2 Interactive System
= AT T4T VA

L

X =10

Hiroyuki Kajimoto
kajimoto@hc.uec.ac.jp
Twitter ID kajimoto
Hash tag Hitsys

Schedule

4/8 R D=1k
415 & (lecture)l
o 412258 (lecture)2
« 429D R
+ 5/65&%(lecture)3
+ S/I3HERDT=HIRE
« 5/205&% (lecture)4
« 5/27:&H (lecture)5
.+ 6/35&& (lecture)6
o BIME)A—TUSERRERZE (TR
« 6/10 HIED=HKFE
+  6/17:&H (lecture)7
.« 6/245&% (lecture)8
.+ 7/15&Z (lecture)9
- 7/8 HERDI-HIkZE
+ 7/15CHI. HS. EuroHaptics$ & ($8 A)
+ 7/22CHI. HS. EuroHaptics$i & (18 A) rE
o TRIHERDT-HIRE

SEFEROADYICLKR—MILET

Outline of the lecture

1. Locomotive perception mechanism

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

m;’&'iﬁ%@f’v’:i@ 77}'_7‘7 I“ (http://lafrenze.hatenablog. ccm/entrylzo15/08/04/120205)’&
FIHEL . $EDOCHIIEEE-VR Haptics S%mposium\/EuroHa tics I )
LI IADAHEZE $5{0)X54’LI~‘|:$$&) ARANBALEEDTE 1. ARIEHAIF % Measuring Human
NS A— )LIZTIEH. & & .
EL )‘ )l,[ T’Ejﬁﬁdlcrﬁﬁﬂs{l&%ﬁoﬂjﬁ?g)uw from Video 2. ?E'“E,“/Human YISIOI’] SyStem
. ARDS! M Fobii! N Vil Gutb ) Mysor? il D il T Foom| 3. #HE+ELI VY~ Visual Sensing
= . aE8E ﬁ‘}, Ve ik i 4. HET1RTL A Visual Display
5. FEE., BEE4471—X.Auditory Interface
‘‘‘‘ o 6. fils, fikE > 47T —X .~ Tactile Interface
: 7. HE. HEALPTT—R . Haptic Interface
. 8. BENEE /> ATx—R.Locomotion Interface
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BT &E &ImADHH
TODAY’s TOPIC o
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RE-BE-ME. ChETHEALIETEEANGVRE
RENMENSD=STRATFZY Bitat=U 1A H KL !

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




EEEE ? .~ Locomotion?
B
+ #47./Walking

— fili®_~Tactile sensation

— 71¥_~Force sensation

— INEE ~ Acceleration
(RTBERRE ~ vestibular)

— & Velocity
(FREBA T T4HI)LTO—Visual stimuli, or “optical flow”)

op

RLH~Combined sensation

« &5 /Riding
— hNEEE . Acceleration
— 3&[E .~ Velocity

REXARNBEL T TIERETEGRL

Velocity cannot be measured by internal sense

BRI
wt b A4 AT ¢ 107

—EREDOKRIE, REODIKITE, MEEIZKFADMELN.
&oT, HEMFIDY (A TT4HILTA-) BRELFHAMY.
Constant speed situation is physically equivalent to speed=0 situation.
Therefore, Optical flow is the only cue.

REMEDEEFE (Vection)

o EBEFLTOALSHREMFHINY (A TT1HIL70-)
SBREESMMEHLTDLIICHE,

¢ B R—LTEENHEZRS>BHDEVLSITHME

+  Ex)Star Wars® 7 —FHE TEA A RICBILV LS ICHE

[C )
LYFFaSLURERVESTHE
2y e

SIGGRAPN2011
Emerging Technologies

silen Plaldv

Buar ufluotafan Bede Cudzel

http://www.youtube.comAwa
2v=VSBRG1 5s2E

Iy -—

OENSITEEFET DY Y 3 VIO,
oL YFFaT LY AERV, RERBERENLERST.
OZHRTF>HTEDHE R LR E TR MEBIRCREIR.

BRICKHEIay

¢ NV EROEETHELS
HICEET BREMAREL. HBENS R TRBNICEES ¢ LB

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

BIRERRE .~ Vestibular System

- 2EBEOtEUY
o AMERE
o INEE
» Two types of sensor.

« Angular
Acceleration.

[ « Acceleration.

A8V TATLAT LY



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

H40% _Semicircular Canal
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Lot
BER

o BARDYUINRICEIINT=FAEK/ 1T
Three round “pipe”, filled with liquid.

