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Haptic Sense = Proprioception + Cutaneous Sense

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

ME=EMICXI>TELIRE

(Haptic= &f4 (Contact) | Uy +v5E/in Greece))
OIBRANER, (RIS, Cutaneous Sense, Skin Sense)
O ADRIE, BIEIA CREREE « DR/ Proprioception, Force Sense)

SBDE | HEDRERE ./ Today' s Talk focuses on skin




Skin Strunture (Hairless Parts)

Skin surface SRS MR ERICSE
t ) H_/_/ Mechanoreceptor: Sense Mechanical
% &~ Epiderm Deformation

%5~ Shallow part
®7 A RXF—IME.MeissnerCorpuscle
4 )L JLU#RE.~ Merkel Cell

&R~ Deep part
® )L 74 =# 3K ~Ruffini Ending
®/3F = /MA.~Pacinian Corpuscle
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FreeEnding (Pain, Temperature)
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Deeper Tissue
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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.

<A XF—IIMEA.~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

BT 2mmil L ORI SIS

B B KR B < I 5(60-800HzZ)(#£ & 250Hz)
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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 =#&K ~Ruffini Ending

&

<R JE T 2mmbl kO REBICERS (CTF .
FHEET NSRS

S NBEEEHEThOKRES(ITHA
CHBMDFENTIEEEEECLL

*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: #iHM v/ 88—~ Small Pattern
*Meissner: & £ DML EIZE.~Small Area Movement
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REBELZREF
Skin Structure and Mechanoreceptors

R HELY
EEELHA
*Merkel&Meissner($EE R I E

«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.

KT EITMerkellz&>Ta—Tq253nb
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.




EuroHaptics2016, Temporal integration of tactile
inputs from multiple sites

[Sarah Mclintyre, Ingvars Birznieks, Robin Andersson, Gabriel Dicander, Paul Breen, Richard Vickery

Separation distance of the two probes
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Simultaneously presenting vibration to two sites elicit “doubled” frequency feeling,
although the positions are quite separated.

F DDt~ Other cutaneous sensations

Y =

Glabrous part Hairy part

B RE (R D B B4R (CHiHE)

Free nerve ending near skin surface (C fiber)

OB RERE A M &B M Temperature sensation by two fibers.
O HiE L HIE (LAVEEME ECRIME AN L~ Pain sensation by two fibers

A E£E8.Hairy skin

O £ 27555 Follicle Receptor
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Activated by low frequency vibration, substituting Meissner corpuscle
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ESR>THRS. How we know?

By using needle, we can directly measure nerve

activities. vaiwo, “sensations evoked from the glabrous skin of the human hand by electrical

ion of unitary afferents,” Brain Res., 1981.

Procedure
(Medical Doctor’s License Required)

TODAY’s TOPIC
(0)See where the nerve bundle is. (by ultrasonography)

(1)Insert a needle (¢0.1mm), which is connected to Amp&Speaker 1 i Skln Sensation MeChanism
(2)Identify Location and Type of Receptor by the Sound. 2 TaCtile Perception & ”lUSion
(3)Do Experiment on that Location. 3 TaCtiIe DISplay

ED (RED) R $Ei RETRHMETEHHEME] RFED

Tactile lllusions Tactile lllusion similar to vision: Apparent motion

O AT LU RDIER

®Barber Pole lllusion

o FDER (Motion Aftereffect)

o RIREE)

e pY rAZYE—Y 3V (Funneling)
ON)UINY k1 Ja—Y3aY
oS/\N—/\Y R Ja—Y3aY

-etc

WIOESE, REMBORRCH > TIEN.
REARBICLDMES.
Recent works revealed new tactile illusions




(%) : BkEEEH) (cutaneous saltation, rabbit)

Tactor Sites:
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Tactile lllusion similar to audio: Phantom Sensation (Funneling)
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®Generated by short pulses
®Image generated between
stimulators

®Position can be controlled
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Tactile Uniue Musion: Velvet lllusion

FUVHBDE (TZR357 v RaE) Z@F TS,
BIRICEINTE, EDYEULENIIANY FREELCD.

