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fis B = A PRI + B IR

Haptic Sense = Proprioception + Cutaneous Sense
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R = Bz kT AL Bk
(Haptic=[ £&fili(Contact) ]V %25 /in Greece))

O 2B RMDEN (K g &4 ~Cutaneous Sense, Skin Sense)
O IR D i, BEIf#4 (RSB « 1%L/ Proprioception, Force Sense)

A HDEE ez D B IAL /Today’s Talk focuses on skin
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TODAY’s TOPIC

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




Bz i@ RE s (23K ) Skin Structure (Hairless Parts)

SKinsurface wigmms s ERIchE
-::" 7 Mechanoreceptor: Sense Mechanical
Deformation

£ %8~ Shallow part
O A X+ —IIME.~MeissnerCorpuscle
® A L4 )L#lRE.~ Merkel Cell

i#®ER. Deep part
® )L 7 —#£3K .~ Ruffini Ending
®/\F—/ME ~Pacinian Corpuscle

v

f Z D Misc
R BHAZEX(ER. RERE)
Deeper Tissue FreeEnding (Pain, Temperature)
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http://www.seishinshobo.co.jp/book/b88071.html
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*Densely Populated at the bottom of epidermis.
*Sense Static Deformation.

. . . AT IL#EEFZ(Principles of
*Pulse Frequency is Proportional to Deformation. Neural Science)
https://www.medsi.co. |p/ka“1deIJ

*When activated, Pure Pressure Sensation is generated. | c./index nim




<A A} —/IMAE /Meissner Corpuscle

iR BRE-MELEZENRTYY
http://www.seishinshobo.co.jp/book/b88071.html
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*Densely populated at 0.5 — 0.7mm depth. .Qvﬂvﬂ.
*Sense Low Frequency Vibration (15-100Hz)

*Has Resonant Frequency (30Hz) —L—\r—L

- . 7J>)b?¢-’ﬁ§ﬂ$(Principles of
*Pulse Frequency ~Vibration Frequency Neural Science)

https://www.medsi.co. |p/ka“1del_y

*Single Activity Generates “Flutter” Vibratory Sensation ousaifindex htrml

/\%_./J\{zli/ Pacmlan Corpuscle

e BRE-fMIELEZENAURTYY
http://www.seishinshobo.co.jp/book/b8807 1.html
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& FERAR B 255 25 (60-800HZ) (3£ #R250Hz2)
5 K B~ IR B K I
HIMDFETEERICMN-LOGIRERE, HEADEN III
*Sparsely populated at deep region _L__L_L

*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 speair




N7 4= A /Ruffini Ending
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iR BRE-MREOEZNUETYY
http://www.seishinshobo.co.jp/book/b88071.html

*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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e fElR ] 57+, Spatial Roles
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http://www.seishinshobo.co.jp/book/b88071.html

‘Merkel: $#8H\L N/ N2—>~Small Pattern
‘Meissner: K J[E L DM ULVEIE. Small Area Movement
‘Pacini: [GLNETEDEZE .~ Large Area Movement
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Skin Structure and Mechanoreceptors
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-Merkel&MeissnerldbE BICIEAE
-Epidermis:Hard
Dermis: Soft

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

stiff shall

elastic bending
support

Stress is Concentrated at Merkel  gtrain is Largest at Meissner

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

AR EIZMerkelizEH>Ta—T 1735
Shape is mainly coded by Merkel Cells

Sin surface
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S. Weinstein, Intensive and Extensive Aspects of Tactile Sensitivity as a Function of
Body Parts, Sex, and Laterality. In D. R. Kenshalo (Ed.), The skin senses, 1968.
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Two point discrimination

2 B 8972 %E iz B

Point localization

e & ks

Joseph C. Stevens & Kenneth K.
Choo (1996) Spatial Acuity of the

Body Surface over the Life Span, £
Somatosensory & Motor Research, %
13:2, 153-166 °
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Frequency is mainly coded by combination of receptor activities.
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HhoT L #a#EE =2 (Principles of Neural Science) https://www.medsi.co.jp/kandel/syousai/index.html

F [ZMeissner&Pacinian B 5,
FEUIRBIFAV/ NS EPaciniD N ZEREIINE 1SRN EGY . S ARERLG<GS
Vibration is coded by Meissner + Pacinian. If the vibrator size is small, high fieq.
threshold rises, (“spatial summation effect” of Pacinian corpuscle)

