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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 is 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 is done by ordinary report page)

2018 CHI~UISTIEEE-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

AREHRIF %~ Measuring Human
#8%E_.Human Vision System
HE+E2 Y ~Visual Sensing
RWET1RFL A~ Visual Display

., ¥ 471—2X . ~Auditory Interface
s, = A 2T7x—R . Tactile Interface
fE. A 27—RIEH . Tactile Interface2
HE. HEA2271x—R.~Haptic Interface
BEHE (L2 T71—R . Locomotion Interface

© XN hA WD~

ME=AURE+RERR

Haptic Sense = Proprioception + Cutaneous Sense

MB=1EMICIO>TELDIRERE

(Haptic= &t (Contact) ] (#Uy+3,/in Greece))
OZBRANEN, (RERER./Cutaneous Sense Skin Sense)
OEFADIBIE, BEEIA CRIRER - DR/ Proprioception, Force Sense)

SBHDEE - FEDEBERE.Today s Talk focuses on skin




TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Perception & lllusion
3. Tactile Display

Skin Strunture (Hairless Parts)

Skin suriace WHRBES WENET IS

t ) 2 Mechanoreceptor: Sense Mechanical
&K~ Epiderm Deformation
%8/ Shallow part
® 7 A XF—IMA.MeissnerCorpuscle
© X)L/ LA~ Merkel Cell
KR~ Dermis
8. Deep part
® )L 71=#&K.Ruffini Ending
®/\F =/MA~Pacinian Corpuscle
ZDfthMisc
BT#8 BHHEARRRER. RERR)
Deeper Tissue FreeEnding (Pain, Temperature)

A2859T4TLRT LR

AL VRS Merkel Cell
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HE— DM RRR. MRESFTRES
B EITRE
FHMEEIFEDRESITLLAHI

B EBTI AL EEEER

*Densely Populated at 0.7 - 0.9mm depth.

«Sense Static Deformation.

*Pulse Frequency is Proportional to Deformation.

*When activated, Pure Pressure Sensation is generated.

<A AF—IMA.~Meissner Corpuscle

B ETFO.7mmIZH .

BB K IRBI(15-100Hz) 2525 (3£4E30HzZ)
5N B~ IR BN R R A
BMDEBTIXIRENRE, NAABELELD

*Densely populated at 0.5 — 0.7mm depth.
*Sense Low Frequency Vibration (15-100Hz)
*Has Resonant Frequency (30Hz)

*Pulse Frequency ~ Vibration Frequency
Single Activity Generates “Flutter” Vibratory Sensation

/3 F = MK~ Pacinian Corpuscle

<R ETF2mml £ O RERICE LD IHFE.
& A IRIRBH I <525 (60-800HZ)(#£ 4R 250Hz)

-AVAVA' 1| %
[l
FE KBRS~ IREVE IR B

HBOFEBTEIERICMI LT RIER, HLEOEN

*Sparsely populated at deep region (2mm~)

«Sense High Frequency Vibration (60-800Hz)

*Has Resonant Frequency (250Hz)

*Pulse Frequency~ Vibration Frequency

«Single Activity Generates “numb” sensation, just like touching a tuing fork or speaker




L7414 =#& 3K ~Ruffini Ending

(= N

RS T2mmEl LD FEICERS ISR
FRAET IR
FUBEE BT NORES(LP]
HMOFEHTIEREEELLND

*Sparcely Populated in a deep region (2mm~ depth)
*Senses Static Horizontal Deformation

*Pulse Frequency is Proportional to Horizontal Deformation.
*Single activation does not generate sensation

H%F'EIEI’J%"L |] ‘?E/Temporal Roles
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Merkel t

[N NRTARA AN, HJW

Meissnerf “Hl ‘ Tme

Pacinian_{ ‘ | ‘ | Tine

w Merkel: EFRRLS EAN

‘Meissner: BB R 7/ & E
-Pacinian: & BB LS/ IEE
*Merkel:DC / Displacement & Pressure

<Pacinian:High Freq. Vibration / Acceleration|

o Merkel ®
» Meissner
= Pacinian

Frequency[Hz]

*Meissner:Low Freq. Vibration / Velocity

2RI #1% 2448~ Spatial Roles
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*Merkel: #H LV 2—> ~Small Pattern
*Meissner: 8 L DM LIEIZE~Small Area Movement
*Pacini: [GLNEFE D B)ZE .~ Large Area Movement
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Skin Structure and Mechanoreceptors

_ gL
ER:FELHLY

/ *Merkel&Meissner(E R ICFTE
«Epidermis: Hard
*Dermis: Soft

Merkel and Meissner are at the interface of
the two layers.