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

e B O —<IIL- ) )L-A)21—Day
Tactile Unigue Musion: Thermal Grill lﬂysion

Eramney B oS

EVEHTREREABRERKIR T HEEELTELD
Close presentation of hot and cold temperature generates pain
sensation.

FRE REZEGEETICEATERTEEHIZEALLNS
Used for the generation of pain sensation without skin damage.

RERRICIOBETDHE)

NERBICARNG NNzl ZiEn
I, D NEE (BHD -8
D) 1 ZRECD

Okabe et al., Fingertip Slip lllusion with an
Electrocutaneous Display, ICAT2011




() RERRIZLD2BZTDEE(2)

Vibrator

Potentiometer

CW llusion

& FOULADEEKMAFIH+IRBICLPHEH>FEHNTE
ELETS 18R,

®Blanchard et al., Combined contribution of tactile and proprioceptive feedback to hand movement perception, Brain Res. 2011.

E(ZHTH7RF2 5 DOF: Frequency-Specific Masking Effect
by Vibrotactile Stimulation to the Forearm , EuroHaptics2016

Yoshihiro Tanaka, Shota Matsuoka, Wouter Bergmann Tiest, Astrid Kappers, Kouta Minamizawa, Akihito Sano

Accelerometor || Masking vibrator

ERCHELYDLEDRBZEZTHE, BITOOBMREIZ5Z5LEEDRENTS
ITHATLES. BUDARBTIEIINFELCKL. BIMITHZR SO TEAL.
Presentation of vibration to forearm dramatically “mask” vibration feeling at fingertip.

TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Perception & lllusion
3. Tactile Display
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Spatial Frequency
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Temporal Frequency
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EREE—2IZLDZ &/ Vibration Motor

Lesmraage
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EFHiIR7 S F 1T —4/Linear Resonant Actuator

UL L LLLARLLELLELELEEERR LA

s RDHBY: —ERELRE(SET HFETORREEN :80msIEE

o RARIMIIRBIFICHIRFEE ST f-Linear Resonant
Actuator: JBIE10msLLF.

o HIREFH150Hz~200Hz. PacinifEigizE>

+ BfEAppleWatchZFIZHRA.




A DR F: AE—N/ Audio speaker is ideal

s IRLF—HEFELDL00. FEOR R RIEEEE,
« BBIRIZZEF—TAA 7T GBS TIXERRFEERE
)

« BIGEE, DETHER K CHRETESRAE—DMATEREIND LS
1Z3Y, AFHH B 43

AE—HABTHOFaT—320D/NEE
Miniatualizing speaker

RIEFEERAORSFELTLOMERESNT
¢ BRERAE—NEDFAZZHEICE LD
- NECh—F>  RILF7H5—(BEHRT)
- BABEER. KRPRE—H
s TUOFAI—ZDOWKREIRLIZLD
- 7ILFREK :ForceReactor
s ERIHEALLTHRTSIATNSLD
— Haptuator(Tactile Labs)

KABE

Structure of Haptuator mk2

s BRIV EEET H=0I, AR TEHIEME TS

« AL DEVEEICHIRIERAEE.

 REAELTHA +HEEAL, aMUAERRIKE, &
BAAEEALENKREN. ChIFERICHNIMEIRTT

DCE—ZIZLAHEE)H2A%(1000f ps)

Input voltage

10-NDV-15 1442

YL, @ RE = . H20EAAN—FrLUT TR (2015598 ZRIRAS)
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.
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How to produce Touchable lllusion?

(MR (DOERME)EBEHEE.Reproduce the World Surface
(QEENEMEBEH#LE. Reproduce Skin Deformation
(3)Z A2 FEEEHEE. Reproduce Receptor Activity
(4)#HIRFENZ B E.Reproduce Nerve Activity

Reproduce the World (Shape)

AVBFOTATLRT L




Tactile Display for the blind

KykE 2—DV-2
KGSHkX=+t

ORENEEERESTIFAI—FD/NEE, RENE
®Numerous, dense arrays—Actuator needs to be small and cheap|

Xmen,2000

X-men,2000

FUHN T IFaiT— =R eax?
Thinnest actuator = SMA?
Coil-Type SMA (Shape Memory Alloy)
Extremely thin and moves large

filiz o

202 anirs
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.Jv—d'f'(.ullf ; fason EL

inFORM (Sean Follmer, 2013)