(EuroHaptics2016) Temporal integration of tactile
inputs from multiple sites

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

Separation distance of the two probes
* i o e )
- HH

Total afferent recruitment (amplitude)
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BLL5-EMICRSZE525. RBOBERBIRCTHBEZT 5T . ChlEHIZE>TIEFIA
[F2BDERBIRELOoNENNEWSHIRSIERITIEVDFF T HAR2MEALIZRELS. LAL
fiDZmE16cm<L LN T THIEBE VL EIRMICRELS. Ch(FiRIEZ/NSLTHRILAE
DT, EWBIZEH o=z EITEZ (KL,
Simultaneously presenting vibration to two sites elicit “doubled” frequency feeling,
although the positions are quite separated.




(EuroHaptics2016) Frequency-Specific Masking Effect by Vibrotactile

Stimulation to the Forearm, Yoshihiro Tanaka, Shota Matsuoka, Wouter Bergmann
Tiest, Astrid Kappers, Kouta Minamizawa, Akihito Sano

Accelerometor | Masking vibrator

BEICBEIVIDLLDRBZEATEE, BIICOPRVMREIZEZADLIEXEDRENTE
[THATLED. BLGLHRIKHMTIEIINIFELGL. BIMIZEZA SO TEAL.
Presentation of vibration to forearm dramatically “mask” vibration feeling at fingertiz:
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FDAhDf .~ Other cutaneous sensations
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(Physiology of Behavior)
https://www.maruzen-
publishing.co.jp/item/b294439.html

e N
§J§ﬁ'ﬁ fifk
J*iféi\%@ﬁ’ D B R#HIRFER Free nerve ending
o RERRE A LB Temperature sensation by two fibers.
o JEE:HiE R IXAVHLH L CHlkHE AYHE &5 Pain sensation by two fibers
A E&8.~Hairy skin
- EEZARE Follicle Receptor
ENHLNLEETOAFHCEERL) . CIZHKHOY, Meissner/MAILEE

Activated by low frequency vibration, substituting Meissner corpuscle =y




Chilire 7

>
.
NS
X

w
N ]
J
J
\
[
t

Myelin (Wikipedia)
https://en.wikipedia.org/wiki/Myelin

BEMZARITDOENLZSLDHEE  APHEHE . —EPAyHiH

« ERIZEEZTIEA HMyelinated’E FEE

CHit#f : Unmyelinated75 f8#%. {mZEREHEL.

o BERRE: AyHiiEChitit

o AR Ayl SClliiE (BRRDRALHRE)

o WEEZFDMeissner/IMAIZ A Y AL i - BUIRCHEHE D TFTE

« BEIICHEBMMWEMICICE T HCHMENTFE, FRICESE?

TH b Btk D FE K / Temperature & nerve

Table 7-2 Sets of Afferents Sensitive to Temperature
Threshold  Range

Group Axon (°C) C)
= =0 A AR Noxious cold C-fibers, 0.5-2.0 m/sec, rare  26-27 Down
1E_='=FT’|$’T]E' e I to tissue
destruction
Y N Cooling A-delta, 13-15 m/sec, 34 34-26
MR Jenslty 50-70 fibers/cm?
N=E=1
;m5.  Warming C-fibers, 0.5-2.0 m/sec, 36 36-42
density 50-70 fibers/cm?
= E'Ii g Eﬁ' Noxious heat (1) C-fibers, 0.2-2.0 m/sec 42 42-52
> = L/ (2) A-delta.l 42 42-52
Extreme heat  A-delta-li, rare 52 Up to tissue
destruction

HIEDIFBEARERE  ASHHHE(L13-15m/s, CHifE0.5-2m/s.

(0% ;A RE |l lbl=d A

BEREHROEEREILEINTARLELIDON?

HE o AIRELREREA

AR T-o-BREDOREL NG, MERZHIE>REVAIHLE
REMAR-ER TREDQEREIND, TDHBZHNINEINZEHIE=ELC
REMER BUOK, BEFELZFZEITEI>FREVAD

Moderate cool sensation is used for material identification, which requires
fast response (Ad). Noxious cold is environmental, and does not need to he
quick. Noxious heat might be used to avoid sun?
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How we know?: nerve activity

------

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. o

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)ldentify Location and Type of Receptor by the Sound.

