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

7/5,7/19 are changed to my lectures.

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)

Most recent CHI.UIST ~IEEE-VR.” 3DUI.” Siggraph.” Siggraph Asia.”
World Haptics./ Haptics Symposium.”EuroHaptics

Deadline: 2019/7/26

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

© NSO WD~

AMET:8I3F %~ Measuring Human
#85 . Human Vision System
REt> 4 ~Visual Sensing

HE T4 RT LA~ Visual Display

EE . R4 4271—X . Auditory Interface
e fhE R T71T—X Tactile Interface
e fhE 427 —XIG A Tactile Interface2
hE. hEA2R271—X ~Haptic Interface
BERE A 2T71T—X ~Locomotion Interface




ME=AERE+RERR

Haptic Sense = Proprioception + Cutaneous Sense

S =FAICK > TELDXE
(Haptic= #ft(Contact) ] (' v5E,/in Greece))

OEXRTDENR (RERXE,Cutaneous Sense Skin Sense)
O FHRID{HBHE, BIENA CERBIRXE « N8, Proprioception, Force Sense)

SHDEE | EDOREEBRXE,Today s Talk focuses on skin




TODAY’s TOPIC

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



Skin Strunture (Hairless Parts)

SKinsurface  igisms mmMMERICHE
-::" 2 : Mechanoreceptor: Sense Mechanical
Deformation

% &R~ Shallow part
® 7 1 XF+—IMK.MeissnerCorpuscle
® A )L )LiliAa.~Merkel Cell

&R~ Deep part
® )L 71— #3K.~Ruffini Ending
® /\F—/MA .~ Pacinian Corpuscle
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Deeper Tissue FreeEnding (Pain, Temperature)
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*Densely Populated at 0.7 - 0.9mm depth.

*Sense Static Deformation.

*Pulse Frequency is Proportional to Deformation.

‘When activated, Pure Pressure Sensation is generated.
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*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
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*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 =# K~ Ruffini Ending

(= NI

HIET2mmbl LD EERIZERS [ZTFTE.
FEET IS
FHNBEEIIET DO REZIZLEH
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*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
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‘Merkel: B 5 £ 1
‘Meissner: {BBE LS RE
‘Pacinian: BRIKR S INiERE

*Merkel:DC / Displacement & Pressure
*Meissner:Low Freq. Vibration / Velocity
*Pacinian:High Freq. Vibration / Acceleration
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‘Merkel : $H\L /A2 —>~Small Pattern
‘Meissner: EIE LD #AH L VEFE,Small Area Movement
‘Pacini: [GLNETFEDEE.Large Area Movement
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Skin Structure and Mechanoreceptors

# B —

— REZAELY
B :FEbhL
‘Merkel&MeissnerlFIERIZFE

*Epidermis: Hard
*Dermis: Soft

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

Stress is Concentrated at Merkel  girain is Largest at Meissner

Gregory J. Gerling, “Fingerprint lines may not directly affect SA-I mechanoreceptor response,” Somatosensory and Motor Research 2008.
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Shape is mainly coded by Merkel Cells
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Frequency is mainly coded by combination of receptor activities.

AR D IREI AR R

Human detection
threshold

Meissner's
corpuscle
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MKIRENFHV/INEL EPaciniD N ZEENNE Ih R AVEGY . S RIEARELIZLLES
If the vibrator size is small, high freq. threshold rizes, because “spatial
summation effect” of Pacinian corpuscle is reduced.



EuroHaptics2016, Temporal integration of tactile
inputs from multiple sites

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

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



ZFD @ ftE,~ Other cutaneous sensations
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Skin temperature

Glabrous part Hairy part
RIERE LD B BAERR (CHkHE)

Free nerve ending near skin surface (C fiber)
OB ERRE Al LB Temperature sensation by two fibers.
5 = : Hiifm LBl JE (LAY #E S CHit#E AYHE 2.~ Pain sensation by two fibers

A EEB. Hairy skin

® EHZ A28 Follicle Receptor

EDRTZMYES, EHNHNLEETOAFH(EERL)
=LY, Meissner/MAIZEELY.

