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ABSTRACT

An omnidirectional VR treadmill is a highly-immersive walking simulator that allows identical
body movements, such as walking, running, and sitting. However, the operation difficulty of an
omnidirectional VR treadmill may cause data reliability problems. Therefore, this study aims to verify
the effectiveness of a VR treadmill by comparing the ability to orient in the real and virtual worlds
spatially. For this purpose, a rotating and searching path experiment was conducted with participants.
This experiment showed that there was no statistically significant difference in the ability of the
participants to orient in the real and virtual worlds spatially. In addition, the omnidirectional VR
treadmill requires an adaptation time for the users due to the difficulty in the treadmill operation.
However, there was no significant difference in the difficulty felt by the participants according to
the adaptation time. Hence, these findings supported the possibility of collecting realistic walking data
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without safety concerns through an omnidirectional VR treadmill. Furthermore, this treadmill could
be used in future research to solve problems directly related to pedestrian safety, such as the
interaction between vehicles and pedestrians.

Key words : Pedestrian behavior, Omnidirectional VR treadmill, Spatial orientation skill validation
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A Z2H9 HholH s HA Al gk AL AA A FEE Ysla Aok o] o338k
e HIES B2 S7PF oA HgH A 2E AlgEtSith o] & BItE ARSlE HEo R
QIgH A A @Al obd FrH(New Normal) AEi7F Atk wied Altje] =g & Qs tAE AA 9] %
AEG JAAAE v o2 WERH 2 (Metaverse), HAIE EYDigital Twin)Z 22 7M3dA 7€ HA &

g

7148 2 (Virtual Reality, VR) 7]1&2 ALg219] 97+ A2ate] @y e 849 45 448 7153
Al 3k A 108 71e] VR 7|&0] WA o g Alg A Ado] dEo] oFR 27 Y
st 3K (A8hE2t T (Mossberg et al,, 2021), SHA] th](Ye et al, 2022) &)°ll that EAel AHEF I Tk
VRO 857} wobglel meh VR W 442 FAZQ] 42 A8 Al T2 247} H30H VR 28§
< fste] dubAo s AY HEZ B xo|2Eo] F8F o] AT AA AE5Hol9t b FHoE
S A 9 ASS TS Agd £ gle 9ol Atk oj9h w2 e VR EFEER V)& W
W3 wlaste] A7), H71, 7]9F 22 T A4 dol @A FABH FEE 9 2 VRIS 43
g Zro A Hold AlE#o|E 2 H71EthChemi et al,, 2020). 3HA|T AAEA ] v E 53 AF ¢l
ol ANlEdolH Y FEEF &2 FHUoIHY 2 AHY ZAE o|d F Atk WA, AWEF VR E
gedo]l AL drht & vgd = vt td FEa4 HAF5 dat Fasith
HE2Ql VR #H7e] HlwE Fal AW

ol

B ATolAE B4 3 Y % VR Eflde] 4L FAHow
AZtuA Bk ol A3 HAF AF AL A L Fole £YL 9T L FYU £ AFE 5
s 2P VR EdSmo] Au% fAF $HYL VehlEA AEHT FF 0 bioks] AT 4

1) Mgtet VR Ez=Y HE o7

HAEE VR EY LS Hye] $AYS BAGE A EHOEHZA o] Al AHgA AY, AA &
AAe] FAH, VR o5 &4 FHA HFo] FAHIUT AA, A Aol tiF AL AA 2y
Ho| By wEs 2 AgFA 5ol g vln A7(Yadav and Kang, 2022), Zo]|2~E7he] kg 2 A%

H =
ol gk Bla AT (Kreimeier et al., 2020), &2>9D WA 719] o]F Ho| o thgh vl A7+(Calandra et al.,

1) ¢2=Y(Am swing) : VR AEEHE A T45% 2o 2L dFHE 50 BIst= VR o5 4
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2019)7} A ACE AA Bz HwE s A7 HYon giFEE T2 VR ol57|&7] vl
T7F FREHAT ol& HAF3] Hal FypAe FHe] U2 7 Ae UAEHT 2 HE 24 :
g wet A7 Fo] x3E o] HrprjEe] BEg o] Atk wkA, o] BUE £ e