Stress is Concentrated at Merkel  strain is Largest at Meissner

Gregory J. Gerling, “Fingerprint lines may not directly affect SA-1 mechanoreceptor response,” Somatosensory and Motor Research 2008.

FAR X EIMerkellZ&>Ta—TF1vFEh3
Shape is malnly coded by Merkel Cells

Receptive
eld

MerkelD;E &)
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Meissner® ;& &
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ARBIZRBOFTEILETI—T10TIND
Frequency is mainly coded by combination of receptor activities.
AR ORBIENIER

Human detection
threshold
1000 | |
3 100}

10 (501 100 (300) 1000
Frequency
KIRE) T VNS EPaciniD N ZEZRAINE IR MNEGY | BRIEARLIZKLES
If the vibrator size is small, high freq. threshold rizes, because “spatial
summation effect” of Pacinian corpuscle is reduced.

Meissner's
corpuscle

Vibration Amplitude(um)

EuroHaptics2016, Temporal integration of tactile
inputs from multiple sites

[Sarah Mclntyre, Ingvars Birznieks, Robin Andersson, Gabriel Dicander, Paul Breen, Richard Vickery

Separation distance of the two probes

S B e o) e
A T
T R
e

Total afferent recruitment (amplitude)

. D e .
HHHHH
.

BEUZZEMICRBZES 2 5. RBOFARBIFACTHBEET ST . CHIEKISE>TEAZ
2D R oNANNEVNSTAR IR TRV BFE B AR2MEHEITELS. LAL
16cm<B BN TOTHIEHEE VD ERBITELS. ChIEiRIEZ/DESLTHRICLEO THM
BT ot=f= &l EZ (KL

Simultaneously presenting vibration to two sites elicit “doubled” frequency feeling,
although the positions are quite separated.

FDHDflE ~Other cutaneous sensations

Warm

Average firing rate

34°
Skin temperature

Glabrous part Hairy part

RIERETED B HHEEK (CHM)

Free nerve ending near skin surface (C fiber)

OB ERE A LR MM Temperature sensation by two fibers.

OTEE : HiE L HLIE LAVEEHELCHlHEAYE Y~ Pain sensation by two fibers

A EEB.Hairy skin

O £ 4127555 ~Follicle Receptor

EDQRTEMYEBE, ENENLLEEDOHEE GRERD)
f=EELIHhIZH DY, Meissner/IMEAILEEL.

Activated by low frequency vibration, substituting Meissner corpuscle

Chiitg &I 2

REBIT OGN DL DHHEE: AP, Ayl
ERIZERE T R DMyelinated 5 IR R HE

CHli# : UnmyelinatedZ5 R #RH . (REREHAEL.
BERE CliM Torma i S
BE: AV ECHE (RADEALHRDELY)  ng e =

Damaged Myetin Sheath
B First Second
pain

g, ‘“5‘"
e A A e,
B EERDMeissner/MEIZ AYIAT HEHE - BARCHEMHENTETE.
HEDICHEBAERIZISE T HCHMENTEE.
OFMRIIC KB RIE : tREE T BN D EB 5> AV TEEN
—SBEORBICKIRFUIVTER-TINS ? 2

(B%)RERELMEDIESE

Table 7-2 Sets of Afferents Sensitive to Temperature

Threshold  Range
Group Axon o 0
=44 oAz Noxlous cold 05zOmisec, e 2627 Down
BREMAE Gfbers s 1o tissue t
i destruction
o Cooling Adelta, 13-15 misec, 3 3426
ME Gensity ity 50-70 fibers/cm?®
A% Waming  Ciibers 0.5-2.0 mses, 36 3642
ensity 50-70 fibers/em?
EEpigey Nowwhet (g 0220muc & 1252
=ETTmR (2) Adeltarl a2 42-52
Extreme heat  Adeltal, rare 52 Uptotissue
destruction

HROEHELARERE  ASHE(L13-15m/s, CH#E0.5-2m/s.

