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Outline of the lecture

AR EHBIF %~ Measuring Human

%83 _~Human Vision System

BE LY Visual Sensing
BETARXTL A Visual Display

BEE . JEE 271 —X . Auditory Interface
fihe  fiE 427 x—R Tactile Interface
HE. AEA2A2TT—X Haptic Interface
BERE (27— X . Locomotion Interface
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ME=AMRE+RERE

Haptic Sense = Proprioception + Cutaneous Sense

ME=FRICL>TELDIREE

(Haptic= T#f#(Contact) ] FUv 58/ in Greecel)
OZERENEN (REREE,Cutaneous Sense, Skin Sense)
OEFANIRKE, BIEIR CREBE - HE.Proprioception, Force Sense)

SHDEE | MEDEBRAE ./ Today' s Talk focuses on skin

TODAY’s TOPIC

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

4. Tactile AR

Skin Strunture (Hairless Parts)

Skin surface
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Mechanoreceptor: Sense Mechanical
Deformation

/8. Shallow part
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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.

<EETO0.7mmICHEIFE.
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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

JXF =K ~Pacinian Corpuscle
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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 =#3K ~Ruffini Ending
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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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REBELZRE
Skin Structure and Mechanoreceptors
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«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 directl affect SA-1 response.” and Motor Research 2008.
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Shape is mainly coded by Merkel Cells

Receptive
field
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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.




Z DD fRE .~ Other cutaneous sensations
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Skin temperature

Glabrous part Hairy part
RERE D B B E#E R KR (CHH)

Free nerve ending near skin surface (C fiber)
OBERE MM LB MM Temperature sensation by two fibers.
OEH R LR (LAY LCHAE ANIB 2 Pain sensation by two fibers

AHELRHairy skin

@ E@RAER Follicle Receptor

EDRTEMYEE, ENENLEETDHEE RERE)
f=2LThIZ Y, Meissner/MAILEEL.

Activated by low frequency vibration, substituting Meissner corpuscle

(BB)RERRELMEDIESE

Table 7-2 Sets of Afferents Sensitive to Temperature

Threhold  Range
Group Axon. [y=] ro
2 "Noxious cold 0520 mpses, %27 Down
REUAE e e o tiwoe
destruction
5w Cooling Addela, 1315 misec, E 3426
mz density 50-70 Abersjcm?
JBR weming 0.5-2.0 misec, 3 3642
50-70 fibersicm®
Noxousheat (1) Cibers, 02-20misec 42 s
S ia Ciben
RELER (@ Adeltal a 4252 ‘
Exremeheat  Adslta L, rare $2 Upiotisue
destruction

R ORELRERE  ASHIEIX13-15m/s, CHiH0.5-2m/s.
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ESP->TEHRS.How we know?

By using needle, we can directly measure nerve

activities. vaibo, “sensations evoked from the glabrous skin of the human hand by electrical
of unitary itive afferents,” Brain Res., 1981




Procedure
(Medical Doctor’s License Required)

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

(1)Insert a needle (90.1mm), which is connected to Amp&Speaker

(2)Identify Location and Type of Receptor by the Sound. I

(3)Do Experiment on that Location.

TODAY’s TOPIC

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

4. Tactile AR

MED(RED)EE  fEA
Tactile lllusions
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®Barber Pole lllusion

®;EDEL) (Motion Aftereffect)

® [RIRES)

o Py AYE—Y 3V (Funneling)
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1HICHE, MEMRORRICH > TIBNN.
RERRBICKDARZD
Recent works revealed new tactile illusions
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Tactile lllusion similar to vision: Apparent motion

(%) : Bk E ) (cutaneous saltation, rabbit)
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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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Tactile Unigue llusion: Velvet lllusion

FOBOB (TZRS57y Fad) Z@F THRM,
HRICENTE, EDvEUENIINY FRZEELCSD.

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

Tactile Unique Musion: Thermal Grill llMusion

TG - =

Skin

EVEE TRBREARERKICRTTHEEREELD
Close presentation of hot and cold temperature generates pain
sensation.

KBRE REZEEETIEAEERTHHICEALLGNS
Used for the generation of pain sensation without skin damage.

R (T L HBEDEE(1)

NERBICMEND MRNB] ZRT
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0) 1 ZERBLD
Okabe et al., Fingertip Slip lllusion with an
Electrocutaneous Display, ICAT2011

(%) KIERBEICLDBEDEHE(2)

Vibrator

Potentiometer
Rotating Disk

wil
(from Breugnot et al., 2008)

& FOULADEERAFIR +HRBI<LAHEH>FEHNE
EURIT5H18E,

etal,, Combined of tactile and 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




MREEBEETDICE

How to produce Touchable lllusion?

