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Outline of the lecture

AREHEIF %~ Measuring Human

8 & Human Vision System

#HE LT ~Visual Sensing

HE T+ RTL A~ Visual Display

BEHE. BE4 2 4271—X 7 Auditory Interface
s Al (24T —X ~Tactile Interface
s >4 71— Tactile Interface2
HE. HE A2 BT —R . Haptic Interface
BERE (27—~ Locomotion Interface
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ME=UERE+RERE
Haptic Sense = Proprioception + Cutaneous Sense

ME=ERICIO>TELDIRE

(Haptic= TEf#(Contact) | (FUY 5/ in Greece))
OZERADE (RERECutaneous Sense, Skin Sense)
oA e, BIEIA CRERE - DB Proprioception, Force Sense)

SBODFE | HEDEERFE ., Today' s Talk focuses on skin

TODAY’s TOPIC

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




Skin Strunture (Hairless Parts)

N Skin surface WHEES MRS
. g Mechanoreceptor: Sense Mechanical
& K~ Epidermis Deformation
%8~ Shallow part
® < A XF—IMAE~MeissnerCorpuscle
4L JL#ERE. Merkel Cell

B &~ Dermis >
#REB Deep part
® )L 71=# K ~Ruffini Ending
©y @ ®/\F = /MK~ Pacinian Corpuscle

ZDith.Misc
BRAEER AR, BERE)
FreeEnding (Pain, Temperature)

BT
Deeper Tissue

AVBSUTAT AT LA R

})bb')bﬁ‘ﬂiﬁ’a/Merkel Cell

< § T0.OmmIZHEIZFFE.

JHE— DM AR MRS TTRES
BB E

FNSERE (EFEDRESITLL]
HBOFETIIMH L EEEER

*Densely Populated at 0.7 - 0.9mm depth.

*Sense Static Deformation.

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

7417'—/]\17$/Meissner Corpuscle
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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\FZIMAE.Pacinian Corpuscle
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- B IRIR B <5 &5 (60-800HZ) (£ 4R 250H2)
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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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JL 74 =#&K .~ 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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*Merkel: #ih\L v/ \32—> ~Small Pattern
*Meissner: & [§ £ OHIM UL EIE~Small Area Movement
*Pacini: [GLVEEDE)ZE Large Area Movement
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REBELZERF
Skin Structure and Mechanoreceptors

— R FELY
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*Merkel&Meissnerl LI FRIZFE

Secal

*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 directly affect SA- mechanoreceptor response.” Somatosensory and Motor Research 2008

FARIEE(MerkellZ&>Ta—T1o 9 Enb
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.




FDthDfE: ~Other cutaneous sensations
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e Glabrous part Hairy part
RGRETED B B R (CHH)
Free nerve ending near skin surface (C fiber)
O D E R A M &R MM Temperature sensation by two fibers.
O E : §510E & SN (LAY L CHilHE A B 24 Pain sensation by two fibers

HE&B.Hairy skin

O E 12738 “Follicle Receptor
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f=2LTHIZR DY, Meissner/MAILEELY.

Activated by low frequency vibration, substituting Meissner corpuscle
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Table 7-2 Sets of Alfeseats Sensitive to Temperature
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ESPH>TEHHRS.How we know?

By using needle, we can directly measure nerve

aCtIVItIes. Vallbo, “Sensations evoked from the glabrous skin of the human hand by electrical

ion 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

MED(EED)EE i
Tactile lllusions
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®Barber Pole lllusion

O;EMDHER (Motion Aftereffect)

o RITES)

oD 7Y rAtYE—Y 3V (Funneling)
ORIy 1 )a—I3Y
OS/N\—=/\Y R4 Ja—Y3aY

~etc

SIS0, REWROFRRICH > TIBNN.
BEAREICKDHRZ.
Recent works revealed new tactile illusions

METHIETSLHHEMA] . RIFED)

Tactile Illusion similar to vision: Apparent motion

(%) : BkEE &) (cutaneous saltation, rabbit)
Tactor Sites: -
@ Space.
Stimulus Pattern: Veridical Mode
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Tactile lllusion similar to audio: Phantom Sensation (Funneling)
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®Image generated between
stimulators

®Generated by short pulses
1 ®Position can be controlled
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Tactile L{ ique llusion: Velvet llusion
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ROBOB (TZR35T7y haE) EmWF TR,
BIRICEIN T E, EDYEUENIIAY FREECD.

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

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

ERERBERBETICRATERT HEHICKALLGNS

Used for the generation of pain sensation without skin damage.

