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Outline of the lecture

AFEEHAIF %~ Measuring Human

#8%E “Human Vision System

HE LY/ Visual Sensing
HETRTL A Visual Display

B, FEE A2 271—X .7 Auditory Interface
s ME A2 2T —R Tactile Interface
HE. hEA2HFT—R Haptic Interface
BEBRE AP TT—R Locomotion Interface

X N R W -

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?

B H) XN ax iz & hx K 0 EER
Locomotion: The last & the most difficult

RE-BE-ME. . CHhFETRALIETEENGVRE
RABMENDD=STRAFZY BiAa =Y 1A R4 !

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

EHKE ? . Locomotion?

#HEE ~Combined sensation
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+ #1T./Walking
— f%~Tactile sensation
— 5% Force sensation
— INEE  Acceleration
(RITEERRE  vestibular)
— IR Velocity
(BREMF T T1HILTE— Visual stimuli, or “optical flow™)

+ &5 Riding
— hNEE ~ Acceleration
- REVelocity




RELARNBEL T TIERETEGRN

Velocity cannot be measured by internal sense

—EREOKRIE, EEODKRE, MERIICKFDB DALY
0T, REMFAIN (G TT4HLTO-) BRELFHAMY.
Constant speed situation is physically equivalent to speed=0 situation.
Therefore, Optical flow is the only cue.

AR E D EHHE (Vection)

o EBHLTOBISUREMFLINY (FTTFhILTA—)
SEHREESMEBHLTLDLIICHME,

+ Ex)R—LTEEOHEZRL>B MBIV ESICHE

« Ex)Star Wars® 7 —FHE TEASARIBIL LS IZHE
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OENSITEEFET BHN\Y T a VIEDREM.
oLYFFa1T LY AERV, REREERENLEEZT.
OXENHF>HITE DB E ICEI LRz ST IR CRIR.
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s RYLAVEFFEROEETHLELS
BT REAEL. BRE ST TRDNICEESE LB R

Bernhard E et al, Spatialized Sound Enhances Bi i Induced Self-Motion Illusion (Vection) ,
CHI2011

AIRERE .~ Vestibular System

- 2EBEOEUY
- AEE
o INEE
« Two types of sensor.

* Angular
Acceleration.

« Acceleration.
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FHE Semicircular Canal
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« BRDYUNRICHE SN F-FAERK/ 1T
Three round “pipe”, filled with liquid.

s AIEEMNECIEE, RAITROBRELBEL, FEM
KA ES
When angular acceleration is applied, liquid moves, and hair
cell is activated.



http://www.youtube.com/watch?v=VSBRG1_5s2E
http://www.youtube.com/watch?v=VSBRG1_5s2E

B R 2= otolith (k2 LIRS Saccule & Utricle )

n———— L
Utricle

Saccule g

o Y2 rEDET=ENT=F— L/ Dome filled with liquid.
. BEEROLOW(FEY) AIEEIZKYEIE, HEMRNES

Acceleration is applied, weight on hair cells shift, activate hair cell.
o AiEMNEE (EH) 2 Accrleration, or “Gravity” sensor.
o R EENERE, MR OKTINEE

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?

HITREDHE
How to present “Walking” Sensation?

R . Just footstep

rLwRZEJL./Treadmill Type

7vhks3yEK ~Foot-Pad Type

Z0M: KEDTIAFvigxR

ISRf): AEF—22alb—23y

AYBSITATLAT LR

BB #+ . 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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AVBS9TAT L AT LR

AARELIRNEE(REDFA)

*Neth. "Velocity-Dependent Dynamic Curvature Gain for
Redirected Walking

*[EEE-VR2011

‘HMDEE% > ZY BN L TRON =M & BIR 41T
EMIZT 5. SESITRECIKEFL-HEDOREL.
* Suma, Leveraging Change Blindness for Redirection in
Virtual Environments

*IEEE-VR2011
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kL wRZ)L ./ Treadmill Type

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

w| |¢ Qﬁ %

Initial Walk

Belt Moves Back to Initial

AVBS9TATL AT LR

1RITAL YRS )L~ Linear Treadmill Devices

ATR ATLAS ATR GSS
(ground surface

simulator)

Sarcos Treadport

2RTTDEEFEIRT 5 : Torus Treadmill

F—ZXBEDFYRIILE

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

SE . IIORARBREBEED-HDVRIRE

VR environment for mouse maze task

Toroidal

DLP projector ~
scraen /
N

Opt

mouse

=1DJOTEDBA2c

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

http://www.youtube.com/watc

BEOKENBDHERIDEN
Difference between normal floor and treadmill

f=ma

N\
- B FVUNORIER+ENSHLES.

