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s, ME A2 27— Tactile Interface
HE. hEA22T7x—R Haptic Interface
BEBE (27— Locomotion Interface
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Haptic Sense = Proprioception + Cutaneous Sense
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(Haptic= & (Contact) | (*Uy+/in Greece))
OFEXRADER (RERE.Cutaneous Sense, Skin Sense)
OESADRIE, BIEIA CRERER « DR Proprioception, Force Sense)

SHMEE  FEDEERE Today s Talk focuses on skin

TODAY’s TOPIC

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

4. Tactile AR
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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
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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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Skin Structure and Mechanoreceptors
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“Merkel&Meissnerld BRI

*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- 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.
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If the vibrator size is small, high freq. threshold rizes, because “spatial
summation effect” of Pacinian corpuscle is reduced.




FDO e~ Other cutaneous sensations

Skin temparature

Glabrous part Hairy part
RIERETIED B bR &R (CHEHE)

Free nerve ending near skin surface (C fiber)
OB ERE A LB MM Temperature sensation by two fibers.
O 18 L LAV HE L CHl#E AV B 24~ Pain sensation by two fibers

H£&B.Hairy skin

O£ 5127538 “Follicle Receptor
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f=FZLShIZH DY, Meissner/MAIZEEL.

Activated by low frequency vibration, substituting Meissner corpuscle

KEUTHTE AN He
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Meissner

ES5O-THRS.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

of unitary isitive 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)Identify Location and Type of Receptor by the Sound.

(3)Do Experiment on that Location.




TODAY’s TOPIC

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

4. Tactile AR

fEDRED)ER R
Tactile lllusions
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®Barber Pole lllusion

®ZMDEA (Motion Aftereffect)
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0D Y AVE—Y 3V (Funneling)
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Recent works revealed new tactile illusions
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Tactile lllusion similar to vision: Apparent motion
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Tactile lllusion similar to audio: Phantom Sensation (Funneling)
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®Cenerated by short pulses
®lmage generated between
stimulators

®Position can be controlled
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Tactil}e _Unique MNusion: Velvet Musion

ROBOB (TZR37y baE) ZMFTERAH,
AIRCENTE, EDYEUENIINY FREREELDSD.

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

IR E OEAEH—< /LT Ja—Tas

EWEHTREREABERBICR TS HLEEREELD
Close presentation of hot and cold temperature generates pain
sensation.

ERERBERBETICRATERT HHICEALLNS

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

(F) RERRIZED2BEDIRE(2)

Vibrator

Potentiometer

Catton Twill, 8.5 ribs / cm
(from Breugnot et al., 2008)

CW lllusion

® FNULADEERAFE +HIRBICLLHEFB>FEATH
BLEITSI8E,

etal., Combined of tactile and tive feedback to hand movement perception, Brain Res. 2011

TODAY’s TOPIC

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

4. Tactile AR

MREEBBET LI

How to produce Touchable lllusion?

(MWHF(DERME) ZFH#EE.Reproduce the World Surface
QR ENEREBEHE.Reproduce Skin Deformation
(B)ZBHEFHEEHEE.Reproduce Receptor Activity
(4)riZ;EBNZ B E.Reproduce Nerve Activity




Reproduce the World (Shape)
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Tactile Display for the blind
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ORENHEEERESTIFAI—ADINEE, REVE
®Numerous, dense arrays—Actuator needs to be small and cheap

Xmen,2000

X-men,2000

KRN OFiI— =R a®?
Thinnest actuator = SMA?
Coil-Type SMA (Shape Memory Alloy)
Extremely thin and moves large
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PopUp(Nakatani et al, 2005)
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Lumen (lvan Poupyrev, 2005)

http://ftp.csl.sony.co.jp/person/poup/projects/lumen.html

Is Actuator really necessary?: SandScape
(Yao Wang et al., 2002)
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http://tangible.media.mit.edu/projects/sandscape/

Thermoesthesia (Kushiyama, 2006)
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BERE T RTL A Thermal Display

BEtw Y +iEME Y

EABEREN 52~ 3 DREE LA
MHEBHEDRNGFANY

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

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

AR

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

How to produce Touchable lllusion?

