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Outline of the lecture

© N o 0k e

ARETAIFE % Measuring Human
#8E_~Human Vision System
ARt ~Visual Sensing
BWETARXT LA~ Visual Display

e, FEE A 271 —X .~ Auditory Interface
e fhE R T71T—X ~Tactile Interface
HE. HEA2 2T —X ~Haptic Interface
BERE A2 —X .~ Locomotion Interface




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?



JE@JEZ%. : HE_‘fﬁ &HE_jQODEEFI:ﬁ
Locomotlon The Iast & the most difficult
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KEMMENS=STRATZY Bita =V 1AV KL !

We can not make the “matrix” world by simple visual,
auditory and tactile display. Something is missing.

I
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B S ? . Locomotion?

#£ & BE ~Combined sensation
. #1T./Walking

— '8~ Tactile sensation
— FEForce sensation

— JNEE .~ Acceleration
(RTEEZSE .~ vestibular)
— 1ERE_Velocity
(fREMA T T1H)L 70— Visual stimuli, or “optical flow”)

\

&L~ Riding
— SN E .~ Acceleration
— 3RJE .~ Velocity




REISIARNIIFIE LT TIEIRETELL
Velocity cannot be measured by internal sense

150 |

—EREDIRRIE, FEEODIKRE, YIERIIZK A A DALY,
F2oT, MEMFHLN G TT4HILTA—) BNRELGFHMNY.
Constant speed situation is physically equivalent to speed=0 situation.
Therefore, Optical flow is the only cue.




£ B2 EFHH T (Vection)

EBEIL TWADEIEREMFELMNY (A TTaHILT7A—)
SBHREFEBSMNEFHLTLDLIIZHE,
EX)R—LTEEDHEZRIDB NIV -LIIHE
Ex)Star Wars®D 7 —Ji5E TE A M RIZE LV =LS(ZHE
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Masahiro Furukavwa

Hiroyuki Eajimoto

The University of KElsotro-Communioations
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http://www.youtube.com/watch?v=VSBRG1_5s2E

Bernhard E et al, Spatialized Sound Enhances Biomechanically-Induced Self-Motion Illusion (Vection) ,

CHI2011
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EEFR &~ Vestibular System

Auricle

External
auditory
meatus

Tympanum

Vestibular nerve

Cochlear nerve

Cochlea

Round window
Middle
ear
cavity

Eustachian tube
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« Two types of sensor.

Angular
Acceleration.

Acceleration.



384 _“Semicircular Canal
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53,73 -

e SRDYUINRIZHET=ENT-FARIK/NN17T.
Three round “pipe”, filled with liquid.

« AMRENELEE, NAMTHDRANTZEL, HEEHM
R AN ES
When angular acceleration is applied, liquid moves, and hair
cell is activated.




£ 25 otolith (kFz - LI F2 2 Saccule & Utricle )

DIRECTION OF VIEW
STRAIGHT LATERA

a

SAPESBGAATIE NPT oG

POSTERIOR

& SE IRCULAR
— CANAL

Utricle

DARK CELLS - [lff
UTRICLE |0 fltec.
SACCULE

Saccule

(c) 2004 Timethy €. Hain, ML

) INEDimT-=-csnf-k—L_~Dome filled with liquid.

AEMEOLON (AE))DAIEEICKYEIT, HEMENEH
Acceleration is applied, weight on hair cells shift, activate hair cell.

o WMENMZREE (FH) Y. Accrleration, or “Gravity” sensor.
iz . FEEIRE, JIFZE . KENRE
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?



SITREDHIR
How to present “Walking” Sensation?

o« A Just footstep
e FLYFZJL./Treadmill Type

« Jwhk/\wk_“Foot-Pad Type

« T EKEDTIAFYIRTR

e [l RF¥F— 32— 3>

AV BZDTATRT LY



BB H .~ 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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MRAIELTEWTEGREDFIA)
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v i Real Path

*Neth.:Velocity-Dependent Dynamic Curvature Gain for Redirected Walking, IEEE-VR2011
» Suma: Leveraging Change Blindness for Redirection in Virtual Environments, IEEE-
VR2011
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Saccadic Suppression IEEEVR2015
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UwRZ L. Treadmill Type

* The belt 1s controlled so that user’s position 1s
kept (almost) constant.

000 Oooo
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g
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Initial Walk Belt Moves Back to Initial
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1T YRZJL.~Linear Treadmill Devices

Sarcos Treadport ATR ATLAS ATR GSS
(ground surface
simulator)



2RITTDENEZEIZI 45 : Torus Treadmill

M—SRAEEDRL YRS JLEE
Treadmllls with torus structure.

l’ TN

L

Figure 5. Torus Treadmill (Y motion)

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



Cyber Carpet

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




B NIDARBERBEERD-HDVRIRIE
VR environment for mouse maze task

Toroidal

DLP projector ~_
screen

computer

http://www.youtube.com/watch?v=1DJOTEDBAZc

Intracellular dynamics of hippocampal place cells during virtual navigation
Harvey, Collman, Dombeck, Tank, Nature 2009.



http://www.youtube.com/watch?v=1DJOTEDBA2c

BAIZRUL? Virtuix Omni (2013)
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http://www.youtube.com/watch?v=5QpLUKGDFVM

BEDRKRENFEAKRIDIEL
Difference between normal floor and treadmill

f=ma

\ @ D e

« BE FVINORERA+EN=HES.

