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Haptic Sense = Proprioception + Cutaneous Sense

(Haotlc— AR ( Contact)J *1 JVag/in Greece))
OZEXRANEN, (RERE,/ Cutaneous Sense Skin Sense)
OEAARMDIBHE, BIENA CEEIRXE  HE . Proprioception, Force Sense)

SHOD5E - 5%?2031%15@%/ 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)

R Skin surface WHEEE WRNERI S
Mechanoreceptor: Sense Mechanical
iﬂZ/Epldermls A A Deformation

'“" ;2% Shallow part
A\ll'l O A RF—IME.MeissnerCorpuscle

o)L JLHARE .~ Merkel Cell

&R Deep part
® )L 71 —#&3 .~ Ruffini Ending
®/\F = /MK~ Pacinian Corpuscle

t ZOHh Misc
KTk BH#ARER(ER. BERT)
Deeper Tissue FreeEnding (Pain, Temperature)

AVBZ5D T4 T RT LR
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B EENTIIFMTEEEER/R

*Densely Populated at 0.7 - 0.9mm depth.

*Sense Static Deformation.

*Pulse Frequency is Proportional to Deformation.
*When activated, Pure Pressure Sensation is generated.

B ET0.7mmIZZIZIFIE.

& B R IR B4 (15-100Hz) 2 & (£ #R30HZ)
N B B~ IR BN A R K
BRMOEEFTILIREEE, /N2 AEEELD

*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




/\9'—_11\17K/Pacm|an 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

)L 74 =#2K ~Ruffini Ending

)
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ERET2mmEL LD EEBICERGIZTFTE.
BEETNICIEE
FHNEEIIEITNORESIZLAH
HMDFEETIERELZELLL

*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:DC / Displacement & Pressure
*Meissner:Low Freq. Vibration / Velocity
*Pacinian:High Freq. Vibration / Acceleration
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‘Merkel: k5 [E 7
‘Meissner B Rk 7 & E
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*Merkel:DC / Displacement & Pressure
*Meissner:Low Freq. Vibration / Velocity
*Pacinian: High Freq. Vibration / Acceleration




ZERIR0 1% E 5348~ Spatial Roles
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‘Merkel: fih LN/ 2—> ~Small Pattern
‘Meissner: RE L DAL IENZ,~Small Area Movement
*Pacini: [GLVEEDEELarge Area Movement

EZHBZEHRDEEHE
We only see through narrow slit

Spatial
Resoluyti
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Temporal
Resolution

RA BRI, ERMGTHEMAE

We combine “Spatially Fine, but Temporally Rough” sensation and “Spatially
Rough, but Temporally Fine sensation.
In other words, we “see” the world through very narrow slit.




KREBELZERH
Skin Structure and Mechanoreceptors

R HELY
EHE:Foh
*Merkel&MeissnerlZIE R I

*Epidermis:Hard

*Dermis: Soft

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

Stress is Concentrated at Merkel  gyrain is Largest at Meissner

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

BARIEEIMerkellZ&>Ta—Tar T ENb
Shape is mainly coded by Merkel Cells
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R IEZRFDEFHLERTI—T107END
Frequency is mainly coded by combination of receptor activities.
A IREBEANTRE

Human detection Meissner's
threshold corpuscle
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Vibration Amplitude(um
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Frequency
KIREFANEL EPaciniD N ZREME IR A ELY . BRARMARELCITKLES
If the vibrator size is small, high freq. threshold rizes, because “spatial
summation effect” of Pacinian corpuscle is reduced.

FN D fihE .~ Other cutaneous sensations

Warm
fiber

Average firing rate

6° 34° 45°
Skin temperature

Glabrous part Hairy part

RERE RO B HAFRER (CHEH)

Free nerve ending near skin surface (C fiber)

OB ERE A B M. Temperature sensation by two fibers.
OEE SR LM I XAVMHE L CHliHE AYHB 2 Pain sensation by two fibers

A EER.Hairy skin

O EH 2R3 Follicle Receptor

EDRTERMYEE, ENHMMNLEZTOATHCRERDN)
fzEELIhIZR Y, Meissner/MAILEELY.