(3)Do Experiment on that Location.
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How we know?: Skin recording

Finger pad Flat Surface Smooth Bump

fingertip

light
S0Uroe Amera

V. Levesque, V. Hayward, Experimental Evidence of Latera i

Exploration. Proc. Eurohaptics, 2003

https://youtu.be/bdgmGrESe147?t=681
Levesque (2003) Experimental evidence of lateral skin strain during tactile exploration

Optical observation only for flat or smooth surface.

When We Touch Rough Surface




Make It Optically Transparent

Oil Finger

+=

Object

High-Speed Camera
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S.Tanaka, S. Kaneko,H. Kajimoto: Three-
dimensional Measurement of Skin
Displacement, Haptics Symposium 2020.




TODAY’s TOPIC

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

REE R DA A B ) A B )
I1lusion related to spatio-temporal interaction: Apparent motion

i RO BUEB T, IFBIRRA — =Ty 7 DA 575 23
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Ilusion related to spatio-temporal interaction: Phantom Sensation (Funneling)

tRA  XBAME H#HhSB

O RHTIL IV AR Tk sEk
O IO - DRI
O (L EIIBHTED

®Generated by short pulses
®Image generated between
stimulators

®Position can be controlled

Hh A

#haB

O o> TNAYIMA HIZHRENNL B EN T B
O . LM IBORENCLH>TIEHITRE)
® {f BLEB) TIIAS n] BEZR e 1) 70 B X 72 K B n] R




(%) Virtual Rolling Stone

300

200

Frequency (Hz)

100

D> T RKEIRERZ ET ML, 50X DIRE) & E IR E 2 RE) FIZX->TH
Ao R— LD EZ R TE, BOIERIZIT N,

Yao, Hsin-Yun & Hayward, Vincent. (2006). An experiment on length percet 0t1 L
with a virtual rolling stone. Proceedings of Eurohaptics.

WEERIRE O R et B RS B o
cutaneous saltation, rabbit vanyl

>

position (cm)
°, 5

space time (s)

time

® 5. f,.-'
@ space 0

® 0 5 10 15

: /(cm)
time @
@
Q https://en.wikipedia.org/wiki
d Q /Cutaneous_rabbit_illusion

INBLD I P (] Z A X3 T ) 22 800l DR IFAOIZ K &, eIz
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[llusion related to tactile fqeling: Velvet [llusion

VD H (7= RAZ 7 v L) 2l T-THeA,

RIRICEI T L, EUYELIERILRYMNEEEDS, (X THLELLY)
HINTA2ARTHELS, (2 AN TILZELED)

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

fal Rz B 9~ Bk Tllusion related to tactile feeling (2): Fishbone:’ﬁ%ﬁ

2wl

Nakatani, M., Howe, RD., and Tachi, S. Su>rrfaice iexture can bias tactile form perception. Exp Brain
Res., Springer, 208(1), pp. 151-6, 2011. PMID: 20981539.

TR ST GRS . &b I 2702 58 BB RV O
RIRDBDIVMATEE D, (K THLEL L)
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Mllusion related to tactile feeling: Air' suction perceived as pressed.

Y. Makino, N. Asamura, H. Shinoda: A cutaneous feeling display using suction pressure. SICE Annu. Conf., 2003.

pushing

suction

ZEREEIIZ &%)J:T:EEEZ/Usmg air suction (ZZ TidL £L 19)
REIEHT T, RERMUEICELSIEIRILET—DIREILC- ANFRBITELLY,
EEOMETIIHZREF/EE TR TS LI >THELHHEEIR R, q:

Suction and push produces the same strain energy, so human cannot distinguish.

T B EiEE R Temperature related illusion (1):Thermal Referral

NSRS MO LA IR ThOEMBE, T THRLUTL
BLOBMIEL B, WAVIITYEL D, (FTALELES) o

Two cold stimuli generate illusory cold sensation at the middle. *




T RS B SERE Temperature related illusion(2): Thermal Grill Illusion
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ATHREEOIR + SRR s TR SRR, (ZTRLEL L)
HH L ERIPIAR B2 R ARORIL T 505, WmRIC Z> TR AP RIS THI
LW, R Z 2 22O, FWADBRRIND, LitHE N5,
Simultaneous presentation of warm + cold at close range to generate pain.

