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Outline of the lecture

© NSO~ WD~

AMET:8I3F %~ Measuring Human
fR& . Human Vision System
RAEt> T2 Visual Sensing
RAET14RT LA~ Visual Display

e EE 2271 —X .~ Auditory Interface
e e 27T —X Tactile Interface
e e (2271 —R2./Tactile Interface
hE. hEA2R271—R ~Haptic Interface
BERE A 2TT—X Locomotion Interface




ME=AERE+RERER

Haptic Sense = Proprioception + Cutaneous Sense

MR =ERICK > CTEUDRE

(Haptic= lZ#%(Contact) ] (U v, /in Greece) )
OTEFRBDDENR (KRERE. Cutaneous Sense Skin Sense)
OFHRMDIBHE, BEENA (FEMRXE « N8 Proprioception, Force Sense)

SHMDE | WEOEBEBRXE Today s Talk focuses on skin



TODAY's TOPIC

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




Skin Strunture (Hairless Parts)

Skin surface
) ) SRS s
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Mechanoreceptor: Sense Mechanical
Deformation

% %8~ Shallow part
O <7 A A F—IMK.~MeissnerCorpuscle
® A )L )L#fiAa.~Merkel Cell

iZE8./Deep part
® )L 74 =# K ~Ruffini Ending
® /\F /MK~ 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




J\FZIMA ~Pacinian Corpuscle

. -AVAVA' I %
RET2mmE EDFEERIZEIISIZTFE. | N,

5 [E AR B < 55 (60-800HzZ) (#£ #R 250Hz) I
F KB B~ IR BN E IR
HMOFHTIEERICMN-FIOLGRERE, IEE2ADEN

*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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‘Merkel: $#H LV N2—>~Small Pattern
‘Meissner: K& LD #H L VE)E,~Small Area Movement
‘Pacini: [ ETEDEIE.Large Area Movement
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Skin Structure and Mechanoreceptors

_3 = —  RECEL
BT :FiohLY
‘Merkel&MeissnerlZIBRIZFETE

*Epidermis:Hard

& Dermis: Soft

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

l -

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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Shape is mainly coded by Merkel Cells
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RRBIZRFOFRILETI—TITIND
Frequency is mainly coded by combination of receptor activities.
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Human detection Meissner's
threshold carpuscle
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Frequency

KIRENFA/NESL EPaciniD N ZEREINE ISR ELSGY . S RRMNECIZLKKLES
If the vibrator size is small, high freq. threshold rizes, because “spatial
summation effect” of Pacinian corpuscle is reduced.



FDO s~ Other cutaneous sensations
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- Warm NSHOEE 8 i

E ey A Vel

TJ; (\S AL == Q

=4 Cold F r‘*O I:.f“\- 1

5 fiber A NVt

Z TR [ -'Q:"-\/’
| k IS 5

5° 34° 45° | EI HEL

Skin temperature

Glabrous part Hairy part
K ERE a0 B BfHEIRR (Chlkifg)

Free nerve ending near skin surface (C fiber)
OEERNE MM LB Temperature sensation by two fibers.
5= : Hifm LB (LAY & CHll#E AV 4B &5~ Pain sensation by two fibers

A EEB.~Hairy skin

O EAF 7538 Follicle Receptor

EDRTZRMYEE, ENMMNLEETDATENGEERT)
=LY, Meissner/MAITHELD.

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 (*C) o
=0 - SA 2L id C-fibers, 0.5-2.0 , 26-27 Do
Syl Nedowosd Qg 05-20 mhec, m Lol t
! destruction
YN Cooling A-delta, 13-15 m/sec, 34 34-26
mE density 50-70 fibers/cm?
=l
)M 5.  Warming C-fibers, 0.5-2.0 m/sec, 36 36-42
density 50-70 fibers/cm?
= = gk sE Rh Noxious heat (1) C-fibers, 0.2-2.0 m/sec 42 42-52
12 = Ii/ﬂnﬁ.
(2) A-delta- 42 42-52
Extreme heat  A-delta-li, rare 52 Up to tissue

HEDBEELARERE AKX 13-15m/s, CiilifE0.5-2m/s.
Cf e (3 E 2RI 2B LN

mEREMEOEEREIGETEENENELLDI ? —fEHLERALL .

BT ARELERH (ERTIEHYFETA) :

AR Ta--BREOEELILING, MERZHIE>FELAD

- REUAR-ER.TREBEOEEING, FOEFENEINEINFHIFT=1EL\C
- EREMER ZEA BEFNANXFEZETLI>FRLAD




(2% KimAE

RIS A B

Vlelssner



s v



=



EDP-TEHH~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)ldentify Location and Type of Receptor by the Sound.