Activated by low frequency vibration, substituting Meissner corpuscle




EDXHTIHRS.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)Identify 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

4. Tactile AR

RO (EED)EE A
Tactile Illusions

0P JRA ST URDEE

®Barber Pole lllusion

o E D% (Motion Aftereffect)

o RIFESD)

o Py ATEYEZ—Y 3V (Funneling)
ON)LRy k(1 )Ja—Y3Y
OS/\N\—=/\Y R4 J)a—=Y3Y

.o .etC

151005, BB OFRRECH > TEND.
RERREICIDHARZ.
Recent works revealed new tactile illusions
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MR THEETSDEMA - RIFEE

Tactlle lllusion similar to vision: Apparent motion

"
ARRARAIAY
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Tactile lllusion similar to audio: Phantom Sensation (Funneling)

RA NEUE thAB

055/ V)V AR CTHRAE

‘ ‘ O EHRBFDORICKE
OB IR TED
®Generated by short pulses

®|mage generated between
‘ () stimulators
®Position can be controlled

HhEA - EAIN
HhaB -

\ 4
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MEREOEMAN)IIRY ~cJa1—-I3Y
Tactile Unique lllusion: Velvet lllusion

méL@D@C fUutbfﬁwAuhuéibé

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

fEHmE QM Y—<IL-TYIL-A)21—D3>
Tactile Unigue Nusion: Thermal Grill Illsion

Skin

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

ERE RETREETIREAZTERTAHICEALLGNS
Used for the generation of pain sensation without skin damage.
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BECEORBREDER(L)

Finger movement & Static object
-> (Usual experience)

(a) Perceptually elongated width
OPPOSITE direction

) Perceptually shrunk width

0-O-®

Ando H. et al., Novel Tactile Contour Presentation: Embossed Touch Display, ACM SIGGRAPH 2006 Sketches

OIAEIRZDERBICMIAZEENT,
ONAEDET CIFNTTET T, MIADIIRDEIEE UTHRE.
oF0

RE L OES) CBDEEN DS ISR D KD

() RIERRIZKDEEDEETE(L)

NEBBICMBHS NRNG) ZIRm
IDE. BO HEH (BHO &
D) | =2RALD

Okabe et al., Fingertip Slip Illusion with an
10mm/sec Electrocutaneous Display, ICAT2011
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() RERRICLDEESDEER(2)

Vibrator

B

Potentiometer

Rotating Disk

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

CW lllusion

® FNUVLADEERMRIH +RENZ S A FH=>FEHAE
BRLMEIT D IR

®Blanchard et al., Combined contribution of tactile and proprioceptive 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
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MEZEEET DI

How to produce Touchable lllusion?

4
1
A

L)

(DR (DFRME) ZHHEZE.Reproduce the World Surface
Q)R EDEREBHEZE.Reproduce Skin Deformation
() ZAFEFEEFHHEE. Reproduce Receptor Activity

(4) 102 BB E BB E. Reproduce Nerve Activity

Reproduce the World (Shape)

[ S REe e R

ARSI TATY AT LY
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Tactile Display for the blind

KykE 2—DV-2
KGSHhAX =+t

OKENEFEERE STIVF1I—ADNINSE, BEH

®Numerous, dense arrays—Actuator needs to be small and cheap

Xmen,2000

X-men, 2000

17
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Coil-Type SMA (Shape Memory Alloy)
Extremely thin and moves large

FYMILNVT OF I —32=RIK
Thinnest actuator = SMA?
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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)

ARyhI5— / B ssrnas

15 (E—X)

U\

@ iR

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

20


http://ftp.csl.sony.co.jp/person/poup/projects/lumen.html
http://tangible.media.mit.edu/projects/sandscape/

BERET1RXTLA.Thermal Display

| - EEEY Y
RIVFIHFEF
A= FERTRRI A S 2~ STRIO B T 1L A°
MERIEEDRNGEFHNY
l KRERE
X e 2 to 3s temperature change is the key

\ B  to detect object property.
[ HRERE Peltier device with temperature sensor
: is used to reproduce the time course.

$E bR

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

Thermoesthesia (Kushiyama, 2006)

21


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

AVBZY T4 T RT L5

Reproduce Skin Deformation

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

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

22


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

Actuator should dissappear?

‘HIIII
HIIIJIIIIIHIIII

Ultrasound generates Static
Pressure

Iwamoto “Focused ultrasound for tactile
feeling display,” In Proc. of ICAT2001.

