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Outline of the lecture
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ME=MERE+KRERE

Haptic Sense = Proprioception + Cutaneous Sense

MR =ZMICR > TEUUDRE

(Haptic= lNZ#f(Contact) | (' +E,/in Greece))
O FEFXRBDER (RERE . Cutaneous Sense Skin Sense)
OFHRMDBHE, BIENA CEBIRXE « DB . Proprioception, Force Sense)

SHODEE | WEDFEERKE Today s Talk focuses on skin



TODAY’s TOPIC

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




Skin Strunture (Hairless Parts)

N SKin surface WHEER RN TR
Mechanoreceptor. Sense Mechanical
%EBZ/Epldermls AV ANAY A\Y/A Deformation
A _____________________________________

v

1
R

Deeper Tissue

l S S
\ \ﬂl

B “Dermis b /ﬁ»
' |

/%88, Shallow part
® 7 1 R F—IMA .~ MeissnerCorpuscle
® A )L )LifliAa.Merkel Cell

iFE8./ Deep part
® )L 7+ —#& K~ Ruffini Ending
\ 0/ \F /MK~ Pacinian Corpuscle

————————————————————————————————————

’—————————————————

Z D1t~ Misc
BEHAERR(ERE. aERRT)

FreeEnding (Pain, Temperature)

AVBZITATORT LY

D ——



AL ILEARE . Merkel Cell
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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




J\F=IMAK.~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
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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:DC / Displacement & Pressure
‘Meissner:Low Freq. Vibration / Velocity
*Pacinian:High Freq. Vibration / Acceleration
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S EEE L RS
Skin Structure and Mechanoreceptors
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‘Merkel&MeissnerlZBERIZTFHE

*Epidermis:Hard

Dermis: Soft

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

elastic bending
support

Stress Is Concentrated at Merkel  strain 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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Frequency is mainly coded by combination of receptor activities.
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Human detection Meissner's
threshold corpuscle
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If the vibrator size is small, high freq. threshold rizes, because “spatial
summation effect” of Pacinian corpuscle is reduced.
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Skin temperature

Glabrous part Hairy part

FE & R E T D B B HR R (ChkiE)

Free nerve ending near skin surface (C fiber)

OB ERE A LB Temperature sensation by two fibers.

o5 R : Bidm & iR (LAY & Chit#f AV #H 24~ Pain sensation by two fibers

A EEB.~Hairy skin

® £ a1 2R 358 Follicle Receptor
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Activated by low frequency vibration, substituting Meissner corpuscle
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Table 7-2 Sets of Afferents Sensitive to Temperature
Threshold Range

Group Axon (%) Q)
== A A 2L Noxi id C-fibers, 0.5-2.0 , 26-27 Down
REESE TOwO == sxisediiis to tissue
! destruction
A\ rith Cooling A-delta, 13-15 m/sec, 34 34-26
ME Jensity 50-70 fibers/cm?
I""‘I
JiE.  Warming C-fibers, 0.5-2.0 m/sec, 36 36-42
density 50-70 fibers/cm?
12 EE"E N %ﬁ, Noxious heat (1) C-fibers, 0.2-2.0 m/sec 42 42-52
- = Lt/ (2) A-delta-] 42 42-52
Extreme heat  A-delta-ll, rare 52 Up to tissue

HIBROEELIGERE AS###EIX13-15m/s, CHli##0.5-2m/s.
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EDO-TEHI~RS.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 (90.1mm), 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
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Tactile lllusions
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®Barber Pole lllusion

@ Z D5 (Motion Aftereffect)

® IR ES]

o)Atz tZ—Y 3V (Funneling)
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5T, BREMHINOFEREICHE > TIENN.
RERRBICKDIFTFTZ.
Recent works revealed new tactile illusions
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Tactile lllusion similar to vision: Apparent motion
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(B%&) : EJIS aa‘rHEJJ(Cutaneous saltation, rabbit)

Tactor Sites:
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Tactile lllusion similar to audio: Phantom Sensation (Funneling)

MeA ARUE B
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®Generated by short pulses
®|mage generated between
stimulators

®Position can be controlled

T 0
=B - R
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DEEHMN)LRY 1)1 —I 3
Jiue llusion: Velvet lllusion

mu\EoB (XRS5 T v REE) Z2@mFTHEM,
BIRRICEINT &, EDwEUENIUNRNY RREZESE UD.

