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Redirected walking by attention manipulation using VR and foot sole haptic
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It is known that a person intent to walk straight in a state with blindfolding, unconsciously walks with drawing
an arc. Redirected Walking is a technique to realize a walking experience in a virtual space wider than the real
space by exploiting imperfections of such human sense of direction sense / space recognition and its mechanism.
When walking while looking at the straight road displayed on the virtual world along an arc with a radius of 22m
or more in real space, humans do not notice that they are curving. However, it is difficult to use the circumference
with a radius of 22m because of the room size and the limitation of the trackable area. Unlimited Corridor using
haptic feedback realizes infinite straight walking experience while walking along the wall on the circumference of
5m in diameter. In this research, we propose a new framework for Redirected Walking based on manipulating
human attention to feet/body balance induced by a terrifying and unstable situation. Specifically, for the physical
situation walking on a circular narrow scaffold having a diameter of 2m, a straight walking sensation is realized
by foot haptic feedback and image correction using the technique of the Redirected Walking. Furthermore, we
examine the framework of the experiment to clarify the effect of such VR environment on human cognition and

physical operation.

1. EC®HIC

MNIEFNTHRDOFERDLD R 5/[EHEHM R RN,
FoTKHELIERTERVEVWSHENELS ASHSNT
W5, flZIEFHRCWERETHEIZES &, HEHWTSEC5
HBESITHVTLES EINTVD (1], —4, FF22m
PEOHTHIUE, VR ZEIZBWTEROEZ RS 40
B E. ANIA—T UL THENTVWE Z LIZEIHh RN [2] &
IWMEDLDH LN, BEANDIAZ L bT v ¥ v I HEEMHEEK D i
B2 o, £ 22m DMHEAZFH WS Z & 13# L\, Redirected
Walking[3] t&. Z® & 522 ADFFEH - 24 MRFRIEHE D A58
LIRZOMMAEHNT, EZEM L VAW VR ZHNTD
BATRER R BT 2 FHETH D, ADBK IR WEEEIZ HMD
WGz A EE 5 2 & T, EZEWETADM & & R[]
iz X ¥ % Redirection O FiE% AW, EZEMD 2 fEA 7 —)b
D VR ZWHNSTEEB U2, T oIZZ0EAMOFERE LT,
Unlimited Corridor[5] TIXERE 5m DM IZHLE X 7= 820
WEHRERNS, FROOME 7+ — NNy 7 2MHATLIL
TR EARSITIREEZ SEH U T\, physical object Dfifi 5
T4 = RNy, HEIZ VR EMNOESE2ibd 5, £
7o, PR EMBEOHBRMCFIEND 2566, HDREEOHPHA
THNRIFANFZ DD 720 [6][7]. 2012 ££D Yuki Ban & O
72T, real object & virtual object D T v VA-35 Eh 5
30 EREDEWTHNELEINRNI LD SN [6],

AR TIE, FGRED & 2 BMWiREIE & Rt - BIRNT VAN
OEBEIOMEE AT S Z & T, #it UWERESSITIRER 2
EHIT 5, BAERIZIE, BE 2m OMPROFN RGO F %34T
T AYEAPRBUI T U T, REAE & Redirected Walking D
Fifl 2 )5 U 72 USRI & » THEESTRRE 2 FEHT 5, X
512, ZD &S5 VR BREAAMORA - BREHIZE 2 55)
REWHS T 2 HOWEREEBROREMAIZDOWTIRETT 2,

2. Fi&

2.1 BE

RIFZETIRET 5 Y AT LADRMFEIZ, SifcRBEINLE
BRIV 2 1795 VR 25272055, YHERIC
BERRDO RGO L2 AT TEHEVIHDTHS (M 1), HWERE
WEEFATRIC & > THEBENR T E RN T VAN FE I N,
TIUT & o THEMI RS DG & EROBLRDHITD X LI
LN 725, WHEKZ EISOEAIX 2m, BE0E XX
W 10ecm (B S idA R ENEKIZ O RWEE) &L,