23



Airborne

FTFEMEIEESLRLY
Vertical Deformation is not Enough

HERMET RTLAHRE O HIEEERH
G ERITOMETARATLATH S FIRNHELELDH ? ]

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

RE—XREDTAYNREORETEH M ?
Horizontal “Slip” is Essential??

24



MMYEIZESTEERBDIIAH(1/2)
What is essential for bump sensation?

g

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

—
>
Fou

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

b

Physical surfaces
Fou
F:x : ’

Physical bump {condition 4) Physical hole (condition 5)

Fo

Force-masked bump

Flat surface
Fo
F:ise‘
Virtual bump Virtual hole
(condition 2) (condition 3)
d Force-masked physical surfaces
Fo,=0
e M

Force-masked bump Force-masked hole

MABMDIRARIENSF LMY,

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

through active touch Nature 2001.

60

=

a)

MYEIZES>TEELZDD (XA (2/2)
What is essential for bump sensation?

REHGEMMBEDFAMNY:
ROMEEZ 1> >HROES

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

BRZYROMM=>EAROI A (TJL—F)1&
MR1&YET N IZEEZELTRRIMEZLTL




KEERDEH
Moving skin horizontally.

OEERNHTFIE  REZEKFIZERE)
Active type: actively drive skin horizontally.
=

=

v Z[7<.~ Good for wear type.

OB TR BERFERZTLL. RENEBLTHHTHER
Passive type: friction coefficient is controlled, and
perceived by skin motion.

=
VIERERI(ZmLS
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,,
i
.

‘
W -

0 [ 1
- | Piezoelectric
| Comb

chebabrebebaebes
e e e e e e e e =]
£ B B B B | T

§ PR

o e i e e e e e
T B T T S S
B B T B e |
LR S S S SN S ST SN S |
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ATA 2T AL

HETIVFLI—RICLOREKFEABMODER

Horizontal force generated by electro-static actuator
WATHESR IS BEENFEET L LBHTERN R EEBE TR TL A HAVRERKS 2002,

27



TE—RITKBHKENRT

5. ”

Thesystem comprises four motors,
strings and a controller

BEI A ST HE A2 SRIEME T A AT LAI2H1T 5 EEMMMBIZRF . VRESAR2011

Passive type Horizontal Display A
HEERIREICEIEZRZRBMELDF A Q /
tion

Controlling friction coefficient by ultrasonic vibrati

© RVA—ZXHR SRKRGTEERBNBLDTS
Squeeze effect: friction is reduced by high freq. vibration
- FBNMEFHRAEHEAEHE . BERBORRAETEE
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

28


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

TPaD(Laura Winfield, 2007)

Passive type Horizontal Display
SEEBEREDERMIELS|FIA

Using adhesion between skin and electrode by high
voltage

t t,

2

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

29


http://lims.mech.northwestern.edu/projects/TPaD/index.htm

TeslaTouch (2010)

How to produce Touchable lllusion?

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

AVBZ5D T4 T RT LR

30


http://www.teslatouch.com/

RRFEHHERYET(RTILA
Reproducing Receptor Activit

EEERERBICLDERRB @GR D L TIST5103RY 14 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.

BREBYFIEICEB L2 RREEHIR
Reproducing Receptor Activity by Frequency

gm &\__(///
=
_:< 1
a1 o Merkel @
= Veissijer
o Pacinian
10" r R

10° lollﬁliﬁﬁi [H] 10°
TR ar D HIR F K% F| F

Utilizing each receptor’s resonant frequency

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

31



VDFHIRIILX—HBEICEBL-ZRRIPHEER
Reproducmg Receptor Act|V|ty by Stram Energy

R Voo A
skin
18] ' L}
suction pushing

ERW5IZKBER AR~ Using air suction
REIEIHTT, SRFUEICELSIEZEIRILFT—HEL-> AR
Al TEELY

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?

Y

~ AR eie Al

i;?@ =

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

ARSI TATY AT LY




EXRFHICLY MR EE B

Reproducing Nerve Activity by Electrical Stimulation

IR EEIRENF=RIB R \ REFENR
Sensation point Stimulation point

FIR IR MR 1 - IR IE D SRR
R ERGTYE DT SEIRRIBOEDR

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

RIERE MDD BRI

Electrical Stimulation from Skin Surface

HRERGOFHINZINSEETIEL T ER
BEZEROHBREEDRFEE R ALMEIRF

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.

