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Outline of the lecture

AREETBIF % Measuring Human

8% _Human Vision System

RE >4~ Visual Sensing

RE T AT A Visual Display

BEE ., BEE A 271—X .7 Auditory Interface
s, E A 27— Tactile Interface
hE. AEA2T71—R ~Haptic Interface
BYEE S 2T7—R Locomotion Interface
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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?
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We can not make the “matrix” world by simple visual,
auditory and tactile display. Something is missing.
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EBEIRE ? .~ Locomotion?
#£ & BE _~Combined sensation

- #4T./Walking
— fi®_~Tactile sensation
— 71%_~Force sensation
— JEEE .~ Acceleration
(RITBESS B~ vestibular)
— 1RE Velocity
(FREMFTT1HIL 78— Visual stimuli, or “optical flow”)

- E#5 ~Riding
— JNEE .~ Acceleration
— #RE ~ Velocity




REFARNBFEZITTIERETEGL

Velocity cannot be measured by internal sense

—EREDORRE, EEODRKIRE, MERICKBIA DAL
£oT, REMFLIN A TT4HILT7AO—) BRELEFHMY.
Constant speed situation is physically equivalent to speed=0 situation.
Therefore, Optical flow is the only cue.

HREM B 2EEIEE (Vection)

EBHFLTWSIIBHRENFLINY (A TT1HLT7a—)
SBEREBHINEBLTLDELSICHE,
EX)R—LTEEDNHETERE5>BH0 DBV &SICHE
Ex)Star Wars® 7 —F1BE TE DA HIZEILV = &S ICHE
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Bernhard E et al, Spatialized Sound Enhances Biomechanically-Induced Self-Motion Illusion (Vection) ,
CHI2011



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

RIEERRE .~ Vestibular System
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o 3RDYNRITHET-ENF=FEIR/ (T
Three round “pipe”, filled with liquid.

« AMREMNELTEE, NMTHOBRALZEIL, HEM
RANEES
When angular acceleration is applied, liquid moves, and hair
cell is activated.




H A 75 otolith (3% %~ L IR 2 Saccule & Utricle)

Utricle

Saccule

o YINBDET=ENT-F—L ~Dome filled with liquid.

- BEMBROLOR FE))NMEREICIVEIE, FEMIEIES
Acceleration is applied, weight on hair cells shift, activate hair cell.

o MEMRE (FEH) Y. Accrleration, or “Gravity” sensor.

- KT - EEMEE, IBE KFENRE

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?




SITREDHE
How to present “Walking” Sensation?

- B#H Just footstep

cLyRS)IL.Treadmill Type

Zwks\yk_Foot-Pad Type

T KEDTIAFYIET

ARG AF—2alb—23ay

AVBSD T4 TV RT LR

R #EH .~ 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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AVBSD T4 TV RT LR

BRARELENTEGEROFA)

*Neth. "Velocity-Dependent Dynamic Curvature Gain for

Redirected Walking

«|[EEE-VR2011

‘HMDEIEZ > YEINL TRoN =R Z &R 1T
BIESITEREIIKFL-EEOREL.
« Suma, Leveraging Change Blindness for Redirection in

TRIZTS. &5

Virtual Environments

*|[EEE-VR2011

AESY T4 TV AT LR




kLS IL./ Treadmill Type

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

w ¢ ?f 0

Initial Walk Belt Moves Back to Initial

AVBSD T4 TV RT LR

1Rt yKFSJL .~ Linear Treadmill Devices

Sarcos Treadport ATR ATLAS ATR GSS
(ground surface
simulator)

10



2RITTDENEZFEIZYT 5 : Torus Treadmill

FM—SRABEDRLYRI)LEE
Treadmills with torus structure.

it

Figure .

Flgure 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
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SE VI)ORARREEEBRDO-ODVRIRE
VR environment for mouse maze task

Toroidal
screen

Optical _,

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

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

BEDKRENFEAKRINDEL
Difference between normal floor and treadmill

f=ma

mg

N @ O

s BE XVINORER+ENSHED
Driving force = Repulsive Force of Kick + Gravity Force

o FLYRSIL: HEEDIZKDEBHIEINAL.
Treadmil: No work by driving force.

« BEDORR IGHERKEGIYRZILEMELY,
MRZHZ 5.
Ordinary solution: Use large treadmill and keep
acceleration small.

