n‘
Willingness to participate
Prevention of boredom
Content acquisition
Learning | Confidence improvement
outcome | Memory retention
Application of learning
Quantitative Intense concentration
evaluation Learning Loss of self-consciousness
Leaming | immersion | Transformation of time
quality Autotelic experience
Motivation for continued
learning
Learning Willingness for repetition
persistence | Post-completion learning
continuation
Re—engagement desire
Interest increase
Desire for additional
Awareness change information
Value recognition
Positive shift in perception
Satisfactions -
Qualitative Complaints or _
evaluation suggestions
Other opinions -

http://www.dcs.or.kr



Aol A= AlbE AEH0 G2 wST VR AlEH o] AUSTk W7ol oA B Frojatell Al ATte] HA, A},
A A=l wsA gyE vl Jrlelr] e Azt AL frejakatel] is AHsisith W dAxls F wAR
(Presence), Zu)%(Interest), 8t5 47 Learning TAAEHAJLE A HAZ, ozl 97 1% B9 374 214
Outcomes), 8rHFE%U(Learning Immersion), 544 S 53 sk stk o] %, Wi 7 VR A5 2RE A
(Learning Persistence), $12/W 3 Awareness Change)& WS B3 WA VR A S F38I3th VR A1g oj=pol
T8 Wt o it oA, SFES, s e}t 10~15% 7Fgo] A8 HAT BE Sy &es ghadt
&2 5Pt gy G 5 Adshs ARRE o, ol T, 5 71 sl gl AES B4k flal Al
QLT}:?‘A ARl A Friste=E, BF 5/d(Learning E ARSI ol2d AAkE Fal 7 dhsHiol dsAtel
Quality)ol#h= & 502 Fof FA3h} A PR £ A W A4 o= ottt

AAZH31]1-[35]2 VR 2 OAY g5 A sk53)

7} 27 ' A e SR A S48 E 9. Y #oixt 74 & &4
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