CHli# X ERAITEL

BEBKAROEEEEITEEINETNARLEZON ? —KASRALL.
HFITEZDL, BEMOANLINLEVEETHINE. TLREROAN
(SECHE.

BELCARELHBA (BRTEBHYELA):

o AR TH-oBREORERE 1ML, HEREHIES>RELAS

- BEMAR-BER TREOBEING, ZOBEENINESIHEHH=ELC
- REMER RO BEFBAZEEITIS>REVAS

(Z%) K

AeizHez Ahbe
R 5(1859)

Meissner




ESP>THRSB.How we know?

By using needle, we can directly measure nerve

aCt|V|tleS. Vallbo, “Sensations evoked from the glabrous skin of the human hand by electrical
stimulation of unitary mechanoseisitive afferents,” Brain Res., 1981.

Procedure
(Medical Doctor’s License Required)

(0)See where the nerve bundle is. (by ultrasonography)

(1)Insert a needle (¢0.1mm), which is connected to Amp&Speaker
(2)ldentify Location and Type of Receptor by the Sound.

(3)Do Experiment on that Location.

TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Perception & Illusion
3. Tactile Display

B0 (FEED)EE i
Tactile Illusions

0P YR FFURADIEE

®Barber Pole llusion

®EMDHE%N (Motion Aftereffect)

o (RIFEE)

oY AtYE—Y 3 (Funneling)
ON)UNY 1 Ja—=Y3Y
oS/N\—=/\RAJa—Y3aYy

ete

BICAE, MEHFRORREICH > TIEN.
REBAREBICKIDHARZ.
Recent works revealed new tactile illusions




HRA

HmB

METHETELEMH RIFEF)

Tactile lllusion similar to vision: Apparent motion

(%) : Bk EE) (cutaneous saltation, rabbit)

Tactor Sites:

10 20 30 40 50 60 70
®
Stimulus Pattern: Veridical Mode

| e ze 3e

ime a0 se

+ ® 1) B

.

Stimulus Pattern: Saltatory Mode
1

I

* © ® 70
Veridical Sensation:

e ze se

ime 40 e

+ 60
() 70

o \HDIBET (BIZIL3BE) EEBMOIDORENICIN L
BHEICHEE LS DSRIBSNERDICRUD

HhEA

MBS

haB

A

[ | B

HRB

IS T TEAEAE . D7 L E—3Y

Tactile lllusion similar to audio: Phantom Sensation (Funneling)

O35/ )L ARBTHE
ORI F DBICHE
ofiIEIFBENTED

®Generated by short pulses
®|mage generated between
stimulators

®Posijtion can be controlled

(BFB)I7 b Lt E—2aVIZKABBETR

OEWIBDBENCK > TESHICHE)
ORIDEE TIIRYRERERNRENEZ
KRIRTJAE

OO MFAEIZ

T A OEMANINRNY ka2 —I3Y
Tactile Unigue lllusion: Velvet lllusion

ROBOB (TZR37 Yy FaE) ZlF TR,
AIRICEINT &, EDw EUERNILNY FREELD.

Sandwiching coarse mesh of a net, such as
tennis racket by two hands, and moves. Then,
smooth surface like velvet is felt.

b= B QA —<IL- T () a—ay
Tactile Unlque Musion: Thermal Grill Iﬂu3|on

TYHLEREELS
Close presentation of hot and cold temperature generates pain
sensation.

SEVEERE TIRB O A RE RIFFITIR

ERE REEREETIRATERT 2LOHICIALLNS

Used for the generation of pain sensation without skin damage.