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 Nusion: Thermal Grill lllusion
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Close presentation of hot and cold temperature generates pain
sensation.

RER L. REZHREETITRAZTERT DHICEALLGNS

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



() RIERRICKHEITDEER(2)

Vibrator

Potentiometer

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

\ CW lllusion )

® FOULADEEIRMRLR+IRECLLHFEB=>FEMNE
BRLBEIT D IEE R

®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




R UL ME R

ZE fl LR 2 (M A )

SIOIEN£ (R =SE 3 )

10 R % [Hz] 10

RRLEWEHR=EGARY YD

N—FO)IT7EEEGER(TARTODHEEZTIR

R CEDFIEIFS

E(Y)

LARE . N—F T 7 &EBITERBALTLK




IRE)TE—2ICLDHESL

\‘L.’?\\ \==, "\\f\ 2 L= R L
Bl ¥, N\

N A ——

. DCE—2+RbEHLY

T EZHEMEREE (IRENE K
#) CIRENRIEA RIRFIZEE,

— ME. TIORFYDERICIEFRE
— EREETPacini/IMAD Bk #5815
TIREI9 5KOIZE%E
« ZEEF . RERES) 1T E

38 BB R B (B R E)

AR )

mlTII

ZE AR Z (A )




IREE—2ANSRE—HA

¢« RE—HGRARAAINTHOFAIT—R)EAWNSE, TRILE
—glﬁli;’_%%%)%@@~ EEDOR R, EEDIRIEEZEH
TE5,

« BRFRIIRIFA—TAAT7UTTCRVNVIGEIZESTIEIERE
BT E)

e $¥EE, N THRE R TERETESRE—HATHERES
BEDINTHY  AFEHEHLR L o




AE—N=>MEROEH(1) £k

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
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Acceleration sensor inside
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Application of Hi-Fi tactile display

Application (1)

Living Matter
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How to produce Touchable lllusion?

(DR (DOXRE) FBEZE.Reproduce the World Surface
Q) EEDERZB#EZE,Reproduce Skin Deformation
Q) Z AR/ TEZBEZE Reproduce Receptor Activity

(4) R EEIE B E. Reproduce Nerve Activity



Reproduce the World (Shape)

B TS
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Tactile Display for the blind

KykE 2—DV-2
KGSHhA =1L

ORENEEEEE ST IVF1I—FDINEE, TSH#
®Numerous, dense arrays—Actuator needs to be small and cheap



Xmen,2000

X-men,2000




FUMWTOFoT—3=RKEEEE?
Thinnest actuator = SMA?

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

$02 BMX75

$0.5mm BMX75 S
SharpPencil #03 BMX100
Dp—IRIIN #04  BMX150

D=g¢086







Lumen (Ilvan Poupyrev, 2005)

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

ABSDTAT VAT L


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

INFORM (Sean Follmer, 2013)

UL L L

SEKkTV51Pg0

https://www.youtube.com/watch?v



https://www.youtube.com/watch?v=5EkkTV51Pg0

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



http://tangible.media.mit.edu/projects/sandscape/
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BT A AT L4 Thermal Display
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2 to 3s temperature change is the key

»
B  to detect object property.
Peltier device with temperature sensor
IS used to reproduce the time course.

iR

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



Thermoesthesia (Kushiyama, 2006)
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http://www.youtube.com/watch?v=fMwOSM G1Ys


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

ARSI T4T AT LY



Reproduce Skin Deformation

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

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


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

Actuator should dissappear?

Ultrasound generates Static

LT pressure

N = lwamoto “Focused ultrasound for tactile
|| |I|D| nnm feeling display,” In Proc. of ICAT2001.







Airborne




Three-Dimensional Mid-Air Acoustic Manipulation

https://www.youtube.com/watch?v=0dJxJRAxdFU&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]



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

EFTFEREER ALY
Vertical Deformation is not Enough

HRES fETAATLAHEE DL ESERN
[TFERITOMETAATLATHSYSBEABELLNDON ?

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

RE—XRE DT AUNRREDARE TIEGZLM?

Horizontal “Slip” is Essential??

