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Torus Treadmill with Modular Structure

Hiroo IWATA", Hiroaki YANO"!, Yuki ENZAKI"' and Kazuhiro SUZUKI"

Abstract:

This paper presents a locomotion interface using torus-shaped treadmill. Traveling on foot

is the most intuitive way for locomotion. An infinite surface driven by actuators is an ideal device for

creation of sense of walking. The Torus Treadmill employs 14 sets of treadmills.

These treadmills are

connected side-by-side and driven in perpendicular direction. The effect of infinite surface is generated by
the motion of the treadmills. The walker can go in any direction while his/her position remains localized

in the real world.
exhibited in Ars Electronica 2011 in Linz Austria

The device has modular structure that enables portability for exhibition. It was
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Figure 1. Overall view of the first Torus Treadmill
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Figure 2. Torus Treadmill (X motion )
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Figure 3. Torus Treadmill (Y motion )
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Figure 4. Rotational unit
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Figure 12. Mechanism for variable wheelbase

%1 3

WREBEDO M—=F ALy FIL
Figure 13. Improved Torus Treadmill

— 204 —

NI | -El ectronic Library Service



The Virtual Reality Society of Japan

HB. A BBHK 215 HBEEETHF—FALYFIL

DX RMEERRTHIZDIT, 2 ODEHD
A RIS T A EEIME A N % 72, 1 2 A3
TR A R T AME T . K1 3SR OHE
EMZTZF—FARLy RINONBETHB, 2D
WR A MZ IR R, NG ORE BRI/ EL
20 NEAT—X— 0% LOMERREB 2=
1400[mm/s] &£ TAEBEES LIF 2 Z &N TE, X
AT HREE, A=y FOSKEIZERY i 72m
HEE Y —THELEZLEZA, WRATI
600 [mm/s] CAEE L 72 R OIRENZ BT, WREIC
1400 [mm/s] CAE L7-BFOIEENL 1/3 TH o7,

IOHBIZIX, B s =y FOHEFH D OZH L
N2y POV—NVNEBEDODEENNLETH- -
B, TOTEERBIITH> Z ENTEZ, ZHIEAR
HEEOEY 27— FEOYHRLENZ D,

6. F&&H

AKmXLTIX, V27— HBEEZHETDHF—F A
Ly RINERFLEELL, V27 —#EDOY
BAUTD3 >0 A THMEL 72,

1) 5 f# « SLOR S
DHBITEXE - B v Ta=y FOMREEEM
NP2y hOXFFKOKBEEFLTBH R
F—IvIT ¢

AR TR - BYEL-E 25 —HEIZLY,
SR TA—A MY 7% TEMR L, RESREICH
BREVWEECTEREIT) Z LKLz, BT %
T LIEoT BMTEIFE - B v Ta=y
"R ZE2EIZBENTHAZ ENHERTER, 72,
AIEEMERBICEBRIN-EBELOMES2UE
TAHLERBRBICEBATELZ b, BV 2T 18
ERRTILIZZETH 5,

2% Ly FIVOBRREZ, R Tz b
BhHDHD, EMRORGBICRE LT HRAALED
DL, REEBEBZTTHD, ZORETTHLEY 2T
—(LOBEHRITRKEVWEEDbNS,

—F T, REBIIHMENEHET, ThLoidax
KNCHDZEETBEETERW, LAMIZEZ D o
FT—a A VBT 2 —AEERTHEZDITIE. o
APOELEBETILEND D, REEIZBWV T,
EZHEzz =y MR, FRENICE—F—2BH LT
WAZLEN . BaANDOKEARERTH D, 5%,
L VBELEHERSGOFEEZRETILEND D
259,

Fiz, SERELZHREBME R Y — DR HE
EIZETREND - 7272010, BRBRSITOHITIC
RoTWh, 2Oy Y—2KEL, BOMEEZH
HTHRERLHIETSZ ENTENE, BEOHIT
NAEREIZ 2 B3 CTH D, TNBNEHR T, —

