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[Final Report]
As there are too many participation in this class,

1/25,2/1 are changed to my lecture, 2/8 1s dismissed.

Choose one “Full-paper” from conferences below, and prepare less-than-5 minutes
presentation. Take a movie and upload it to Youtube, and submit the link (submission
1s done by ordinary report page)

2018 CHI.UIST ~IEEE-VR.” 3DUI.~Siggraph.” Siggraph Asia.” Haptics
Symposium.” EuroHaptics” VRST.”ISS

Deadline: 2019/1/25

As the contents contains copyright materials, set the option “viewable only by who
knows the link”. Check with your friends if the link is active.

Conversion from pptx to video: Use “narration mode” and “auto play mode”. Then
File — Export — Movie. You can also take movie by videocam.



Outline of the lecture
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A &85 i% .~ Measuring Human

= Human Vision System

ARt Y/ Visual Sensing

RAE T4 RT LA Visual Display

FER. BRA 271 —X 7 Auditory Interface
fihE . R A 2T —X “Tactile Interface
NE. WEAFT1—X ~Haptic Interface
BEIRRTE 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?
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BT 52 & B KD ]
Locomotlon The last & the most difficult
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KNMMENSGDM=STRATZYBkIa =Y 1AV SE7ZRLY !
We can not make the “matrix” world by simple visual,
auditory and tactile display. Something 1s missing.
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B EIRYE ? .~ Locomotion?

#E5FE ~Combined sensation

+ %17/ Walking
— fil® ~Tactile sensation
— F'E ~Force sensation

— JNEE . Acceleration
(RIEE2&E  vestibular)
— HEE Velocity
(HREMATT1H)L 70—, Visual stimuli, or “optical flow”)

 1EH#L “Riding
— MR E . Acceleration
— EE Velocity




REXARRNFE LT TIEREE TEGEW

Velocity cannot be measured by internal sense

—TEREDINRIE, FEODIKRE, MERIZERA DAL
EoT, HEMFELANY A TTa4HILT7O—)BNRELFHLMY.
Constant speed situation 1s physically equivalent to speed=0 situation.
Therefore, Optical flow 1s the only cue.




4B 2 EEFHER (Vection)

EEIL TWAEILGREMELINY (X TToH/ILT70—)
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Ex)Star WarsD D — 7 HE CTE A MNRIZEIL = KIIZHE
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Emerging Technologies

Mlaildw

By odbeotaefoamn 1MeyBites Cuontaenl

http://www.youtube.comAvage]iroani ava

Hachisu

Masahiro Furukavwa
.“l"Yll.l .."mll'lv

The University of KElsotro-Communications

OIZNWEHITEADTET HRI L g ViIFDOFK.
oL VFFaTLvyAEAW, HERM%ZKEA/LEFHZT.
OENE T >HITEDENZICRIEAL 7-RiE %~ EE£EERE CFEI.



tory vection Bi-modal vection
A 2o, birds Ak Sy
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river
sound

« NP AV[FFEIRDEETHELS
HICEET 2REREL. HRENSE THEMNICEES Y 3LHL YR

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

Auricle

Stapes o

Vestibular nerve

Cochlear nerve

Cochlea

Tympanum Round window

Middle
External oar
auditory cavity
meatus

Eustachian tube
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* Two types of sensor.

Angular
Acceleration.

Acceleration.



F B Semicircular Canal
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« BARDYUIINRIZHE=ENT-FBK/ (1T
Three round “pipe”, filled with liquid.

c AMREENELIEE, NMTHORAFALBZEIL, B EHM
R AN & B
When angular acceleration 1s applied, liquid moves, and hair
cell 1s activated.




£ 25 otolith (BkFs 28~ LB Saccule & Utricle )

DIRECTION OF VIEW
STRAIGHT LATERAL

a

| Utricle

POSTERIOR
IRC

Saccule

e 14 -|'i|'.|:.l'.|'.:| . Hain, M.

Yo INERDmT=EnT=-F—L Dome filled with liquid.
AEMHREO LD (FE))NAIMEEICKYENIE, HBEMENTH

Acceleration 1s applied, weight on hair cells shift, activate hair cell.
o WEMERE (FEH) Y~ Accrleration, or “Gravity” sensor.
X2 EEMRE, RFEE 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?