2 37} o] A Fejs|ojof gt
AREALS] AlA g2l td AFe AA B e] A ¢S (Multon and Olivier, 2013) 2 &5
Z ]

ﬁd
3
o
o
i
o B2
o & org

) ] 7} <=(Souman et al., 2010)°] Tt ¥l AT 584 B vi7iHs 2 AZYAL SHoj
. A7 Boynton et al., 2011)7} FHE AT HT AEd AYE VR EF T FYEo] old A4S EF=
U3 HMDE 3 AH&gE SdE0 tig A5 A7 FEHAT o 79 237 193k VR E T

YFE VAA detal £ 5 flod HZ A ge e tiE Aol dasit

PR 2 VR o] 5] S84 e ASL FRHA Ao g 4 F= FE S
3 2 QI THCherni et al.,, 2021). 7H3@ Qo] 45 2Hgo] thg HEF S VR o5l Yo] $87
o) g FdetA dob FEAE AHs] ofHrk= WA ok

2) 37X 5 Y Y

A S Ak AL Fbol gk A AHE a7 A Jds FEFsste] 43 VRS Bl
s A2 AW VR EFCY A WYHECE &83 & 9ot uphA vlwstazl = Al 7HA 3
Z7e0 gigk 7k 1A ¥kg-g vinshy] flal HHg A xE HYste o] asith FUNAY THL
FH AL 245l z2le] YAE AA G WEFS AA = 58 o] th(Carbonell-Carrera and Saorin, 2017)
o] Y2 T &7 AEI} ARFe R0l wel A H of st HAH o= gl A 7Y #HH A S
3K (Wolbers and Hegarty, 2010). =3 3HA & 587 7] 58 Alolo] A3 #Al= AAY Ao =
7] A2 4 A QI THFlanagin et al., 2019). o]0, B AFAM MZE SHoAH A& F= Y02 F
oEE A7 gAlo] 248 25 thBruder et al., 2012; Diersch and Wolbers, 2019). 7RSS LA+ A o) A
A 48 Fde= JAHolA TS AAst . 33 A4 &S 553 (Carbonell-Carrera and Saorin,
2017). A Aol A WS dAEEH £ HE E U2 24E FH 3330 At A4 $43
VROl A Q1A]
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A VR ENEDS AFe7] 98 RO A8A A3, A S, VR olF T&Ao] meiso]
gtk AW, AR AEE T ATE AEF L AES B FRHU FPL 2RO g
$AYS 2] 9% BFAL B4 o] I TR HA Galth =S AR $HYL T oA A
T gAY A4 5ol BE WA AFL FASHE AL ofx nelHA galth whebd, AU VR
EYEUS W5y Sud ta) W4 2 VR 24¢ vla-BAes 4% A7) Basi

# A7 BAe bt AU FPFEAHMD F§ F 27), A3 VR B 27Dl A B4 2A=
OJBHES FoEn AZE BN FUAY 5L vlmsks Zlolth, 53, Fbel tiE A 213} 7o)
Seo] 97HE 4B TN PAE0] 2 BAZ SEHOE o5 5 dAol tE iR E 2R,
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FAE FEe TR L 7199 o] EFETH(Wolbers and Hegarty, 2010). ©] A& T3 4
S AAFI Aol WEFE AASIAL ARl IAg FHE WEE Aot AdEE dFelAE
= AT & Atk o] T F7tol wet g2A ZEety] "ol @44 VR 2004 fFARE Aot o
ERdThA vlart FE IS fARE $H 0 QAT B 4 Qi