Activated by low frequency vibration, substituting Meissner corpuscle
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(B38)RnERELMHRZDIE

Table 7-2 Sets of Afferents Sensitive to Temperature
Threshold Range

Group Axon O Q)
= =9 |, re Noxi id C-fibers, 0.5-2.0 : 26-27 Do
1E§'|$I%E. oxious co! s m/sec, rare toti:vsnue
! destruction
A rth Cooling A-delta, 13-15 m/sec, 34 34-26
MR density 50-70 fibers/cm?
'uﬁ
). Warming C-fibers, 0.5-2.0 m/sec, 36 36-42
density S0-70 fibers/cm? .
12‘ =5 '|€l:|_ a8 %: Noxious heat (1) C-fibers, 0.2-2.0 m/sec 42 42-52
-~ = Ll (2) A-delta-] 42 42-52
Extreme heat  A-delta-ll, rare 52 Up to tissue
S destruction

HIFDTEFALIRERE  AOHFE(IE13-15m/s, Chit#0.5-2m/s.
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EH-TIHRS.How we know?

By using needle, we can directly measure nerve

aCt|V|t|eS . 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.
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TODAY’s TOPIC

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



fRE D (FEED) B FaAE
Tactile lllusions

) AT URADES

®Barber Pole lllusion

® Z (DR (Motion Aftereffect)

® (RIFEE]

o ) »YAtEYTE—Y 3V (Funneling)
ON)UINy (1 )Ja—=I 3V

oS/ \—/\JU A1 J)Ja—I3

K50, MEIREOFRERECH > TEIL.
HENRNEICKDIEZ.
Recent works revealed new tactile illusions



RE TR TS HEEMA : (RITEE)

Tactile lllusion similar to vision: Apparent motion

#hEB




(Z%&) : EJIS aaEEJJ(Cutaneous saltation, rabbit)

. Tactor Sites:

10 20 30 40 50 60O 70
® - e ~
Stimulus Pattern: Veridical Mode
10 20
I 30
Time 40
+ 5@ 6@
® 70
Stimulus Pattern: Saltatory Mode
1
. § )
ime : !
Y © : 7o
Veridical Sensation:
| 1@ 20
. 3D
Fime 1@
5@ 6@
Y © 70
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Tactile Illusion similar to audio: Phantom Sensation (Funneling)

MmsA MNBMNE HRB

O /\)U AR CTHE
O S RHNFDBEICHE
OE(IBENTED

®(Generated by short pulses

®|mage generated between
‘ O stimulators

®Position can be controlled

h i A

#hEB
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MEEBDOEMAN)IINY 1)1 —-I3Y
Tactile quue llusion: Velvet lllusion

mUMEoB (FZRS5T v R E) ZmFETHEEH,
BIRICEIN T &, EDwvEUREN) LAY RRESE DD,

Sandwiching coarse mesh of a net, such as
tennis racket by two hands, and moves. Then,
smooth surface like velvet is felt.
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Tactile Unigue lusion: Thermal Grill lllusion

Skin

1111 B 4@
oA B4 B A kfﬂﬁiﬁfﬂ

WDV ERE CTRBREMRZRIFICIRTISER/REZTELS
Close presentation of hot and cold temperature generates pain
sensation.

RER L. REZHREETICRAZTERT DHICEALLNS

Used for the generation of pain sensation without skin damage.
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Okabe et al., Fingertip Slip lllusion with an
Electrocutaneous Display, ICAT2011



() KERRICEOEISDIETE(2)

Vibrator

Potentiometer

Rotating Disk

LN e g e

Cotton Twill, 8.5 ribs / cm
(from Breugnot et al., 2006)

\_ CW lllusion Y,

® FDUVLADEERAFIH+IRENCKSFHEE>FEMN
Eﬁb%ﬁ‘fé]"&ﬁo

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




R (2B IFBHTRF T D : 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

BECEEIYDLEDIREIZEZTEE, BICTOPEIMEEIZEZHLIEXDREN TS
[THATLES. BLGARARBMTEINFELLL. BIMIZIEASDOTEHRL.
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
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IREIETE—2(ZLSZE L/ Vibration Motor
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F1 T —4/Linear Resonant Actuator
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. BhBbY: — T EEERECET A ETOEBEEN  80msiEE

o MRARAAMIIRENFIZH IR 42+ -t =Linear Resonant
Actuator: EIE10msLLF.

o HIRER#150Hz~200Hz. PacinifgigiZ3H>
- IRfEAppleWatchZFI(ZHEAH.