Driving force = Repulsive Force of Kick + Gravity Force
o FUYRIILHEERICEDREBI LGSR,
Treadmil: No work by driving force.
« BEOBR LINKKEGIVRILEREWD, P
MEZMZS.
Ordinary solution: Use large treadmill and keep
acceleration small.

KEERIF-IRE



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

TreadPort (Hollobach et al. Univ. of Utah)

E|NIZKYBYGMLERESE, FLYRSILOBFIREER
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: HE D F IR~ Expressing Tilt

. F=mgsin 6
—

ERIEF S ETHERRR. FELEVOT, BRNGIRT
[FIZYEF|E DM > TIT.

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

m

o« BEMINSUILYDIEIBO LIZED

Each foot is mounted on parallel link platform.

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

(ZOM) KEDTIRFrEMBETARATLA
Floor “Texture” and Tactile Display

p—

RASIVICIREIF (RBERE—H) &, mEICEhE Y8
REMWEBEROME(E, K, B, eto)ZBE.
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.




REDTIRAFEMBETARATLA
Floor “Texture” and Tactile Display

Example 1:
Frozen Pond.

http://ww atch?v=AsKBigMI

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

HEDESEHEL, BRAUSTFES—avERR
Natural Walking navigation by controlling tilt of shoe sole.
Martin Frey, “CabBoots™ 2005 Ars Electronica

oA (1) RSN
Put something in the shoes (1) Vibration

1

HEDCRBFCHRERE. HETITXITVIZMACEMAET7
vhhtot—23 THR
Tactile presentation by vibrators on sole. Virtual “cochroach” is

presented by phantom sensation.

EHBRE LR, EREMNT. AR B4V T2 RIZEPEEBTRBTI2— XAV RT L T7Y
BRTAVIIFILRY 1R BRN—F LTI TAERMIEL. 45, 45 pp.691-697,1999.

CabBoots
kg iy

“Walking on & Path”

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

A¥—Z2aL—7A.7Ski Simulator
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- HEIBEDARIBES DEBBREA 2T —RDHREHH
LI DT
Good example of locomotion interface for particular situation.

o RX—lFHHEREVSTIAL—FIIERICERIL
Market is large, so simulator is already commercialized.

s BEBREASAUATI—ADKEDOAXAHSATNS.

Most types of locomotion interface was utilized.

Ny T +HiRE

Passive input & Vibration



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

Ski-simulator: A&X—HAfFLEE

WMWY, SKI-SIMULATOR. COM

(D $112& BT F1.~ Spring force of restitution
o fFRGHEE. AIRIRIC & BB EA AT Simple semi-circular structure enables
skiing form.

- BREEOIHMBEEMESIFH]No electricity

Endlesslope

. BNRLYRILIZE D RE—RL—F—

* Ski Trainer with sloped treadmill

Endlesslope

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

SkyTec Interactive Simulator

« FTEEMSNOEEERREZNENES
o EREGYIELSaL—2avITLbRDEFHER

« All tilts except pan is represented to each foot.

» Accurate physical simulation

SkyTec Ski Simulator

e, 3

) _— »
www.&?&sasunﬁﬁknng.w:r-
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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?



http://www.youtube.com/watch?v=QUQgtRD7tk8&NR=1
http://www.youtube.com/watch?v=G9OFhuEH3_g

REYMRABHRE(2T7—X

Locomotion Interface for riding situation

. BOREEEIEOTE. Foot sensation is no longer necessary.
o SEEREMICERTR. Velocity is presented by optical flow.
o MEEZVDNTRTT IR

Presentation of “acceleration” is the key point.