KEEUT-IRE



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

TreadPort (Hollobach et al. Univ. of Utah)

ES|NICEYBEUGHFESE, FLYFSILOEMBRZEHEIR
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: {EZE D FIT. Expressing Tilt

. F=mgsin0
—

KRBT EHIETERMEKRE. EZLELOT, BENGRTR
[EOFYZESZDMH>TIT.

Tilt is presented by real tilt, but rather slow. So, pulling mechanism
is also used to transient tilt.
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CirculaFloor (lwata et al.2004)

SEER 24 -

BHORyrEAVWTERSITERZER
Locomotion Interface using Group Robot technology
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PALNAVIN ~Foot-Pad type
ﬁd Iwata: Gait Master

|
=

« FEMNNSLILIDOBED LIZES
Each foot is mounted on parallel link platform.

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

(ZDM)KEDTIRAFYEMBETARTLA
Floor “Texture” and Tactile Display

bT:’Slff)lxl’?JEE)fl?(j(ﬁEZI:”—jJ)& RICE DY EEER.
RO EBREOME (F, K, B, etc)ZzBR.
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.
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REDTIRAFYEMBETARATLA
Floor “Texture” and Tactile Display

Example 1:
Frozen Pond.

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

#HIZAAT (1) =

HECKSFCTMESE. #HET/IX IV IZHMATRMAZD7
hLtotE—3 0 THER

Tactile presentation by vibrators on sole. Virtual “cochroach” is

presented by phantom sensation.

BHBEE., EHEE. EREMTF. AKHE—H BAUA—II(RICKDEERRETIA—RAVI L RT L TPy
BRTAVIIFURLR )N BRN—F )L TUT1ZRMMXES. 4%, 45 pp.691-697, 1999.
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http://www.youtube.com/watch?v=AsKBigMD7fg

AT (2) tES
Put something in the shoes (2) Tilt

HECEEZHIEL, BREHTIES—LavaER
Natural Walking navigation by controlling tilt of shoe sole.
Martin Frey, “CabBoots” 2005 Ars Electronica

CabBoots

|

"Walking on A Path"

http://www.youtube.com/watch?v=zzRw0nAOmho
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http://www.freymartin.de/en/projects/cabboots
http://www.youtube.com/watch?v=zzRw0nA0mho

AF¥x—2aL—~A . 7Ski Simulator

- HAREDRARIZBETAEBRHREA 2T —ADEHRETHNHA
e &7 %0741
Good example of locomotion interface for particular situation.
o AFX—([FHGBLREVNSVIaL—FIEEEICESIE
Market is large, so simulator is already commercialized.
s BEBREAFZTI—ADKEDAXINHINTIS.
Most types of locomotion interface was utilized.

S—— Dy

AV Y

Passive input & Vibration

SKIGYM
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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: AX—RAfFLEE

= ;“. _‘ WWW. SKI-SIMULATOR.COM
INTRD A& BETT 7.~ Spring force of restitution

- BFRGEE AIIRIRICKSEIE &R~ Simple semi-circular structure enables
skiing form.

BREFEHITHELHESLFH].No electricity

Endlesslope

e EN=RLYRSILIZE D RE—RL—F—
« Ski Trainer with sloped treadmill

19



Endlesslope

SkyTec Interactive Simulator

« P FREZELSNDIEEZEEENENEIR
IEHEGYMEL I L—2aVICibRDESHIR

All tilts except pan is represented to each foot.
Accurate physical simulation

20


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

SkyTec_ Ski Simulator

/2

- www.45easonsskiing.com
youkbe-com/watch?vEGoOFRuE

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?
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http://www.youtube.com/watch?v=G9OFhuEH3_g

RYMABEBRREA271—X

Locomotion Interface for riding situation

. BOMEIIHIEPTE. Foot sensation is no longer necessary.
« EE REMITIRTR. Velocity is presented by optical flow.
o MEREZVLNITIRTTEMHER

Presentation of “acceleration” is the key point.

Eﬁ’é*‘lﬁﬁ?’é/Utilize Gravity

Deccel )

Simulator
decceleratlon
Acceleration

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

Accel P R =

22
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Force Dynamics®
SRDEETVF1T—RIZEE/I\TLILYLY

ARV —LDEIHIZEEZEFTIT5

Sheet at the tip of serial link robot arm

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

23


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

-
RoboCoaster (http# : )bocoaster.com/content/)

o

E—_T YV YOUTLIbe-cOm/WAteh?V=qY 6 T6iSLO30

AR AY 2L —4

Simulator for training

1

EH68A(1.50)

BRMtRLEHTERET 5=, KE1L.
[l SLUILIDVIERNS.