A DIRENIF : RE—H/ Audio speaker is ideal

¢ IRILF—UXRIIELDZLOD, FEDREKM RigEER,

« BRBREFIZXEA—T44 727 BEICEOTIHERERFHEZHE
)

« BISEFNETHEBER TR TESIAE—AAHRENS LD
12750 AFEBRLY, 44
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Acceleration sensor inside

P

sensor Speaker

Users hold speakers with their hands and an
elastic band around the speaker cone seals
the air between the palm and the cone.

Y. Hashimoto A Novel Interface to Present Emotional Tactile Sensation to
a Palm using Air Pressure, CHI2008

{Hz~2HAE DRI EIET TE 30, BlZILMNAEEE
=2, AC—NEECHZBE—TBORS T,
ANERH(C ZE5HU)] 45




Application of Hi-Fi tactile display

Application(1)

Living Matter
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Miniatualizing speaker
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Structure of Haptuator mk2
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DCE—AITX DR B 27~ (10001 ps)

Input voltage -

Yl @i BAE—2RENEEZAV-IRBMTRTORIKESE, E200BRNN—FyI)LITI)T4FR(2015F98 ZHIEKE),
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.
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How to produce Touchable lllusion?

(R (DXRE) FHBIEZE.Reproduce the World Surface
(Q)RENEREBEIEZE, Reproduce Skin Deformation
(3)Z AR EEEBHEE. Reproduce Receptor Activity
(4)##2FHEBEE . Reproduce Nerve Activity



Reproduce the World (Shape)

A3 TATORT LY




Tactile Display for the blind

KykE 2—DV-2
KGSHAR =+t

ORENEFERESTIVFLI—FAD/INEE, BEH
®Numerous, dense arrays—Actuator needs to be small and cheap



Xmen,2000

X-men,2000
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Thinnest actuator = SMA?

KYHLNT D

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




EapU_p(Nakatani et al_l-, 2009)
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Lumen (Ilvan Poupyrev, 2005)

http://ftp.csl.sony.co.ip/person/poup/projects/lumen.html
ARSI T4TRT LR




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

l
]

Leithinger, Sean Follmer, Hiroshi Ishii, CHI2016

DR TART LA TR YIEBFEZRELT-.



(CHI2018) Visuo-Haptic lllusions for Improving the Perceived Performance of Shape
Displays
Parastoo Abtahi, Sean Follmer

Visuo-Haptic lllusions for Improving the Perceived

Performance of Shape Displays

Parastoo Abtahi, Sean Follmer

SHAPE Stanford
La b r‘ University

DR TART LA DG EREZ R T D-OITEHREELMBE DO ISZERET S




INForce (Nakagaki et al., 2019)

MAREEL>IEVIN VR WANMED LD UTEN A/ MEDIRTR




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

RYRE5— / - FINAAS

i (E—X)

/\/LS\_

@ FHrE

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




SEGA Z—T%9J 7 (2015)




(CHI2018)Tangible Landscape: A Hands-on Method for Teaching Terrain Analysis
Garrett C. Millar, Payam Tabrizian, Anna Petrasova, Vaclav Petras, Brendan Harmon,
Helena Mitasova, Ross K. Meetenmeyer

By 4-way clamp

o b 9 C-stand

Laptop with

- SandScapeBE. BT 5B HICAL -



RERETAATLA./Thermal Display

| o omix 'l'_':/"j"l‘:.l%ﬁﬁ‘t’:/"j'

AR N2~ 3R DREZ LD
MERETEDRNGFHLNY

2 to 3s temperature change is the key

>

Bf  to detect object property.

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

P ok e ]

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



BEINOT 3> . Thermal Projection

RGB projector

RGB projector

AT UATREGEMWVMINZERET 5.
Project thermal sensation by IR projector.