Driving force = Repulsive Force of Kick + Gravity Force ﬁ

o RLYRIJL: i HIZ R BHEALEINALN, &*/
Treadmil: No work by driving force.
« BEDBRR EESCKEGIYRIILEEL, L d

MHERZFHIZ .
Ordinary solution: Use large treadmill and keep

acceleration small. K EELIT-IREE



TreadPort (Hollobach et al. Univ. of Utah)

FES|AICKYBEUGMHLEEZSE, FLYRIILDEFRZAER
Pulling force generates appropriate work, solving strangeness of

treadmill.
Vijayakar, A., and Hollerbach, J.M., "Effect of turning strategy on maneuvering ability using the Treadport

locomotion interface," Presence: Teleoperators and Virtual Environments, 11 no. 3, 2002, pp. 247-258.




TreadPort: tEEZ M 3RIF~Expressing Tilt

‘ F=mgsin®
—

ERICHRITAHIETHRFARE. =7ZLEVLDO T, BREMNEIETR
[ERIEYZES|Z D> TITS.

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




CirculaFloor (lwata et aI.2004)
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Locomotion Interface using Group Robot technology
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CirculaFloor




A \‘JI~/ Foot-Pad type
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« BEEMBNFUILIOBBD LIZES
Each foot Is mounted on parallel link platform.

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



(ZDM) KEDTIRAFYEMBETA AT LA
Floor “Texture” and Tactile Display

REAIVIC ?JEEJJ%(K*‘JXE —n) &, MRBICEA Y EEER
REfFWEEEOME (F, K, B, etc)zHIH.
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.




REDTIAFYEMBETARATLA
Floor “Texture” and Tactile Display

http://www.youtube.com/watch?v=AsKBigMD7f


http://www.youtube.com/watch?v=AsKBigMD7fg

HIZEAD (1) #RED
Put something in the sh'es (1) Vibration

NEC

| |\i'ibrator T

Driving LED Markers

HEDCIREFTHERIR. HETIIXTVIZINACTRMET7
hLtt—3 THIR
Tactile presentation by vibrators on sole. Virtual “cochroach” 1s

presented by phantom sensation.

BHBEE, . ERENF. AXRE—E: BAUA—TJI A RIZKDEERERTIA—RX AN AT L T7Y
BRTAVIITFURLR)yIN, BRN—F ¥ )LIT ) T4 ERHWIGE. 4%, 45 pp.691-697, 1999.
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Put so

mething In the shoes (2) Tilt

HIEDESZHIEL, BARAGHITIES —2avaER
Natural Walking navigation by controlling tilt of shoe sole.
Martin Frey, “CabBoots” 2005 Ars Electronica


http://www.freymartin.de/en/projects/cabboots

CabBoots
: >y .

:

"Walking on A Path®

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



http://www.youtube.com/watch?v=zzRw0nA0mho

AF*X—2a L —4.7Ski Simulator

« HAHRFEDAHEIC Bﬁmﬁétﬁziﬂuﬁ,«r‘/97z—7\®n>zn+7b\ﬁﬂ
M LT3 H 07
Good example of locomotion interface for

particular situation.

e RAFX—[FHTZELKRELNN=SIUZIaAL—ARITE

[ 2Rk

Market is large, so simulator is already commercialized.

« BEFRBEAATI—AOKXKADARXMNHAINTLS.

Most types of locomotion interface was utilized.



N T +HIRE)

Passive input & Vibration

SKIGYM



http://www.proidee.de/concept-store/nach-kategorien/sport-freizeit/fitness/skigym?H=AFFILIATE%00affiliate&SID=SID_gRiy4XfsmDF6FyqcLf6BjPTGhxgM

Ski—simulator: A& —FHEskL

WWW.SKFFSIMULATOR.COM

INFD HZKBTE T 1.~ Spring force of restitution

RaEE. ARIKIZ&SEIE L & 7.~ Simple semi-circular structure enables
skiing form.