— gomsonm

s AMERENELCTEE, NAITHADRENTBEIL, HEH
R AV EED
When angular acceleration is applied, liquid moves, and hair
cell is activated.

H A %5 otolith kA%~ LIRASZ Saccule & Utricle)

Utricle

Saccule {

o 2B DTz zF— L.~ Dome filled with liquid.
- FEMROLOMN(FEY)NMREICLVEIE, HEMBAES
Acceleration is applied, weight on hair cells shift, activate hair cell.
A HEANERE (FH) >~ Accrleration, or “Gravity” sensor.
- BRE - BEEMNEE, MBE KFNEE

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?

HITREDOHHR
How to present “Walking” Sensation?

R . Just footstep
« FLYRE)L.~ Treadmill Type

« 7whks\yK “Foot-Pad Type

ZOM: KEDTIAFvigR

o BRAB: AF—3al—3y

AVBS9TATL AT L

&~ 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.

[FLEZEZAICIE?

-

R R

and owering & foot 1

ramng and lowen
ung. The ransparent red shapes
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\
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1P TeTeTeT @O e=e W

March-and-Reach: A Realistic Ladder Climbing Technique, IEEE 3DUI2015
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AVBFVTATLAT LR

AARELIRENEEBREDFA)

1]

(2) Before Scene Change (b) After Scene Change

*Neth.:Velocity-Dependent Dynamic Curvature Gain for Redirected Walking, IEEE-VR2011
« Suma: Leveraging Change Blindness for Redirection in Virtual Environments, IEEE-
VR2011

*HMDEIEZ > ZYEIA L TRON - ZEREERHTZERIZT 5.

AVBSVTAT L AT L

MAIELENAEEEDOFIA)

= SN
*Subliminal Reorientation and Repositioning in Immersive Virtual Environments using
Saccadic Suppression IEEEVR2015

Sy —RREFRREEESE S ETRADMNAENEIITT S

AVESUTATLRT LR

HAE+HHELAMEFHHY (3DUI2016,
Siggraph2016)

Unlimited Corridor:
Redirected Walking Techniques using Vlisuo Haptic Interaction

Keigo Matsumoto, Yuki Ban, Takuji Narumi, Tomohiro Tanikawa, Michitaka Hirose,
Curvature Manipulation Techniques in Redirection using Haptic Cues, IEEE 3DUI2016

AVBS9TATL AT L

rLwEZ)L.~Treadmill Type

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

| ¥ Ey %

Initial Walk

Belt Moves Back to Initial

AVBSUTATLRT LA

1T YRS )L~ Linear Treadmill Devices

ATR GSS

Sarcos Treadport ATR ATLAS
(ground surface

simulator)




2RTDENEZEEIIT S Torus Treadmill

F—SREEDILYFZILEE
Treadmills with torus structure.
B "'"‘z‘,'\.( ) i

Figure 5. Torus Treadmiil (Y motion)

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

Cyber Carpet

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

SE IDARKREEERERD-HDVRIRE
VR environment for mouse maze task

http://www.youtube.com/watch?v=1DJOTEDBA2¢c

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

BRIERLY? Virtuix Omni (2013)

[y

o RAMALER+EDH

- BEEE

+ HVDEHEA, ' —LMIFIZH LR

BEDOKREBDRIDEN
Difference between normal floor and treadmill

) ) \ 9
EENES

c BEXVINORER+ENSHEN. i

Driving force = Repulsive Force of Kick + Gravity Force 4
o FLYRS)L: EEHIZEDEEALSINAL. &
Treadmil: No work by driving force. > [
« BEORR BHINKKERILYRILEMLY, | _
MEZEIZS.

Ordinary solution: Use large treadmill and keep

acceleration small. K EEBI-IREE

TreadPort (Hollobach et al. Univ. of Utah)

E5|NIZLYBEUGMLEESE, FLYFIIILOEBRIBRERFIR
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.



http://www.youtube.com/watch?v=1DJOTEDBA2c
http://www.youtube.com/watch?v=5QpLUKGDFVM

TreadPort: 8E %3~ Expressing Tilt CirculaFloor (Iwata et al.2004)

. F=mgsin@
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|(_:_.' L\“] .v‘ 7
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Q. @ | BT .
W & g

e 2%

SEER VorER e

ERIMEFEHIETEMRE. ZLEVOT, BRNGIRT
[FOEYFESIZ DA TITS.