A4 9 VR 2UNA FAEF 592 F 7 AFE B3l FHEAT A WA 3d APe WAES
AR O 3H 452 diX"E A4 w5 7H A A Fo2N TR TS HUksle Aotk T ¥
A ARG AL s O BERS 204 AFEE £AYS #Fsr] Al Aol AAE EA4
9 &ME et T M A AEE QAU =5 jHE oz Qe Ay At dYEHEA 9t
7]l $18) 3 AFo] F A FHHJG
2. o1 7h
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Al VR 21 FAF FEo] @4 FYsH et A FEAC] e AoE 15T F 3
o A9ttt webA, 7Hd 1S B8 7P AWEF VR EYEY A A @4 2ol wreA gt
o} VR EYEEe 24 do|=2 Us) A5 Alzte] A8t Aoz A ok
(Souman et al,, 2010). 7} 2& T3l Edl=E e 2% do|=r} A4 Z IukHQl VR 004 FAAT &

s
2

9 B A% AL ATl glo] KolF Aolrh BHSEA setetnz ek,

3. &y =t

AEE Al 42 FA 69, A4 4%o] BT 2 H7EAe] Bt vole 258M(EEHAF 2.3)%
om AEE Aol AY Bo R AU 789 ke oo VRE AR Ade] At SHEE
o} AT ek VR EY S S ARSE A3 flom VR A AEE A 3 dFs mE
THE 2@ AIZE AR edTh

A F22 3D B2dE A9 tastE Sl AW HHo] Hekgk 37 P(Sm*Sm)OI A=A =& 7t
g A olFslok st FAVEAEC] Wi FESe s WAE] A A vEs ARgete] AF @Yol &
AT A 9 gibEl VR 22 o] A3 FHGmrem) AollA FEeH, ek VR EFEEe
39 gl AAHAT W] F/79 EAETA, Ut A JE5e 3lH 75 mE FAF TEH
Zfol & Hlwsly] ) AF FY SAL 7|FSZ ME T8 ZFE(0° 45° 180°, 2259F WA Ak Ad
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B2y 5 HIE S8 MY \R E =Y RE4 HS oF

F At MAE A AXE B Ae WAS] A3 <Fig. 153 ol B4 2o werA B
AA7E AFHA o), A 7 BA el AT 2 HAz%e B AUk,

B ATE @4 % VR 2Ad4 Uehe A5 vashs 22 B0z dth ge, 43 Ao F

£ TG A4 B3 BA FA49 M BHE TEHIE AT o8 A3 2% 3D 2

Matterport Pro2Z 3D Edo] AAEAT 4" 2dS VR 4F Foz #8317 $3] Unity3DE 53
2AYY 2 75 Fdo] FHHAL BAY wiX = 8 27 wEtA WAFEEZ 3D 270 BAFGA F
= A gttt 4l VR controller®] 3 %S 2835l Unity3D WellA Y& x|l VR =47} w25

Atk <Fg. 2> A &4 75 ZH I IE YERITL

VR AH&AFo] 83 Ao} BRE 9|3 FOV(Field of View) 110° 4=F2] VIVE Pro Eye7} AHE-E1T} VR
Head Mounted Display(HMD)&= AR&-AFe] 914 BRE F33817] ol AHEEH ATE AHEAFS] Alok= HMD ]
5@ 21) == Ad HZHVR 2)S Sdl obFAE HolA] v HEE AFEATE =3 HMD Al
olBE QI Yo AtnE WAsy] 95 T olHE It AMEE AT HEEF VR EFETL 360° 370
Vst 1.31m?e] 7ol Q75 = KAT Walk mini § £20] AF&EAT) o]} 34 HiL&s 58 HAT
T U A8 AZE o] KAT JO7}F AMEE AT AW VR EF T 14 AXE &85t 05 WaFo
2 A" e FHEHATE A s T A& AHo R BFste AAHL A A &J3) Unity W
oA =AY VRS I&eHA T53817] A8 Intel i9 CPU, Nvidia RTX 3080, 64GB w|22], 1TB SSDE
AT 145 d2xago] AHEAT

P3 P2 P3 P2 P3 P2
@ O @®
ol @ ot @ ot @
' 745 Ay b 745
sp (J sp (J sp (J
225° 7 225" % 225°
o’ v 180° o v 180° o v 180°
Real Environment VR only VR treadmill (KAT)