RERBICLDBIZTDEE()

NERDBICHBHR NRNB) 2R
IdE, BD NEE (BHO + B
D) | ZRUD

Okabe et al., Fingertip Slip lllusion with an
Electrocutaneous Display, ICAT2011

10mm/sec

() REREICELBEDER(2)

Vibrator

Potentiometer

o FNULADEERKAHH +HIRENC L AHEE>FEHE
ELLMEIT518EE,

®Blanchard et al., Combined contribution of tactile and proprioceptive feedback to hand movement perception, Brain Res. 2011

EIZEITHYRIX2 Y DHI: Frequency-Specific Masking Effect
by Vibrotactile Stimulation to the Forearm , EuroHaptics2016

Yoshihiro Tanaka, Shota Matsuoka, Wouter Bergmann Tiest, Astrid Kappers, Kouta Minamizawa, Akihito Sano

Accelerometor | Masking vibrator

BEICRELYDLEDIREZEEX THE, BICPPBRIMRBZEXSLEXADRENTS
ITHATLES. BASZAKRMTRHINFELCLHL. BIMICEZSOTEAL.
Presentation of vibration to forearm dramatically “mask” vibration feeling at fingertip.

TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Perception & lllusion
3. Tactile Display

RRLI=LVER

e
R

i
5 2
a3
5
&

I Pl B R (IS B )

Temporal Frequency

RRLEZWVMEB >R EGANYY

N—FYIT7 EBRLGER(TRTOREERRTESFELELY)

REE—FIZLBHEL/Vibration Motor

L

An—y—

- DCE—4+RLEHY

- BEZEAHERREE (FRBIER
) LRBIRIEARIRICER,

EVTLEITMON N

- HE. TIAFYORRICEFAE 3

- EHEE TPacini/MADERHMEE £
TIRBIY S LSIERET 2

- BEES. KEMERIIFE &

42 PR R (B R




BEEHEIR 7S F 1T —4/Linear Resonant Actuator

(i W T

[
~ J‘lf \HJH i uﬁ AR ELALEELE

c RLHBY: —EEEREICET HETOHEEN :80msTEE

o RARIMIIIREIFICH IR EZE S /- f-Linear Resonant
Actuator: :BZE10msLLT.

o HIRE K H150Hz~200Hz. PacinifBEiziB>

« HfEAppleWatchZFIZHIRA. ,;

BREDOIREF: RE—7H/ Audio speaker is ideal

s IXLF—HEFELDZILON, TEDEARERIEEER,
« BBRIEZIZEF—T+F 70T GRICE-THERARFEEHRE
)

o BISEE DMETHERR TR TEIRE—hHEREND LS
1240, AFHHEBLN 44

AE—HBT7HF2T—20/NEE
Miniatualizing speaker

HICEHFEERAOIRSFLLTULKOMRAFESNT
s BRAE—HEDEREZBIZBN-LD
- NECh—*>  RILF 75— (WEHRT)
- WABEER.REBRE—H
s FUOFAI—AOBKEIXRLI-ED
- 7ILTRES ForceReactor
c MERRMRALLTRTINTLDLD
— Haptuator(Tactile Labs)

KAHE
-

T
WA 1)L
&E f S

Structure of Haptuator mk2

aqL

JLIE

« BERMAMWVEEBET 51012, BARTZEENE THER

* AL DEVEREICHELKEERNER.

o IREMAELTHER +SERAL, MULHERRAIZ<DHT=0, ik
Eﬂgb“i%ﬁ“ktfﬁk%b\. CHISERICMNSMERTT
FER.

DCE—HIT L4 E 2~ (1000fps)

input voltage :

M
10-NOY-15 1442

Yzl E, 7B 3 il =
2015.

V. Yem, R. Okazaki and H. Kajimoto, “Vibrotactile and Pseudo Force Presentation using Motor Rotational Acceleration." Proc of
IEEE HapticsSymposium, Philadelphia April 8-11th, pp. 47-51, 2016.

