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Outline of the lecture
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Rt 7/ Visual Sensing

AT 4 A7V A/ Visual Display

FEEL. e A v X7 — R/ Auditory Interface

fah b, ik AL X 72—/ Tactile Interface

fah b, ik AL 27— R H/ Tactile Interface2
J15E. 1A X7 x=—R Haptic Interface
BaE)&kE AL X7 x—2R /Locomotion Interface




fist B = ARG + B2 R AR

Haptic Sense = Proprioception + Cutaneous Sense
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(Haptic=I ¥zfift(Contact) |GV %E,/in Greece))
@ 17 B R IMDEN (K E I, Cutaneous Sense, Skin Sense)
o1 RID A, PG M (R » )L,/ Proprioception, Force Sense)

L HDRE BRFED R JEEH / Today’s Talk focuses on skin " -



TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Illusion

3. Tactile Display
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Mechanoreceptor: Sense Mechanical
Deformation

£ E8.~ Shallow part
® 7 A A F—I/MA.~MeissnerCorpuscle
@A)l )L#lRE.~Merkel Cell

Skin surface

iF &8 Deep part
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Deeper Tissue FreeEnding (Pain, Temperature)
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ANV VA, Merkel Cell
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e BRE-AEDEFEN\RITYY
http://www.seishinshobo.co.jp/book/b8807 1.html
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*Densely Populated at the bottom of epidermis.
*Sense Static Deformation.

. - . AT ILsEEREIZ (Principles of
*Pulse Frequency is Proportional to Deformation. Neural Science)

https://www.medsi.co.jp/karw glgy

When activated, Pure Pressure Sensation is generated. <./ dox nim




Pressure sensation by hot steam

T. Kai, Y. Kojima, Y. Hashimoto, H. Kajimoto, "Mechanism of Pressure
Sensation Generated by Hot Steam”, ISVRI2011.




<A A F—/MA/Meissner Corpuscle

AT

HiE BRE-AELEZEANRTYY
http://www.seishinshobo.co.jp/book/b88071.html

B R ILERERCEIZTFE.

K B R B (15-100HZ)I 2 I & (£ #R30HZ)
FE N B B ~ IR BN B R 2K
HMOFENTIHIRENEAR, NIN\IRZTELD
Densely populated at 0.5 — 0.7mm depth.
*Sense Low Frequency Vibration (15-100Hz)
*Has Resonant Frequency (30Hz) —LJ'—L- mwmﬁﬂﬂpmple
*Pulse Frequency ~Vibration Frequency Neural Science)

' Vi t ”\ /i - https://www.medsi.co.jp/kaigels
-Single Activity Generates “Flutter” Vibratory Sensation  c.iindoxnim




INF=/IMAE /Pacinian Corpuscle

Z

iR BRE-AMEBEODEZENRTYY
http://www.seishinshobo.co.jp/book/b88071.html

R THBICFEIISIZFEE.
o= B R Eh | < S 25 (60-800HZ (£ 4R 250HzZ)

« 36X B B0 ~ R B B S | %
BBOEYTEERCHNLSBEDEE, 52 k0B ! !" "

*Sparsely populated at deep region

*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 speaiz-



N7 4= K /Ruffini Ending

Hm BRE-ANEOEZENVRTYY
http://www.seishinshobo.co.jp/book/b88071.html

B AR CERS (CTRTE.
“BRRIEHET NICICE
FNHE(TET D RESIZEAH
BB EETIEIRE LA LLLN?)

*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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*SA-l, SA-Il. RA(FA-I) . PC(FA-INEWWS4TBFE D FENDIEFEL H S,

Rk R IFEESEA S . SA-lIEZMerkrl. SA-IlIZRuffini. RAIZMeissner. PClEPacinit=55&
#RISN D,

f=1=L. SA-NZDWTIEFRBELG &,

FERDZAZ: UELICMerkel B ={EABH D, cNHSA-IIDZEENZR-LTNEDT

(& ?
T DAE T, SA-NEETRLTHELWNVEEHRIFELANET NI (HFEY) EL
750y, https://physoc.onlinelibrary.wiley.com/doi/10.1113/JP282873
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‘Merkel: #liH\L /32— ~Small Pattern
‘Meissner: R [E L DM ULVEIZ.~Small Area Movement
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Skin Structure and Mechanoreceptors

- FERZ LR
NS <5y
- Merkel&Meissnerid Bz FICHEAE

-Epidermis: Hard
- Dermis: Soft

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

Stress is Concentrated at Merkel  gtrain is Largest at Meissner

q 3
\
Gregory J. Gerling, “Fingerprint lines may not directly affect SA-I mechanoreceptor response,” Somatosensory and Motor Research 2008.



ARE I IZMerkeiZkH>Ta—7 40735
Shape is mainly coded by Merkel Cells

Skln surface . ,fc—ﬁj-;\

A AT HT IR
s o (Principles of Neural

Science)
v https://www.medsi.co.jp/k

andel/syousai/index.html
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j g DN ) S. Weinstein, Intensive and Extensive Aspects of Tactile Sensitivity as a Function of
= l[A % Body Parts, Sex, and Laterality. In D. R. Kenshalo (Ed.), The skin senses, 1968.
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Joseph C. Stevens & Kenneth K.

Choo (1996) Spatial Acuity of the
Body Surface over the Life Span,
Somatosensory & Motor Research,

13:2, 123-166
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requency is mainly coded by combination of receptor activities.

1 ENCBIFSAROIREREE 2 #EONHE
100 ¢ _ 100 - - EDESE
- ;gﬁgﬁmmu — AU IURERR (SA1)
[ — TAARIAME (RAT)
10k 10 — JUFZivE (RA2)
E :
5 =
= 'F REFANSNES, ]
E C I_Jn/&tr‘ \75\J:9'+
O.1F 0.1
0.01 0.01
0.1 10 100 1,000 0.1 10 100 1,000

IR (H2) IRBEIRE (Hz)

ho T IIL##EEREIZ2 (Principles of Neural Science) https://www.medsi.co.jp/kandel/syousai/index.html

F [ZMeissner&Pacinian M B§ &,

= LIREIF AV NS EPaciniD I ZEREINE IShENELGY . GRRERLLG<GS
Vibration is coded by Meissner + Pacinian. If the vibrator size is small, high freq.
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

‘ - -y =

ofHT
&

BIL5_EMICREZ 525 IREOBRBIFELTHEEZT 9. CHIEKIZE-TIHFIZ
[E2fFDERBIELONTGNDENSARSFERITEV R IEZAR258KITRELS. LHL
BEDZE16cm<HL LN TV TELHRBES L BEIRBICTRELS. Ih(FRkEZ/NSLTERLE
DT, BRIz 1=T= LIEEBEZ LY.