BAN REREAHZEEERMICRIETIBESMET (AT EFHEREFFRES, 2001,
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HIERADETRIE

oY

BEHRAABTI)YRE, REFERICEDRE
BBl TEEICKDIERTYELY.

fRflL AR

*Matrix electrodes (holes) are embedded, and

nerve will grow into the holes.
SAT MIEHER BB T SR RRAFE LAY, 1998

TODAY’s TOPIC

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

4. Tactile AR
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= MAR ? .~ Tactile AR?

o

Sensor
'““’i‘““"“ actile Display
s Skin
]
Rectptor
FLWWDA T2 zm&ELTHEEE 69

fEARELTOENAZHE
Breast Cancer Checker as Tactile AR

EDT 4 LNLIKHRIZ, TO2 4 LAIX
ABCHRYMERNESLS.
FOB/HEF A AP RMOEEEREL
HEABROMOERLAM EIDT,

?L?b\/uﬁ C.i2Wr &~ Checking Breast Cancer
HBAANWNDASTRILIIETSDE REDTIVAFYIKEFE
TAEDOLIY(FER. tumonZFENETES

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

BRIZLIYOMOEFNBEICEDS.
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fEDAR: EEI 29X
Tactile Contact Lens as Tactile AR

N Y 1

WAL bbb A A

&8t it Za 2L X (ROBOMEC'04)

fih & MAR. Tactile AR

Electrodes

Kajimoto et.al, SmartTouch, SIGGRAPH2003.

36



SmartTouch(Kajimoto 2003)

Visual images SRPTITEN SR HES eSO e
translated int e

RE-EEH
Vision-Tactile Conversion for the blind

OBJECT

BANK OF 400
STMULATORS

‘;;"Y ' ‘
vl
/ A

— Collins, “Tactile television - mechanical and electrical image
projection,” IEEE Man-Machine Systems, 1970.
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EHI#B Y : Forehead Retina System
2005 B~ (BR) TATSRTSREDHRHE

BXRE N EE KHEEN
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HELMEAR: 2y BOMH 5
Simplest Tactile AR: Adding Clicking Sensation

127 ;
% -’“"";‘ﬁ' AR5

(a) Body mounted actuator for PDA.
Tactile information is conveyed to grasping hand,

K 1: 72 Fa=—F ORERB
PDA OERKIZHEY fHr T3,

T=14, T=11,
(b) Panel mounted actuator for PDA.
‘actile information directly reaches tapping finger-tip. Single Pulse Short Burst

2UvIBEDIOYICEREORSEE5 A5,
BEMEVOS TRV IMENEMESNTOSEWNSEKRTHEAR?
Fukumoto et al., Active click: tactile feedback for touch panels CHI2001

FEH
T IIWIE ST | Z IR R CESEERE
(fhE) T4 RTLAIL, RIEE.
SR RREZFOLDONHTERR
JREDMETARATLUAFEIL, MEZFDLD

DfERESHREHHE TRYBA TS, 720
INTAVDERHTHS.
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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.

INFR R Mini Test R[EIRAIEET

LUTDETIZI00F LIRFEE THZ &~ Answer all questions within 50 words

akrwbde

© © N o

AT IVERRE DR ENIIZDULVTERBAE & Explain role of Merkel cell

A RFT—IMEADZENZDWLTERBAE & Explain role of Meissner corpuscle.
INFZIMEADZREZDULVTERBAE & Explain role of Pacini corpuscle.
ILI4ZRRARDEZEENZ DL TERBAE & Explain role of Ruffini ending
BREREOLMEAICDOLVTERBAE & Explain mechanism of thermal
sensation.

= DR EEEN-DLVTERBAE & Explain tactile apparent motion

7o b Ltzot— 302DV TERBAHE & Explain Phantom Sensation
RILRyYrA1)2—23 22DV TERBAE & Explain velvet illusion
=TT )IA1)2—23 2DV TERBAE & Explain thermal grill illusion
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[EE] ®mXHBNIZDONT

NETITEERDOLR—FEH LIz A—JL5EIC,
WX DATEE. 5D A E(google form)ZE
A—JLLET . (12/18(R))

AREIZIE>TEA—IILTZITRLEN O =61E
ili(kajlmoto@hc.uec.ac.Jp)i'C*)‘—)l/(T:‘é

\

BWEBLTROTTOT, RIEFEDIS,

[FTERYFEE A
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