Materiable: Rendering Dynamic Material Properties in Response to Direct Physical
Touch with Shape Changing Interfaces

Ken Nakagaki, Luke Alexander Jozef Vink, Jared Counts, Daniel Windham, Daniel
Leithinger, Sean Follmer, Hiroshi Ishii, CHI2016
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Is Actuator really necessary?:SandScape
(Yao Wang et al., 2002)

Jovzss

Rybs5— / ol #snxs

Wig(E—X)

@ FHEE

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

BERETRTLAThermal Display

——1

e \

— B
\/ ,./"'/

—— . REbIYHEMELY
RILFEF

BRI 52~ 3 E DREEEH
HEBHEDRANGFAMN

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

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

1EMEM

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

How to produce Touchable lllusion?

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

“
(2
3
4

AVBS9TATLRT LEH

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?

: ... Ultrasound generates Static
(NI pressure
|- — Iwamoto “Focused ultrasound for tactile
||:|E| U feeling display,” In Proc. of ICAT2001.

_ VI
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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]

HaptoClone (Haptic-Optical Clone) for Mutual Tele-Environment by Real-time 3D Image
Transfer with Midair Force Feedback
Yasutoshi Makino, Yoshikazu Furuyama, Seki Inoue, Hiroyuki Shinoda

HaptoClone (Hapto-Optical Clone)
for Mutual Tele-Environment
by Real-time 3D Image Transfer with Force Feedback

hetp:f/iwww.hapis.k.u-tokyo.ac.jp/

BAERTIEEL ML BERMEZA-ZREAE.

L—H—REAN-MRIRR

BEFBOBIRLY—L—Y—RERERAEFZOLOEERICETHET/ ULRROE
BREEC, MEERRTED. HLLERMERTFELEZD SNETHEVTROHA

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.

Cross-Field Aerial Haptics: Rendering Haptic Feedback in Air with Light and Acoustic
Fields, Yoichi Ochiai et al. CHI2016

=JJAX

< R & 7
REBEZORLL2ODDOFEDEMERYRAL.
ERERLLTBERMEICI>TL—HICLDMEATRIENS.
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ETFEMEFRSLY
Vertical Deformation is not Enough ﬁ,
A

-

HES METFTARATLAHHEE DL BEEER
[BERITOMET AILATYSHIESEELELDN ? ]

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

RE—XREDTAYNEDORE TIIAELM?
Horizontal “Slip” is Essential??

MMEIZES>TEERDDIELfIHV(1/2)
What is essential for bump sensation?

ce N\ EEEYBOMESEEROT A (TL—E) &
NS HARDIRAKIEVSFLRMY,
TEAR VLT £ B AL TRARMBELTL
5.

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

through active touch Nature 2001.

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

oS0

KEEEMMEOF A MY :
WOMEEI>>HROBES

)

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

KEERMDER
Moving skin horizontally.

OEEENMITF i RIEEKFIZERE)
Active type: actively drive skin horizontally.
@ b,
v RZ[<.~Good for wear type.

OZ BT L ERFEHELL. RENPLTHHTHE
Passive type: friction coefficient is controlled, and

perceived by skin motion. t\&\
VEBEEIZECS v

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.

Pazosecene
w:_‘”“ﬂ»
o .
4_'_’~E_ i}i
HHE
i i%
t 4 &
Fi
-4

i
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Active type Horizontal Display

J=F T a—4 g-:,/u =7 AL
\\». ° ]

RTA AT AL
BETIVFLI—RLDREKEARANDER

Horizontal force generated by electro-static actuator

WA HERNICLDEBEAFEET I LBHFEAVFRREEETRTLAIBRVRERAR 2002.