SITREDHI
How to present “Walking” Sensation?

o EFBEH . Just footstep
e FLwRZJL./Treadmill Type

« Jwk/\wk “Foot-Pad Type

« ZOM:KEDTIRAFYIRT

e [l RF¥F—L2al—L 3y

AR TATLRT L



RE i+~ 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.



ZLEZE&EAIZIE?

M G N 5] \J/
\4” ._;_‘ _{-‘ Il-‘\i lﬁ ._;_‘ _{-‘ Il-‘\i
Figure 1: Users climb up with March-and-Reach by grabbing a
virtual rung with two buttons, and then raising and lowering a foot to

virtually step up on the next rung. The transparent red shapes
represent the user’s virtual hands and feet.

\l‘jﬁ . Z;" _JI" | \\‘% %!j/ . ‘JI" _JI" | \\‘%
Figure 2: Users climb down with March-and-Reach by grasping a
virtual rung with one button, and then raising a foot to virtually step

down to the next rung. Once the other foot contacts the rung, virtual
travel stops until the user’s raised foot returns to the ground.
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March-and-Reach: A Realistic Ladder Climbing Technique, IEEE 3DUI2015



The Augmented Climbing Wall: High-Exertion Proximity Interaction on a Wall-Sized Interactive
Surface, Raine Kajastila, Leo Holsti, Perttu Hamaldinen, CHI2016

The Augmented Climbing Wall

High-Exertion Proximity Interaction
on a Wall-Sized Interactive Surface

Raine Kajastila Leo Holsti Perttu Hodmdalainen
Aalto University
Department of Computer Science
firstname.lastname@ aalto.fi

Music: Fractal by SaboteurMusic (CC BY 3.0)

ZBELIXEBRDISAIT +AR
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MRAIELTEWTEGREDFIA)

P

Raal Path

*Neth.: Velocity-Dependent Dynamic Curvature Gain for Redirected Walking, IEEE-VR2011

* Suma: Leveraging Change Blindness for Redirection in Virtual Environments, IEEE-
VR2011

‘HMDEIEZ > T YEIN L TRoN-ZHZERSITZERICT 5.

ARSI TATYRT LR




MNAIELHEWAE(REDF
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*Subliminal Reorientation and Repositioning in Immersive Virtual Environments using
Saccadic Suppression IEEEVR2015

U — R EIFRRAZEESE S ETRAMNLENEIITT S

ARSI TATYRT LR




RAE+BEGHMEFHNMNY 3DUI2016,
S1ggraph2016)

Unlimited Corridor: ;
Redirected Walking Techniques using Visuo Haptic Interaction

Keigo Matsumoto, Yuki Ban, Takuji Narumi, Tomohiro Tanikawa, Michitaka Hirose,

Curvature Manipulation Techniques in Redirection using Haptic Cues, IEEE 3DUI2016
AVESDT4TI AT LSS



k=)L Treadmill Type

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

3 = Ooo

&) & &
QOO Ooo 000 Ooo
OQ yo DK yc

Initial Walk Belt Moves Back to Initial

AVBSYTATYRT LR



1Rtk wKZ )L Linear Treadmill Devices

=

IR laadlight a
CiLE camara =
witt 1= “Ihar

Sarcos Treadport ATR ATLAS ATR GSS
(ground surface
simulator)



2RITTDENETZTEIRT 4 : Torus Treadmill

NS AEEDRLUYRS)LEE
Treadmllls W|th torus structure.

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



Infinadeck(2018)

With the help of IKINEMA/ORION and HTC VIVE,

\

INFINADECK presents the next'step for VR locomotion.




T& N I)ARBAREREBRDI-ODVRIRIR

VR environment for mouse maze task

Toroidal | p projector
screen '

Optical _,
mouse
computer

. Y
i J'rrAlrm W

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

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



BIERL? Virtuix Omni (2013)

o RRAMATZK+EDE

- BZFETE
« HMDEBEA, ' —LRITFIZEER




BEDRENBEDKRINEL

Difference between normal floor and treadmill

f=ma )

TN @ e H‘

. BE FUINORER+ENSHES. 4

Driving force = Repulsive Force of Kick + Gravity Force P

» FLYRIIL HENICLHEEAGINGL. gj?# D
Treadmil: No work by driving force. 1
» BEDERIR TEHNCKEGIYRIILEFELY, AN |
MEZHZS. :
Ordinary solution: Use large treadmill and kee
at ° P Kbt

acceleration small.