Normally, cold stimulation simultaneously excites nociceptors, but it also suppresses
pain pathway. The application of warm stimulus removes this suppression.

L4

IBIEDOZR HIERIZEAEEAANE] / Ttch relief by hot/cold stimuli

R. Watanabe, N. Saito, Y. Mori, T. Hachisu, M. Sato, S. Fukushima, H. Kajimoto: Development of Roller-Type ltch-Relief Device
Employing Alternating Hot and Cold Stimuli, CHI 2013 (Ex-tended Abstracts), April27-May2, 2013, Paris, France.




H DRk ESR) /Thermal cutaneous rabbit

[HapticsSymposium2016] Space-Time Interactions and the Perceived Location of Cold
Stimuli. Anshul Singhal, Lynette Jones
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R CER DA RERLGHGERICIRRLU . P OAROMEMEIRRISAZIVTIC
HLTEE REREIC ZoL\’C%H#WF’aEMEEVEﬁFJb\’ﬁéq‘:’i—j—bto

Several cold sensations are presented intermittently at different locations. The perceived position of
the cold sensation during the presentation is dependent on the timing of the presentation. )

R AL DR 5 Continuous heating

(WorldHaptics2017) Asymmetrically-Applied Hot and Cold Stimuli Gives Perception of Constant Heat. Ahmad
Manasrah, Nathan Crane, Rasim Guldiken, Kyle B. Reed

High

Temperature

—Perceived

Not perceived

Low

Time

BERONNVTF = FH 12, TRE R EALRIELHIRET ITHRE) 5L,
Tz Tl HOMEOMERRIT 579 DI ERFE 2R TED,




TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Illusion
3. Tactile Display
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Spatial Frequency
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JRHE—XIT X B4 /Vibration Motor

AR (HAS)

By ] FE] B2 3 (0 25 2 E )

T—X + I OBBY motor + eccentric mass
- BIEREZ DL B EIRIE R FFHZZE #E, Frequency & amplitude

change according to applied voltage.
- M. T AF XD B RITIIAX, Not suitable for hi-fi tactile feeling.
- JEMEEH TPacini/MAD [ I Bl THRE § 5 K5123%R . Frequency at

rated voltage is at the range of Pacinian corpuscles.

- AL KRR BNC I, Good for notification.
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http://akizukidenshi.com/catalog/g/gP-06838/  https://www.precisionmicrodrives.com/product/c1 Eﬂiﬂﬂﬁ:%#@EEJ?E#EEU}EFHL‘T:%@%A@
0-100-10mm-linear-resonant-actuator-4mm-type ~ fEIRRA A 487445 0—T D%, SICE-S12014

fisf > EBHY) 1 — R [l ITRE 9 DK TOWFIBIEIL :80msPE

A Z2A NARE) 2 I PRFHE 2D 7 7= Linear Resonant
Actuator: E4E10msEL .

JeHE % 150Hz ~ 200Hz. Pacinifdisz3Ho
BERA~Y—F7 %V A~ —NT Y FIZNE




Bt 7 79 22—~ /Linear Resonant Actuator




Actuator should disappear?

HH‘HHIIIIIIIIII
HIEIIIIIHIIII

Ultrasound generates Static Pressure
Iwamoto, Maeda and Shinoda “Focused ultrasound for tactile feeling display,” In Proc. of ICATZJ"I

ZEB E IR DOIRIZ X D i e~

Airborne Ultrasound Tactile Display

https://www.youtube.com/watch?v=hSf2-jim0SsQ

>
N\

Hiroyuki Shinoda, Airborne Ultrasound Tactile Display. Journal of the Robotics Society of Japan, 2018




(CHI2016) 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

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

B RMREZAVERME.

(WHC2015)L—H —kZx AL V-l BiZ R

Optical table

|

Optics

finger

Trigger
module

usp

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.

BREEROBIRILY—L—Y—AZRERADE(EED LDHE
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How to present tactile feeling?