B HEFIAT S Utilize Gravity

Simulator
decceleration
Acceleration @

* Incline the simulator, so that part of gravity
can be felt as acceleration.
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Force Dynamics&!
SRDEETIF1I—HILB/5LILYVY

ARV T —LDEIRIZEFEEFIT5

Sheet at the tip of serial link robot arm

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

AR AS 2L —45
Simulator for training

1 &

sME6EA(10t) EEN6EA(1.5t)
BMRLEOTERET 578, KB,
NSV OERNS.

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



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

« ; . . BEE)VDUTLIDG- I SULISY
K% i EIBXSAC SolidStateSociety Serial Link & Parallel Link
A "

< DUTIWIDIIEREGEEEHT DIZ[EK
o INSLLYDYRKREGH (B EHT DIZREK
Serial link is good for large workspace.

* Parallel link is good for large force.

(’Zj%) Stewart platform VMS (NASA)
* 6 parallel linear actuators enables 6DOF motion (3 « 20x21m
translation & 3 rotation)
* 1G=%x0.75G

* Most frequently used in driving simulation

BEIE T2 —4% 7 Car driving simulator

BEEEMETHETETROMHRRERE
FAYDEEISHERIZEASIT=Y

Real car is on stewart platform, enabling acceleration of the car.

A e:




ERE7.1ImOR—LRAIZEEERE
F—LRIZ360EERER Y )—>

R— L (F#E35m- $20mD S5 A8 8)
EITEORERE, MR, Y DHhE BRICIESE

vonch LaDOTATON Y

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??

c FIERERIRE-BRE-MELRLY, BRERLSZEHLTW
BWS Tyt  RAETERYHLTIEZES ISEAHLLY.

* 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

« RERIECKBKERLIOIEICKDHIRES. BE
RIREE (HOJyITAM 2R

Temperature change by water produce vestibular activity.

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

10


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

http://www.youtube.com/watch?v=H4iQkFUgG6k& feature=related
3 =

LTI e} g les

|
Gravity Jocky

ERMERKRTOGVSIE, BEDENTEIEHROENE
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

ADRETHS.

Locomotion interface is the last and the most difficult.

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

AT LEGYHS.

from around. System becomes so huge.

realize the MATRIX world that we dreamed.

BYBREAV2TII—RBVREFEED-ODOREN DR

HORRE, AERREZMINLRIBLIKE. 0tz
HIVEVRERTTHENIKYIE, ERIRTTHERY

Problem occurs since vestibular system cannot easily stimulated |

[Z&AE DEIEAIEXWii Balance Board TRLIDAME LAY, ‘- j
LMLENTIIMATRIXTE R R F DB EA L.

Most practical application may not require accurate vestibular ! ‘
stimulation. Wii Balance Board maybe enough. But we cannot /
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INT A/ Mini Test REIFIAET
LT O2TIZ100FUNIEE THEE & Answerall questions within 50 words

1. RY2aV[TDVTERBAE & Explain vection.

2. FHREDZBNZ DT & Explain role of semicircular canals.

3. BERHFDZEZDULTEBAHE & Explain role of otolith.

4. BEOREFLYFZILOEWIZDULVTERBAE & Explain difference between
normal floor and treadmill.

5. DT DR RIZDWTEBAE & Explain merit of serial link
manipulator

6. NSLILY I DF RIZDNTEHBAHE & Explain merit of parallel link
manipulator

7. RERRKREITDOVTIHBAE &L Explain caloric test.
8. BIEESHIHIC DL TELBAE & Explain galvanic vestibular stimulation

[EE] ®mIXFBNAITDONT
1/25 10:40&Y

T 2
Fik 6
wE 1
tTE 1
Jel 10
AR 3

EHE) 12
ZEHCE 7

Z B X I

10:40-10:50
10:50-11:00
11:00-11:10
11:10-11:20
11:20-11:30
11:30-11:40
11:40-11:50
11:50-12:00

11


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
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