TreadPort (Hollobach et al. Univ. of Utah)

ZS|NDICKYBUGHFZESE, FLYRSILOEFIRZAEIR
Pulling force generates appropriate work, solving strangeness of

treadmull.
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: 8= D RIF . Expressing Tilt

ERICHEITAIETHERMRNE. -1ZLEVLO T, BRENGRT
[FWRIEYZEF|IZ DL TITD.

Tilt 1s presented by real tilt, but rather slow. So, pulling mechanism
1s also used to transient tilt.



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






Y, I*/ \‘J I* / Foot- Pad type

“i Iwata: Gait Master

Sarcos: Biport

« FEDNNSUIVIDOBED LIZFEDS
Each foot 1s mounted on parallel link platform.

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



(ZDM) KEDTIRAFYEMBETARATLA
Floor “Texture” and Tactile Display

RAAILIREIT (KBAE—H) &, TRRIZE b H 28R
REGCFWLVE-BEEOME (F, K, &, etc)Z2HBIR.
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.




REDTIAFYEMRETA AT LA
Floor “Texture” and Tactile Display

m—

e - = o

Example 1:
Frozen Pond.

http://www.youtube.com/watch?v=AsKBigMD7{g




HIZEAL (D) IRED
Put something in the shoes (1) Vibration

Video Projector

Shamp d
XV-E400
h'

NEC
Hamamatsu PCB821/V200
+ C5949

i
PSD |« PC Floor Screen| Vibrator +
ccU | w[AID DIA = | ' T
Driving Vibrators Driving LED Markers

MEDIRESFTMTEHRIR. METITXT) 1 ZHAORMET7
b Lt t— 3> TCTERE

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

presented by phantom sensation.

FAHEE, B, EREMTF. AKE—E: BAUA—TJA RICEBERRERTIA—AXAVN AT L D7y
BRTAVIITFIORLRA YN BRN—F v I)L) T T4 ERRMXEE. 45, 45 pp.691-697, 1999.



Rhythmic Vibrations to Heels and Forefeet to Produce Virtual Walking IEEEVR2016
Ryota Kondo, Keisuke Goto, Katsuya Yoshiho, Yasushi Ikei, Koichi Hirota, Michiteru Kitazaki

| Cameras = e

Figure 1: (Left) Stereo cameras, (Right) Microphones to capture
foot strikes.




HIZEAL () EE
Put something in the shoes (2) Tilt

HEDESZHIEL, BRGHITIET—aveEH

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



CabBoots
ko .

] e

]
]

"Walkang on A Fath®™

/

http://www.youtube.com/watch?v=zzRw0OnAOmho




Cruse Control for Pedestrian
CHI2015): iR ﬂill,%&l otéiﬁ TEEE

CRUISE CONTROL FOR PEDESTRIANS:

Controlling Walking Direction using Electrical Muscle Stimulation

Max Pfeiffer, Tim Dunte, Stefan Schneegass, Florian Alt, Michael R



AF—2alb—4A7Ski Simulator

TJE tﬁ%’a !E‘WJ .

Good example of locomotion interface for particular situation.

e AEX—lEIHBtARELVSUIAL—AIIEEIZERIE

Market 1s large, so simulator 1s already commercialized.

¢ BIRRAUVITI—ADKRADAXMNGFHINTIS.

Most types of locomotion interface was utilized.



N T +HIRE)

Passive input & Vibration

SKIGYM




Ski—simulator: A F—FHE L EE

= WWW. SKI-SIMULATOR.COM

o INRDAIZKSIEIT I Spring force of restitution
- BRGEE. AIIRICKSEIE/E & T Simple semi-circular structure enables
skiing form.

- BREFEHLTHEZHES4FH]. No electricity



Endlesslope

LNDLESS SLOPF

""C: — el nnay

APy e rep——
 Ski Trainer with sloped treadmill



Endlesslope

http://www.youtube.com/watch?v=QUQgtRD7tk§ &NR=1




SkyTec Interactive Stmulator

« FTEEUNDEEZTHREETNETNEIH
o IEFELGYIBO I AL —avIZiBIRNEEFHHIR

All tilts except pan 1s represented to each foot.

Accurate physical simulation



SkyTec Ski Simulator
----_""l'—l-_-ﬁﬂ-'

B

e = " s #a
'I'— _WWW.#EE&E{JHEE-‘EHHQ.#ﬂK!
hf&p%.yomub'e:com/watch?VéG9OF!1uE - o




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?