REBRREICIDBEDHERE(1)

NERBICARENT MRniE] ZiRn
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Okabe et al., Fingertip Slip lllusion with an
Electrocutaneous Display, ICAT2011

]

(F) RERBIZLD2BEDHEE(2)

Vibrator

[2

Potentiometer

CW lilusion

® FORULADEEIRAMFIH+ KBS EFH=>FEHTH
ELERIT 28R

et al., Combined contri 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
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o RARIAIVIRBVFICHIRSFEZE S F-Linear Resonant
Actuator: EIE10msLLT.

o HIREK$150Hz~200Hz. PacinifBii%IE>

- R#EAppleWatchZIZHEA.
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AE—D=>HEBROER(1) LY

Acceleration sensor inside

Pressure
sensor Speaker

Users hold speakers with their hands and an
elastic band around the speaker c eals
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 A

1Hz~2HZIZE DR EIRT CE=DIEH. FIZENEEBIR
TED, AE—NEFTMZIDE—BOESERB D,
AEHIC TESHVJ 2




Application of Hi-Fi tactile display

Application (1

Living Matter

AE—HBFHFa2T—2D /L

BRIEFTEERAOREFELTLOMARESNT
s BREAE—HEDFAERZEICHEL-ED
- NECh—F>  RILF 78— (BEHKT)
- BABEER. RBRAE—H
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- 7ILFREXK : ForceReactor
- BERTHRALLTRESATLSED
— Haptuator(Tactile Labs)
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« BMERMNAMIEEBT B0, BARTZEAEE TR

¢ MVDEVERICHELKERNEE.

c REBAELTHA +SERAL, IMULHBEKRRIZ<BH, ik
Eﬂgbfiiﬁtm“kﬁb\. CHIFERITHNSMERTT
FEEZE.

DCE—ZIT I BT~ (1000f ps)

Yol FE, #A = =
2015,

V. Yem, R. Okazaki and H. Kajimoto, "Vibrotactile and Pseudo Force Presentation using Motor Rotational Acceleration." Proc of
IEEE HapticsSymposium, Philadelphia April 8-11th, pp. 47-51, 2016.

. F0@ER/A—FrILUTUTER Q2015595 ZRIRAS),

MEEEEET SHICE
How to produce Touchable lllusion?

OHF(DERE) ZHEHEE.Reproduce the World Surface
QREBNEREEHE.Reproduce Skin Deformation
Q)ZABFHEEHEE.Reproduce Receptor Activity
(4)#IZEEZ B E  Reproduce Nerve Activity

Reproduce the World (Shape)

AVBSVTATLAT LR




Tactile Display for the blind

KykE 2—DV-2
KGS#hX&=$t

ORENEHEERE STIF1I—RDINES, RSH#E
®Numerous, dense arrays—Actuator needs to be small and cheap

Xmen,2000

X-men,2000

FURN T OFiT— 3= az?
Thinnest actuator = SMA?
Coil-Type SMA (Shape Memory Alloy)
Extremely thin and moves large

365 mwas
;rgfp"::mu #03 BMX100
DP—IRIUN A

BMX150
D=¢086

Lumen (Ilvan Poupyrev, 2005)

http://ftp.csl.sony.co.jp/person/poup/projects/lumen.html
A2859T4TL AT LK

inFORM (Sean Follmer, 2013)



http://ftp.csl.sony.co.jp/person/poup/projects/lumen.html
https://www.youtube.com/watch?v=5EkkTV51Pg0

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

okss— / Bl 5ip5

5 (E—X)

@ FIER

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

SEGA Z—T%94i($£(2015)

—

BEBETARATL A Thermal Display

ﬁ4>>{:::/£%£y&+gmt>ﬁ

RILFIEF

BRI 52~ 3W R DREELA
HEBHEEDRAGFAMY

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

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

TR

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

Thermoesthesia (Kushiyama, 2006)

How to produce Touchable lllusion?

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

A9 TATLAT LY

Reproduce Skin Deformation

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

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

10


http://tangible.media.mit.edu/projects/sandscape/
http://www.youtube.com/watch?v=fMwOSM_G1Ys
http://www.youtube.com/watch?v=CT4WZexTloo
http://www.youtube.com/watch?v=CT4WZexTloo

Actuator should dissappear?

Ultrasound generates Static

I\P|\||\| ||| feelingdisplay,” In Proc. of ICAT2001.

I'd [/ /)

f M NI pressure

| | | | Iwamoto “Focused ultrasound for tactile
\ W/

".‘ W/

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]

L—H—RZ AL -MERR

@

BENMOBIANX—L—Y—REREREEETOLOBERICLTEET/ILRROE
BREEL, MEERTTED. HLOEFMBRRAFEHLEZD. SOLIHVTEOH
Mid-Air Tactile Stimulation Using Laser-Induced Thermoelastic Effects: The First Study for Indirect
Radiation, WHC2015

Hyung-Sik Kim et al., "Evaluation of the Possibility and Response Characteristics of Laser-
induced Tactile Sensation," Neuroscience Letters, Vol. 602, pp. 68-72, 2015.

ETFEMEFRSALY
Vertical Deformation is not Enough

HES META RATUAAREDLBERER
IBERTOMETA ATILATTSFSIBAHERLDHN? |

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

RE—RREDT NUNRMBEDARETIEGELH,?
Horizontal “Slip” is Essential??

11


https://www.youtube.com/watch?v=odJxJRAxdFU&feature=youtu.be
http://dx.doi.org/10.1016/j.neulet.2015.06.053

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

Pysical bump fanition 4) Firpucal e (condbon 5

Pl urtace.

