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6. BEE.BEE/24271—R. Auditory Interface 3. How to present “Riding” sensation?
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8. AE.HWEA2ATx—R  Haptic Interface
9. BENEEALFTT—R Locomotion Interface
10. FTD A2 TT—XHF .~ Recent Research
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B H) XN ax iz & hx K 0 EER
Locomotion: The last & the most difficult

RE-BEE-MT.
RABMENDD=STRAFZY BiAa =Y 1A R4 !
We can not make the “matrix” world by simple visual,
auditory and tactile display. Something is missing.
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Velocity cannot be measured by internal sense

—EREOKRIE, EEODKRE, MERIICKFHB DALY
0T, REMFAINN (G TT4hLT70-) BHE—DFHHY.
Constant speed situation is physically equivalent to speed=0 situation.
Therefore, Optical flow is the only cue.

HIEEFE ~ Vestibular System
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» Two types of sensor.
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Acceleration.

* Acceleration.
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o BERDY RIS IENF-AREK/ 1T
Three round “pipe”, filled with liquid.

s AIRENELIEE, NATRORELBZEL, HEM
KansEE
When angular acceleration is applied, liquid moves, and hair
cell is activated.

E R 2% otolith (k2 LR Saccule & Utricle )

————
Utricle

Saccule !

o YU INE DS T=F—L ./ Dome filled with liquid.
- HEHROLOW (AE))SAMREICKVEIE, FEMBEIES

Acceleration is applied, weight on hair cells shift, activate hair cell.
o iENNIERE (F5) 2 Accrleration, or “Gravity” sensor.
« BRBE EEMEE, NRE: KENEE

Saccule: Vertical Accel. Utricle: Horizontal Accel.

TODAY’s TOPIC

1. Locomotive perception mechanism

2. How to present “Walking” sensation?
3. How to present “Riding” sensation?
4. Why are they so HUGE?

HITREDER
How to present “Walking” Sensation?

o BHH . Just footstep
* FLYFZEIL ./ Treadmill Type

+ 7vks\wk “Foot-Pad Type
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&+ Just Footstep

®The user make footstep on the turn table.
®The table slowly rotates, so that the user’s
direction is returned.

Not so bad. Practical Solution.
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VB9 TATLAT L

rL RS )L/ Treadmill Type

 The belt is controlled so that user’s position is
kept (almost) constant.
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Initial Walk

Belt Moves Back to Initial

AYBSITATLAT LR

15T YRS )L~ Linear Treadmill Devices

ATR GSS
(ground surface
simulator)

Sarcos Treadport ATR ATLAS

2RTTDEIZTZEIZT 5 : Torus Treadmill

F—3RBEDILYRZILEE

Troadmill (Y maticn)

Hiroo Iwata : Walking about Virtual Environments on an Infinate Floor , IEEE'99

Cyber Carpet
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Virtual Space Devices Inc.,  http:/www.vsd.bz




BEDOKREBEDRIDEL

Difference between normal floor and treadmill

W\ER\ ﬁ \3‘ IR

- BE:FVIAORER+ENSHES.

Driving force = Repulsive Force of Kick + Gravity Force

{
o FLYRSILHEENITRDEEAGTENGLN. §
Treadmil: No work by driving force. } (

{

« BEOBR BHINKKEGILYRILEMLY -ﬁé

IEREIZB.
Kb BEE

Ordinary solution: Use large treadmill and keep
acceleration small.

TreadPort (Hollobach et al. Univ. of Utah)

EB|NITKYBEYGLEFESE, FLYRIILOBMBRERER
Pulling force generates appropriate work, solving strangeness of

treadmill.

Vijayakar, A., and Hollerbach, J.M., "Effect of turning strategy on mancuvering ability using the Treadport
locomotion interface," Presence: Teleoperators and Virtual Environments, 11 no. 3, 2002, pp. 247-258.

TreadPort: {EE M F I~ Expressing Tilt

ERIHEFHETERRE. EZLEVDOT, BREMNGIRR
[FOIFYZES|IZ DN TITD.

Tilt is presented by real tilt, but rather slow. So, pulling mechanism
is also used to transient tilt.

CirculaFloor (Iwata et al.2004)
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Locomotion Interface using Group Robot technology

« BENINSUILI VOO EIZED

Each foot is mounted on parallel link platform.

Iwata et al., “Gait Master: A Versatile Locomotion Interface for Uneven Virtual Terrain” IEEE-VR2001.




(ZDM) KEDTIRFYEMBETAATLA
Floor “Texture” and Tactile Display

£t 2

RACIVITIRENF (RBRE—H) &, MIBIZE N Y EEER.
REMVEBEFOME(E, K, B, cto)Z2BER.
Large vibrator and four pressure sensors are under each floor tile.

Tactile sensation at the instance of foot-floor contact is reproduced.