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

Masking vibralor

ity = L - -
BEICEELVDLEDIRIZEZTESE, BICTOPRIMREBIZEZASHEIELEDRENTE
[THATLFED. EGAHFEHMTIEINFELGL. BINITEASDTHEL.
Presentation of vibration to forearm dramatically “mask” vibration feeling at fingertiz:

| \



FDMOMt R~ Other cutaneous sensations

:ﬁ%)’i!ﬁ Hairy skin ?ﬁ%fﬂfﬁ Glabrous skin
|
Ruffini 7\ \ : $ LR
Ruffini Merkel ﬁ ree nere >
corpuscies Merkel's disks €ndings
o Meissner /J\E
Er L~ Meissner's
® s corpuscle
i © _L f
Q. i
hvd T \ "

Hairy part Pacini /v Glabrous part

"y, ;,’ 4 ~\ |~ Pacinian
\ [ /'/ \ corpuscle
i \

g .
i &
e _ 1
(i) 4' A— LY UAaABMETH XL
- el W) (Physiology of Behavior)
" e . )
Al S et AT ; o ) https://www.maruzen
_E{\/ ‘\Y\“ — R L publishing.co.jp/item/b294439.html

A BT

ik
FEREFREFED B HEMIERXR Free nerve ending
. EERE . AHHM B Temperature sensation by two fibers.
o AR HiR SR ITAYREH & CHRikHEAYIE 2. Pain sensation by two fibers
A E£E8.Hairy skin
- EAZAEEFollicle Receptor
ENEMNDEZTDOAFEGEERL) . IV, Meissner/MAITE

Activated by low frequency vibration, substituting Meissner corpuscle
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Myelin (Wikipedia)

https://en.wikipedia.org/wiki/Myelin
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° /JII]JX:L.E. A’Yﬁﬁk%ﬁt(:%ﬁ%ﬁ

o BE Ay ClniE (B DREALHTE)
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K/ Temperature & nerve

Table 7-2 Sets of Afferents Sensitive to Temperature
Threshold

RODFHE

Range

Group Axon (°C) C)
Y Noxious cold C-fibers, 0.5-2.0 m/sec, rare  26-27 Down
MR m— to tissue
destruction
A 2L Cooling A-delta, 13-15 m/sec, 34 34-26
mER denslty 50-70 fibers/cm?
N=F =
i 5. Warming C-fibers, 0.5-2.0 m/sec, 36 36-42
density 50-70 fibers/cm?
NS Noxious heat (1) C-fibers, 0.2-2.0 m/sec 42 42-52
/m 52 (2) A-delta-I 42 42-52
Extreme heat A-delta-li, rare 52 Up to tissue
destruction

HZEDIBERLCERE  AOHFE(IZ13-15m/s, CHil##0.5-2m/s.
CHib % (X ERIAIZ

‘B BF R h
mERER

EDIE

CEREFLTEENENELLDOHN ?

HT o< FIRETFEREA :

- RER

/%ﬁ rﬂﬂ’)f’ EﬁIFFEﬁ @sz'_ ?'R/“:J 75\'9

Avesh - 2
ME "/m

SEHERE MLk, EE AREEE Do RENAS

MERZEHIE>FRE VDAL E
R REDRE 1IN, ZDGZHNINESHZHIE=EC

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




JTDieERE /Recent Topies on Thermal Sense
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Warm Perception

Warm-activated afferents mnhibited affe Ricardo Paricio-Montesinos et al. (2020) The Sensory

J L i \ J J,U Coding of Warm Perception

https://www.cell.com/neuron/fulltext/S0896-6273(20)30186-0

Warm / hot TRP channels? wl TRP

A 'm

TRPV1 TRPMS
TRPM2 '
(| TRPM3 i
o Fos .
- e [}

TRPA1
I

oy ¥
Partially Required  Required

o IDRICEMNS, BT-ZZHIESES2RD,

o BEMNSTILEAASTRPM2EIITRPVIAA U FrRILERIESETH, BHAOSORH L&
1':-;—675\\ /ﬁ%[ibﬁb\o

o AIEEEZAATRPMBFvRIILERIESEH YT L& BRATRINT DEENNEDHOND,

o WEDIBENS, B-SERRDFYURILTIEWSETILERKERY ., GO FrY
RILDEHDNEEIBARZTENSDFEHRELTESOTLNSIEZRLTLNS,

Mice were asked to judge warmth and coldness. Deletion of TRPM2 or TRPV1 ion channels,

which convey warmth, blunted but did not eliminate the perception of warmth. On the contrary,

losing the cold-transmitting TRPM8 channel, resulted in a loss of the ability to perceive warmth.

This supports a model in which the "attenuation" of activity in the cold-side channel itself is used

as warmth information, rather than the conventional "warmth and cold are in separate channels"

model.
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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. S



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.




EIROTHAND? I RIFEI

How we know?: Skin recording

Finger pad Flat Surface Smooth Bump

fingertip

light
BOUMGE AMGTH

V. Levesque, V. Hayward, Experimental Evidence of Lateral Skin Strain During Tactile
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




Skin Deformation on Textured Surface

Fing
= s B S i e ~
B a e e e——nr— Texture
. \ = -+ Ay P ™
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‘ No|0|A2(04C‘ 3‘0 40 | 50 60 70 80 90 lOO e

A | 1hhldmhlmlm’rI;l;\|I|||hh,d,h||lI|,!;I,|.l.|.hhI|h||I.l.hhl.hhhl.l.l.l.I.I.I.I,m.l.I.I.I.I.I.l.l;
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
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[1lusion related to spatio-temporal interaction: Apparent motion
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[llusion related to spatio—temporal interaction: Phantom Sensatlon(Funnehng )
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®Generated by short pulses
®Image generated between
stimulators

®Position can be controlled
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(%) Virtual Rolling Stone

Frequency (Hz)
P
S
o

01 03 05 07 09 LJ

Time (s) g :
RDOHZIER-OTVKEBERZ T T VAL, 558 & LR 2 RE) I2k->TH
o R—NOEEN EZPETE, 2DOIEFITIT L,

Yao, Hsin-Yun & Hayward, Vincent. (2006). An experiment on length percentlor
with a virtual rolling stone. Proceedings of Eurohaptics. X
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https://en.wikipedia.org/wiki
/Cutaneous rabbit illusion
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[llusion related to tactile feelingZ Velvet Illusion

VD H (7= AZ 7 Nl 2l T THEA,
Hit2ICEID T &, TEUVELI-RILRyNEZ LS, (ZTHLUELLY)
NI AP 2ARTHAEL S, (2 AN TLEL19)

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




fplt &1 Z BE - Bt ik I1lusion related to tactile feeling (2): FiSthHQ@%%

Nakatani, M., Howe, RD and Tachl S Surface texture can bias tactile form perception. Exp Brain
Res., Sprlnger 208(1), pp. 151-6, 2011. PMID: 20981539.