REUYMABREREA I T7I—X

Locomotion Interface for riding situation

« BDHMRIELEIEOAE. Foot sensation is no longer necessary.
e RE HEBIIZIRR. Velocity is presented by optical flow.
o MEEZVNIIETRT EMHE

Presentation of “acceleration” 1s the key point.




himli

5 7 F, .T%}/ Utilize Gravity

Decce

Simulator
decceleration
Acceleration @

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




Sheet only
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Force Dynamics 3!

SARDEERTVFI—RLE/\FLILIDY



ORYET7— LD ZEREETIT5

Sheet at the tip of serial link robot arm
T

www.youtube.com/watch?v=CoA-mS51HG9s&feature=related




RoboCoaster (httpi/Awww.xobocoaster.com/content/)



AERFEIRRAY S —4

Simulator for training

RMtRELEOHTEEIT 528, RE(E.
INTUIL) D OZFHWNS.

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



(BZE)YTZILY -\ IILY D
Serial Link & Parallel Link

&,

o VTN DEREGIMEZTH T DIZFL
o NSULIWIDDIERELZEDRIME)ZHT DICEL
» Serial link 1s good for large workspace.
 Parallel link 1s good for large force.



(&%) Stewart platform

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

* Most frequently used in driving simulation




(NASA)
e 20x21m

VMS
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&) EH 21 L —A . Car driving simulator

BENEZEITHZETETRDIMBLRREHIR
Y DEEICENFEAICEASNIZY)

Real car 1s 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??

EHTEAEEE-MELRLY, BESABHLTL

EW=ITyt R ZERYBLTIZF T ISENELLY.

« Vestibular system 1s not exposed to environment=We can
not display “essence”, but rather, we must reproduce

* Il

environment.



RIEZ SNSRI S

Stimulate Vestibular Stimulation from around

sar02011 wwwistosearch.com

o SEERIEK/BKZERLIOIEICKDMEIEE. BE
IRIRRE (AOYYOTAR) 2

Temperature change by water produce vestibular activity.

« BRI :ERZTRYT &Ik miEEE
Electrical Direct Current from Around Ear Produce
Vestibular Activity




mERIRIRE

Caloric Test

-

http://www.youtube.com/watch?v=/1bW-JniOa8

http://www.youtube.com/watch?v=H41QkFUgG6k&feature=related
Nyttt e @ T -oddnee oler




I i & <RI 3

(Galvanic Vestibular Stimulation

http:/www.youtube.com/watch?v=01XYqfQHNuA
http://www.youtube.com/watch?v=guaibDZdsDjl

https/Awww. youtube.comwatCh?v=pmoellU4 M 4xkc & feature=related

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




I
Gravity Jocky

LEMEEIRTOGVSIE, BEDENTIFEEHADENL

MESNSD
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

-

\ J*

Haptic' B

a motion plat ?'.' on people

L.P. Cheng et al.: Haptic Turk: a Motion P%%tform Based on People, CHI2014



Visualift: TLRA—2Z7 AWV EFRRRIR T

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




Summary

BEREA A TI—RIIVRHEABED-HDOHREN D&
KDEETHS.

Locomotion interface is the last and the most difficult.

BISHTREICEALTE BEOFERENTT197.
For walking, half part is haptics.

FRAKRRBIEL, BIERRZMEMLRIFELIZKWNIE. 0T
OIVEVAZRTI HELIKYIE, RRITIETIHEKXRY
2T LEBYDS.

Problem occurs since vestibular system cannot easily stimulated gt
from around. System becomes so huge. 77

(X EAEDZERAIEWii Balance Board TRV ME LAY, ‘-
LALENTIEIMATRIXTE RI-HRIE DD TEAHFALN.

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




INT A Mini Test R[A]|FHIRE T

LUTDETIZI00F LLNIEE THEEH & Answer all questions within 50 words

= » b=

NP2 322D TERBAHE & Explain vection.
FIRED®EZDULVTERBAHE K Explain role of semicircular canals.
BEAZD&EBNZDULTERBAE K Explain role of otolith.

BEDKRESLYRZILDEWZDULNTERBAE K Explain difference between
normal floor and treadmill.

T IO DR RIZ DWW TERBAE &K Explain merit of serial link
manipulator

INSLIV) DRI EIZDLTERBAE &K Explain merit of parallel link
manipulator

7. mERKREEIC DL TEBAE & Explain caloric test.

FIEESRIHIZ DU TERBAE & Explain galvanic vestibular stimulation