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

BORYMEAVWTERSITEREER
Locomotion Interface using Group Robot technology

—_- 7vks\ kK “Foot-Pad type

| |wata: Gait Master

e |

s BEMISUILOMEBOLIZED
Each foot is mounted on parallel link platform.

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

(ZOM) KEDTIAFYEME T RTLA REDTIRFYEMETA AT LA
Floor “Texture” and Tactile Display Floor “Texture” and Tactile Display

f’ﬂ//

REAIVIIRBF (KBRE—H) &, EIBIZE At H 58 Exam ple 1:
REMVBEROME(E, K, B, etc)2BE.
Large vibrator and four pressure sensors are under each floor tile. Frozen Pon d 4

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. http://www.voutube.com/watch?v=AsKBi
IEEE Transactions on Haptics, 2 (3), July-September, 2009.



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

IS T (1) =B

Put something in the shoes (1) Vibration

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

HECRBHFCHRERR. HETITXIV IR CRMET7
Vbbbt t—arTER

HEDIEZZHIEL, BRGHTIES—2avEER
Natural Walking navigation by controlling tilt of shoe sole.
Martin Frey, “CabBoots™ 2005 Ars Electronica

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

presented by phantom sensation.

EFBE . L. ERIATF . AKE— B BV TIA RICEDEARRET Ia— XAV RT L T7Y
BRFAVITFURLRY 91N, BRN—F L) T )T R RMIEE, 4%, 45 pp.691-697,1999.

Cruse Control for Pedestrian
CHI2015): i B RAIMIZ & B 51T 58

E University of Stuttgart
EE ME s

CabBoots
-“ s

CRUISE CONTROL FOR PEDESTRIANS:

Controlling Walking Direction using Electrical Muscle Stimulation

Max Pfeiffer, Tim Dunte, Stefan Schneegass, Florian Alt, Michael Rohs:
"Walking on A Path"

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

AF¥—L2aL—4.7Ski Simulator /827 +iRE) !i;*\

Passive input & Vibration

%
g’

=

. HEIBREDHRICRET DEBBREA 2T — DKL
L1 BI7.
Good example of locomotion interface for particular situation.
o RAF—[FHHELREV=S DI 2L —RIEBRICERIE
Market is large, so simulator is already commercialized.
¢ BEREAUITI—ROKRAKOFRXMNHIA TS,
Most types of locomotion interface was utilized.



http://www.freymartin.de/en/projects/cabboots
http://www.youtube.com/watch?v=zzRw0nA0mho
https://www.youtube.com/watch?v=CszCx40tli8
http://www.proidee.de/concept-store/nach-kategorien/sport-freizeit/fitness/skigym?H=AFFILIATE%00affiliate&SID=SID_gRiy4XfsmDF6FyqcLf6BjPTGhxgM

Ski-—simulator: Ax—FRfFLEE

WWW. SKI-SIMULATOR.COM

o INRDAIZ& BT H.~Spring force of restitution
- WRGHEE. AIRRIC K HBIEA AR~ Simple semi-circular structure enables
skiing form.

- BREGEDTHEEESLFHNo electricity

Endlesslope

e EORLYRILIZE B RF—RL—F—
+ Ski Trainer with sloped treadmill

Endlesslope

=QUQgtRD7tk8&NR=1

SkyTec Interactive Simulator

o FTFEELUSNDIEEEMRE TN ENER
o FHELRYIBLIAL—1avIC&bRNEEBRR

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

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

FUYMABHRE(52T71—X
Locomotion Interface for riding situation

- BOMMEITHIEPAE. Foot sensation is no longer necessary.

o JEEEfREMIZIRR. Velocity is presented by optical flow.
o IEREEVAICRTT A0

Presentation of “acceleration” is the key point.

Eﬁ’é*‘lﬁﬁ?’é/Utilize Gravity

Simulator
decceleratlon
Acceleration

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

Sheet only

WW.FORCE-DYNAMICS.COD

)

Force Dynamics&!
SRDEETIVF1IT—RILB/ LYY

ARV — LD KimIZEFEETTS
Sheet at the tip of serial link robot arm

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

RoboCoaster (hitpi bocoaster.com/content/)

RIEHGITRAS 2L —45
Simulator for training

EEI6EH(1.5t)

BMRLEOTERET 518, KEE.
NSLIWIDHERWNS.

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=gY6T6iSLO30

GEYTUT )OGS UILToS
Serial Link & Parallel Link

o VYT YIEREGEESEHT DOIZEK
o NSV IRKREG D RI) EHT DIZREK
« Serial link is good for large workspace.