<Fig. 1> Experimental environment layout

Virtual Environment

Real Environment

Matterport

<Fig. 2> A framework for building an experimental environment
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ZE A7AA B4 210 5YS SAUR AFEE A AT F Je o
71 S8l wak AA wao] AEEA <Fig. 3>3 Zo] pAE Al AFoE ERE Hi Oe df x
(el : RW - VR - KAT)o] L3tk A3 A&l oA J7EAEL 37 5AE 2433kal VR A3l
g AEAE AFEE eI AEA Ago] s A Al ia] hiEdtt. 7 44
o2 7} AvtAbel tis] @A 7R EEolE YAANTIE B Aol AT WYE VR EF
o] By &= 37ixte] By JFejo] 2 KAT [0S S RAHJL =67l $55H 3 HA I3

iy

d

=

Ago] YA A7PATE FE AL 79T F UEE AL A-ANA 15% 52 =X @
T Ue ARte] AFHAT #F AZte] FREEHH HMDO| &3] Aloprt AlgE o FHdl wixld EA
(=, WA A Y BANE Skl 247 o7t e g AAIE T g Aol thE 3 ZYo] e
A O X wiX " EAE #&s7] Y8l Aokt B Atk vixE 2E =40 el A HA 3 A
o] $5HW Tty A AEEHA HAIPS FHs] 714 28 1o BF Agto] RoHY #F FE T A
2k A o2 M= HMDO &3] Alobrt Ald= U I * VA2 AZE $X(PL, P2, P3)=E <
HAch A2 AFHAE <Table 1> Al 7FA19 AE ZH(of : A HAE 878 T HAlsE 24 B4H)
o] —’Fﬁgﬂﬁiﬁk o]F F ®¥A 3 3ol A MA I 4P YT =AM FHEHAS Al 7R =4
S 45T WA= ARGl ErE SA] % AEASY AP dol=E AT
371 3 AEXE S ettt AEX = Kennedy et al.(1993)°] A|AIE Simulator Sickness
Questionnaire(SSQ)ﬂ /‘]'%51013} AR EHY, 98, 75, w9 A2, 24& #F7] o, 8§ UL
9 29, 794, 79 44, A, Aok 8, w8 B W oA HE 2 A%s W oA ee, A
71%, &o] B, EY A7 16709 B3 oE FAEUT. 24 Aol s A =2 F8AQ b
|2 0914 107149 AP (ESTE oHHE H/IEATH

£

R
PIRIEARA AR

| Participants (n = 10) |

Group 1 Group 2 Group 3
Orientation test | Orientation test | Orientation test 3\
First run First run First run
Rotation task Rotation task | | Rotation task
0’,45°, 180", 225° VR 0°,45°, 180", 225° KAT 0,45, 180", 225°
] ] ]
» Pathway task » » Pathway task » » Pathway task
(3 pathways) (3 pathways) (3 pathways)
KAT < '- | RW < ‘- VR < ‘-
Second run | Second run Second run
Rotation task Rotation task Rotation task
\ 0°,45°,180°, 225° / \ 0°,45°,180°, 225° ), \ 0°,45°,180°, 225° /

<Fig. 3> Overview of the crossover study design
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<Table 1> The order of pathway tasks

Real World VR only Kat
Pathway
Ist 2nd 3rd Ist 2nd 3rd Ist 2nd 3rd
1 P2 Cyan Red P1 Green Brown P3 Blue Cyan
2 P3 Cyan Blue P2 Blue Red P1 Cyan Red
P1 Yellow Cyan P3 Yellow Red P2 Red Yellow

5. HOIE 24

A3 A= python o] 7|REe] x84 o] B2 2|4l SciPy HA 1.8.0% o] &3t BEAH AT &4
A F& Hae A S 7SR AUEAY olF Wk EAIY] AR Aole] 3 HAR) 2 EA ol
9 w7k &8 AL A ik FAAQ do| =7 AT FRO| 7} 2o} Kruskal-Wallis 737 0]
P A Ha = 0.05, Hollander et al., 2013). Bonferroni A}% AL A4S 53l 2 vlwrl +3=HA (@
= 0017). A HAC), &5 AT, THH dol=rt T4 HFE AYHATE I ZE©0°, 45°, 1807,
225°), 37 ZZARW, VR, KAT), 3 35 WA, F WA s 59 W52 AoHJth AXE 53 3
A A% F HMD 3 /= g 8¥ F7EAte] o) 34 7F AAHJT A3 Aae Al 7HA 84 279
i3l vl = ATk

b o

o

A9 AT A REoR HYHUth 94 37 8 A2 o) osl 2 7 2delAe 5HHe
AEL BAT At ANED heom v Saom dF A% 43 @ ssQ B4 A} AN HEL,