F e WEB OBITICET A2 EBEHREL T 7V 7r—
Ta VI REREEENRIENETHA S,

&% X

[1] Iwata,H. and Fujii,T., Virtual Perambulator: A Novel
Interface Device for Locomotion in Virtual Environment,
Proc. of IEEE 1996 Virtual Reality Annual International
Symposium , pp.60-65, (1996)
[2] Iwata,H. and Yoshida,Y., Path Reproduction Tests
Using a Torus Treadmill, PRESENCE Vol.8, No.6
pp-587-597, (1999)
[3] Iwata,H., Yano,H. and Nakaizumi,F., Gait Master: A
Versatile Locomotion Interface for Uneven Virtual
Terrain, Proceedings of IEEE Virtual Reality
2001Conference , pp.131-137, (2001)
[4]Iwata,H., Yano,H., Fukushima,H., and Noma,H. :”
CirculaFloor: A Locomotion Interface Using Circulation
of Movable Tiles”, Proceedings of VR2005, pp.223-230,
(2005)
[5]Darken, R.,Cockayne, W.,Carmein,D., The
Omni-directional Treadmill:A Locomotion Device for
Virtual Worlds, Proceedings of UIST*97 (1997)
[6]Nagamori, A., Wakabayashi, K. and Ito, M., The ball
array treadmill: A locomotion interface for virtual world,
Proc. IEEE VR2005, (2005)
[7TYano,H., Tamefusa,S., TanakaN., Saitou,H., and
Iwata,H., "Gait Rehabilitation System for Stair Climbing
and Descending", Proceedings of Haptics 2010,pp.
393-400, (2010)
[8]Schmidt, H. st al., HapticWalker---a novel haptic foot
device, ACM Transactions on Applied Perception,
Volume 2 Issue 2, pp. 166 — 180 (2005)
[9] Darken,R., Allard,T., and Achille,L. Spatial
Orientation and Wayfinding in Large-Scale Virtual
Space:An Introduction. PRESENCE , 7 (2) pp.101-107,
(1998).
[10ps BER. FmEREEmZ Ao ats—v
avA VAT e—A BEAR—F ¥ LI T VT 4%
2FRICEE. Vol.5, No.2, pp.853-862, (2000)
[11]1 T, Ulbrich H, De Luca A , Biilthoff HH and Ernst
M, CyberWalk: Enabling unconstrained omnidirectional
walking through virtual environments, Transactions on
Applied Perception, Volume 8 Issue 4, Article No. 25,
pp.1-22, (2011).
[12] Christensen, R., Hollerbach, J.M., Xu, Y., and
Meek, S. Inertial force feedback for a locomotion
interface. Proc. ASME Dynamic Systems and Control
Division,
DSC-Vol. 64 pp.119-126, (1998)

QRIBEIA IBZM

— 205 —

NI | -El ectronic Library Service



The Virtual Reality Society of Japan

FEE I

EH F¥Xx (E=8)

1986 £ HEKFRZRTZRMER
ET., BESERES RT AMERRHIZ,
N—=F L) T VT 4, FICHARER, %
ITRERR, AT 4 A7 LA ORFFEIZHRE
E, KEREISE, TH#EL,

B9 BRI HEE

X% #8 (E=8)

1997 SEHFE R FRFBR TEERE T,
R B AP IRBLE KRBT SE B (PD), 99 £
FE AR FRE, BE, AR AT AERR
W, NRERRR. BBEEETCETS
HEICHEE, EHE(TF),

Bk t#hE (F4£H)

2010 ERKRFERE Y 27 AR TEHE
FHE L RTHIRIEE T, 2013 4, R RFEE L 2
T AERTEHERE LR YREE T, &
£, ARV AT AERAMFEE, HRETR
BT BRFERICREE, B (T5),

#HR —8h (FAE£B)
2013 EFRRKEE =SB ITF AT LY
BEEIERKNER VAT LAER T2
RRHE LI HRBRESZD BITRERTRIC

BERN—FvILYTIT1EEH/IEE Vol. 18, No. 3, 2013

— 206 —

NI | -El ectronic Library Service