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

24


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

W R HEEN X SAC SolidStateSociety

(SZ))TILI - NSLIL)D
Serial Link & Parallel Link

A

o DUTMIOEIREGEESEHT DICEKL
o NSLIVIOIFREGA (R ZHT DIZFEK
+ Serial link is good for large workspace.

« Parallel link is good for large force.

25



(%) Stewart platform

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

* Most frequently used in driving simulation

VMS (NASA)

e 20x21m
e 1G*0.75G

ABS9TATIR

26



VMS

Longitudinal
Carriage
(inset)

) S ~=
X Vertical Platform B

51 B ,{f‘&%-‘rﬁaxﬂ

BHE)E L Ia1L—42 7 Car driving simulator

BEEZEITAETETROMBEREHFE
FYDERICHZRRAICEASNI=Y
Real car is on stewart platform, enabling acceleration of the car.

27



BRIIMOR—LRNIZEEZHE
F—LRNIZ360EBKEm AV —>

K— L [FHE35m-#E20m D ERFHE B )
ETHORER., MEHRRE, FY D ihZE BEICHEE

At Sﬁfefy | 1-( U ',“
| earch LabOTATO1 )

www.voutube.com/watch?v=Bi GkDgON s
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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

NS L —4 . Bike simulator

» W-‘-‘.
f A

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

Why are they so huge??

- MEREFIRE-BR-MELELY, BRESZHMNZBHLTL
BO=IyEVREHERYBELTIEZEST ITEMNELL.

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

RIEZ SN RIHT D

Stimulate Vestibular Stimulation from around

5a702011 wwwefotosearch.com

o SBERBKABKERLIOILICKHMIFEE. BE
RIR®EE (HOUy I TN IZIGHA
Temperature change by water produce vestibular activity.

s BRI BEREMRIT CEICLHHEEE
Electrical Direct Current from Around Ear Produce
Vestibular Activity

30
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Caloric Test

’,,
4
Y 4
e

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

http://www.youtube.com/watch?v=H4iQkFUgG6k&feature=related
Nytugmusy - -Ger@Bt-ondine.de-

B EE SR
Galvanic Vestibular Stimulation

http://www.youtube.com/watch?v=0IXYgfQHNUA
hitp://mnaw. youtube.com/watech?v=guaiDZdsDijl

hitp/AaaanLyoutube.comiwatCh?y= moU‘U4M4xkc&feature:related' 2

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

|
Gravity Jocky

HEBMERIRTOGVSIE, BEDENTIHG(HADIENE
ME=ND

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
BEBREA T —REIVREABED-HDOREN DR
KDRETHS.

Locomotion interface is the last and the most difficult.

BICHTREICELTE, BMEOFESENTT1u0.
For walking, half part is haptics.

ol
5 -

ERAKMEEL, ATEREZNEMLRIBLIZKNE. DT ﬂ

HI VLI RZRTTHEVNIELYIE, ERIIRTTHEXRY

AT LERYHS. :

Problem occurs since vestibular system cannot easily stimulated |~ -

from around. System becomes so huge. F71

bt
(F&AE DG FAIEWii Balance Board TRULI DM EH LAY, i- ) |
ub\L%*L'Gl:;MATRlX'G%Ef:ﬁE%Iio(é:tbftﬂEEm\.‘ ‘
: 3

Most practical application may not require accurate vestibular
stimulation. Wii Balance Board maybe enough. But we cannot
realize the MATRIX world that we dreamed.




INF AR Mini Test REIFIRET

LT D2 TIZ100F LUINFE E THEZE &~ Answer all questions within 50 words

R 3v 2DV TERBAE & Explain vection.

FHREDRE)ZDULTERBAE & Explain role of semicircular canals.

ERZFDOEBNDULTERBAE & Explain role of otolith.

BEDORKRENLYEZILDEWVDZDULTERBAHE & Explain difference between

normal floor and treadmill.

5. V)T ODFRIZDOLTERBAE & Explain merit of serial link
manipulator

6. NSLILYDIDFRIZDOULTERBAE & Explain merit of parallel link
manipulator

7. RERIRKREIZDOVLTEBAE & Explain caloric test.

8. BIEESREIZDULNTEBAHE & Explain galvanic vestibular stimulation
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