BREFEH I HEZHES5751.No electricity




Endlesslope

£SS SLOPE

@G/Q)t\DL'\ gion InC

ww.endlessslope.com

2= LNDLESS SLOPF
Lok

By Fabritec

e JELRLYRILIZE R REF—FL—F
 Ski Trainer with sloped treadmill



Endlesslope
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http://www.youtube.com/watch?v=QUQgtRD7tkB&NR=1



http://www.youtube.com/watch?v=QUQgtRD7tk8&NR=1

SkyTec Interactive Simulator

« LTFEELSNDIEZZHEENENEIR

« IFFEGYEI AL —2avICkEIRDEHHER
All tilts except pan is represented to each foot.
Accurate physical simulation




SkyTec Ski Simulator

i‘-~—- WWW. 4season55kung pﬁ_
vod‘tu‘be—com/watch’Pv‘(§9O



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?



RUMABRHREA3TI—X

LLocomotion Interface for rldlng S|tuat|on

- BOME(LXEIFXOFE. Foot sensation is no longer necessary.
- EE HERMIZIZIR. Velocity is presented by optical flow.
o MMEEZVLNIIRTRT H0H 8

Presentation of “acceleration” is the key point.

1" "




himli

Wkl .‘d’é/UtiIize Gravity

Simulator
decceleration
Acceleration @

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




Sheet only
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ARy b7 — LD Einl ZEFEZ 11T 5

‘Sheet at the tip of serial link robot arm

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



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

RoboCoaster (http Ybocoaster.com/content/)



http://www.youtube.com/watch?v=gY6T6iSLO30

AIERSEIEA S —2

Simulator for training

EMRL IO TERET 5=, KB,
W N\SLUIIVIDIERNS.

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



(BZE)V)TIL) - IN\ZLILYY Y
Serial Link & Parallel Link

4

o VTN IIERESEEESEHT DIZRKL
o NFLIVIDDIFEKREEH (AIE) Z2HI DIZEKL
 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
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a1 L—%.7Car driving simulator

BENEZFEITHZETETRDMBLEREZHIR
FYDERICENRAICEA SN
Real car is on stewart platform, enabling acceleration of the car.
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http://www2.toyota.co.jp/jp/tech/safety/concept/driving_simu.html



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

/§47°/51b—9/8|ke simulator



http://www.youtube.com/watch?v=SRz7W_E0HOI

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??

- FIEREIIAR-BRE-AIRLELGY RER/MNZHLTUL
HWSIyt A FEFERYBLTIEEERT ISEDEELL.

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

environment.




RIEZ AR LRI T D

Stimulate Vestlbular Stlmulatlon from around

sa/02011 wwwfotosearch.com

Kt

o mERIEIKBIKERLIOZEITKSHMIRFE. &
HRIR&EE (HAYyoTRAM) IZIE A
Temperature change by water produce vestibular activity.
« BRI ERZERI CEICLDHRETE

Electrical Direct Current from Around Ear Produce
Vestibular Activity

il
(@



mERRRE

Caloric Test

http://www.youtube.com/watch?v=ZjbW-JniOa8

http://www.youtube.com/watch?v=H41QkFUgG6k&feature=related
Nytugmusy - -Ger@Bt-ornddne.de



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

I i & <RI 3K

Galvanic Vestibular Stimulation

nttp://www.youtube.com/watch?v=0IXYqfOQHNuUA
nttp://\www.youtube.com/wateh?v=guaibZdsDjl

nEtpAwanw. youtube .comiwatch?v=pmoldU4 M4axkc & feature=related

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



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

I
Gravity Jocky

HEESRIKTOGVSIE, BEDENTIEHGEFDENL
MESND

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.




Summary

B}RREAITI—AGFVREFIBED-HOREN D&
RKDFRETHS.

Locomotion interface is the last and the most difficult.

BRIZHITREICELTE, BEOERFNTT197.
For walking, half part is haptics.

FRAKBIEIL, RIERRZEZNEMSRIELIZKNE. ZDT=
OI YU RFRTITHELNOIKYIE, EREIZIRTIHIEKRY

RF LERYDS, “
Problem occurs since vestibular system cannot easily stimulated 5% -
from around. System becomes so huge. 73 bt

[F&AEDZERFILWii Balance Board TR LI D MEL ALY, ﬁ- } -
LOALZENTIEMATRIXTE RI-HRIEDCEHIEMNHEZRL.

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

realize the MATRIX world that we dreamed. :

i



INT R/ Mini Test R[EIFAIEE T

LT D2 TIZI00F LANFEE TREZ - &~ Answer all questions within 50 words

e

NP3 2DV TERBAE & Explain vection.
FHEDKRE|ZDULVTERBAE & Explain role of semicircular canals.
BARzZDZINZDULTERAHE &K Explain role of otolith.
BEDREREFLYRSILDZEWIZDULNTERBAHE &K Explain difference between
normal floor and treadmill.

YT IV ODF|RIZDULNTERBAHE K Explain merit of serial link
manipulator

NSLILID D DR RIZ DL TERBAE K Explain merit of parallel link
manipulator

RERRREICDULVTERBAE & Explain caloric test.

BIEE KRR ZDULNTERBAE & Explain galvanic vestibular stimulation
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