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Development and Evaluation of VR Earthquake Experience System

with Automatic Modeling Function of Indoor Environment

Hirotake Ishiif' Daiki Handa*!'*? and Hiroshi Shimoda*!

Abstract — Earthquakes could cause enormous human casualties, and it is crucial to re-
duce their risks through anti-earthquake procedures. One important approach to enhance
the anti-earthquake procedures is to arouse a fear of earthquakes. Immersive earthquake
experience systems based-on virtual reality (VR) technology have been developed to serve
this purpose but the contents need to be created manually by artists, that limits its practi-
cability. For this study, a new earthquake experience system is proposed in which indoor
environments are 3D-scanned, and virtual environments are automatically created. It
can be expected that the proposed system reduces the cost of the VR-based earthquake
experience system, while still retaining effectiveness in fear-causing. To examine whether
the system is actually capable of causing a fear toward earthquakes, a subjective evalua-
tion was conducted. The results showed that the perceived seismic intensity scales were
consistently lower than simulated intensity scales, while the system could actually cause

a fear toward earthquakes.
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Fig.1 System configuration of the earthquake experience system and dataflow.
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Table 1 Specifications of 3D laser scanner
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Fig.2 Scan example of Japanese-style room.
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(a) Before noise removal (b) After noise removal
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Fig.4 Noise removal of 3D point cloud using
trilateral filter.
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Fig.5 Ceiling recognition.
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Fig.8 Room shape recognition based on
Manhattan assumption.

3.2.5 YMHEZBRT2/\y FOERK

3.2. 2 HCHERE U TSR 2 O TG U Tz BRI EER
ENTENTVST2D, PHADERMNTNTHEEZD HHo
TZIRBEIC TR o TV BIGEMNEZ WV, ZFD%, HE LIzh
RS ERE, MAZT O L THIEY I 2 L—v 3>
IAEFHATRE . 3 IO ETIVEIER T % T LIZBEL U,
ZFT T, RWIETIE., BT 210 3 KotrifETT
IV SYMAD KR ZHEK T 5 DD ROELE D TH S
INYF LR L, BRICENS DNy FZEET B &
T3 ETINELERT %,

9, HLD 3 DOTHBFET IV S 3.2. 3 THORER
VT HRI « BE « JRICHRYS T 2 B2 HIRR S %, 2
D%, §&- Tz miBifZ Euclidean 75 A2 > 7 [19] %
HWNTHEIL (AWZE TR N > 7 82 2cm & U
72). 100 LR & 725 miBEE /A X U CHIBRS %,
II AR T UIASROZK 91RT, KADE
BOEE DOH THR SN TV A EER E. z@i
WRT K D ICKHES T D SN B 550 B 5 5,
hﬁ&26ﬁT¢«%M@TWD%<L&ﬁT%%O

3.2.6 MENLBLTEUEICEDIINY FOEE

AWIFETIE, 2 TOMERDEIEL T EREZEHI
TR EEEHELE LTWBA, Sbhnb SuicE
HI WA ER S NS ET UKL T3
Tl BV I 2 L—y a3 VEAREHRICERSA]
AEMED RV, Z T TAWNIZETIE, M1 5780
WBERET % T B 3. 2. 5 THTHER LISy F7%
S0 %,

BRI, [f4 D730y F NS ZE TH B
PNEETH BN ZHE L, NEER Sy F 13 ik

— 349 —



HEAN—=FvILUFPYT1E=

9 1D0D3XEBEET IV GRERD DS
HL7z728w F D]
Fig.9 Patches extracted from a single point
cloud (before merging).
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Fig.10 Final stable patch clusters.
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Fig.11 An example of appearance model and
collision model.
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Table 2 Target rooms and modeling results
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12 EEROEI (LB 3 K) & BIVERE N E 7L (915 £ O FEA 3 K)
Fig.12 Photos of rooms (Top-Right) and models built automatically (Left and

Bottom-Right).
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Fig. 13 Earthquake experience by a user.
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Fig.14 Example of user’s view during the earthquake simulation (Scale 6.6).
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Fig.15 Experimental protocol.
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Fig.16 Maximum earthquake seismic inten-
sity scale experienced by evaluators
(Answers for Q1).
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Fig.17 Simulated vs. Percived seismic inten-
sity scale (Answers for Q2-1).
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Fig.18 Perceived fear for each simulated
scale (Answers for Q2-2).
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Fig.19 Means and standard deviations of

scores for the realness (Answers for
Q3-1, Q3-2, Q3-3 and Q3-4).
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