1R (DRE) #HHEZE.Reproduce the World Surface
2)R E DEREBHE.Reproduce Skin Deformation
3)ZRBIEFHEFHE.Reproduce Receptor Activity

4) iR E B E B/ E . Reproduce Nerve Activity

—~ e~~~

Reproduce the World (Shape)

AVESITATLRT LR

Tactile Display for the blind

KyhkE 2—DV-2
KGSH# X+t

ORENEEERE ST IFAI—ADNEE, RELEHE
®Numerous, dense arrays—Actuator needs to be small and cheap

Xmen,2000

FURAONT7FiI— =R Raz "
Thinnest actuator = SMA?
Coil-Type SMA (Shape Memory Alloy)
Extremely thin and moves large

fillso e
BMX50
@ 0.5mm $02
ancll

%’gs EIMX‘!
SharpP!
Sp— RIS #04  BMX1SO an

X-men,2000




PopUp(Nakatani et al, 2005)

e ‘

Lumen (lvan Poupyrev, 2005)

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

BERE T XTI LA Thermal Display

—
BEL Y +EMtE Y

BRI L2~ S DREELS
MEBHEEDBRNEFALY

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

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

Jaszos

hyhs5— / o Fnnss

Bi5E—-X)

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

Thermoesthesia (Kushiyama, 2006)



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

How to produce Touchable lllusion?

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

AVBFVTATLRT L

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?

/ ey Ultrasound generates Static

| ,‘?‘?-‘I HIHHINT pressure

| I‘l‘ | —P Iwamoto “Focused ultrasound for tactile
\ W/ T feeling display,” In Proc. of ICAT2001.
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Vertical Deformation is not Enough
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Although many researchers made “dense” tactile displays,
No one succeeded to reproduce “texture” sensation.

RE—XRZREDOTAYNREDARETIHGLMN?
Horizontal “Slip” is Essential??



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

MMEICESTEELRED (FAA(1/2) MMEICESTEELGLD (T (2/2)
What is essential for bump sensation? What is essential for bump sensation?

g ey | : KGHEMOEDFA MY
v [E——— v BOTEE > > EOBHE
VA . . EHEYBOMM= AR O N (TL—%) 1&
v HABDTHARIEVSFEAHY, |
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%,
Gabriel Robles-De-La-Torre & Vincent Hayward: Force can overcome object geometry in the perception of shape Maarten W. A. Wijntjes, Akihiro Sato, Vincent Hayward, Astrid M. L. Kappers
through active touch Nature 2001. Local Surface Orientation Dominates Haptic Curvature Di: Trans. On Haptics, 2009.
KEZEHMDER Active tvoe Horizontal Displ
Moving skin horizontally. ctive type Horizontal Display
LT L | S % KT ICERE) -Ho_nzontal Vlb_ratlon is
Active type: actively drive skin horizontally. achieved by Micro-Machine
] Hayward, "Tactile display device using distributed
& I | ski h,” ASME, DSC, 2000.
&% ateral skin stretcl
& <M<~ Good for wear type. oo
d I,‘:‘
OZEMF L ERFEHELL. RENBLTHHTHE m-f? # i1 ;
Passive type: friction coefficient is controlled, and :li 3
perceived by skin motion. A i ipﬁzcmm
BRZECS £ i
Good for environmental type. ++ : ii 1 i

Active type Horizontal Display

AT H T AL L

BET7IFAI—RLDREKREFRAINDER

iy Horizontal force generated by electro-static actuator
4 ey WA HERNICLDERNFIMET IV LBHFERANERZERE T RIL (I BAVRERX RS 2002.
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SatosSt®aga, Koichiro Deguchi '

Tohoku University, JAPAN

http://www.youtube.com/watch?v=Prq9-uJSqSE

WEE . SN AR S RTME TIRILAISHE T 2E ROV MBIRTF A, VRESAR2011

Passive type Horizontal Display A
AE RIRBICKDEERBELDOFIA

Controlling friction coefficient by ultrasonic vibration

¢ RVM—AHR BRIRRBTERRENEDTS
Squeeze effect: friction is reduced by high freq. vibration
- BEEHBSAAGHE . ERERORTHIATEE
Combined with pos. sensing, friction distribution is displayed.

Nara et al., “Surface Acoustic Wave Tactile Display”, [EEE 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
BEBBLREDESHMKSIFIA

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/

AUBSOTATLRT LA

How to produce Touchable lllusion?

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

AVBSITATLRT LY
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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
http://lims.mech.northwestern.edu/projects/TPaD/index.htm
http://www.teslatouch.com/

ZERHRIMERETARATLA
Reproducing Receptor Activit

ey

EEERERBICEOERRIHGERD LTFIZM5103RY I 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.

FRIREBSFEICEBL-ZRFREDHEIR
Reproducing Receptor Activity by Frequency

ol 4
([

10" mlﬁﬁi&ﬁl [Hz] 10 1’

RRFDOEIRERYBEFA
Utilizing each receptor’s resonant frequency

|

52 X RRE [um)

'

o Merkg
= Meissifc

= Pacini

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

VFHIRILF—BEISEBL-ZRREDHE
Reproducingr Receptqr Acti_\(ity by S_train Energy

T

v

& v &

skin

:ﬂ 1 ﬁ: %
suction pushing

RS LBEE L M.~ Using air suction
REIEHT T, ZERMECELIEIRILF—DRL->AETRE
Bl TERGLY

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?