L -



MY REIZESTEZEGELD A H(1/2)
What is essential for bump sensation?

e pr
A S
-
+v—
pr

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

F
b Physical surfaces /\. . b -
Fex Fou ' _‘\/-

pr Force-masked bump Force-masked hole
with aligned virtual hole with aligned virtual bump
Physical bump (condition 4) Physical hole (condition 5) (condition 8) (condition 9)
c a b Subject's finger
Flat surface Curtain P
— ate
pr - /
1 -l I r— Haptic <= Load cell
Plate | . L -
F_ = interface Shim y «=Frictionless joint
pX
/ « Wheel
Virtual bump Virtual hole -EI
(condition 2) (condition 3) t t t
Table Physical Fixed Physical
d surface reference surface

YA | ] EHZYBOMM=>EARON A (TL—F) &
s NS HABDIRARIEVSFHDY,
Force-masked bump Force-masked hole rﬁg:{ﬁj J: L) -'E, r jj J%@ﬁ L/'Cﬂ:z:lﬁ %u %"’% L,—CL \
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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(d) aéaa

RBHEM D F DY
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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, 2009.



IKFEEALDER
Moving skin horizontally.

OEEEIHI TR RIEZ /KRR S

Active type: actively drive skin horizontally.

<

v 3B R Z[|<.~Good for wear type.

SHMF L BEERHZEIL. RENEBIVTHOTHE
Passwe type: friction coefficient is controlled, and
perceived by skin motion.

‘®\

VIRIERIZMLKS
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

J=F Lo a—4

ATA 32T A)bLs
eV VF1LITI—RNKEREKFEARITIDER

Horizontal force generated by electro-static actuator
ILATBHERNICLLEZRNFNEMET IV LB FERANV-BRRERETAATLAIBRVRERZ KR 2002.
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W, Satost®aga, Koichiro Deguchi
e TohokuUniversity, JAPAN

http://WWW.voutube.com/watch?v:Prq9'-uJSqSE

£t . BT HZE RN 2 5 R T ET A RTLAIZHITEHEEMMMBEIRRFE. VREEXE2011


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

Passive type Horizontal Display o O

BERIRENCRDEZEFRAKILDF

Controlling friction coefficient by ultrasonic vibration

¢ AVA—ZANR SRRREITEEFRHNBL TS
Squeeze effect: friction is reduced by high freq. vibration
« FBUEFTAEHAEHLE . BEFEMDIRRINATEE
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)


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

Passive type Horizontal Display

EEEMEEEDERBNS|FIFE

Using adhesion between skin and electrode by hlgh

voltage
t ¥

2 3

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/

ARSI T4T AT LY


http://www.teslatouch.com/

How to produce Touchable lllusion?

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

ARSI T4T AT LY
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Reproducing Receptor Activiti

EEEFEERZICKOZBRRH (KD L TIZT5]08RY 145)

=L

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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Reproducmg Receptor Activity by Frequency

o Merk P

o Pacinihn

1.0‘ja :E%-Z H 10 10
S B DHIRE Kz FFE

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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W EIZKBER AR~ Using air suction
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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.
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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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Reproducmg Nerve Act|V|ty by Electrical Stimulation
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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.

BAT KEREMEEZZRMICRIBIHIESMETATL A1 EFFHRBEFRE, 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.
SAT MEEAREEICET AL RRAFELH, 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 AL/ Mini Test X[EIFIRET

UTDETIZ100F LN E THEZ B &~ Answer all questions within 50 words

AL ILFRRE D& EZDUNTERBAE & Explain role of Merkel cell

AR T—IMERDZENZDULVTERBAE & Explain role of Meissner corpuscle.
INFZIMEDZZNZ DUV TERBAE & Explain role of Pacini corpuscle.

W4 = #EERKDEZEEIZDUVTERBAE & Explain role of Ruffini ending

REREDOMLEHEAIZDOLVTEREAE & Explain mechanism of thermal
sensation.

= DIRIZES 2 DULVTERBAE & Explain tactile apparent motion

I7o bttt —aVIT D TERBAHE & Explain Phantom Sensation
RNILARYRAL1)2—23 02DV TERBAHE K Explain velvet illusion

H—< LT ILA)2—23 22DV TERBAHE & Explain thermal grill illusion
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