BN o SR . 58 h k272258 MBIRIIZIE RV T O
BRI L KM A TEL Do (X THALEL L) |
PrEIR 7R M TR 2 B an G B 0 M2 HIB L TnD,

‘%‘M \'-z.-;
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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.

ZEREIZ J:él_ﬁ*'Jqu/Using air suction (ZZ Tl L 19)
WEIEHT T, RRBMEICELHIEIRILFTF—HRE L ANIEREFITELLY,
RROVE TR EBEHTHET AL EoTELIMBRE, o

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




o R B gl Temperature related illusion (1):Thermal Referral

IEUE LR B HE N TOOEM B, thiETHALTL
BODBGTIEL B WPVIITHEL D, (FTALELL) o -

Two cold stimuli generate illusory cold sensation at the middle.
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e Simultaneous presentation of warm + cold at close range to generate pain.

e Normally, cold stimulation simultaneously excites nociceptors, but it also suppreﬂ&% S
pain pathway. The application of warm stimulus removes this suppression.



B E DR B EERICEAEEAANE] / Tteh relief by hot/cold stimuli

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




HEEO Wk ER) /Thermal cutaneous rabbit

[HapticsSymposium2016] Space-Time Interactions and the Perceived Location of Cold
Stimuli. Anshul Singhal, Lynette Jones

e © © o © ©

A© spacbe AO space

me BO cO time

A B3 AN Bl

g o ] ?’Es&m SRERGHEMICIRTL-E, RYFOAREOMEMENRREIIIVTIC
WLTEL RERREICEVWTLRERMBEEFERANE LS LZERLE,

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.
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(Towards Intermanual Apparent Motion of Thermal Pulses, Daniel Gongora et al., UIST2017)

—

—

Peltier module

Heal sink

292 mm

] F-RITAx Bl

Actuation time —

FDOEITIREED

At: Stimulus Onset Asynchrony (SOA)

N 22722 3% TR

EH)e”

U5
R o

FEfEng D,

~EDTE i B EE) R Apparent motion of thermal sensation
between two hands



T IR D ERR [ Continuous heating
(WorldHaptics2017) Asymmetrically-Applied Hot and Cold Stimuli Gives Perception of Constant Heat. Ahmad
Manasrah, Nathan Crane, Rasim Guldiken, Kyle B. Reed

High

—Perceived

Temperature

%
" =Not perceived

Low

Tume
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TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Illusion

3. Tactile Display



FeaRLZVEH  Information to present
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RH]E— A2 AZE 4L /Vibration Motor

ZERIEKE (EHS)

B R B ()

T—AX+HEOBHY motor + ececentric mass
B2 B2 ALREO DB ERIE S RIRHZZE T, Frequency & amplitude

change according to applied voltage.
ME. 77 AFxDERITITIAME, Not suitable for hi-fi tactile feeling.
TE N FEH CPacini/MAD JH B I THRE) 9 5L OITE% AT Frequency at

rated voltage is at the range of Pacinian corpuscles.
s . RIS, Good for notification.
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£ 7 27 F 2T —A&/Linear Resonant Actuator

‘\., / “—M {
, |
-:* I
sonator Freq Y p [C10-100] | v ‘

http://akizukidenshi.com/catalog/g/gP-06838/  https://www.precisionmicrodrives.com/product/c1 EEiEﬂﬂ:%%&@EE)JE?JEEJJ}EFHLW:%%W'\O)
0-100-10mm-linear-resonant-actuator-4mm-type i SR RN AIREAL Y O—J DA%, SICE-SI2014

i CABBY : —E Rlfis i ITE T A F TORFR EIL : 80msFE fE

A A NARE) 2L E 25 7 7z Linear Resonant
Actuator: JEB4E10msLL T,

L3RR 3 8150Hz ~ 200Hz., PacinifElZz3Ho
BIERS— T4y A9 —MI Ay FIT N

ml
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£ 7 27 F 2T —A&/Linear Resonant Actuator




(UIST2020) Haptics with Input: Back-EMF in Linear Resonant Actuators to
Enable Touch, Pressure and Environmental Awareness
Artem Dementyev, Alex Olwal, Richard F Lyon

UIST 2020

Haptics with Input: Back-EMF in
Linear Resonant Actuators to
Enable Touch, Pressure and
Environmental Awareness

Artem Dementyev
Alex Olwal
Richard Lyon

Google Research

https://www.youtube.com/watch?v=fAmckHL\WBd4

LRADMHEE N ZWETHZLET, LRADMElL N TWDA, &:0)<6b\0)731?ﬂﬁéh‘(vvam
Zatil 9 5. LRADME T HHEIX I TIZE DR FA N ES VTN D, ..




Actuator should disappear?

RARRARRRAANY
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Ultrasound generates Static Pressure ol %
lwamoto, Maeda and Shinoda “Focused ultrasound for tactile feeling display,” In Proc. of ICA'T'?J&W.
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Airborne Ultrasound Tactile Display

https://www.youtube.com/watch?v=hSf2-im0SsQ

\-J

«
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=yxsqj
EE AR A AV -ERME.




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. N wr o |
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MERICETHIET/NNILARDEERZAEL, MREZIRRTES. |




Ty THREEEAR / Using airjet

LRAir: High Energy Synthetic Jets

We developed a prototype actuator in order to
showcase the capabilities of this class of device.

Our contributions include:

e Adesign and model optimizing the acoustic
resonances in the system

e Small signal validation of this model

e Large signal measurements quantifying thrust
and flow velocity

e Psychophysical measurements showing the
low power capabilities of these jets.

https://www.youtube.com/watch?v=ecQ1dIAIT-k
(HS2022) C. Shultz, C. Harrison, LRAIr: Non-
contact Haptics Using Synthetic Jets
EEF+I7HAICKYERERZEH,

T
~{—
4

THOR3| TEDOMLHL
B 7 AC—2ERAHLERETONE

REZERANICRIET 601757 VRARRR
T/ \47\(DE E’]@n-.l-

Basic Study on Wearable Wind Display for
Local Skin Stimulation

https://kaji-

lab.jp/ja/index.php?plugin=attach&pcmd=0open

&file=wind VR2008.pdf&refer=publications

https://dl.acm.org/doi/pdf/10.1145/1690388.16

90399
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How to present tactile feeling?

