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While interaction research on touch-panel mainly focuses on sensing and B

gesture recognitions, we show tactile display examples.
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Make touch panel tangible.

Active Click

QFukumoto, CH12001y
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TeslaTouch

\_ (Bau, UIST2010) / \_
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Skeletouch
(Kajimoto, 2012) _/

Transparency is required not to obstruct visual display
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£ IxE) Whole plate vibration

Active Click
(Fukumoto, CHI2001)
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EIR{Z D HI|{E Friction modulation
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Rl Z KA EEERE) Direct electrical stimulation

Skeletouch

\_ (Kajimoto, 2012) /
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64 trlansparent electrodes are made of ITO j';
(Indium, Tin, Oxide) )
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EHAELD T

(CHI2016) Haptic

|#9% 419~ Avoid limitation from transparency

Edge Display for Mobile Tactile Interaction

Sungjune Jang, Lawrence H Kim, Kesler Tanner, Hiroshi Ishii, Sean Follmer

https://www.youtube.com/watch?v=R1InHeWsSMU

ENMITNAZADAEITTRETMRBERTEZITS. BEOBARGHREL THEEE.



FEEAE LS FHIFIZE 4L 3 Avoid limitation from transparency

(CHI2016) Tactile Presentation to the Back of a Smartphone with Simultaneous Screen
Operation. Sugarragchaa Khurelbaatar, Yuriko Nakai, Ryuta Okazaki, Vibol Yem, Hiroyuki Kajimoto.

Tactile Presentation to the Back of a Smartphone

with Simultaneous Screen Operation

https://www.youtube.com/watch?v=7Dv-9po vc

« ENANTNARADETHICHMERTEZITI. BERREEALS,
« Presenting tactile patterns at the back of the smartphone




(UIST2019) Tactlets: Adding Tactile Feedback to 3D Objects
Using Custom Printed Controls

>

Human Computer Interaction Lab
Saarland University

< HCI Saarland |nfo({£nni;isz SIC % gmff)vhnf$

Tactlets

Adding Tactile Feedback to 3D Objects
Using Custom Printed Controls

Daniel Groeger', Martin Feick?,
Anusha Withana? and Jurgen Steimle'

ACM UIST 19

' Saarland University, Saarland Informatics Campus
2 School of Computer Science, The University of Sydne!

ENAILTINA ZADBIEIZE S



TOFAI—FITRAHMENIRIRZRET

(CHI2019) Magnetact: Magnetic-sheet-based Haptic Interfaces for Touch Devices,
Kentaro Yasu

https://www.youtube.com/watch?v=4\VV45hoqgSMik

A —hEFEo I\ TLMRIRTR, FOHOU—MI/E—%
BHLTHEZET, RFA4% ., R 12— L A/ yFFIREL
bRz IR A EE,

Passive type haptic interface using magnetic sheet. Tactile
pattern is “printed” on the sheet using magnet.




TOFAT—RKHHIIEVNDHHIRZERET

[Haptics Symposium 2020] StickyTouch: A Tactile Display with Changeable Adhesive Distribution
by Yoshitaka Ishihara, Yuichi Itoh, Ryo Shirai, Kazuyuki Fujita, Kazuki Takashima, and Takao

Onoye

X L
StickyTouch:/ATactile)Dispz

ChangeableJAdhesivelDistributic
oh!y RyC
KazukijTakashima2kTakao!Onoye

W“lmn BNnce and Ie DIOgy, USaKa ; .'.-
Daces 3 a0 . ; n atio DNQ : dPd ‘

https://www.voutube.com/watch?v=PszHAJUNnY
o BEZIRICKOTHBEENIKRKEKEILTE—FEEL, Y FTARATLAEER—,




TOFAT—FITEHHMENIRIRZRET

(CHI2019) Magnetips: Combining Fingertip Tracking and Haptic Feedback for Around-Device Interaction.
Jess Mcintosh, Paul Strohmeier, Jarrod Knibbe, Sebastian Boring, Kasper Hornbaek

—_— oy
2

(e ——gh -

)k at the magnet vibrate

_Sgunds Added to Indicate haptic feedback

https://www.youtube.com/watch?v=-1BZ2xzx2jU

MM ED—D DR, HMAFEITIEIHEE S ICEEHRT HIET.
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2yF I\ JL D EFELEE Latency of touchpanel