Y

3 A B4 A, 3d A= I3 Bl web fol3 xfolrt WA E ATH<Table 2>). AAH 02
3|Ho] BastA e EAE Tl Hojd v 7P 22 2aKH4 1.879)F EAth I A5 g HA
£ @l dojzd o) RWeF VR Afolof] f2olgk atol7l A = i Thp<0.0167). & 7
AZDFE AU AZ37 A 225 E A7l AU 3.6 F7F5FATH<Table 3>). &
£ 37 2HolA Fofd Aok BAHA Lgyth FHHQ dolxe] A Ho A E
< A VR EF =Y 24 AYS Fdsked o 2 oEes AT $EIT
(<Table 4>). 3tA|TF 7t 87 271 Abolofl A dol=o] tis] FoJd 2po]7F WA= A e UTHp>0.05).
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<Table 2> Comparison of the deviations(®) of rotation experiment

Deviation in degree(®) 0° 45° 180° 225°
RW M £ SD 258 +252 11.34 £ 795 2047 £ 13.86 13.94 + 12.02
First run VR M * SD 3.02 + 1.90 458 + 2.87 8.40 * 6.61 625 + 439
KAT M £ SD 1.87 + 1.04 9.29 + 16.76 1444 + 6.26 1578 + 10.44
RW M + SD 192 + 1.11 1427 + 16.63 14.65 + 7.58 12.53 £ 7.55
Second run VR M £ SD 254 + 209 3.64 £ 1.02 11.19 £ 692 845 + 1291
KAT M * SD 632 + 282 7.78 + 3.92 13.12 £ 10.04 12.04 £ 9.90
Factor H-value, p-value bonferroni’s multiple comparisons test

Kruskal-Wallis H test with repeated measurements and calculated effect sizes

0°-180° (p < 0.008) RW, KAT

Degrees of rotation| H = 37.759, p < 0.001
0°-225° (p < 0.008) RW, KAT

Environment H = 8.821, p = 0.012 RW - VR (p<0.0167)
Runs H = 0.103, p = 0.749 No significant difference between the first and second run was found
H = 3.028, p = 0.220 No significant difference between RW, VR, and KAT was found
Degrees of rotation™ | 1 = 6416, p = 0.040 RW - VR (p<0.0167)
environment TS 061, p = 0216 No significant difference between RW, VR, and KAT was found
[0°, 45°, 180°, 225°] = 3.061, p = 0. o significant difference between , VR, ang was foun
H = 4.690, p = 0.096 No significant difference between RW, VR, and KAT was found

<Table 3> Comparison of the time for completion of rotation experiment

Time for completion(s) 0° 45° 180° 225°
RW M + SD 575 £ 2.08 7.82 + 357 10.70 + 5.66 890 + 4.13
First run VR M + SD 593 + 1.65 848 + 447 1095 + 5.59 8.83 + 3.84
KAT M £ SD 6.10 + 2.30 7.65 + 2.66 946 + 1.19 6.58 + 1.11
RW M + SD 542 + 0.89 6.03 = 1.00 9.06 + 232 7.83 £ 298
Second run VR M + SD 3.55 £ 0.79 6.83 + 1.81 872 + 3.01 9.13 + 3.82
KAT M + SD 495 + 2.02 6.35 £ 298 13.13 + 8.74 9.67 £ 593
Factor H-value, p-value bonferroni’s multiple comparisons test

Kruskal-Wallis H test with repeated measurements and calculated effect sizes

0°-180° (p < 0.008) RW, VR, KAT

Degrees of rotation| H = 45.769, p < 0.001
45° - 180° (p < 0.008) KAT
Environment H = 0.049, p = 0976 No significant difference between RW, VR, and KAT was found
Runs H = 2.625, p = 0.105 No significant difference between the first and the second run was found
H = 2466, p = 0.291
Degrees of rotation™ | ¢ _ 1019, p = 0.601
environment No significant difference between RW, VR, and KAT was found
[0°, 45°, 180°, 225°] H = 1.026, p = 0.599
H = 0842, p = 0.656

