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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?

BT % &mAD R
Locomotion: The last & the most difficult
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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.



https://sites.google.com/site/dzmitrytsetserukou/

EEEE ? .~ Locomotion?
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+ #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
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—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)
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SIGGRAPN2011
Emerging Technologies
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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.
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http://www.youtube.com/watch?v=VSBRG1_5s2E
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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.
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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 Himélainen, CHI2016
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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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AAIELLENTEEEDOFA)

*Subliminal Reorientation and Repositioning in Immersive Virtual Environments using
Saccadic Suppression IEEEVR2015
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AR +EELGHMTEF A MY (3DUI2016,
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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
ABSUTAT VAT LR

kL2 JL./Treadmill Type

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

| ¥ Qﬁ %

Initial Walk

Belt Moves Back to Initial

A8V TATLAT LY




15T YRS )L~ Linear Treadmill Devices

Sarcos Treadport

ATR ATLAS ATR GSS
(ground surface
simulator)

2RFTTDEETEFEIRT S :Torus Treadmill

F—SRAEEDILYFZILEE i
Treadmills with torus structure.
| {uf

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

S5E TORARBRERERDI-HDVRIRE
VR environment for mouse maze task

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

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

BNILELY? Virtuix Omni (2013)
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BEOKENBDHERIDEN
Difference between normal floor and treadmill
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c BE:FVINOREA+ENSHEEN.

Driving force = Repulsive Force of Kick + Gravity Force .r{'.'

o PLYRSIL:HENICEBHBABINAL. o
Treadmil: No work by driving force. > "',I
« BEOBR GHIKKEGILURIILERL, | g

IEEIZS.
Ordinary solution: Use large treadmill and keep

acceleration small. K EEBIIREE



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

TreadPort (Hollobach et al. Univ. of Utah)

EB|AICKYBYGLFESE, FLYFIILOBIREHR
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: tEZ M &R~ Expressing Tilt
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ERIIEFEHIETEMRE. EZLEVOT, BENGIRT
[EPIFXYES I Z DM TITS.

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

CirculaFloor (lwata et al.2004)

HORYrERAVWTERSITEMEER
Locomotion Interface using Group Robot technology
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« BEVNILIIDIBEDO LIZFD
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

——

REAVICIREVF (KRB RE—7) &, MBICE AU Y& EEE.
REMVEERMOME (T, K, B, etc)ZBH.
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.




REDTIRFYEMBETARATLA
Floor “Texture” and Tactile Display
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Example 1:
Frozen Pond.

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

HoiAad (1) #HREh
Put something in the shoes (1) Vibration

HECREFTMERR. HETITXTVIEMA T BAMED7
UhLhtot—LavTER

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

presented by phantom sensation.

EHBEE R, ERIATF . AKH— R BAU2—TTA RICE DA BRETIa—AAVPRT L T
BRTAvDIT7UMLRY) IR BERN—F v LT )T ERMIES., 4%, 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

Microphones
-

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

SAHOBBEERRDZLELTHE, BERISHARETLBRSBEENA LTS

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

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

CabBoots
-“ \

1

"Walking on A Path"

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

Cruse Control for Pedestrian
CHI2015) : Fi B R RIBIZ L DS ITIEE

E University of Stuttgart )
EE ME s

CRUISE CONTROL FOR PEDESTRIANS:

Controlling Walking Direction using Electrical Muscle Stimulation

Max Pfeiffer, Tim Dunte, Stefan Schneegass, Florian Alt, Michael Rohs:



http://www.youtube.com/watch?v=AsKBigMD7fg
http://www.freymartin.de/en/projects/cabboots
http://www.youtube.com/watch?v=zzRw0nA0mho
https://www.youtube.com/watch?v=CszCx40tli8

RAF—T2alL—4A.7Ski Simulator

I '/?\«’

- HOIBEDARICBET HEBBRE 47—
LB T,
Good example of locomotion interface for particular situation.

o ZF—[FHHLREVNS VI —2IELEICE R
Market is large, so simulator is already commercialized.

c BEBREASAUATI—RAOREOFXAHIATNS.
Most types of locomotion interface was utilized.

Ny T+HRE

Passive input & Vibration

Ski—simulator: AX—FHAfrLEE

WWW. SKI-SIMULATOR.COM

L (?~0)7:l ;A:%)?Efcj:l/Spring force of restitution

o fFRGEE. AIRIRIC & BB EA AT~ Simple semi-circular structure enables
skiing form.

- BREEOIHMBEEMESIFH]Noelectricity

Endlesslope

. ENRLYRZILZE DR E—RL—F—

« Ski Trainer with sloped treadmill

Endlesslope

=QUQQtRD7tk8&NR=1

SkyTec Interactive Simulator

o ETEELSNDIEEETMRE TN ENER
o RGBS ZaL—2aVIcERRDEETHFIR

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



http://www.proidee.de/concept-store/nach-kategorien/sport-freizeit/fitness/skigym?H=AFFILIATE%00affiliate&SID=SID_gRiy4XfsmDF6FyqcLf6BjPTGhxgM
http://www.youtube.com/watch?v=QUQgtRD7tk8&NR=1

[y '
- WWw.45easonsskiing.cont
. youttbe-com/watch?vVEGOOFRUE
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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?