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

(1)
(2)
(3)
(@)
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http://ftp.csl.sony.co.jp/person/poup/projects/lumen.html
http://tangible.media.mit.edu/projects/sandscape/
http://www.youtube.com/watch?v=fMwOSM_G1Ys

Reproduce Skin Deformation

Actuator should dissappear?
“Carpet is expensive. Shoes are enough!” Lets Wear.

/ Ultrasound generates Static

{ ,«;?‘ \ NI Pressure

| | I‘ : = Iwamoto “Focused ultrasound for tactile
\ '\"w / | |||)‘ 1T feeling display,” In Proc. of ICAT2001.
pt

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

ETEMEFRSLEL
Vertical Deformation is not Enough

M RICES>TEELGLDIXAA(1/2)
What is essential for bump sensation?

HES E T/ XTI HEE O£ BEEM
IBERTOMETA RATILATHSHFIENEELRLDH ? |

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

EE—RZEDTAULNMBEDERE TEELA? :
Horizontal “Slip” is Essential?? S

BEEYROMM=>EARO H(TL—F)1&
HARMDIRRIEVSFHNY,

MRV BT NIEBELTRROEZLTY
%o

Gabriel Robles-De-La-Torre & Vincent Hayward: Force can overcome object geometry in the perception of shape
through active touch Nature 2001,



http://www.youtube.com/watch?v=CT4WZexTloo
http://www.youtube.com/watch?v=CT4WZexTloo
http://www.youtube.com/watch?v=CT4WZexTloo
http://www.youtube.com/watch?v=CT4WZexTloo
http://www.youtube.com/watch?v=CT4WZexTloo

M RICES>TEELGL DX A (2/2)
What is essential for bump sensation?

KRG BROFHHY -
WOTEE > >HROBZS

Maarten W.A. Wijntjes, Akihiro Sato, Vincent Hayward, Astnd M L Kappers
Local Surface Orientation Dominates Haptic Curvature Dis Trans. On Haptics, 2009.

KFEEHFMDRER

Moving skin horizontally.

OEEENHIF IR HEEKTICERS

Active type: actively drive skin horizontally.

VEEERIC r"l(/God for wear type.
O HMF ik EEFHE L. RENBLTHNHTHE

Passive type: friction coefficient is controlled, and

perceived by skin motion. A

VIRIERIZRKS
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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Actuator d,,
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Active type Horizontal Display

ATAF T AL

BETIVF1I—RLBEEKFEARMADERK
Horizontal force generated by electro-static actuator

WATHBRNICEDERNFIHE I LBHFERANBREERET (2T A | BAVRER KR 2002.

E—HIZRBHKENRT

¢ sgtgm 3

em comprises four motors,
and a controller

WEIE D BTET N EFALV2 SRTME T ARTLAISE TR EBHMMBIRTF A, VRERAR2011
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http://www.youtube.com/watch?v=Prq9-uJSqSE
http://www.youtube.com/watch?v=Prq9-uJSqSE
http://www.youtube.com/watch?v=Prq9-uJSqSE

Passive type Horizontal Display NS
BERIRENC R DEZRRBEILDF A

Controlling friction coefficient by ultrasonic vibration

o RVM—XPR BRKIRB TEERENED TS
Squeeze effect: friction is reduced by high freq. vibration
« HBEEFBLEAEHE . BRRHORRATEE
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

Passive type Horizontal Display
EEEBLEREDEIHIRSIFIA

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

TPaD(Laura Winfield, 2007)

TeslaTouch (2010)

How to produce Touchable lllusion?

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

A9 T4TL AT LY

REFIBEHRYTARTLA
Reproducing Receptor Activit

EIERERBICIDBIRFBGERD L TIST3128Y I8 5)
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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http://lims.mech.northwestern.edu/projects/TPaD/index.htm
http://www.teslatouch.com/

BB EISEB L -2RREEHEIE
Reproducing Receptor Activity by Frequency

"
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10’ I(J'E;Eﬁ [Hz] 10 1’

REBROHIRE R HZEF A
Utilizing each receptor’s resonant frequency

Konyo, “Tactile feel display for virtual active touch,” IEEE Int. Conf. Intelligent Robotics & Systems, 2003.

VFAIRIILT—BRICEEL-ZARTHER
Reproducing Receptor Activity by Strain Energy

V ol I

“skin
suction pushing

ERWEIZLBERE R~ Using air suction
REIEHT T, RRBUEBCELIEIRIILF—DREL->AXE
R TEGLY

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?