E—ARIZLBKEHRT

Sato! aga, Koichiro Deguchi
Tohoku University, JAPAN

http://www.youtube.com/watch rq9-uJSqSE

Ui ith, BIMT D EFL2 SRTEME TARILAISH 1B EEMMNEIRTF &, VRERAR2011

=
NI TRYYTBERTT HEEEXY2EHETERLT:. 52T
KELTRMIBHONZRT THEEBCLLITLTNS.
The Slip-Pad: A Haptic Display Using Interleaved Belts to Simulate Lateral and Rotational Slip, WHC2015

[0S6-5] eShiver: Force Feedback on Fingertips through
Oscillatory Motion of an Electroadhesive Surface
Joe Mullenbach, Michael Peshkin, Ed Colgate

Position

High Friction Low Friction

Time

HEROMBETRATLAEKERPSE, REBLAMLTERHERELLILIILT, —
FRIZHAZELSESD. DFEYIVFARILTOARET.

Passive type Horizontal Display <°\/
BERIREN R HEBZRBELDFIA

Controlling friction coefficient by ultrasonic vibration

« RVMA—ZXPR ERRRBTERRRARLTS
Squeeze effect: friction is reduced by high freq. vibration
« BREHALEAEOE . ERERORTNAEE
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)

13



Passive type Horizontal Display
EEBELREDEIMRSIFIA
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)

ttp://www.teslatouch.com,

/

h
ABSYTATLRT LI

[HapticsSympo2016] Extension of an Electrostatic Visuo-
Haptic Display to Provide Softness Sensation
Taku Nakamura, Akio Yamamoto

Lat. force

Pressing Sliding

Softness

Friction by Electroadhesion

How to produce Touchable lllusion?

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

AVBFOTATLRT LR

HESUMARRRIEETCRONSBELICHELHBTHI FIEEER

RERIFHERYUT(RTLA
Reproducing Receptor Activit

EIEFRERBICLHBIRRF(GERD L FISTBI08EY 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.

FIRBHHEISEEL-ZRRTEBER
Reproducing Receptor Activity by Frequency

et
RVl
oy

10 ' s (1)

ZRFDHIRE K HZFA
Utilizing each receptor’s resonant frequency

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

|

% ) PRE (um)

o Merkd
« Meissife
= Pacinijin
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How to produce Touchable lllusion?

S

1
A

A
e 'f i G

s

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

AESYTATLRT LIEHR

BERRHICIYHREHERE

Reproducing Nerve Activity by Electrical Stimulation

"
s AR RS N = RSUR MREFENR

Sensation point Stimulation point

FR ITRLF—30EBREIRE S5 1 - SR EHEA SR
R ERMETYEL Y - BIRFIBOER

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

KREREM>DERIH

Electrical Stimulation from Skin Surface

HRERHORBSNFEIHSEMTIELTER

ZRABOHRRE OHHEFIALEIRTIR

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 FEBREAEERRNICHRT IBSMET AT/ EFHBEEFRE, 2001

MRERADEIRIH

Stimulation to nerve bundle

4

SRHIAATITN) D RENE, HEFLERICERE
BBLTEEICLSERTVELY.

fEAL A&

*Matrix electrodes (holes) are embedded, and

nerve will grow into the holes.
AT HEBEERBECTAHR) RRALIBLRAK, 1998

FEH
TSR E |ZIR R CEHRERE
(BB TARTL AL, REEL.
ARTRIBIEZDED ORI LR
TREDMETARATLAHEIL, fiEZDELD

DERALSREHHE TRYEA TS, 790
NTAVIRNHTHS.

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.
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INFREMini Test REIFIRET

T O£ TIZ100F LLNFEE THREZE B &~ Answer all questions within 50 words

L AL IV D& ENZDULNTERBAE & Explain role of Merkel cell

. RARF—IMADREIZDULVTERBAE & Explain role of Meissner corpuscle.

L ISFZIMADEENZDULVTERBAE & Explain role of Pacini corpuscle.

L ILT4 =R OZENITDULVTEBIE & Explain role of Ruffini ending

REREOLMAITDULVTEBEE & Explain mechanism of thermal
sensation.

. MEORFESC DL TEREAYE & Explain tactile apparent motion

T7ob Lt t—av[Z DLV TERBAE & Explain Phantom Sensation

L NILARYRA1) 2—2aV (2D TEEBAE & Explain velvet illusion

. =TT ) IA)2—2av T DV TERBAE & Explain thermal grill illusion

a s wWwN =
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