Macro roughness
Uneven, Bulk
Fine roughness : )
(Rough/Smooth)

Hardness
/ Tactile Dimensions (Hard/Soft) J

of Material Textures
0

ZERERE ()

Friction Warmness
(Moist/Dry, (Warm/Cold)
Sticky/Slippery)

KE, BA, U MENTIAFrOMERRTIEKICET LMK ER, TVRSI2011

By o] B R B (P B R )

o BRRLIIRERIES. MOGHS, ., B BE. TEEENS,

- MREROREHK-BRIGEREMEZRALAIVICEITI>S,

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

« Record & replay of tactile feeling has big potential.



B OIRE) . A —H1/ Audio speaker is ideal

ZERIEIRE (A S)

IR il JB R 3 (BB R )

Macrchﬁughness l

; U , Bulk

Fine roughness (Lneven, prien)
(Rough/Smooth)

Hardness
(Hard/Soft)

actile Dimensions
of Material Textures
(Moist/Dry,

Warmness
(Warm/Cold)
Sticky/Slippery)

KEF, A, WA MEHTIAFrOMERRTHERICET S REA,
TVRSJ2011

i E—X, LRAIZHL TR F =R RII%E HLHODD. ALED P E Hri
B, Arbitrary frequency / amplitude can be replayed.
XE RIXITEA—T 4377, Audio system can be utilized.

L2 ML 3G AT Pacini/ MEAHEZ D (DAUTZR IR 7R RFE D72 v fi

KB SRR A5 (ASHC 2 IR AR D ) AR A DV,

Friction




ZE— =M K

3
ki
o

s
b
ol

Acceleration sensor inside

Pressure

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

| Ha~ 2Ho A FE DU bR T2 57200, BIAIE AL BT, 2
E— % T Tl Be—RED% KUEBRBIEZR), A KM FDh )
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Miniatualization of the speaker

rore [ v

ForceReactorf& &

FHTES PR ﬂ0)i‘)§§)]¥&:bfb\<’)7b>l?ﬁ7\"éh7’c

B A A=A LDz RBRICRB WD D
- NECh—F>, = VFT 74 "(%l_‘fkT)
- RS A REJAE—T
- TIFaz—XDIBIRE T RUIZHD
- AlpsAlpine: ForceReactor=Haptic Reactor

- RN IFEHEL TSN TNDHD

- Haptuator (Tactile Labs)




Structure of HAPTIC Reactor (Alps Alpine)

320Hz
FHiR7AE

MAGNET -

SR (D)

180Hz
HiRAE) 3
MAGNET

2D0FHRW —__

JADTiP/

https://tech.alpsalpine.com/prod/e/html/haptic/

=8h m/s2

L AR R REE

100 200 300 400 fiHz]

o HRDHNZ2 DD MR ST B DTETHRIAWEIRE A v e,

 Two resonant frequencies at different axes.

* LRALZE—HIBT 7 F a2z —ROHRIALE. LRALGHENDTEDL, o
« In between LRA and high-fi. IS



Structure of Haptuator mk2

m PN
AR B HY

T mE

Ul

o RPN H BT DO, il R 2wkt T

o IANDIEVEFE ﬁb#iq?ﬁﬂ@biﬁl_

o JREIAREL T + 52 VY, IAVHBERRNTLBTE8, JREIED
Hig b REW., ZIUIEMRITH NSl EE s TIEE .
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Devices using leakage flux from repelling magnets

Electric
current

Lorentz
force

Mistuki Manabe, Keigo Ushiyama, Akifumi Takahashi, Hiroyuki Kajimoto, "Energy Efficient Wearable Vibrotactile Transducer Utilizing
the Leakage Magnetic Flux of Repelling Magnets," in IEEE VR 2023

o WEIRDAIAANZ BB T DI=DOIT, gt [ 12 itk Tk

o IA{NDJLA U‘ﬁ*f@7?b$i<ﬁﬁﬂi7b)31_.

 Magnets are connected with opposite polarity to allow the
magnetic flux to penetrate the coil.

* The magnetic flux efficiently penetrates a large area of the coil.




Ak -Similar Structure: “Simplest Motor”

\\N\\\\ WAV

i .
A uunuuummummnmmunwm»\“\\“ AL

A TR
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o R —EHRV=T)E—XLL THALRBLHR,

o HAREM+ R DU Mg+ CTENE T, Bl E,

i<355n%ﬁ§ PRI R IV T TE D5 T g &l I3 J‘d‘é

« LRI LB AEB 4, Haptuator Mk2E[RIUKERE . et ol
7b>:t4’ Ve Hild 5, < N




DCE—ZIZLAEEIHE 1~/ Vibration by of f-the-shelf DC motor

[

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.

Tactile actuation using DC motor — Rotating Motor ACtuator  wax puanck mstirute (1

Design of Rotating Motor Actuator: Output Response:

i
T
o : - : s >

Housing Rotor

Vi
g

Skin LJ ,
Adhesive tape i |
M. Manabe, K. Ushiyama, A. Takahashi, H. Kajimoto, R. Gourishetti, K. J. Kuchenbecker, Evaluation of Vibrotactile Output
"Vibrotactile Presentation using a Motor within a Housing and from a Rotating Motor Actuator, HS2022
Rotor Fixed to the Skin,” Proc. IEEE World Haptics ZHA4S5Z+DCE—4 ’

Conference, 2021.

o [PMEE—AIIROBHDHRED E I bR EE R IR TE S, Hild BT ENE 3 U HE 7 bEEA TE D,

e Rotating motors can be used for high—quality tactile presentation without eccentric weights. If the output shaft
is also fixed to the skin, a direct current component can also be presented.
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Channel Dial

(CHI2019) Magnetact: Magnetic-sheet-based Haptic Interface for Touch
Devices, Kentaro Yasu. https://www.youtube.com/watch?v=v5s1byAfocl

video image: NHK Creative Library

TR

—MRERIZESFT Ly LOMBEIRR, hFAFRGLE,

(UIST2011) FingerFlux: Near-surface Haptic
Feedback on Tabletops, Weiss,
Wacharamanotham, Voelker, Borchers.
https://www.youtube.com/watch?v=trM7mXOjNF

Y
ATLYLDTICEHA. BICHABERYMTITS

Sounds Added to Indica

(CHI2019) Magnetips: Combining Fingertip
Tracking and Haptic Feedback for Around-
Device Interaction Jess Mclntosh, Paul
Strohmeier, Jarrod Knibbe, Sebastian Boring,
Kasper Hornbaek
https://www.youtube.com/watch?v=-IBZ2xzx2jU
AX—bOFVFOTOEHEA. HEICHA, BAlE
MEREICBHANS