Macro roughness
(Uneven, Bulky)

Fine roughness
(Rough/Smooth)

Hardness
(Hard/Soft)

Tactile Dimensions
of Material Textures

Friction
(Moist/Dry,

Sticky/Slippery)

AR (A S)

Warmness
(Warm/Cold)

B o B B 3 (I R )
KB, A, WWE: MEOTIRF v OH EBRTHERISET HHRBIE, TVRSI2011

o R KBRS, AVEHES, ER., BIERE. TERINhD,

- MREROEHK - BRTEREMEZERALAIVICLEITFIS,

» Tactile feeling is composed of macro/fine roughness, hardness, friction,
and warmness.

» Record & replay of tactile feeling has big potential.

B OIEE)F . AE—F/ Audio speaker is ideal

TR (M)

R Ges)

s Pl B R (I B )

. Uneven, B
Fine roughness (
(Rough/Smooth)
v " Hardness
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Z92Hl, Arbitrary frequency / amplitude can be replayed.
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Acceleration sensor inside
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sensor Speaker

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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Miniatualizing speaker
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- AlpsAlpine: ForceReactor
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- Haptuator (Tactile Labs)




Structure of HAPTIC Reactor (Alps Alpine)
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https://tech.alpsalpine.com/prod/e/html/haptic/

18 m/s®
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« Two resonant frequencies at different axes.

o LRAGZRE—HET 7 F 2 —ZDOWPEINANLE, LRAEGFESNDZ LD,

e In between LRA and high-fi. RN

Structure of Haptuator mk2
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V. Yem, R. Okazaki and H. Kajimoto, "Vibrotactile and Pseudo Force Presentation using Motor Rotational Acceleration.” Droc of
IEEE HapticsSymposium, Philadelphia April 8-11th, pp. 47-51, 2016.
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R T 4« A7 1A/ Thermal Display
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KE, B, WA MRHTIXAFrOMBERRTERICETS
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2 to 3s temperature change is the key

H#Faq to detect object property.
Peltier device with temperature sensor
is used to reproduce the time course.

HEfm RS

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

7%};0)%%07;‘j]$ﬂ@ﬁ%% P Peltlier

Quick & efficient temperature presentation

: - q, :
|" 'l"_h\ \.,_ | 1
None Warm Cold None
Stimuli _[—[[—L — —F - + = J
. [:]Warm adapting stimulus
Adapting Warm Cold Adapting  ["]cold adapting stimulus
I . Warm stimulus
Perception u - —> - + B cold stimulus
None Warm Cold None

Katsunari Sato and Takashi Maeno: Presentation of Rapid Temperature Change using Spatially Divided Hot and
Cold Stimuli, Journal of Robotics and Mechatronics, Vol.25, No.3, pp.497-505 (2013.6)

L%A)L%I;%%é‘ﬁﬁl,\'c m/ MEiRR. immie ’é%‘sULT ANBFEDERIR,
BODRFEACTRTFZRTHETHRIE, 73\’3 DS RFIRTAAIEE,
BEZTDLDTIRECEIER D DAZIRTT HETHLHRIE, EFEL,

Peltler devices are often used to present hot and cold. If hot and cold presentation is repeated, héat
accumulation occurs. This problem is solved by (1) separating the heating and cooling eIements
and (2) presenting not the temperature itself, but only the components that change.




HEOJEE e~ Thermal Projection

RGB projector

Daisuke lwai et al., Non-Contact Thermo-Visual
Augmentation by IR-RGB Projection, 2019 IEEE TVCG

FRNTOOIHATREERTTS.

Project thermal sensation by IR projector.

Ultrasound
Phased Array

Mist
| f
\ Ny

Mist Tank
Cold Spot
Air Flow

Ultrasound Beam

i
Mitsuru Nakajima, Yasutoshi Makino and Hiroyuki Shinoda,
"Remote Cooling Sensation Presentation Controlling Mist in
Midair," in Proc. 2020 IEEE/SICE International Symposium on
System Integration, pp. 1238-1241, 2020.