Daisuke Iwai et al., Non-Contact Thermo-Visual Augmentation by IR-RGB Projection, 2019 IEEE TVCG



(CHI2018) Ambient: Facial Thermal Feedback in Remotely Operated Applications
MHD Yamen Saraiji, Roshan Lalintha Peiris, Lichao Shen, Kouta Minamizawa, Susumu
Tachi

- EERIVDEEREZREBIZIEADADTLAIOAEAVR.



How to produce Touchable lllusion?

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

AV 35D T4T L RT LY



Reproduce Skin Deformation

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

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



Actuator should dissappear?

Ultrasound generates Static

LT pressure

N~ lwamoto “Focused ultrasound for tactile
|| |I|D| nm feeling display,” In Proc. of ICAT2001.
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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/
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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.




Cross-Field Aerial Haptics: Rendering Haptic Feedback in Air with Light and Acoustic
Fields, Yoichi Ochiai et al. CHI2016
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FTFEMEFRSEL
Vertical Deformation is not Enough

HES T T RATUAHEE O FEERR
[TFERTOMETARATLATHYSHSEAHELZLDI ? ]

Although many researchers made “dense” tactile displays,
No one succeeded to reproduce “texture” sensation.
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Horizontal “Slip” is Essential??

L -



MMERICES>TEZEGDD ([ HV(1/2)
What is essential for bump sensation?

a
b .
Physical surfaces
Fox
Fox
Physical bump (condition 4) Physical hole (condition 5)
[+
Flat surface
pr <+
Fox -
Virtual bump Virtual hole
(condition 2) (condition 3)
d

Force-masked physical surfaces
F

DKEOA‘
pr;a\/-

Force-masked bump Force-masked hole

Force-masked bump Force-masked hole
with control virtual bump with control virtual hole
(condition 6) (condition 7)

f
A- pr -«
Fou ' \/
Force-masked bump Force-masked hole
with aligned virtual hole with aligned virtual bump
(condition 8) (condition 9)
a b Subject's finger
Curtai N
urtain

~Flate

) «=oad cell
Plate Haptic . - -
interface Shim «=Frictionless joint

<= Wheel

- X
| [al .
t t t
Table Physical Fixed Physical
surface reference surface

HEZYROMM=>EAROIA(TL—F)1&
A RDIFARIEVNSIFHHY,

k1K YLI N IZEBELTRRRIEZLTW
Do

Gabriel Robles-De-La-Torre & Vincent Hayward: Force can overcome object geometry in the perception of shape

through active touch Nature 2001.
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What is essential for bump sensation?
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Maarten W. A. Wijntjes, Akihiro Sato, Vincent Hayward, Astrid M. L. Kappers
Local Surface Orientation Dominates Haptic Curvature Discrimination, Trans. On Haptics, 20009.
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Moving skin horizontally.

O HEENHY=
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Active type: actively drive skin horizontally.

® ZFHY=
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e

v EEZERIZF< .~ Good for wear type.

ERRBERIE. .
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Passive type: friction coefficient is controlled, and
perceived by skin motion.

VIRER(ZmL

= >
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.
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Active type Horizontal Display

127 L O—F e——— V=71 F

BV VF1TI—REDHRIEKFEARTTDAERK
Horizontal force generated by electro-static actuator
UATHES NI LBEENHEET L LBBTERAN B ERE TR TL A1 BAVRER AR 2002
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| Satostif®aga, Koichiro Deguchi
ol Tohoku University, JAPAN

Http://www.voutu be.com/wétc?v=Prq9-uJSqSE

IEIA , BTN ERAWN25RTMBET A RTLAIZE T HEEMMMERIRRFIE, VRERKR2011
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NIV TRYYTRER RS HEEEXY2BEHETHERLE. E6ICT
KELTRILMZIZHONZHITTHREZRELPILTLS.
The Slip-Pad: A Haptic Display Using Interleaved Belts to Simulate Lateral and Rotational Slip, WHC2015



[O0S6-5] eShiver: Force Feedback on Fingertips through
Oscillatory Motion of an Electroadhesive Surface
Joe Mullenbach, Michael Peshkin, Ed Colgate

-

Position

Micrometer
Slide

Load Cell

Phantom Finger

Anodized
Aluminum Plate

g

Electromagnetic
Shaker g

Displacement "3
Sensor Probe | © =

i}

Fig. 4. eShiver Experimental Apparatus.