Masa Ogata

L THEnd D

CHI 2021

A Computational Approach to
Magnetic Force Feedback Design

Yuki Koyama

(CHI2021) A Computational Approach to Magnetic Force Feedback Design
Masa Ogata, Yuki Koyama https://www.youtube.com/watch?v=RovY0aoNBJ8
WA ICLHHRRERETDREL,

MagnetlO: Passive yet Interactive
Soft Haptic Patches Anywhere 4

Alex Mazursky, Shan-Yuan Teng,
Romain Nith, Pedro Lopes

-

D CHICAGO

(CHI2021) MagnetlO: Passive yet Interactive Soft
Haptic Patches Anywhere

Alex Mazursky, Shan-Yuan Teng, Romain Nith,
Pedro Lopes
https://www.youtube.com/watch?v=hsCo30%Jl<y0
RIBAICHAEDRAH, B2
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- , taro Yasu -

kentaro.yasu.sp@hco.ntt.co.jp s

NTT Communication Seience Laboratories, Kanagawa, Japan
https://www.youtube.com/watch?v=JKuCthryzhA&list=

PLghXYFYmZ-

VdaPIMTEVH5K5brMDJCIfAN&index=66 https://www.youtube.com/watch?v=c4ewn\WFIQAUG&list

1ROV . —PLghXYEYmZ-
gi{fﬁﬁ;&xﬁzgﬁgzﬁgﬁ Interfaces using VdaPIMTEVH5K5brMDJCIfAn&index=93

Martin Nisser, Yashaswini Makaram, Lucian Covarrubias, MagneShape: A Non-electrical Pin-Based Shape-

Amadou Yaye Bah, Faraz Faruqi, Ryo Suzuki, Stefanie Changing Display
Mueller Kentaro Yasu

TOSSLREELHERE S ILE. THIRD3ECNCT Y EZ?;E;’/:F&E%OE I:"‘/%_;@% L= o TILEBE U R—X D
IZEY R oh BRI AR CREC BT S,  ARIETAATLAZERR o
Programmable magnetic pixels are quickly produced Proposal for a simple pin-based shape-changing display

with an electromagnetic print head mounted on a using magnetic pins and magnetic sheet
commercial 3-axis CNC machine.
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HE G T A A 711,/ Th 1 Displ
Y. 5 )% A | ermal Display
Macro roughness J
Fine roughness i
(Rough/Smooth)
Tactile Dimensions pATEe
N =] .~ - (Hard/Soft)
’mﬁgt Y+ *ﬁﬁﬁt Y of Material Textures
RILFTEF
Friction Warmness
(Moist/Dry, < (Warm/Cold)
Sticky/Slippery) o
s
J /32 1

: KE, AR, LA :MEMTIXFrOMERRTHERICETS
A : FZEE, TVRSJ2011

HEMBRAT AN D2~ ST R DR E T b A
HEBHETDRNEENAY

>
B fi] .
2 to 3s temperature change is the key

to detect object property.
: Peltier device with temperature sensor
b P Is used to reproduce the time course.

HFE YARERFOREREZLICEELMERMET RATLAARDRE. FHAlBBHHF R E(1994;
Yamamoto, “Control of Thermal Tactile Display Based on Prediction of Contact Temperature,” ICRA2004
Hsin-Ni Ho, Modeling the thermal responses of the skin surface during hand-object interactions , 2008



Peltier

IRIE D » SRR

Quick & efficient temperature presentation

Stimuli —_
Warm adapting stimulus
" . Warm stimulus
Perception - ._|_ - + - Bl 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)

BENILFIRFZAVTE AZRR ANIETERYET EANBFLIERIR,
mOARTFENPTRFEN(THIETHRIL, HDREDEERGIRRHMNATEE,
BEZDLDTIHGLKEILR DT DAHZTIRTT HETIMRIE. &R1E,

Peltier devices are often used to present hot and cold. If hot and cold presentation is repeated, heat

accumulation occurs. This problem is solved by (1) separating the heating and cooling elemeis,
and (2) presenting not the temperature itself, but only the components that change.



HEOJEE I~ Thermal Projection

€& Youlube [

Satoshi Saga. HeatHapt:Thermal-Radiation-Based Haptic Display. In
Proceedings of AsiaHaptics 2014, 2014.
https://www.youtube.com/watch?v=EoWfFpsEpqgs&t=41s

Ultrasound
Phased Array

Ultrasound Beam

Mist

Mist Tank b &=
Cold Spot IFSEEES__s

Air Flow
Duct Hose

Nakajima et al., Remote Cooling Sensation Presentation Controlling Mist in
Midair,” in Proc. 2020 IEEE/SICE International Symposium on System
Integration, 2020.

EHHEFRICESIALDIHEEZRAVTEE (AR ZIRT,

Presenting cool sensation by mist conveyed by ultrasound.

RGB projector

\Ie-:t'tca\_@'_‘??"."‘?l.

b \ ]
A
IR pro;ector ||

RGB projector

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

RNTOCIHETREERE.

Project thermal sensation by IR projecto

Ultrasound
Ultrasound Popes
phased array ;
TR
L F\" N '-_
[ ] water mist ir A \

m T
.
~——

Nakajima et al., Spatiotemporal Pinpoint Cooling Sensation Produced by
Ultrasound-Driven Mist Vaporization on Skin, IEEE Trans. on Haptics 2021
SAREZEMICHML. BEROI+—HRIZLEK[ILRATHA A\



H OIS~ Thermal Projection

\

Guillotine
Shutters

Radiation
Guiding
Hood

http://asiahaptics2022.com/upload/202212/12/202212121719307788.pdf
(AsiaHaptics2022) A Non-Contact Thermal Display by High and Low Temperature
Radiation Sources

Yuichiro KUME, Tota MIZUNO and Rio YONEZAWA

HENS DB K TRTR, DT ILENITIL, AREBIRRTES,

Presented by radiant heat from a heat source. Simple but realistic. Can also present
cold sensation.