ZEHBERICESIADIKEE
ALWTEE (AR ZRT.
Presenting cool sensation by
mist conveyed by ultrasound. " *

Yﬁfﬁ@’f B%H"J%Zﬁ (CHI2020) Trigeminal-based Temperature Illusions

Jas Brooks;Steven Nagels;Pedro Lopes

trigeminal-based temperature illusions

jas brooks, steven nagels, pedro lopes

N

THE UNIVERSITY OF

CHICAGO

https://www.youtube.com/watch?v=rEYslUk7bgk
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ThermoVR: Exploring Integrated Thermal Haptic Feedback with Head Mounted Displays
Roshan L Peiris, Wei Peng, Zikun Chen, Liwei Chan, Kouta Minamizawa

HMDIZ i B2 5 (LHRBY IR L) 24 o e 1

(CHI2018) Ambient: Facial Thermal Feedback in Remotely Operated Applications
MHD Yamen Saraiji, Roshan Lalintha Peiris, Lichao Shen, Kouta Minamizawa, Susumu
Tachi

https://www.youtube.com/watch?v=Ewe2X663NNE

HMDOBE mEAMRIC AN F = 2 Wi BRVORE RS Z{EZDTET THMADMEN S
Presenting heat by Peltier device attached on HMD. Good for atmospheric transfer. " -
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How to present shape information?
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B ol B R B (O R ) KE, A, W METHR T+ OM ERRTERIZE T HHEEE, TVRSJI2011

3D shape
reconstruction

Xmen,2000 https://www.youtube.com/watch?v=55voa5Pee2M -y




PopUp(Nakatani et al, 2005)

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

inFORM (Sean Follmer, 2013)
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Is Actuator really necessary?:SandScape
(Yao Wang et al., 2002)
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http://tangible.media.mit.edu/projects/sandscs’
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https://www.youtube.com/watch?v=IKR4BDuwZI|U
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What is essential for bump sensation?

e \ F%_
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Fox

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

Physical surfaces ) * -
e N/
F X
2 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 Plate
pr - /
1 — I — Plate Haptic «=Load cell
Fox - | interface Shim <« Frictionless joint
S/ / «~ Wheel
. . e 6
Virtual bump Virtual hole o
(condition 2) (condition 3) t t
Table Physical Fixed Physical
d surface reference surface

Force-masked physical surfaces

-
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Force-masked bump Force-masked hole r ﬁg;{kj J: [,) :E) r jj J 51% 5'1': L‘C ﬁ;;{ﬁ %u ﬁ& L,'t L \

Do

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

through active touch Nature 2001.

BT E 5T TS DIT(2/2)

What is essential for bump sensation?

RGHEMMBEDFLNY
WOMEEZ 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.
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Saga, Koichiro Deguchi

Za Tohoku University, JAPAN

http://www.youtu be.com/watb?v=Prq9-uJ SqSE
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Passive type Horizontal Display
B IRIRENC R DB ER B L DOFI H

Controlling friction coefficient by ultrasonic vibration

AT A=A R @ B IR TEEE R BN A5
Squeeze effect. friction is reduced by high freq. vibration

fabLER ISR AG DR, FEERBOTE R "] hE

Combined with pos. sensing, friction distribution is displayed.

Nara et al., “Surface Acoustic Wave Tactile Display”, IEEE CG&A, 2001.
Winfield et al., “7PaD: Tactile Pattern Display Through Variable Friction Reduction”, World Haptics Conf. 2007 S




Passive type Horizontal Display
e R B 8 DR S 5 | R

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)

https://www.youtube.com/watch?v=3I3MDNZk-3| B | \~‘




[Haptics Symposium 2016] eShiver: Force Feedback on Fingertips through
Oscillatory Motion of an Electroadhesive Surface
Joe Mullenbach, Michael Peshkin, Ed Colgate

Micrometer
Slide

Load Cell
Phantom Finger

Anadized
Aluminum Plate

Electromagnetic
Shaker g

Displacement 5
Sensor Probe [ ° =%

Fig. 4. eShiver Experimental Apparatus.
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K, A, LA MENTIAFYOMERRTERICET SHRER, TVRSJI2011
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Figure 8: The prototype CASR display.

