$a1: SREERELETRY
-+ Journal of Digital Contents Society
ot Vol. 25, No. 9, pp. 2401-2409, Sep. 2024 M) Check for updates

4-DOF 24 Z2Z 7|4 VR A[SBETF 42 25 EAE

12 o3 o Al 45
g e AT 9 Aol &
Dt S BB HSIMUST) HEEATHMT SAINE CHRHAISANTY U Hl RS o7
SRHASAATY AWK HATES Mol P BIRNASAATE AL HATES Mol P
sty st st st (UST) MESAIZSINE s

Underground Utility Tunnel Experience Training Based on
a 4-DOF Motion Platform in Virtual Reality

Namkyoo Kang'? - Sang-Woo Seo’” - Woo-Sug Jung' - Yong-Tae Lee*”

'"PhD Candidate, Information Security Engineering, University of Science and Technology (UST), Daejeon 34113, Korea
’Researcher, Defense & Safety Convergence Research Division, ETRI, Daejeon 34129, Korea

3Senior Researcher, Defense & Safety Convergence Research Division, ETRI, Daejeon 34129, Korea

“Principal Researcher, Defense & Safety Convergence Research Division, ETRI, Daejeon 34129, Korea

®Professor, Information Security Engineering, University of Science and Technology (UST), Daejeon 34113, Korea

e FO
2 o

ot

>

Ae 73 A AMEZE s Adte s Al wlSS Alwety] Qe 4 A B SH5E 7] Alske
T EYEE ARG AA AskeEt 78S isty] f18) Al Al =TS AP Al Al B &siAl 5718k Az 5 A
Y=g Alggrh B =2 4 Af 2E 7 ool B of Fet 7|Wke] HE AT E ARRsto] AAl T-s el A 2t
A Qe FHI A EEE I 2 S BARE Wt ol A1z Bl S5 A T 2d VS E85ke] AlY
A7 A B EHE ol A F86kA] oA o] A3t} ol X2 R-g A = AAHAY. 3 A AskEE s
gho|thE &-8afl VR &30 A A Alzstet = e Rl e 5, 2 o A A4, A4, B T U v e s
7I9to 2 FHl=E A& T AP dold AskEs7 AP 1S T2 IS AT}
[Abstract]

In this paper, a 4-degree-of-freedom (4-DoF) motion platform is proposed for an underground utility tunnel (UUT), to provide
realistic UUT experience training in an immersive virtual reality (VR) environment. To mimic a real UUT environment, the proposed
system provides precisely synchronized visual and motion feedback to the user, employing a 4-DoF motor-based actuator and
pneumatic double-acting cylinders to not only simulate momentum such as falls and micro-tremors that can occur in an actual UUT
but also provide motion feedback by employing visual and kinematic acceleration control techniques. This is designed to prevent
falling within the motion platform and avoid feeling foreign or dizzy. In addition, the actual UUT using LiDAR is modeled to enable
realistic visualization in a VR environment, generating content based on various scenarios such as facility installation, inspection, and

repair within the utility conduit, providing a UUT experiential education program that goes beyond simple experience.
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Type Place Cause Date Scale of damage
Yeouido UUT Power cables connection 2000. 33,000 lost communication lines
overload 11.20. Over 2,300 homes without power
) Flooding due to overheated 2000. Flooded power, telecommunications, water, and
Yeouido UUT h ) .
bubli aging water pipes 11.20. energy lines
ublic
under-ground 2001 FIoodedl power, telecommunications, water, and
tunnel Mokdong UUT Stomwater runoff from heavy 001. |energy lines
rains 07.15. Three power boards, three control boards, and three
drainage pumps are inoperable.
Flooding from stoms and 2003.
Yeosu UUT high tides 0514 Fully flooded UUT

Busan Noksan

Industrial Complex Overheating junction points

2014. 2,809 apartments out of power
04.17. 442 tenants lost power

Power tunnel

Guri Overheating iunction points 2006. 120 meters of power cable burned out
9l P 12.29. 60 meters of communication cable burned down
Seoul Ahyeon dong Communication failure in Seodaemun, Mapo,
S - 2018.
Telecommunication Short circuit 11 .04 Yongsan, Jung—gu, Eunpyeong—gu, Seoul, and llsan,
office e Goyang-si, Gyeonggi—do, Korea
Communication Yongsan Han river Electrical overload 113%%' 23,000 households without phone service
tunnel 1 —
Jongro 5ga Electrical overload 032% 321,186 unavailable phone lines
NamdaegulTelephone Electrical junction 1994. 44,684 unavailable lines
office 11.21.
Gwangyang Steel Electrical factors 2013. 102 meter Power cable loss
works 08.21.
undzrgartsund Oympic village Welding sparks 1997. 3.692 households out of service
tunnel 08.23. Electricity 3,320 households disconnected

Pyeongchon Gwanak

Town Welding sparks

1994, No electricity,
12.19. No communication
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Table 2. Detailed specifications of motion platform

Roll +14°
Pitch +10
Heave
Operating range (Vertical fall device) 300mm
Heave
(Motion base) 200mm
Surge 1500mm
Roll +40°/s
Pitch +35°/s
Heave 1.5m/s
Operating speed (Vertical fall device) '
Heave
(Motion base) 0.5m/s
Surge 5.5m/s
Payload (Motion base) 400kg
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