. B0EBXS—FrLUTUT1ER (2015498 ZMIRKY),

MEZEEETHICE
How to produce Touchable lllusion?
3 -vé ;lﬂ
3" — -
y

(MR (DERME) ZEH#E.Reproduce the World Surface
Q)R EBDEREBIHEE.Reproduce Skin Deformation

(3)ZRBEFHEHEHEE. Reproduce Receptor Activity
(4) 2 EBE B E.Reproduce Nerve Activity




Reproduce the World (Shape)

12859 T4TLRT LK

Tactile Display for the blind

Ky hE a1—DV-2
KGS#RX &+t

OARENEEERESTIFII—AD/NEE, RENE
®Numerous, dense arrays—Actuator needs to be small and cheap

Xmen,2000

X-men, 2000

FUHN T OFiI— =Bz ?
Thinnest actuator = SMA?

Coil-Type SMA (Shape Memory Alloy)
Extremely thin and moves large

NV = SETE
) wllle
R —
&
ﬁ' e billze b
M e N3
SharpPancil - T
Dp=IRU I #0.4 gn:x;g?‘ am

inFORM (Sean Follmer, 2013)




Materiable: Rendering Dynamic Material Properties in Response to Direct Physical
Touch with Shape Changing Interfaces

Ken Nakagaki, Luke Alexander Jozef Vink, Jared Counts, Daniel Windham, Daniel
Leithinger, Sean Follmer, Hiroshi Ishii, CHI2016

R

DR TARTL A TR IR A R L1=.

Is Actuator really necessary?:SandScape
(Yao Wang et al., 2002)

PA=DE L2

Ryhs5— / B sinss

5 (E—X)

@ FouE

http://tangible.media.mit.edu/projects/sandscape/

SEGA Z—T%9¥74(£(2015)

-

BERE T XFL A Thermal Display

BERY+HEME Y

RILFHFF

EABRRN L2~ EDRELEA
MEBEEDRNGF ALY

2 to 3s temperature change is the key
to detect object property.

Peltier device with temperature sensor
is used to reproduce the time course.

1AL

‘Yamamoto, “Control of Thermal Tactile Display Based on Prediction of Contact Temperature,” ICRA2004

How to produce Touchable lllusion?

(1)Reproduce the World (Shape)
(2)Reproduce Skin Deformation
(3)Reproduce Receptor Activity
(4)Reproduce Nerve Activity

A8 TATLRT LY

Reproduce Skin Deformation

“Carpet is expensive. Shoes are enough!” Lets Wear.

Problem: How can the actuator be so small and dense? (again)

10



Actuator should dissappear?

Ultrasound generates Static
NI pressure
[ ) = Iwamoto “Focused ultrasound for tactile
\ I HP| T feeling display,” In Proc. of ICAT2001.

Three-Dimensional Mid-Air Acoustic Manipulation

https://www.youtube.com/watch?v=o0dJxJRAxdFU&feature=youtu.be

Yoichi Ochiai, Takayuki Hoshi, Jun Rekimoto: Three-dimensional Mid-air Acoustic Manipulation by
Ultrasonic Phased Arrays arXiv:1312.4006 [physics.class-ph]

HaptoClone (Haptic-Optical Clone) for Mutual Tele-Environment by Real-time 3D Image
Transfer with Midair Force Feedback
Yasutoshi Makino, Yoshikazu Furuyama, Seki Inoue, Hiroyuki Shinoda

HaptoClone (Hapto-Optical Clone)
for Mutual Tele-Environment
by Real-time 3D Image Transfer with Force Feedback

Yasutoshi Makino, Yoshikazu Furuyama, Seki Inoue and Hiroyuki Shinoda
The University of Tokyo

http://www.hapis.k.u-tokyo.ac.jp/

BAERNTRIHON BT RMEZRAVERME.

L—¥—%E AN ARIRT

BEBMOB IR —L—F —KERERAEEZTOLOBEKIZHTHIET/ ULAROE
BREEL, MEEIRRTES. HILLVEPMRRTFALEZD. SOLEIHHVTRDOH

Mid-Air Tactile Stimulation Using Laser-Induced Thermoelastic Effects: The First Study for Indirect
Radiation, WHC2015

Hyung-Sik Kim et al., "Evaluation of the Possibility and Response Characteristics of Laser-
induced Tactile Sensation," Neuroscience Letters, Vol. 602, pp. 68-72, 2015.