High Friction Low Friction
——————t
Time
HEBEHOMBETA RTLAZKERESE, REERHALTERRRELILSESHILT, —
ARICHZELSEDS. DFRYFYTF/N\RILTOARERT.



Passive type Horizontal Display o

BRIREICKOEZRFRMEILDF

Controlllng friction coefficient by ultrasonic vibration

¢ AVA—ZANR BRRREITEEFEHNBL TS
Squeeze effect: friction is reduced by high freq. vibration

« FBUETAEHAEHE . BEFEHORRINAEE
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




TPaD(Laura Winfield, 2007)




Passive type Horizontal Display

EEEMEEEDEIRINS|FIF

Using adhesion between skin and electrode by hlgh

i ﬂh&"‘"‘ ¥

voltage i
. ¢ S

2 J

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

Conceptl@ialfimage

Softness Lat. force

Pressing Sliding
lmotion motion

Friction by Electroadhesion
HESEMNRRTIEE CEONSRELGOINCHELGHIBTHIFERZEZEE



How to produce Touchable lllusion?

JReproduce the World (Shape)
JReproduce Skin Deformation
JReproduce Receptor Activity
JReproduce Nerve Activity

(
(
(
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1
2
3
4
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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

1

o Merk

o Paciniin

10018

0 3 B =
10 10 . 10 10
JE IR 2 [Hz]

Utlllzmg each receptor S resonant frequency

Konyo, “Tactile feel display for virtual active touch,” IEEE Int. Conf. Intelligent Robotics & Systems, 2003.
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Reproducmg Receptor Act|V|ty by Straln Energy
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suction

pushing

ﬂ&%ltﬁ‘l‘t, ZRBUEIZELSIEIRILF—

AlTEEL

& 4 Bk~ Using air suction

NEIL—- AIFEX

Suction and push produces the same amount of strain energy,
so that human cannot distinguish.

Makino “A cutaneous feeling display using suction pressure,” SICE Annu. Conf., 2003.



How to produce Touchable lllusion?

JReproduce the World (Shape)
JReproduce Skin Deformation
JReproduce Receptor Activity
JReproduce Nerve Activity
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Reproducmg Nerve Act|V|ty by Electrical Stimulation

A N AR IR S L =R R \ IR N R

Sensation point Stimulation point

Fl R TRV R MBI - IR E D S FR
iREE ERIMGTYEL Y - EIRRIBDER

*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

113
o 0

FRERIFHORBINZ SIS ERTVEL T EIR

F X B D MREERE OFHZ R ALMZIRRIE

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.

BAI REREAEZZERMICRETIESMET(RTL1] EFFHRBEFEFRIE, 2001.



HIERANDEXRNE

Stimulation to nerve bundle

SEOAABRITRN)DRAEM, HIEHERICEDE
BiELTEBICKSZERTYELD.

fEk A&

*Matrix electrodes (holes) are embedded, and

nerve will grow into the holes.
SAT HEEER BT AHE] ERAFELHRX, 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 A/ Mini Test R[EIBHIRE T

LUTDETIZ100F LINTEE THEZE L~ Answer all questions within 50 words

AL VR D & BN ZDUNTERBAE & Explain role of Merkel cell

YA RFT—IMERDZE|ZDULVTERBAE & Explain role of Meissner corpuscle.
INFZIMRDZ BN ZDULVTERBAHE & Explain role of Pacini corpuscle.
W74 =R DEZENZDULVTERBAE & Explain role of Ruffini ending

RERBEOMLEHEAIZDLTERAHE & Explain mechanism of thermal
sensation.

i = DIRITES)Z DLV TERBAE & Explain tactile apparent motion

J7ob Lt tE— 322DV TERBAE & Explain Phantom Sensation
RNILRYRA1)2—23 22DV TERBAHE & Explain velvet illusion
H—<ILT)IILA1)2—23 22DV TERBAE & Explain thermal grill illusion
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