fL‘ 0)4 Iﬁ H’jfl:iEﬂ_‘ (CHI2020) Trigeminal-based Temperature Illusions

Jas Brooks;Steven Nagels;Pedro Lopes

trigeminal-based temperature illusions

jas brooks, steven nagels, pedro lopes

~

CHICAGO

https://www.youtube.com/watch?v=rEYslUk7bgk
SR T AL A A BT =N 25, BITERE




Chemical Hapties

Ty |
sk
W/ IEEE Haptics Symposium 2022 J

Chemical-induced
Thermal Grill lllusion

Takumi Hamazaki, Miku Kaneda, Jianyao Zhang, Seitaro Kaneko, Hiroyuki Kajimoto

Jasmine Lu, Ziwei Liu, Jas Brooks, Pedro Lopes, Takumi Hamazaki, Miku Kaneda, Zhang Jianyao,
Chemical Haptics: Rendering Haptic Sensations via Seitaro Kaneko, Hiroyuki Kajimoto : "Chemical induced
Topical Stimulants, UIST2021 Thermal Grill Illusion", IEEE Haptics Symposium2022

) _ : - Technical Paper, March 21-24, 2022
https://www.youtube.com/watch?v=2nppa8iAMzqg&list=P ! !
https:// i tube. /watch?v=1yRpwHUPeK
LghXYFYmZ-VeKUluttbQWomTQ-oXF6PLf&index=43 DS-TWWW.YOUTLIDE.Comiwarch /v= LYRDWHLT e AW

EEERZFESTERE. AR BERE. MERREFZIRTT L. HILLVMTOMBEIRTFIE,
RRERIENDEINEENTRENGOND,

Using chemicals to present sensations of warmth, cold, pain, numbness, etc. This is a
new type of tactile sensation presentation method. It takes a long time to present, but
steady sensation can be obtained.



cHex/ HMD and temperature presentation

— ——~ (CHI2017) ThermoVR: Exploring Integrated

Thermal Haptic Feedback with Head Mounted
Displays

Roshan L Peiris, Wei Peng, Zikun Chen, Liwei
Chan, Kouta Minamizawa
https://www.voutube.com/watch?v=kNXgA9xDwCo

HMDIZ i R A (LR BIARE) 2 o BRIz Bl

Telexistence Sgsttem
etup

Omni Speak

(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
TLAT ORIV RARETHDRERBIRELZEIR

4y \
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Saito et al. Thermal sensation presentation to the forehead using electrical stimulation: comparison
with other tactile modalities and polarity effect (WHC2021)

O = N W & 0 O N 00 W

1.5mA ZmA 2.5mA 3mA

mREAE wiREEE = ERME

5 et
© .:

2
IREME

. o
555555555555555555555555555555

REEEE ERME {RENIAEE

o BRINNIKTHRELECAIZEVRHD |, HEUDEFHTIEL 2D RO Xo5I2) 4TS,
o LIRSS TIRBIZRE N Tz, ST TO B L2555kt
o JEBRLEOMHBENREL IEERELEOMHBNIE, HIEOBER AT 2

e Electrical stimulation occasionally produce a cold sensation. High correlation with
pressure sensation, low correlation with vibration sensation.
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How to present shape information?

Macro roughness
(Uneven, Bulky)

Fme roughness
(Ruughmenoth)

0 i . ) Hardness
R Tactile Dimensions d/
ps i (Hard/Soft)
N of Material Textures ,
s
B
::E—‘: Friction Warmness
o (Moist/Dry,
£H (Warm/Cold)
Sticky/Slippery)
EF RS B R E) KB, FA, UM BT HORTF v OH BB RTERIZ T SHRER, TVRSJ2011
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PopUp(Nakatani et al, 2005)

i, J! -
1 't__ L - - -

e 402 BMXTS

SharpPancil DR
SY—IRII LD b

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



FORM (Sean Follmer, 2013)

1n

SEKkTV51Pg0

v=

/[Iwww.youtube.com/watch

https




(UIST2017) NormalTouch and TextureTouch: High—fidelity 3D Haptic Shape Rendering
on Handheld Virtual Reality Controllers, Hrvoje Benko, Christian Holz, Mike Sinclair,
Eyal Ofek

https://www.youtube.com/watch?v=KhbUqg3 3TOl

NURANMRBRID2BEFADIMGE T A ATV At R, —DIIEZ R, $HY— DI I0Hl 2
SIARETHE R, LT RDOIFEFHE R IDISIIRGF R TE .



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

JAaoxHs

kS 5— / 1 Fahrs

i (E—X)
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@ FoLE

http://tangible.media.mit.edu/projects/sandsCcs!




SEGA Z—T%97xIX(2015)

https://www.youtube.com/watch?v=IKR4BDuwZI|U




MITh I T LS THRZRDDIEA 7> (1/2)

What is essential for bump sensation?

Gaussian surface y(x)

b Physical surfaces
Frox
Foe
Physical bump (condition 4) Physical hole (condition 5)
C
Flat surface
pr -
Fox 2
Virtual bump Virtual hole
(condition 2) (condition 3)
d

Force-masked physical surfaces

pr E-Bv-

Force-masked bump Force-masked hole

) AFF)‘X-
—
+v—
Fox

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

f
A- pr <+
ks N/

Force-masked bump Force-masked hole
with aligned virtual hole with aligned virtual bump
(condition 8) (condition 9)

a b Subject's finger
N

Curtain ~Plate

<= | oad cell

Plate Haptic . " oy
interface Shim <« Frictionless joint

<= \Wheel

- . X
-El |
t t t
Table Physical Fixed Physical
surface reference surface

BLEZYROMO=>mAROI A (TL—F) 1&
MAEDIRZRIEVNSFELNY,

Mz 1KY BT A IZEBELTRAKINTEZLTL
Do

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

through active touch Nature 2001.



M EIZE > THERDDIIAH(2/2)

What is essential for bump sensation?

(a

9,
9,
9
9

O

(b

()
B
D

0

SIS/

9
\D
D
0
J

(c

(d) ’ m i é .
RBEIZM D FHMY

n ROMEE 1> >HROES
(e)
\ #

20cm

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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http://www.youtu be.com/watch?v=Prq9JSqSE

BEiFfth ., SR AE RN 25RTMBETA AT LAIEITAEEHMOMRIRRFIE. VRERKE2011



Passive type Horizontal Display
BB I HRENC LD E RIS AL DRI

Controlling friction coefficient by ultrasonie vibration

—

- — ____=__

AT A — R E RN HRE CEEE R EDA TS
Squeeze effect: friction is reduced by high freq. vibration
B ERHHIE A S DY BEREOEE R A 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




Passive type Horizontal Display
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Using adhesion between skin and electrode by hlgh Voltage
g;g‘-;mt “.I"q*-""- R
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e
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.