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

ALESUTATLART LR

BERRIBICEYHREHERER

Reproducing Nerve Activity by Electrical Stimulation

\W#%Fék),—ﬁ

Stimulation point

s AR AR S L F= R R

Sensation point

SRR IRV —ZIE BRI 551 - SRR S BRI
R EEMLTYEL Y - BIRFIBOERR

*Good point: Energy efficienty, no mechanical parts so
mechanical resonance free.
*Bad point: Stimulation point and Sensation point is different

EEREMN>DEIRIH

Electrical Stimulation from Skin Surface

HRRGORBINFIHSEMTIELTRE
E2ARBOHEEEORHHMER ALIRIRFIH

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.

RAN REBREAEERRMNCRAT2ERME T RATL 11 BEFHHRBIEF RIS, 2001

MRERADEIRIH

Stimulation to nerve bundle

SBHIAARITR) O REE, HIEFERICERE
BBLTEEICLPERTYELY.

SRAL A&

*Matrix electrodes (holes) are embedded, and

nerve will grow into the holes.
AT MEBENTEICET PR HRALBLRK, 1998
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TODAY’s TOPIC

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

4. Tactile AR

i DAR ? ~Tactile AR?

P
Sensor

Iuroimon l/amile Display

Skin

Rectptor
FLOATZARELTHEE 7

EARELTOEIAZEE .~
Breast Cancer Checker as Tactile AR

ABCHUMEEEZNE.
SO LAAAMDEE ER1L
fHEAROMOENY R ELOT,

- HRIZLIYOMA KR EECEDS.
#LHA B2 ETE .~ Checking Breast Cancer
BBAANDARILIHETEHE, REDTIRAFvISKEE
FTREBOLIY(EF. tumon)ZMETES
Rub breast through oil-contained thin plastic bag. The oil
reduces surface texture, and internal tumor can be observed

fEDAR: it EI 2L X
Tactile Contact Lens as Tactile AR

£ 5 B 25 L2 X (ROBOMEC'04)

il MDAR.~ Tactile AR

Kajimoto et.al, SmartTouch, SIGGRAPH2003.

SmartTouch(Kajimoto 2003)

SERPTITea YA EECHsoramT e
EACTHES N IO IS 01
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Vision-Tactile Conversion for the blind

0BJECT
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BANK OF 400 7
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— Collins, “Tactile television - mechanical and electrical image
projection,” IEEE Man-Machine Systems, 1970.

E|#B4 : Forehead Retina System
20055 H ~ ()7 A TSRTSRED LR

BRI NE BE EEEES
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AR

EELMEAR: Vv IO+ 5
Simplest Tactile AR: Adding Clicking Sensation
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(5) Body mounted scwutor for PDA
Tacaile informaticn is conveyed (> grasping hand.
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(1) Panel mounted actuatos for PDA.
e ndormsica direcly resches tapping foger vp Singe Puse Short Burst

D)V IBEDIDYICEREORSIZESZ S,
B EWSTOMEIY) v IIMBEABMENTNSEVSERTHEAR?

Fukumoto et al., Active click: tactile feedback for touch panels CHI2001

F&
TSR E IZ IR R TEDHRERE
(B TARTLA1L, REEL.
SRRIREZ DL DA I ELRE
TREDMETARATLAFEIL, fiEZFDLD

DFALSIREHHETRMYBA TS, 70O
NTAVIBETHTHS.

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.
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INF R Mini Test REIRIEET

LT O£ TIZ100F URFZE THRE B & Answer all questions within 50 words

. AT VR D FENIZDULNTERBAE & Explain role of Merkel cell

. RARF—IMEDZENZDULNTEEBAE & Explain role of Meissner corpuscle.

L ISFZIMADEBNZDULVTERBAE & Explain role of Pacini corpuscle.

L ILT4 =R OEENISDULVTERBIE & Explain role of Ruffini ending

REREOLMAITDOLVTEBE & Explain mechanism of thermal
sensation.

. f R ORBHER DLV TERAE & Explain tactile apparent motion

T7Ub Lt —av [T DWVTEBAHE & Explain Phantom Sensation

. NILRYRA1)2—230 (2D TERBAE & Explain velvet illusion

L =TT ) IA)2—2av T DNV TERBAE & Explain thermal grill illusion

a A, WN =
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