FYYABBRE 271X
Locomotion Interface for riding situation

. BOMEELIEPTE. Foot sensation is no longer necessary.
- RE:REMICERIR. Velocity is presented by optical flow.
o MMEREFONIRTTEHHER

Presentation of “acceleration” is the key point.

B H%EFIRAT 5.~ Utilize Gravity

|~

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

Simulator

Acceleration

Sheet only

Force Dynamics34
SKRDEBHTIF1T—RIZLD/ITLILYLY

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

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



http://www.youtube.com/watch?v=G9OFhuEH3_g
http://www.youtube.com/watch?v=CoA-m5iHG9s&feature=related

ARIEHZIRAS 2L —45
Simulator for training

EH6H(1.50)

BHERLEHTEHE TS0, KB L.
NSLIVIDOERNS.

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

GEE V7)o T- 50U oF
Serial Link & Parallel Link

o DTN ORRERBEEHT DICRAK
o NSV IIEREG A R@IE) ZHT DIZEK
« 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

VMS (NASA)

e 20x21m
*+ 1Gx0.75G

10


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

BHE)E L 22 L—4.~Car driving simulator

BBEEETSLTETHOMBARREER
FAYDEEICHERIZEAShE=Y
Real car is on stewart platform, enabling acceleration of the car.

BER7.IMORF—LRAICEEEHRE
RF—LAIZ360FEEREmAY)—>

R— L[ #E35m-#E20mD EFH %58
ETEORER. MEHERRE. FYiDHhEBEICEE

| e sofel) AT/
| arch Labor@ioOl y

www.youtube.com/watch?v=Bi_GkDgON_s

A9 2L —45./Bike simulator

-

N7 ]
woutubescom/watch?v=SRz7/W
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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?

- MERETEFEE-BE-MELELY, BRERZSZHLTL
BTy REZITERYBLTIZET ICEAE#LL.

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

11


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

BIEENEISRIBT S
Stimulate Vestibular Stimulation from around

53702011 wiwfotosearch.com

o CRERIEKRKERLIOIEICKSHZES. BE
RIRRE (hOYvITAM IZEA

Temperature change by water produce vestibular activity.

- BRI BERERT EICL2METED
Electrical Direct Current from Around Ear Produce
Vestibular Activity

HIREE SR
Galvanic Vestibular Stimulation

=
D

ttp://www.youtube.com/watch?v=0IX YgfQHNu
ittp://www.youtube.com/watch?v=guaiDZdsDjl

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

mERRRE

Caloric Test

kFUgG6k&feature=related
ugmuy-Ger@t-o rline.de

|
Gravity Jocky

HEMERKETOGVSIE, BEDENTIHAHRDIELLE
ME=hD

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 P;elitform Based on People, CHI12014

Visualift LLAR—42% AL - B R EIR TR

M. Koge, T. Hachisu, H. Kajimoto: VisuaLift Studio: Study on

Motion Platform Elevator.IEEE 3DUI 2015, March 23-24

12


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

Summary

BRREAUATI—REVRERERO-ODREN DR
AKDORETHS.
Locomotion interface is the last and the most difficult.

FITHITREICBELTE, BMEOESENTT1v).
For walking, half part is haptics.

HRAHKEREE, AIEREEMBASRIBLISKE. CDf
DIV RERRNT HEVNDIKYE, ERICRTIHERY
AT LEGYNSE.

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

[F&AE DG AIEWii Balance Board TRUL\ D hE LA
L. LOWLZN TIEMATRIXTE R HFRIE DB LA K
A{AN

Most practical application may not require accurate vestibular
stimulation. Wii Balance Board maybe enough. But we cannot
realize the MATRIX world that we dreamed.
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INT R/ Mini Test REIBIAET
LATF D2 TIZ1007F LANFEE TR Z 1 &~ Answer all questions within 50 words

. RYLav[ZDWVTERBAE & Explain vection.

. EIREDO®/RBNZDULNTEBAE & Explain role of semicircular canals.

. ER#BO/ENCDOULTEBAE & Explain role of otolith.

. BEORENYRIILOZENZDULVTERBIE & Explain difference between

normal floor and treadmill.

5. YUT I UDFRIZDLTERBAYE & Explain merit of serial link
manipulator

6. XSLIILY I DR RITDNTEHBAE & Explain merit of parallel link
manipulator

7. BRERRMREIZDOLNTEBAE & Explain caloric test.

8. BIBEE KM DULNTEIBAH & Explain galvanic vestibular stimulation

B W NP

X&[E7/7

TTNATREEIF—
https://sites.google.com/site/dzmitrytsetserukou

Title: Flying and Mobile Collaborative Robots
for Industry Revolution

Abstract:Nowadays smart robotic systems become a
crucial component for the success of the companies.
Such big players as Tesla Inc., Amazon, Foxconn,
AirBus, Adidas, Samsung are making strong efforts to
achieve an Industry 4.0 in manufacturing technology.
Smart factories equipped with robots exchanging the
data are the main trend in automation. The lecture will
present the joint MIT-Skoltech project RecyBot aimed
at electronics recycling based on high-speed intelligent
robotic system with computer vision. The presentation
will also focus on the mobile robotic system PickToGo
with manipulator for warehouses automation. A novel
flying robot LightAir for tangible communication with
quadcopters using foot gestures and projected images
will be presented. Such system can potentially improve
the drone delivery service and support the retail
business.
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