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-3I
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[Haptics Symposium 2016] eShiver: Force Feedback on Fingertips through
Oscillatory Motion of an Electroadhesive Surface
Joe Mullenbach, Michael Peshkin, Ed Colgate

i
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Micrametar
Slide

Load Cell

Phantom Finger

Anodized
Aluminum Plate

Electromagnetic
Shaker g

Displacement [ 28
Sensor Probe | *

' Fig. 4. ¢Shiver Expernimental Apparatus.
High Friction Low Friction
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Time
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Drive module ’ Gear covers
(intact)

Torsional ¢4 ( Attachment to
spring kinesthetic device

Bearing

R. J. Webster lll, T. E. Murphy, L. N. Verner, and A. M. Okamura, “A novel two-

dimensional tactile slip display: design, kinematics and perceptual experiments,” N. G. Tsagarakis, T. Horne, and D. G. Caldwell,
ACM Transactions on Applied Perception, 2005. “Slip aestheasis: a portable 2d slip/skin stretch
R—IILE2BHERER, BDOIVADLI% display for the fingertip,” WHC2005

DITS5TIVAALAT TRy TR

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

KELTRILMZZHDNERITTRHEZELCAOITLTLNVS.
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Macro roughness
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Fine roughness
(Rough/Smooth)
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Warmness ”
(Warm/Cold)

KE, BX, UH: - MEMTIAFrOMERRTERICET S ER, TVRSJ2011

Friction
(Moist/Dry,

Sticky/Slippery)
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Macro roughness
(Uneven, Bulky)

Fine roughness

(Rough/Smooth)
: . . Hardness
Tactile Dimensions (Hard/Soft) J
of Material Textures

Friction Warmness
(Moist/Dry, (Warm/Cold)
Sticky/Slippery)

KE, BX, WA MEHTIAFrOMERRTEKICET SMEBE, TVRSI2011
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Figure #: The prototype CASR display.
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Fine roughness

(Rough/Smooth)

Tactile Dimensions
of Material Textures

Friction
(Moist/Dry,

Sticky/Slippery)

Warmness
(Warm/Cold)

TVRSJ2011

G. Ambrosi et al.:The role of contact area spread rate in haptic discrimination of softness, ICRA1999
K. Fuijita 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

Macro roughness
(Uneven, Bulky)

Hardness
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[HapticsSymposium2016] Measuring Tactile Cues at the Fingerpad
for Object Compliances Harder and Softer than the Skin, Steven C.
Hauser, Gregory J. Gerling

. A D
Load cell " m e
. z 4
N Finger |
| | support at Q | ’ A
angle c | 1
aroan ™ [ Ara= :
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[HapticsSympo2016] Extension of an Electrostatic Visuo—Haptic

Display to Provide Softness Sensation
Taku Nakamura, Akio Yamamoto

Conceptliialifimage

Softness Lat. force

Pressing Sliding
lmotion motion

Friction by Electroadhesion
HEIEMNTIRTEE CRONSRELOINE EGHBTHI FEZTEE
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Relationship between Hardness and curvature

EREER

I 52O REROB R LS. | .
¢ Ko, AU CHHESRA AT 804 T B A O 5 A

e The boundary between two elastic spheres colliding at constant velocity is a plane. If we make

the elastic spheres move in opposite directions at the same speed, it may be felt as a plane.

» M. Takeuchi: Presentation of a hard surface via a soft moving ball, Work-in Progress, Haptics Symposium 2020
* M. Takeuchi : Modulation of Curvature of Soft Ball by Facing Motion (WHC2021)
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Relationship between Hardness and curvature

Surfaces with
finger-sized concave
feel softer

Koki Inoue®, Shogo Okamoto T,
Yasuhiro Akiyama®, and Yoji Yamada®

* Nagoya University
T Tokyo Metropolitan University

https://www.youtube.com/watch?v=XGFXBV1LByo&list=PLXRBbyxY9IBXRWi-ciDgVVvFqQNDCxZ7CMqg&index=4

+ (HS2022) K. Inoue, S. Okamoto, Y. Akiyama, Y. Yamada, Surfaces with finger-sized
concave feel softer
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How to produce High-resolution Tactile display?

B8 . 725

1R

ZEREERE (A )

By ] B EE%I(F"%JEF')

. bhif%ibc‘:_c‘:ﬁ, H"ﬁ KA TR TS AR 500,

o (EHUEIZEOR0) mitkreis hfi s (PHANToM) THE SR %,
wearable4 k., portablef Ijb?'f_, EHAZELTEAS.

o LUENRERMEZ NP ERDOL NIV TITo720, /BB D hOZR B o7 A D3t
IR TERNENTRN,

« Until here, most tactile displays are for “the whole finger”, but higher-
resolution tactile information is required for precision tasks. S



Pin

https://www.youtube.com/watch?v=B8UshkVpuAE

matrix drive

A _

RimPad: Touchpad Interaction
with Fastand High-Resolution Tactile Output

Jingun Jung, Eunhye Youn, Geehy

8x8 = rDERE) gé’fnﬂ%i&@ﬁﬁﬁ)

CHI2017 PinPad: Touchpad Interaction with Fast and High-Resolution
Tactile Output, Jingun Jung, Eunhye Youn, Geehyuk Lee

oK

s

Sugarragchaa Khurelbaatar, Hiroyuki Kajimoto. Tactile display
combining electrical and mechanical stimulation. EuroHaptics’16 WIP

BOREES

2UE T F a0 T—RDINSE, REDS

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



%ﬂﬂgixﬁﬂ'&' _\\'ij l/’f/ngh resolution tactile display
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J.H. Killebrew et al., “A Dense Array Stlmulator to Generate Arbitrary Spatio-Temporal Tactile
Stimuli,” ]. Neuroscience Methods, vol. 161, pp. 62-74, 2007.

L0, BBV =7 77 F 2T —4&. DC~300Hz. 0.5mm [EIk A S
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Optacon: Vision-Tactile Converter (1976)

Braille Display (Optacon), Linville 1976

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

https://en.wikipedia.org/wiki/Qmtacan

V.
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and compact system is achieved by this simple structure.

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

n is achieved by piezo drive. High density
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Simple Actuation by Heating Wire

- Shape-memory alloy

Vibration e
ﬁ A1 @=0.05mm
L=5mm
Insulator __ .
¢ = 3mm

v
Imm

e Input Signal
Lead (0.5-300 Hz)

= Actuators

! ¢ 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 4



2D Matrix

Hiroyuki Kajimoto, Lynette Jones: Wearable Tactile

Display Based on Thermal Expansion of Nichrome
Wire, IEEE Transaction on Haptics, pp.257-268,

20109,
1 8 by 4, 1.2mm interval. Up to 320 Hz vibration.