11



Cross-Field Aerial Haptics: Rendering Haptic Feedback in Air with Light and Acoustic
Fields, Yoichi Ochiai et al. CHI2016

4 < RERES 7
BEEEDRLL2DDFEORMAERYAL.
ERFERELTRERMEICL>TL—FICLIMENTRIESND.

ETFEfEFRLEL =

Vertical Deformation is not Enough m
;\ ,

HES MET RATILAHAREDOLEEREM

G ERTOMET RILATHIFSREAEEREL DM ? ]

Although many researchers made “dense” tactile displays,
No one succeeded to reproduce “texture” sensation.

RE—RZREDTAULNMEDKRE TIEGELA?
Horizontal “Slip” is Essential??

MRIZES>TEZEGLDIF AV (1/2)
What is essential for bump sensation?

b

f_p./\ Physical surfaces.
Y
° - Flat surtace
_—a —_
ey e
d Force-mas ied physical surfaces e
YA . ) ELZYBOMO=EAAO A (TL—F) &
NS RHADRKIEDSFADY,
Foros-maskad b Foroomasked hle MgR1&YBInIEBELTRARMEZLTL
Gabriel Robles-De-La-Torre & Vincent Hayward: Force can object geometry in the ion of shape

through active touch Nature 2001

MYRIZES>TEELG LD IF AV (2/2)
What is essential for bump sensation?

REHZMI L BEOF LY
ROMEZ > >HROB/E

Maarten W. A. Wijntjes, Akihiro Sato, Vincent Hayward, Astrid M. L. Kappers

Local Surface Orientation Dominates Haptic Curvature Discrimination, Trans. On Haptics, 2009.

KEEMDER
Moving skin horizontally.

OEEEN T i REEKFEIZERE)
Active type: actively drive skin horizontally.
v EE R 2K~ Good for wear type.

OZHMF X EERFHZEL. RENBLTHHTHE
Passive type: friction coefficient is controlled, and
perceived by skin motion.

- - \\-
VIBERZEC, =

Good for environmental type.

Active type Horizontal Display

*Horizontal Vibration is

achieved by Micro-Machine
Hayward, Tactile display device using distributed
lateral skin stretch,” ASME, DSC, 2000.

Piezoelectric
Actuator d,,

o dmu J’/

S
iiEikisiiig
HM%HH%
¥ %&%J}HH%J

12



Active type Horizontal Display

ATAZT AL

BETIVFLI—SICLDREKRFEARMNDERK

Horizontal force generated by electro-static actuator
WATHBERANICEDEBENFEMET IV LBHFERAVERRERE TR TLAJHRVRER RS 2002.

aga, Koichiro Deguchi

Tohoku'University, JAPAN

http://www.youtu be.com/watcH?v=Prg9-uJSgSE

WEEfth, BIBT NE A2 SRTME T AR TLAI12E 112 EEMMMBIRTF X, VRERAR2011

AR EBAKE NIRT

"

L3

RN TRYyTEER TS HEBEXY2EBE TERLT. S5I2T
KELTRILNMZZHDOARERITTHEZERLPLTILTLS.

The Slip-Pad: A Haptic Display Using Interleaved Belts to Simulate Lateral and Rotational Slip, WHC2015

[0S6-5] eShiver: Force Feedback on Fingertips through
Oscillatory Motion of an Electroadhesive Surface
Joe Mullenbach, Michael Peshkin, Ed Colgate

Micrometer
stide Tt

Load Cell
Phantom Finger

Anodized

Aluminum Plate

Electromagnetic
Shaker

Displacement =
SensorPrabe T * =

Fig 4. cShiver Experimental Apparatus.

High Friction Low Friction

Time
HBEOME T RATILAEKTRESE, REBEAYL TEERREELSEDIILT, —
ABISHEELESESD. DEYFVF/ARILTOHERTER.