Reproduce the World (Shape)
Reproduce Skin Deformation

(1)
()
(3)Reproduce Receptor Activity
(4)Reproduce Nerve Activity

AVBS0TATLRT LY

BERRHICLYiERNEH/IE

Reproducing Nerve Activity by Electrical Stimulation

=
isi P AR RS M F= R R RERAR

Sensation point Stimulation point

FR: IARILF—E IR S5 - SARTHEA SRR
SRR ERATYEL T - BIRRIBOER

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

REREMSDEIRIH

Electrical Stimulation from Skin Surface

BERFORFSNBZSIALERMIVELTRE
EZRBROBMERE OHFHER ALISERIRRIK

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 REERHEEERRNICHAT2ESME T RT L/ BFHHEFF R, 2001
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FAZRADETRIEL

Stimulation to nerve bundle

4

SRORAHBITN) Y XERS, HEFEERICERE
BBLTEZICKIERYELS.

R AE

*Matrix electrodes (holes) are embedded, and

nerve will grow into the holes.
AT HEBELTEICE T HHR RRASELRR, 1998

TODAY’s TOPIC

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

4. Tactile AR

il = MAR ? .~ Tactile AR?

-

Sensor

Information Y s fa
/ - + l/dcnle Display
- S{ \% ' Skin
L |

RN o Y

Rectptor

FLOATZAHRELTHEE 7

M EARELTOENAZEER
Breast Cancer Checker as Tactile AR

LD 1 LI, O3 Lhik
ARCRUMEEEENS.

HEAROMOEEN RCLIOT,

FLHYA B 2 W& .~ Checking Breast Cancer
HBAAILDOAST-RILISHETSHE, REDTIRFYITIKGFE
FTREBOLIY(IEE. tumonZEHE TES

Rub breast through oil-contained thin plastic bag. The oil
reduces surface texture, and internal tumor can be observed

RS A LA ARFORE EREL
HRISLC Y OMAE ek ED S,

MR DOAR: MBI 2L X
Tactile Contact Lens as Tactile AR

\LJ

il & MDAR.Tactile AR

St iR X (ROBOMEC'04)

Kajimoto et.al, SmartTouch, SIGGRAPH2003.




SmartTouch(Kajimoto 2003)

Visual images ERTre
translated into

RE-MELHR

Vision-Tactile Conversion for the blind

08JECT

% 2
BANK OF 400
STMULATCRS COMMUTATOR
i
e

— Collins, “Tactile television - mechanical and electrical image
projection,” IEEE Man-Machine Systems, 1970.

E5|#B 4" : Forehead Retina System
2005 E ~ () TATSRTSREDERPHRE

BN NE, BB EHBREN
SHERAEEREREEOMSE

* 4 “Forehead Retina System
S8

EEGMEAR: Vv IRDFE
Simplest Tactile AR: Adding Clicking Sensation
15

\ )
(a) Body mounted actuator for DA,
Tacil informion is conveyed 1o grasping hand.

mlﬁrlm;:ud-nlnl-'lﬁm.

‘wctle informaticn diretly resches Lapping finger up Sngie
JUIEOIDYICERBEOREEE5 X5,
HEAEWSTOMEICV) v IMEHIEMENR TS EWSEHKR THEAR ?
Fukumoto et al., Active click: tactile feedback for touch panels CHI2001

FEH
DT NGETEHH=RRE IZIRTTEIRERE
() TARTLAIE, RIZELN.
RTRREZDLDAHTERRE
BREDMBETARATLAHRARIE, i EZDLOD

DfRALSREHHOLETRMYHEATIS, 790
INTAVIGRETETHS.
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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.

INF R Mini Test REIRIEET

LT DL TIZ100F URNFEE THREE £~ Answer all questions within 50 words

L AL VKRR D BB DLV TERBIE & Explain role of Merkel cell

L RARFT—IMEDZENZDWTERBAE & Explain role of Meissner corpuscle.

L INFIMEDREIZ DV TERBAE & Explain role of Pacini corpuscle.

LIV EREROEENIC DOV TEBAE & Explain role of Ruffini ending

. REREOGMAACDOVTHRAE L Explain mechanism of thermal
sensation.

. B ORBHEEHITDOULVTEBAE & Explain tactile apparent motion

L D7 Lt E—2avITDWTERBAE & Explain Phantom Sensation

L ARy 2—23 v [ZDWVTEBAE & Explain velvet illusion

L H=TILTIINAY2a—Tav DV TEBAE & Explain thermal grill illusion

a s wN =

© 0o N
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