Y. Visell, A. Law, J. Cooperstock, Touch is Everywhere: Floor Surfaces as Ambient Haptic Interfaces.
IEEE Transactions on Haptics, 2 (3), July-September, 2009.

REDTIRFYEMETA AT LA
Floor “Texture” and Tactile Display

Example 1:
Frozen Pond.

http://www.youtube.com/watch?

#HIZHAL() RE

Put something in the shoes (1) Vibration

HEOREFCHMERR. MET/IIXI Y IZMALRBMET7
hLtot—3 U THER
Tactile presentation by vibrators on sole. Virtual “cochroach” is

presented by phantom sensation.

BHBEE. ERE. ERENT. AR BAUE— T A RICEDEEREBTIa— XAV RT L T7Y
BRTFA9IITTUNLR) 918 BERN—F XL T ) TAERMKES. 4%, 45 pp.691-697,1999.

B2 L) 1BE
Put something in the shoes (2) Tilt

HEDEEZEHIEL, BRGSTFES—avaER
Natural Walking navigation by controlling tilt of shoe sole.
Martin Frey, “CabBoots™ 2005 Ars Electronica

CabBoots
- i

“Wallking on & Path”

http://www.youtube.com/watch?v=zzRwOnAOmho

A*—2=2aL—4A.7Ski Simulator

- HEIBEDARIRES HEBBREA 27— ADHREHHA

L1 BT,

Good example of locomotion interface for particular situation.
o ZF—FHHEREVNS VI AL—AIERICERIE
Market is large, so simulator is already commercialized.

s BERRAUITI—ROKAEDARXMNHIN TS,

Most types of locomotion interface was utilized.



http://www.youtube.com/watch?v=AsKBigMD7fg
http://www.freymartin.de/en/projects/cabboots
http://www.youtube.com/watch?v=zzRw0nA0mho

Ny T +iRE

Passive input & Vibration

Ski—simulator: X —FfirLEE

o INRDSIZ&BHEITTH .~ Spring force of restitution
o BRGHEE. FIRRIC L D@ EL &R Simple semi-circular structure enables
skiing form.

- BREGHOTHEEMESEFH]. No electricity

Endlesslope

BN RLYRILIZE D RE—RL—F—

+ Ski Trainer with sloped treadmill

Endlesslope

QUQgtRD7tk8 &NR=1

SkyTec Interactive Simulator

L TEELSDEEERREZNTNER
GBS I1L—Ia VI kbRDEHFIR

All tilts except pan is represented to each foot.

 Accurate physical simulation

-

'www.4ééasonsﬁkﬁng.cun_t
.‘hwa\'.\mmlbexom \\'ulch‘.’\"'G‘?(’)F‘uE Jus =


http://www.proidee.de/concept-store/nach-kategorien/sport-freizeit/fitness/skigym?H=AFFILIATE%00affiliate&SID=SID_gRiy4XfsmDF6FyqcLf6BjPTGhxgM
http://www.proidee.de/concept-store/nach-kategorien/sport-freizeit/fitness/skigym?H=AFFILIATE%00affiliate&SID=SID_gRiy4XfsmDF6FyqcLf6BjPTGhxgM
http://www.proidee.de/concept-store/nach-kategorien/sport-freizeit/fitness/skigym?H=AFFILIATE%00affiliate&SID=SID_gRiy4XfsmDF6FyqcLf6BjPTGhxgM
http://www.proidee.de/concept-store/nach-kategorien/sport-freizeit/fitness/skigym?H=AFFILIATE%00affiliate&SID=SID_gRiy4XfsmDF6FyqcLf6BjPTGhxgM
http://www.proidee.de/concept-store/nach-kategorien/sport-freizeit/fitness/skigym?H=AFFILIATE%00affiliate&SID=SID_gRiy4XfsmDF6FyqcLf6BjPTGhxgM
http://www.proidee.de/concept-store/nach-kategorien/sport-freizeit/fitness/skigym?H=AFFILIATE%00affiliate&SID=SID_gRiy4XfsmDF6FyqcLf6BjPTGhxgM
http://www.proidee.de/concept-store/nach-kategorien/sport-freizeit/fitness/skigym?H=AFFILIATE%00affiliate&SID=SID_gRiy4XfsmDF6FyqcLf6BjPTGhxgM
http://www.youtube.com/watch?v=QUQgtRD7tk8&NR=1
http://www.youtube.com/watch?v=G9OFhuEH3_g

TODAY’s TOPIC

1. Locomotive perception mechanism
2. How to present “Walking” sensation?
3. How to present “Riding” sensation?
4. Why are they so HUGE?

EYMRABSRE(2T7—X

Locomotion Interface for riding situation

c BROAEILEIEOTE. Foot sensation is no longer necessary.
o EE REMIZIER. Velocity is presented by optical flow.
o MEEZVADICIRTT EMHER

Presentation of “acceleration” is the key point.