(3)Do Experiment on that Location.
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- AR
AN UL TR
. =5 ':" ] .-\-. | NN Oy R N
AR LN
. ~-;r.--.--rﬁ5_; YRR
A, Oy { = s B




TODAY's TOPIC

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




RO (OKRED) BT AL
Tactile lllusions

0/ J AT URDES

®Barber Pole lllusion

@ Z D5 (Motion Aftereffect)

o RIRES]

e Y AtYTE—Y 3V (Funneling)
ON)UIRNY (1 Ja—I3Y

oS/ \—/\> k1 J)Ja—I3Y

K5, SRR IOFEREICHE > TIENN.
BEMARBICKDIFAFRZD.
Recent works revealed new tactile illusions
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Tactile lllusion similar to vision: Apparent motion

#hEB




(&%) : BkEEE) (cutaneous saltation, rabbit)

. Tactor Sites:

10 20 30 4 0O 50 6O 70
® - e =
Stimulus Pattern: Veridical Mode
10 2@

I 3@

Time 10
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Stimulus Pattern: Saltatory Mode

4
Time g !
Y © 5 ‘e
Veridical Sensation:
1@
| 20 30
fime 42
5@ 60
' © 70

o \HDZEPT (BIZAILIERT) ZEHEFDORFIEEICIN &,
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Tactile lllusion similar to audio: Phantom Sensation (Funneling)

MsA HARUE H&B

72/ \)L ARBNCTHE
O BHRIHF DEICIE
O E IR TCED

®Generated by short pulses
®|/mage generated between
stimulators

®Position can be controlled

R A . L >
h =B - R
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DEMNIINY 11 Ja—-Y3Y
IJnlque llusion: Velvet lllusion

mU\EOB (XRS50 v R E) ZmFETHEEH,
BIRICEIN TG &, EDwvEURN) LN Y RRESE DD,

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



fiERE QM Y—<IL-TY)L-A)1—T3
Tactile Unigue Nlusion: Thermal Grill Nlusion

y

Skin

b , b , ?I-.
?Ea' f% ?Ea' /% i‘i "IQI

I EERE TIRBFRENRZERICIRTIAERETELD

Close presentation of hot and cold temperature generates pain
sensation.

RER L. REZHREETICRAZTERT DEHICEANGNS

Used for the generation of pain sensation without skin damage.
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EERRBEICKIBZDHEE(1)
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Okabe et al., Fingertip Slip Illusion with an
Electrocutaneous Display, ICAT2011



() RERREICLKOIENETDERE(2)

Vibrator

Potentiometer

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

\_ CW lllusion Y,

® FOULADEERIRAFH +IREN LD EEF=>FEME
B (TR IEER

®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
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Pressure
sensor

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~PH AR DR SIS R T= 2D, Bl DA EIE
=2, AC—HEFTHIZDE —TENRSTEE T 0.
AERHIC 5D 42




Application of Hi-Fi tactile display

Application (1)

Living Matter
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MEEZEEETHICE

How to produce Touchable lllusion?

(R (DOXRE) FBEZE.Reproduce the World Surface
(2)RENEREEBEIEZE ., Reproduce Skin Deformation
() Z AR/ TEETBIEZE Reproduce Receptor Activity
(4)fHiR;EEE B, Reproduce Nerve Activity



Reproduce the World (Shape)

ABSDTAT O RT LY



Tactile Display for the blind

KykE 2—DV-2
KGSHhAR =+t

ORENEEERESTIVF1I—ID/INSE TIH#E
®Numerous, dense arrays—Actuator needs to be small and cheap




Xmen,2000

X-men,2000




FYHWNT IF 1T —F=HREEEE?
Thinnest actuator = SMA?

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

& | E%ﬁﬁtﬁs
s T R e
Ip—IRU I £04 i







Lumen (Ilvan Poupyrev, 2005)

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

ABSDT AT VAT L5


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

INFORM (Sean Follmer, 2013



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

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

AyhsS5— / 1 srsihAs

5 (E—X)

TRIVIEIR

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



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

BERE T4 AT LA Thermal Display

| - mEr Y +HEMtE Y

AR NS2~ 3B DEREE N
B R DI DG EA MY

2 to 3s temperature change is the key

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

AP

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



Thermoesthesia (Kushiyama, 2006)

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

(
(
(
(

A BSDT41T O RT 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
http://www.youtube.com/watch?v=CT4WZexTloo
http://www.youtube.com/watch?v=CT4WZexTloo
http://www.youtube.com/watch?v=CT4WZexTloo

Actuator should dissappear?

Ultrasound generates Static

I pressure

F— Iwamoto “Focused ultrasound for tactile
|| |I|3| nn feeling display,” In Proc. of ICAT2001.