Passive type Horizontal Display

BEIRIRENC KD EERRMELDOFIA

Controlling friction coefficient by ultrasonic vibra

P
tion ;
o RVA—AH R ERKIRB CERRHENELTS

Squeeze effect: friction is reduced by high freq. vibration

« EREALEASHE. EERHORTATRE
Combined with pos. sensing, friction distribution is displayed.

Nara et al., “Surface Acoustic Wave Tactile Display”, IEEE CG&A, 2001
Winfield et al., “TPaD: Tactile Pattern Display Through Variable Friction Reduction", World Haptics Conf. 2007

13



TPaD(Laura Winfield, 2007)

Passive type Horizontal Display
SEEBLREDERKRSIFIA

Using adhesion between skin and electrode by high
voltage [

Kaczmarek et al., “Polarity Effect in
Electrovibration for Tactile Display,” IEEE Trans.
Biomedical Engineering,, 2006.

Olivier Bau et al., “TeslaTouch: Electrovibration for
Touch Surfaces,” UIST2010

TeslaTouch (2010)

http://www.teslatouch.com/
AUBSYTATLAT LR

[HapticsSympo2016] Extension of an Electrostatic Visuo-
Haptic Display to Provide Softness Sensation
Taku Nakamura, Akio Yamamoto

Conceptiffimage:

Softness Lat. force
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How to produce Touchable lllusion?

(1)Reproduce the World (Shape)
(2)Reproduce Skin Deformation
(3)Reproduce Receptor Activity
(4)Reproduce Nerve Activity
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Reproducing Receptor Activit
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Depth Selective Stimulation by vibrators’ paired movement

Asamura,"’A method of selective stimulation to epidermal skin receptors for realistic touch feedback,” IEEE VR, 1999.
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Reproducing Receptor Activity by Frequency
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Utilizing each receptor’s resonant frequency
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Konyo, “Tactile feel display for virtual active touch,” IEEE Int. Conf. Intelligent Robotics & Systems, 2003.

How to produce Touchable lllusion?
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1)Reproduce the World (Shape)
2)Reproduce Skin Deformation
3)Reproduce Receptor Activity
4)Reproduce Nerve Activity
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Reproducing Nerve Activity by Electrical Stimulation
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Sensation point Stimulation point
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*Good point: Energy efficienty, no mechanical parts so
mechanical resonance free.
*Bad point: Stimulation point and Sensation point is different
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Electrical Stimulation from Skin Surface
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Electrical Stimulation from Surface: Stimulate Nerves directly.

If we can “Selectively” Stimulate the Nerves, we can generate ANY tactile
Sensations.

Just Like we make colors by mixing primary colors.

RAT BEBEAREERRMCRRTSBIMHET R TL A1 BFHMBIEFLREE, 2001
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Stimulation to nerve bundle
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*Matrix electrodes (holes) are embedded, and

nerve will grow into the holes.
AT BEEEREEICHNT HHE RRATHLRX, 1998
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Summary

*Until today, reseachers tried to generate realistic
tactile sensations. Partially, it was achieved. But not
yet enough (Not Hi-Fi enough)

Tactile sensation itself has many unknown features,
especially about psychophysics.

*Todays tactile research is a combination of science
(why) and engineering (how). It is ideal for
researcher who want to be scientist and engineer at
the same time.

INT AR Mini Test REIFAIRE T

LT DL TIZ100F LNFIEE THRZ # &~ Answer all questions within 50 words

1. ALV OEEIIZDULNTERBAE & Explain role of Merkel cell

2. A RF—IMEDEZEIIZ DL TEEBAE & Explain role of Meissner corpuscle.

3. IFZIMEADEZEIZDULNTERBAE & Explain role of Pacini corpuscle.

4. LI4=HERDBEENDLTEHBAE &L Explain role of Ruffini ending

5. REREOMLMAAITDLVTEHRAE & Explain mechanism of thermal
sensation.

. B ORIHESH DL\ TEBE & Explain tactile apparent motion

. IR LtV E—2a 0 TDVTERBAE & Explain Phantom Sensation

L NIRYR)2—D30ITDVTERBAE & Explain velvet illusion

L =TT YNAY21—2av 2 DWVTEBAE & Explain thermal grill illusion
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