EHZEFAI S Utilize Gravity

=

Simulator
decceleration
Acceleration @

* Incline the simulator, so that part of gravity
can be felt as acceleration.

Sheet only

WW.FORCE-DYNAMICS.CO
i

Force Dynamics
3RDEHTIFII—LREH/5LIL)0Y

AR 7 —LDEIRICEFEEFT5

Sheet at the tip of serial link robot arm

www.youtube.com/watch?v=CoA-mS5iHG9s&feature=related



http://www.youtube.com/watch?v=CoA-m5iHG9s&feature=related
http://www.youtube.com/watch?v=CoA-m5iHG9s&feature=related
http://www.youtube.com/watch?v=CoA-m5iHG9s&feature=related
http://www.youtube.com/watch?v=gY6T6iSLO30

RIEHZIRAS 2L —45
Simulator for training

SHE6EA(10t) EE68H(1.5t)

BMRIEOTEET 5760, KB
NSLIIWIDOERWNS.

To drive cockpit, huge power is required.
Parallel link actuators are used.

GEEVIU7IL)OG I SUIL)oS
Serial Link & Parallel Link

o DUTIIDYIEREGEIEEHT DIZAEK
o INSLLYDYRKREGH (B EHT DIZREK
« Serial link is good for large workspace.

* Parallel link is good for large force.

(%) Stewart platform

* 6 parallel linear actuators enables 6DOF motion (3
translation & 3 rotation)

* Most frequently used in driving simulation

VMS (NASA)

* 20x21m
* 1G=*0.75G

.
i H% ‘937-?4797\—74

BEIE T2 —4% 7 Car driving simulator

BBEEETSIETETHOMBREEHEE
FOYDERIZHIFERICEASh =Y

Real car is on stewart platform, enabling acceleration of the car.
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TODAY’s TOPIC

1. Locomotive perception mechanism

2. How to present “Walking” sensation?
3. How to present “Riding” sensation?
4. Why are they so HUGE?

Why are they so huge??

- FIERTBERE-BEE-MELIELGY, BRESZNEHLTL
BOSIytE o REZFERYBLTIEET ICEAHELL.

* Vestibular system is not exposed to environment=We can
not display “essence”, but rather, we must reproduce
environment.

BIEZ SR LRI T S

Stimulate Vestibular Stimulation from around

o RERIECKBKERLIOIEICKDHIRES. BE
RIFRE (HOVYITRAM IZIEA

Temperature change by water produce vestibular activity.

- BRI ERERT EICLLHEIEES
Electrical Direct Current from Around Ear Produce
Vestibular Activity



http://www2.toyota.co.jp/jp/tech/safety/concept/driving_simu.html
http://www2.toyota.co.jp/jp/tech/safety/concept/driving_simu.html
http://www.youtube.com/watch?v=Bi_GkDqON_s
http://www.youtube.com/watch?v=SRz7W_E0HOI

BERRRE

Caloric Test

i0a8

http://www.youtube.com/watch?v=H4i
A — =,

FUgG6k&feature=related
LTI 0 le-

|
Gravity Jocky

ERMBERKRTOGVSIE, BEOENTEEHROENE
MESNID

Relatively high-freq. GVS produces sensation of “world shake”,
rather than self motion.

Nagaya et al., Gravity jockey: a novel music experience with
galvanic vestibular stimulation, ACE2006.

AITREE SR
Galvanic Vestibular Stimulation

Maeda et al., “Virtual Acceleration with Galvanic Vestibular Stimulation in Virtual
Reality Environment”, IEEE VR 2005

Summary

BYBREAV2TI—RBVREFSEED-OOREMN DR
ADRETHS.

Locomotion interface is the last and the most difficult.

HCHTRECELTE, MEDED>NTT1vY.
For walking, half part is haptics.

BAAMEL, FIEREENSAMLTELIKNIE Zof- d
OIVvEURERTTHEVS &Y IE, ERITRTTEERY ;
AT LEHFYLS. g

Problem occurs since vestibular system cannot easily stimulated [ ;=37 -
from around. System becomes so huge. ; e
(F& AL DRI RIEWii Balance Board TROOMELALL. LI ]
LALZENTIIMATRIXTE Rzt RIE DB EMHEAL.

Most practical application may not require accurate vestibular - ‘
stimulation. Wii Balance Board maybe enough. But we cannot

realize the MATRIX world that we dreamed. / ‘ »

10


http://www.youtube.com/watch?v=ZjbW-JniOa8
http://www.youtube.com/watch?v=ZjbW-JniOa8
http://www.youtube.com/watch?v=ZjbW-JniOa8
http://www.youtube.com/watch?v=H4iQkFUgG6k&feature=related
http://www.youtube.com/watch?v=pmoUU4M4xkc&feature=related
http://www.youtube.com/watch?v=OlXYqfQHNuA
http://www.youtube.com/watch?v=guaiDZdsDjI