EMEBOELEEETHILTRONSEIRRITES

+ G. Ambrosi et al.:The role of contact area spread rate in haptic discrimination of softness, ICRA1999
+ K. Fujita et al.: A new softness display interface by dynamic fingertip contact area control. SCI2001.
« M. Bianchi et al:A new fabric-based softness display, Haptics Symposium2010




[HapticsSympo2016] Extension of an Electrostatic Visuo—Haptic

Display to Provide Softness Sensation

Taku Nakamura, Akio Yamamoto

FHE

Conceptdialfimage

Softness Lat. force

Pressing Sliding
1motion motion

Friction by Electroadhesion
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How to produce High-resolution Tactile display?

|

ZREERE (A S)

By Pl D R (O R )

\.hif%i\.c‘:\_a, [ — AR N TR A4 73 300,
(BT S 9705) mth R 1 B e 25E (PHANToM) THH R 25 %,
wearableft, portablefbL 7z, L AT LHTEA,

bL R NDARDL NIV TIT 780, H7E B E D h DZERIZR o7 Al 238

R TEILNENT R,
Until here, most tactile displays are for “the whole finger”, but higher-
resolution tactile information is required for precision tasks.
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Pin matrix drive

RimPad: Touchpad Interaction
with Fastand High-Resolution Tactile Output

Jingun Jung, Eunhye Youn, Geehy

https://www.youtube.com/watch?v=B8UshkVpuAE 8X8:L_../]\0) ( ﬁ IJ &0) Fﬁ)
CHI2017 PinPad: Touchpad Interaction with Fast and High-Resolution Sugarragchaa thﬂ%ﬁ"qm lefuf&a”m?i Tactile display
Tactile Output, Jingun Jung, Eunhye Youn, Geehyuk Lee combining electrical and mechanical stimulation. EuroHaptics'16 WIP

O REDRBELFE-T IV FaL—RDINSE, HIH

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

1';':'-11'-"5“ f”'l'.-.-',-

ive target

bottom cap

stainless stell
tubing

i

J.H. Killebrew et al., “A Dense Array Stimulator to Generate Arbitrary Spatio-Temporal Tactile
Stimuli,” |. Neuroscience Methods, vol. 161, pp. 62-74, 2007.

400, DY =7 T/ Fax—~4&, DC~300Hz, 0.5mm [P




753y MR EREE
Optacon: Vision-Tactile Converter (1976)

Braille Display (Optacon), Linville 1976

https://www.youtube.com/watch?v=ghsXhqu8FCY

https://en.wikipedia.org/wiki/O%tiacan
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Piezoelectric
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« Horizontal Vibration is achieved by piezo drive. High density
and compact system is achieved by this simple structure.

Hayward, Tactile display device using distributed lateral skin stretch,” ASME, DSC, 2009.




https://www.youtube.com/watch?v=AVsD1Gy0sHqg

Simple Actuation by Heating Wire

r Shape-memory alloy

Vibration A
¢ = 0.05mm
L =5mm
Insulator __
¢ =3mm
lmm
. lnpul Signal
sa (0 5-300 Hz)

-
e
B
=
L
g

| ¢ 25um Nichrome Wire, Heated with Pulse Fukuyama (2009) Tactile display using the vibration of
SMA wires and the evaluation of perceived sensations

» Very thin Nichrome wire can be elongated by heating. Can also quickly shrink.
+ Similar phenomenon observed by SMA wire, but not necessarily SMA.
» Heating phenomenon = Smaller the quicker. Good for small tactile display

RN




2D Matrix

Hiroyuki Kajimoto, Lynette Jones: Wearable Tactile
Display Based on Thermal Expansion of Nichrome
Wire, IEEE Transaction on Haptics, pp.257-268,

201 8 by 4, 1.2mm interval. Up to 320 Hz vibration. Y

B SR - E 2RI T feE, B AR—R, (K3 X|/
Electrotactile display can be high-resolution at low cost

«  THEXEVZIZEYRY,

o ZOHEIMBEINYME EAERICK SRR T o X (R EM TEBL Tk Z
BaAIEE)) ZRIFL TR ARG ZAECIETNDIED.,

o WIZE AT, EXUIEZ B AR MRS T 520X, MRS B2 TS
THYHE, BT WMEL TWDAERDHD, FFEELL T,

+ Small, robust, no mechanical resonance, no noise, low power.

* Yet, many consider Electrical Shock not appropriate for daily use. AN




How to overcome FElectrical-Shock impression, and achieve natural sensation?