HARDIRAKIEVNSFAMY,
TR 1&YBI HIEBELTRRMEZL T

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

MHRICES>TEELGLD I A (2/2)
What is essential for bump sensation?

RERZMGEDFMNMNY:
WROMEE > >HEDOBE

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

through active touch Nature 2001.

KEZERMDER
Moving skin horizontally.
OEERIMIF ik RIS EKFEIZERE)
Active type: actively drive skin horizontally.
v %R Z[<.~Good for wear type.

OZEWF K BEERHELELL. REABLTHOHTHE
Passive type: friction coefficient is controlled, and

perceived by skin motion. A

VIRIBRIZREKS
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,,

T

d,

ok

.MIE
+

d,

Active type Horizontal Display

J=FIToa—4

ARTAHZ T AL

BHETIFLI—RILDKRIEKFEARANDER
Horizontal force generated by electro-static actuator

WA B ER HISLREENFEET L LBHTFEANFREERR T (AT IBAVRER KSR 2002.
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Sato! aga, Koichiro Deguchi
Tohoku'University, JAPAN

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

UEigdth  BTMT HE ALV SRTAME TARTLASH T2 E BHMMEIRTF L, VRESKAR2011

AJLRIZ & BAKE DR

ANV TRYYTRER TS HEBEXY2ERETHERL. S5I2T
KELTANILMIBHOARERTTHMEERLOLITLTNS.

The Slip-Pad: A Haptic Display Using Interleaved Belts to Simulate Lateral and Rotational Slip, WHC2015

Passive type Horizontal Display =

BEBRIRENC LD EBEERHELDF A

Controlling friction coefficient by ultrasonic vibration

o RV4—XHR BEKIRB CTEERENEL TS
Squeeze effect: friction is reduced by high freq. vibration
- BEEHACHEAEDYE . BEERRORRAATEE
Combined with pos. sensing, friction distribution is displayed.

Nara et al., “Surface Acoustic Wave Tactile Display”, [EEE CG8A, 2001.
Winfield et al., “TPaD: Tactile Pattern Display Through Variable Friction Reduction”, World Haptics Conf. 2007

TPaD(Laura Winfield, 2007)

Passive type Horizontal Display
EEEBLEREDEIHIRSIFA

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/

AVBSVTATLAT LR
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http://www.youtube.com/watch?v=Prq9-uJSqSE
http://lims.mech.northwestern.edu/projects/TPaD/index.htm
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

AVESYTATLRT L

ZRERRIBEHRYUTIRTLA
Reproducing Receptor Activit

FEEFREABICLOBRRMGEED L TFISTE1-8EY 11 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.

BB EISEBL-2RREHHIR
Reproducirl)g Receptor Activity by Frequency

ElE “—1/%/

10!
o Merke -
= Meissije
a Pacinijin

107

10’ m‘lﬁiﬁﬁmzjmz

REHROHIRE R HZEF A
Utilizing each receptor’s resonant frequency

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

3 X ERME [um]

10’

How to produce Touchable lllusion?

(68
2
@3
(4

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

AVBFVTATLAT LR

BRI FYREBEHR

Reproducing Nerve Activity by Electrical Stimulation

\ MHER KR

Stimulation point

BRI E =R R
Sensation point

Flm ITRILE—RE AR SE 1 - RIS S FIR
CRE: TR YE LY - BEIRFIMDER

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

KREREMNH>DEIRIH

Electrical Stimulation from Skin Surface

HERGORFSNZEIALEMTIEL T ER

FREFOHBRE OHFHERALLRIRTE

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.

RAT ZEBREHEEERNICHRT 2ESMETRTL 1) EFERBIEL R, 2001

14



MRERADEIRIH

Stimulation to nerve bundle

SROAARITN) O REE, HIEEERICEEE
BBLTEEICKLDERTYELS.

fEAL A&

*Matrix electrodes (holes) are embedded, and

nerve will grow into the holes.
AT MR EELEEICET 5% HRASE LR, 1098

FEH
T NGTEHBRRIZRTTEORERR
(fE) TARTLA L, RIEZHELN.
R TIREBZ DL DT ERRE
BREDMETA RATLAHARF, EZOLO

DEAESAZHHETMYHEATNS, 7oA
INTAVIERBTTHS.

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 AR Mini Test REIRAIEET

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

. AL LR D & EIIS DLV TEBAE & Explain role of Merkel cell

. RARF—IMEADEENIZ DUV TERBAE & Explain role of Meissner corpuscle.

L IFZIMEDE BN DLV TERBAE & Explain role of Pacini corpuscle.

L LT EROBZENC DL TERBE & Explain role of Ruffini ending

REREOMMHEAITDOLVTEHBE & Explain mechanism of thermal
sensation.

. MEORFESIC DL T & Explain tactile apparent motion

. I7Ub Lt tE—2avITDVTERBAE & Explain Phantom Sensation

. NIARYRA1)2—2aV (2D TERBAE & Explain velvet illusion

L =TT YILA)21—2av [T DN TERBAE & Explain thermal grill illusion

g s WN B
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