1: SEEROKRTHI



3: FEBrdr HMD 123%7% U 72 e

2.2 =%

VR DDA~y R Y b F 4 A7+ (HMD) 8 &L U%
VY —BUZIZ HTC VIVE ™ Y 25 4% KA Lz, ZTOYA
FLEHMD &3> ha—5 &K 5m x 5m OHFPAIT KT v
FUTHBETH D, Tz, BEROERPT X AHIEDO T A
FhaAYha—IZiE, VRT7 7V r—>a VB TIES AWV
S5NTWBT —AT YV Unity AWz, EEOHSIZHE
BREAFO—LOT0 Y 7 % FPRICHASITOOD 5L
U (K2), RO, KHAHE 2 Fric HTC VIVE fED
NIV FUITHRATEFELZ, HRFE LI HTC VIVE
MEDaryre—5%2<Yyr5r—7TREEL, B&EDOHhTH
DD RDALE & 5D AE O BFRE2 RERIZIET 5,

2.3 =B

EERTI, RBIEE 2127 U7z & 5 I8 10cm D& 20cm
DIRDIRS % FHFE L. FNF U DN THEERE D #4738 B o
FEDR3, HMD OfafExR & 28045, £, S50
B RO BAEE kD SN D, PWERERUL 84 (F12 20 kD
FHE) T, EROBEPRGOER SIZOWTELAS TN
TOVWRWEEBRE IZDOWTIE, HED»SHEZBUZRETR
LOSITHBAE X TERI VAN 57 2= L, HMD
EEELUZBTHERZBEYTES S, ERI VAN 22X —0DF
ARTET 20cm IFED R, HWT 10cm RO RGBT LTH
S5\, FEEREKZZBIIETH 2 U DREBTHROAANLFH
35, TUTC, FRIETAEMY A MzEELTE S S,
INSDEEHEE, WEE DR, b L OFEBRTICEE L 26
BT —R - EET — RN SEFRETo T2, HbkE DR L [

oid, BB TR—RAEEL W, KAEROBHNTHSIE
MBTREOEBP NI I N T VDS I L 2R TE -,

3. fEm

AT, EERD H 2 RMidE & Roofilsl - BEnN5 >
ANDEZEIZ X > TABORM - BAEMICE 2L 72535
L\ VR BREZRRE, EEL, ThEREL-HREEREZ
fTo7z, SEIOFEER S OIZERP S, BUROHHIE HIEH
A VR—=T 24 ADWER, N— R 7 EOHIK, BbkEFE
BT A BT RIS, WL O DOHFEMHIH S HIT o
7zo UL, EBREAEZE L THEREOKIGIIMEEY TH
D, ZOHUWEHAIZFED W VR BENRZ N E TIZRWE
LW ZHE U I E B Z L 2 ERATE T, TNOHDEREL L
12, SBEVEMBEREITS FTETH S,

S Xk

[1] Souman, Jan L. et al., Walking Straight into Circles,
Current Biology, Volume 19, Issue 18, pp.1538-1542;
2009

Steinicke, F. et al. (2010). Estimation of detection
thresholds for redirected walking techniques. IEEE
Transactions on Visualization and Computer Graphics,

16(1), (pp. 17-27).

Razzaque, S. et al. (2001, September). Redirected walk-
ing. In Proceedings of EUROGRAPHICS (Vol. 9, pp.
105-106).

Razzaque, S. et al. (2002, May). Redirected walking in
place. In ACM International Conference Proceeding Se-
ries (Vol. 23, pp. 123-130).

[5] Matsumoto, K., Ban et al. (2016, July). Unlimited cor-
ridor: redirected walking techniques using visuo haptic
interaction. In ACM SIGGRAPH 2016 Emerging Tech-

nologies (pp. 20). ACM.

[6] Ban, Y. et al. (2012, June). Modifying an identified
angle of edged shapes using pseudo-haptic effects. In
International Conference on Human Haptic Sensing
and Touch Enabled Computer Applications (pp. 25-36).

Springer Berlin Heidelberg.

Kohli, L. (2009, March). Exploiting perceptual illusions
to enhance passive haptics. In IEEE VR Workshop on
Perceptual Illusions in Virtual Environments (pp. 22-
24).

[8] Matsumoto, K. et al. (2016, March). Curvature manip-
ulation techniques in redirection using haptic cues. In
3D User Interfaces (3DUI), 2016 IEEE Symposium on

(pp. 105-108). IEEE.