Airborne




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]



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

FTFEREFPRSEL
Vertical Deformation is not Enough

HES T T RATLUAHEE D @5
[T RTOMETARATLATHSHISRNABEELZLDH ? ]

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

RE—XRBDT AUNBEDORE TITZLIMN?
Horizontal “Slip” is Essential??

L -



MM EEIZES>TEERLD XA (1/2)
What is essential for bump sensation?

e pr
A
—
+v—
Fox

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

F
b Physical surfaces /\. . b -
Fox Fox ' _‘\/-

PX 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 Pl
— ate
pr - /
jamn -l I r—— Haptic «=Load cell
Plate | . L -
F_ = interface Shim y «Frictionless joint
pX
/ += Wheel
Virtual bump Virtual hole o
(condition 2) (condition 3) t t t
Table Physical Fixed Physical
d surface reference surface

YA | ] EHZYBOMM=>EARON A (TL—F) 1&
furoNS HABDIRARIEVSFA DY,
Force-masked bump Force-masked hole rﬂé}iﬁj CJ: L) :E) r j] J 51596 L,'C ﬁg){ﬁ %u ﬁé 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.



MMEICES>TEEGLD(FAHV(2/2)
What is essential for bump sensation?

22222
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5§—~5

() é é é é a
peca: S ANLILLIPANES VAU E

n WMOMEE 1> >HROFS

Dcm

(a

el

(b

"

e

(c

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



IKFEEHRDER
Moving skin horizontally.

® LEE) S

ik R IEZIKEIZERE)

Active type: actively drive skin horizontally.

LR

=35 |

v EEF R ZM<.Good for wear type.

EERRBERIE. .

RIENEIWTHIOH THE

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

VIREERIZmL

= >
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, .
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Active type Horizontal Display

by

~ =T HA K

e 08 \

AT 7T )b Ls
eV VF1I—RNKAREKFEARIDER

Horizontal force generated by electro-static actuator
ILATHERNICLDERAFIHET VLB FERAV-ERRERETIATLAIHRVRES XS 2002.
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Satosti¥®aga, Koichiro Deguchi
Tohoku University, JAPAN

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

IELH A, BTET NERAW25RTMBE T AT LAIZHE T HEEMMMBRIRRTFE. VRERKR2011


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 S

BRIRBICKDERRAEILDF R

Controlllng friction coefficient by ultrasonic vibration

¢ RAVA—ZAHER S RKIRE TEZRZRHBNERDTS
Squeeze effect: friction is reduced by high freq. vibration

« FBUEFHAEHAEHE . BERADIETRHAIEE
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
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Using adhesion between skin and electrode by hlgh

voltage BT
t 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/
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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
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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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Reproducmg Reoeptor Activity by Frequency
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Utilizing each receptor’s resonant frequency

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

W5 CKDER A& K.~ Using air suction
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Reproducmg Receptor Act|V|ty by Straln Energy

IX|

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

(
(
(
(

A BSDT41T O RT LY



BRI R IR B

Reproducmg Nerve Act|V|ty by Electrical Stimulation

i R AR RR S L F= R 30 = \ HIEFE N R

Sensation point Stimulation point

Fl R TRILF— I HEMBIRESE M - IR IED SR
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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

FRERMOFFESNGZINLEMIYEL T EH
FRBFDOHRECE O EZE R AL ZRRIE

Electrical Stimulation from Surface: Stimulate Nerves direcily.

If we can “Selectively” Stimulate the Nerves, we can generate ANY tactile
Sensations.

Just Like we make colors by mixing primary colors.

BAI REREAELERMNICRIBTSIEIMETARTL A1 EFFHRBIEFSE, 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
AT HEEELE

EWICET ORI RRKRFELFHL, 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 REIFIRET

UTDETIZ100F LINFEE THRZE &~ Answer all questions within 50 words

AL LR D& BN Z DL TERBAE & Explain role of Merkel cell

YA RFT—IMEADZE|Z DL TERBAE & Explain role of Meissner corpuscle.
INFZIMADZENZDULVTERBAE & Explain role of Pacini corpuscle.
W74 ERDEZNZ DL TERBAHE & Explain role of Ruffini ending
RERBEOEEAIZDOULNTERBAE & Explain mechanism of thermal
sensation.

i = DIRITEF I DULVTERBAE & Explain tactile apparent motion

I7ob Lt E—2 32 [T DWVTERBAE & Explain Phantom Sensation
RNIARYRA) 2—23 (2 DVTERBAE & Explain velvet illusion
H—<ILT)ILA)2—2avITDWTERBAHE K Explain thermal grill illusion
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