Tactile Primary Color Approach

"
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OHNWRUON® OO
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Meissner corpuscle
(low freq. vibration)

L Merkel cell
(pressure)

ial regolution y{n

ut
I

. Ruffini ending
(shear deformation) X

- £
Pacinian corpuscle _g&]
(high freq. vibration) >

oHz Temporal resolution 1kHz

"

a

In vision, primary colors (RGB) are related to receptors’ characteristics.
If we selectively stimulate each type of receptors, we can use them as primare
colors. N

FEXURITIE, ZOME (ks, Bk) 22528 T,
&%ﬁi‘”ﬁ‘%’%’a‘: (DO FIRRNHTED

Selective stimulation is possible by changing polarity

n s
Meissner corpuscle ¢
(low freq. vibration)

Merkel cell
(pressure)

Ruffini ending
(shear deformation)

fem  Spatial regolution 1/n’

Pacinian corpuscle
(high freq. vibration)

OHz Temporal resolution 1kHz

@* @* A

o Large electrode can stimulate deeper nerves —> Vibration sensation
«  Small electrode with cathode can stimulate Merkel -> Pressure sensation
«  Small electrode with anode can stimulate Meissner —> Texture sensation

« Kajimoto et al: Tactile Feeling Display using Functional Electrical Stimulation, ICAT’99
e V. Yem et al: Comparative Evaluation of Tactile Sensation by Electrical and Mechanical Stimulation. IEEE Trans. Hapties 2017
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Possible reason nerve pathway and boundary conditions?
— 5 Merkel Bzﬁkflzl % _

.%@*ﬂﬂfﬁ%hﬂiﬂiﬁﬂiﬁaﬁﬁ%ﬁﬁb\Zax_c‘:'ﬂ*lﬂfﬁdﬁ’ﬂ’mu\ﬁﬁ [ Je B 1EN5H3,
FRIERRE DRI Z AR EITETT. BB R ST A H 5.

Although normal electrical stimulation uses a cathode to “charge” the nerve axons, the
peripheral nerves of the fingertips are characterized by pathways and ele(frlcm

boundary conditions of each receptor. X

JRAADR A G DOEITI DR T AN

Synthesis,of electrotactile stimulation
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pulse

T —ROFAG DOEITRY B AR Z 5k

Sato et al.: Design of Electrotactile Stimulation to Represnt Distribution of Force Vectors, IEEE
Haptics Symposium 2010 ¥\
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(CHI2018) Haptic Revolver: Touch, Shear, Texture, and Shape Rendering on a Reconfigurable Virtual Reality
Controller, Eric Whitmire, Hrvoje Benko, Christian Holz, Eyal Ofek, Mike Sineclair

Haptic Revolver

Touch, Shear, Texture, and Shape Rendering
on a Reconfigurable VR Controller

Eric Whitmire', Hrvoje Benko?, Christian Holz’,
Eyal Ofek?, Mike Sinclair?

'Paul G. Allen School, University of Washington
’Microsoft Research, Redmond

e R fph v R R D — i https://www.youtube.com/watch?v=kp01cD L€
T o & TYT N fil 7 fd R IR

BT 7 a—F LS

(CHI2019) Enhancing Texture Perception in Virtual Reality Using 3D-Printed Hair
Structures, Donald Degraen André Zenner Antonio Kriiger

\Y

H glass concrete Vmetal Vcloth plastic

SRDAIT I AF X D%, ROENIEAMOT I AF %+ VR?ﬁ%T“%fﬂ.




INT AR,/ Mini Test ¥RIBIFAIEET

LI FDOATIZI0 LA EE T E ¥ X/ Answer all questions within 50 words

e S ARl o

XV VD2 ENTHOWTEEBAE X Explain role of Merkel cell

<A A F—/MEDOENZHOVWTEEBHE X Explain role of Meissner corpuscle.
INF =/ MEDEENTHOUWTEBIE X Explain role of Pacini corpuscle.

NT 4= FERDEEENZOWTHIBHHE X Explain role of Ruffini ending

BE R DOHALAITHOWTEEBHE X Explain mechanism of thermal sensation.
fib D BLEBNC OV TR E X Explain tactile apparent motion

ok FE DBk ST OV TR X Explain cutaneous rabbit.
77ty —ai oW TEiHE X Explain Phantom Sensation

. NARYIY 2 =T 3OV TEEHE X Explain velvet illusion

10 P —= N7 7L IUTOWTHIHR X Explain thermal referrel
11. 3 —= N7 IUNAV2—T a3 NZOWTHBHE X Explain thermal grill illusion
12. fil DS FEFITHOUVT B HE XL Explain five dimension of tactile feeling