I Rl 2E fRl SR, B ANR—R, (R
Electrotactile display can be high-resolution at low cost

¢ THEXEWVZIZEVEY,

o ZOFEHIFIWHEIIME A HICESH R 7o X (@A E TEIPL TR
RN E)) 2RI TRRE B2 ECIE TN,

«  HICE 2, BRI Z B ARG RE 957201l MBS BAE 29X
TEH#E, BT WUEL TODAEDRDY, IFFEHREEL TR,

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

* Yet, many consider Electrical Shock not appropriate for daily use. LA
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Practical Approach using Real Objects

Haptic Revolver SpinOcchio:

TOUCh, Shear, Texture, and Shape Rendering Understanding Haptic-Visual Congruency of Skln Shp
. in VR with a Dynamic Grip Controller
on a Reconfigurable VR Controller ’ P

; ., P - ey © U Myung Jin Kim*
Eric Whitmire', Hrvoje Benko’, Christian Holz’, ~ Yang A

Eyal Ofek’, Mike Sinclair®

Neung Ryu

A
N
o Wooje Chang
; \ Michel Pahud
= Mike Sinclair

Andrea Bianchi
*dkmj@kaist.ac.kr

'Paul G. Allen School, University of Washington

“Microsoft Research, Redmond CHIQ, B makinteract ~ KAIST  Microsoft Research
(CHIZ018) Haptic Revolver: Touch, Shear, (CHI2022) SpinOcchio: Understanding Haptic-

Texture, and Shape Rendering on a . el .
Reconfigurable Virtual Reality Controller, Eric \é';::rlr‘&og?i?ecr;?;:; Iztllr\IAySL::\Z l.?ir\rliivr\r,lmlllgung
Whitmire, Hrvoje Benko, Christian Holz, Eyal Ryu, Wooje Chang, Michel Pahud, Mike

fek, Mike Sinclair Sinclair, Andrea Bianchi
. Dy— ’
https://www.youtube.com/watch?v=QId0OdNOp8 https:// .youtube.com /watch?v=kp0 | cDUL

P4 &list=PLqhXYFYm2Z- .
VcAoFsLTdHIhF26jsFkvs2B&index= 153 9p2

ME, ABEES EBRMERT) . EMEEI 2 LT 7ILRBRERT

Encounter-type tactile presentation using cylinders and disks. Realistic
tactile sensations are presented by using actual objects.
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VDT I AF 7249 / Using real textures

| Supporting storytelling |

(CHI2019) Enhancing Texture Perception in Virtual
Reality Using 3D-Printed Hair Structures, Donald

Degraen André Zenner Antonio Kriiger (CHI2021) TexelBlocks: Dynamic Surfaces For Physical

- s - N Interactions, Chan et al.
4 =% , = L= ’
_;15771%‘\10)'“ ME, RONAFNOT 7 AT v +VRIKR https://www.youtube.com/watch?v=KYI80gbFclc
X0 NWEFARPERTTIRAF v 2ZEA 5,

h&@- Smooth as Steel Wool
Effects of Visual Stimuli on the Haptic Perception of Roughness in Virtual Reality
Sebastian GUnther, Julian F h, C ik Sk Florian Ml Martin Schmitz, Jan mann, Andrii Matviienko, Max MGhihdu:

Roughness

Level 3

Effects of Visual Stimuli on the Haptic Perception of Roughness in Virtual Reality
IR |
timitz, Jan Riemann, Andiil Matvienko, Max Mt

and renders multilevel roughness by altering those hairs’ direction.

(CHI2022)Smooth as Steel Wool: Effects of Visual Stimuli on
(CHI2021) HairTouch: Providing Stiffness, Roughness and the Haptic Perception of Roughness in Virtual Reality

Surface Height Differences Using Reconfigurable Brush Hairs on Sebastian, Glinther et al. RE X OBEKRETIX, V7L LR :2 =
a VR Controller, Chi-Jung Lee, Hsin-Ruey Tsai, Bing-Yu Chen A3IC1E, 2RI HNIE+TS L DR,
https://www.youtube.com/watch?v=41t0-zszrfY https://www.youtube.com/watch?v=h0FQZQ26uocU&list=PLghXYFYmZ-
MVWEDTSVOREBRETIETELRIMIELRI, VcAoFsLTdHOhF26jsFkvs2B&index=136




WOk Z{49/ Using real soft material

' .—

J=

S. Follmer et al., Jamming user interfaces: Haptic displays based on magnetorheolog|cal fluids: design,
programmable particle stiffness and sensing for realization and psychophysical validation (2003)
malleable and shape-changing devices, UIST2012 https://ieeexplore.ieee.org/document/1191217

— ———y —
.

Matoba et al. : ClaytricSurface: An Interactive Surface With Stanley et al. Haptic jamming: A deformable geometry, variable
Dynamic Softness Control Capability, ACM SIGGRAPH stiffness tactile display using pneumatics and particle jamming,
Emerging Technologies, 2012. World Haptics Conference 2013.
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Mini Test: Submit in one week
T DOATIZI00F LI E TS S X Answer all questions within 50 words

A7 VAIRED B ENZHOVWTHEBHE X Explain role of Merkel cell

VA A —/IMEDEENZHOUWTEEBHE X Explain role of Meissner corpuscle.
INF = IMEDBEENZDOUWTEEBHE X Explain role of Pacini corpuscle.

NT 4= RERDBEENZHOWTHEBHE X Explain role of Ruffini ending

T R DA RE AT OV T EEBH R & Explain mechanism of thermal sensation.
fak b DA BLEFZHOWTEEIHE X Explain tactile apparent motion

fih B2 DPRBE R 2212 HOWTERBHE X Explain cutaneous rabbit.

77 Aty — 3 oW TEBHE X Explain Phantom Sensation

. NAARYIY2—T 3N TOWTHEBHE X Explain velvet illusion

10. —= N7 7L MZOW Tt BHE X Explain thermal referrel

11. == N7 INAV2—T 3 NTHONWTiBHE X Explain thermal grill illusion
12. it DS FIZHOWTHiBIE & Explain five dimension of tactile feeling

S T A Al o e
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Report: Try some tactile illusions

Ly
L

RETHALICEL FOSEREI G2 BN 5, LN—NTIIFBROMFDE.
B2, SRR RE, (FIZIXEDIIRSEM TR T ho7=h)

- RARYMNER QADHETHLZ 7 YR THREN)

- Fishbonegf

- Thermal Referral

Experience the following illusions introduced in class. In your report, you will include pictures
of your experience and describe the results. (For example, under what conditions were the
illusions more likely to occur?

- Velvet illusion (you may use either two strings or racket)

- Fishbone illusion

- Thermal referral