« Parallel link is good for large force.

(8%) Stewart platform

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

» Most frequently used in driving simulation

VMS (NASA)

e 20x21m
» 1Gx0.75G

BHE)E L 22 L—4.~Car driving simulator

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

ER7IMOR—LRIZEEEZRE
RF—LRIZ360EBKE R —>

R— L [X#E35m- #20m D EEFHE 5 &
FEATEEDRE R, MEERR. Y D hE BREICEEE

10


http://www2.toyota.co.jp/jp/tech/safety/concept/driving_simu.html
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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??

- MIERETFEE-BRE-MELELY, BRERFHSZELHLTL
BN TV REZIFERYBLTIZET ICEAE#LL.

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

BIEZ S AR ORI T S

Stimulate Vestibular Stimulation from around

o REFIE:KBKERLIOILICKD MR TEE. BE
RIREE (WO v TAR) IZIEFA
Temperature change by water produce vestibular activity.

- BRABMERERT CEICLD@ETED
Electrical Direct Current from Around Ear Produce
Vestibular Activity

RERRERE
Caloric Test

YW

http://www.youtube.com/watch?v=ZjbW-JniOa8
http://www.yo e.com/watch?v=H4iQkFUgG6k&feature=related
Nystugmuy-Ger@t-orndine.de

11


http://www.youtube.com/watch?v=Bi_GkDqON_s
http://www.youtube.com/watch?v=SRz7W_E0HOI
http://www.youtube.com/watch?v=ZjbW-JniOa8
http://www.youtube.com/watch?v=H4iQkFUgG6k&feature=related

ATREE SR
Galvanic Vestibular Stimulation

eatu

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

|
Gravity Jocky

HEBEMEREKTOGVSIE, BEDENATIIHERDENLE
MESHID

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.

Haptic Turk

L.P. Cheng et al.: Haptic Turk: a Motion Pégtform Based on People, CHI12014

Visualift TLAR—42% AU\ E B %

;g:;
m
|

M. Koge, T. Hachisu, H. Kajimoto: VisuaLift Studio: Study on
Motion Platform using Elevator.IEEE 3DUI 2015, March 23-24, 2015

Summary

BIREAUITI—REVREREEO-ODRZEN DR
KOFRETHS.
Locomotion interface is the last and the most difficult.

HICHTREICEALTE, MEOED INTT1vY.
For walking, half part is haptics.

BOAMMEE, fEREENBMSRBLIKWIE. 2oz * d
DIvEURERTTHEVNSIKYE, ERICRTTHIERY

RTLEFYDE, :
Problem occurs since vestibular system cannot easily stimulated [ = ]
from around. System becomes so huge. F 71

bt
F& A& DRI RIZWil Balance Boardc 2L 0 ELAzL. LI }
LALZENTIIMATRIXTE R RIT DB TEMHELL.
Most practical application may not require accurate vestibular - ‘
stimulation. Wii Balance Board maybe enough. But we cannot
realize the MATRIX world that we dreamed. ) A

il

INT R/ Mini Test XEIBAIEET
LIT D& TIZ1007F LARFEE THRZ £ &~ Answer all questions within 50 words

. RP2avITDVTERBAHE & Explain vection.

. FHREOZENC DUV TR & Explain role of semicircular canals.

. BERBO/BNDUL TR & Explain role of otolith.

. BEORENYRIILOZENZDULVTERBAE & Explain difference between

normal floor and treadmill.

5. YUTII Y DF RIZDLNTERBAHE & Explain merit of serial link
manipulator

6. /SSLILYL DR RIZ DN TERBAE & Explain merit of parallel link
manipulator

7. RERRREITDLTEHBAYE & Explain caloric test.

8. BIBEE KM DULNTEBAE & Explain galvanic vestibular stimulation

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

SEEFREORDYICLER—MILET

FUR KA Fo 5 D T 4— Y N hupitatrenze haterablog.comentry/2015108/04/120205)
FIAL. SEDCHIIEEE-VR Haptics S%mposmm/EuroHa tics
LI MXIADAHBEIRMDASARIZEED D, BADBNALIZDDTEH
RO A—JLICTIRE. #iHE1Y (55107/29

The Visual Microphone: Passive Recovery of Sound from Video

Abe Davis'  Michacl Rubinstein®!  Neal Wadhwa!  Gautham ). Mysore  Frédo Durand’  Wlliam . Freeman'

Y, P T L4 Ao
]
Wores S2a e e
& ] RILT
SRR EHA 71
# E
it TR [
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