22 QPIRTSYI =2 TI213, M52(2022H 109)
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<Table 4> Comparison of the subjective estimation of difficulty of rotation experiment

Subjective estimation of difficulty 0° 45° 180° 225°
RW M £ SD 250 + 2.07 350 + 207 283 +223 5.00 + 2.83
First run VR M + SD 367 =216 433 + 2,66 6.00 + 1.79 6.83 = 1.94
KAT M £ SD 240 + 2.07 350 £ 235 4.60 + 2.07 520 + 2.77
RW M + SD 240 + 1.52 333 £ 1.86 500 £ 141 6.00 £ 253
Second run VR M £ SD 1.83 + 1.17 267 + 137 233 + 121 350 + 1.64
KAT M + SD 317 + 1.94 433 + 234 517 + 232 5.67 + 258
Factor H-value, p-value bonferroni’s multiple comparisons test

Kruskal-Wallis H test with repeated measurements and calculated effect sizes

Degrees of rotation | H = 22.003 p < 0.001 0°-225° (p < 0.008) RW
Environment H = 0813, p = 0.666 No significant difference between RW, VR, and KAT was found
Runs H = 1.189, p = 0.276 No significant difference between the first and the second run was found
H = 2466, p = 0291
Degrees of rotation™ | ¢y _ 1019, p = 0.601
environment No significant difference between RW, VR, and KAT was found
[0°, 45°, 180°, 225°] H = 1.026, p = 0.599
H = 0.842, p = 0.656

BAREA A3 £4 Adh, Al 34 =7 AbolollA @& ARt s #ofgt Zpol7p AR ST
(p>0.05, <Table 5>). A WA F=o] P& FHstr] ) thE 42 AP Ao 3.0427F H 285U
o ol= KAT 24olA 748 2 o7k vkt 277 =21 428 F32Q] dol = KAT 221904

7 =9kom RWe KAT Atololl M 723t ko] 7k 2 5 91 tH(p<0.0167).

<Table 5> Results of pathway experiment

‘ Pathway1 ‘ Pathway2 ‘ Pathway3 Kruskal-Wallis H test
nfe i Itipl
Time for completion(s) Factor H-value, p-value bo erron% s multiple
comparisons  test
19.33 17.87 17.67 No significant difference
RW |M + SD H = 0.162
S + 5.88 + 495 + 523 Pathways p - g 922’ between P1, P2, and P3 was
' found
VR | M+ sp 18.02 16.93 17.65
+ 561 + 316 * 454 H = 1,698 No significant difference
18.02 16.18 14.58 Environment _ . | between RW, VR, and KAT
KAT M +sD| U0 cs2s | 16 p = 0.0% was found
Subjective estimation of difficulty
4.00 4.67 4.67 No significant difference
+ =L
RW- | M= SD + 1.67 + 225 + 175 Pathways I_; _ éig;’ between P1, P2 and P3 was
’ found
4.67 5.17 483
n
VR | M= SD + 1.75 + 214 + 232 2497
467 7.00 6.50 Environment s RW-KAT (p < 0.0167)
+ = 0.024
KAT | M + SD + 1.75 20 + 295 P
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o S A AT BE F4 WA 6, 9= AL A dolm) tis A 57

AEA F WA 3H AG Abolol] {olgh 2to] 7t A E A °}°LE}(<Table 2,3 4>). SSQ £4 A3} VRS A}
3= 34 ZZA(VR, KADOA 58§ g 270 ti8) 52 &5 A#7F YERHTH<Table 6>). SSQ <
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<Table 6> Results of simulator sickness questionnaire

Question 1 2 3 4 5 6 7 8 Total
M+SD 1.60+1.52 | 1.40+1.34 | 1.00£1.00 | 0.60+0.55 0.00 0.00 0.40+0.89 | 0.40+0.55

Question 9 10 11 12 13 14 15 16 8.40
M=SD | 0.40+0.55 | 0.80+0.45 0.00 0.40+0.89 | 0.20+0.45 | 0.40+0.89 | 0.80+1.10 0.00
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