Microsoft Research Applied Sciences Group: High Performance Touch (2012)
https://www.youtube.com/watch?v=vOvQCPLkPt4

Touch sensor
Transparent electrode
Elastic sheet

LCD

conductive material

T. Hachisu, H. Kajimoto: Vibration Feedback Latency Affects
Material Perception during Rod Tapping Interactions. IEEE Trans. on
Haptics, Vol.10, No.2, pp.288-295, 2017
MEFETIEISMSEEDEBETHMREICEZENELIKDD
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(IEEEVR2021) Xavier de Tinguy, Claudio Pacchierotti, Anatole Lécuyer, Maud Marchal
Capacitive Sensing for Improving Contact Rendering with Tangible Objects in VR

Using tangible object is challenging in VR
as error is inherent to tracking systems

Virtual Real Virtual

Gap Contact Interpenetration

https://www.youtube.com/watch?v=aopB5rFlacc
MAREOBREREL V) THAYFIREDEMZ ERHEICIEEL . MRAGAL SRR 3
BRI — S5, EFETHAIERE S,
VROF TR IIEYZES., ELVOFZHEICEVNTEA,
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Emotion (15&h)

Lemmens, P. Crompvoets, F. Brokken, D. van den Eerenbeemd, J. de Vries, G.-J.
“A body-conforming tactile jacket to enrich movie viewing,” Haptics Symposium 2009.
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Two ways to control emoti

S

Emotional N -

. L h
Jwe W Expression
By

Qﬁ" Emotional

Experience

A TIID)T) T4 RERER LSS, TNITK > TIHEBZEIE.
BEICK>TELHSBEDEE RIS IZFIRTL, TENITE>TIEERNZFEE,
Contents is “experienced” and it induces emotional state.

Stimuli directly elicit emotional state, and it is recognized as emotional
experience. N



Affection (& .

{ h-
St W

7 Air Actuating Module ;
| reproduce hugging
~* feeling an chifd

Input Device :

Sense hug 4 Caolor Changing :

and convey Mom hugging a dall Child Teals for parents o comvey
BREFESEING embadded with sensors Virtually Hugged expressions of mood 1o child

|

Output Wearable Jacket

. U4

Input Doll Davice

Interlor of Jacket

Teh, James & Cheok, Adrian & Choi, Yongsoon &
Fernando, Charith & Peiris, Roshan & Fernando,
Owen. (2009). Huggy pajama: a parent and child
hugging communication system.
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Two motors Rl

Pressure Direction of belt tension

D. Tsetserukou, A. Neviarouskaya, H. Prendinger, N.
Kawakami, M. Ishizuka, S. Tachi, "Enhancing
Mediated Interpersonal Communication throwgn
Affective Haptics" INTETAIN'O9
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Halr as an Emotional Dlsplay

Y e, -

Hairs are affected not only by surrounding environment
(wind and temperature), but also by our own mind.

When we drive hairs synchronizing with emotional contents (ex

scary voice), our emotional reaction is increased.

Fukushima et al, Facilitating an Emotional Feeling with Artificial Piloerection, SIGGRAPH2012



Tactile presentation to ears

K.Aou, A.lshii, M.Furukawa, S.Fukushima, H.Kajimoto:The Enhancement of Hearing
using a Combination of Sound and Skin Sensation to the Pinna, UIST2010
http://shogofukushima.com/?p=6




(CHI2020) A Human Touch: Social Touch Increases the Perceived Human-likeness of
Agents in Virtual Reality, Matthias Hoppe;Beat Rossmy;Daniel Peter Neumann;Stephan
Streuber;Albrecht Schmidt; Tonja-Katrin Machulla

« https://www.youtube.com/watch?v=kE-6nDyViKs

o ABLWWFZEREICHN IS5 ETSocial Engage
TN,




(CHI2020) Designing and Evaluating Calmer, a Device for Simulating Maternal Skin-to-
Skin Holding for Premature Infants, Sabrina Hauser;Melinda J. Suto;Liisa Holsti;Manon
Ranger;Karon E. MacLean

Designing and Evaluating Calmer, a Device for Simulating
Maternal Skin-to-Skin Holding for Premature Infants

Sabrina Hauser', Melinda Suto?, Liisa Holsti?, Manon Ranger?, Karon E. MacLean®

'Umea Institute of Design, Umea University, Umea, Sweden, sabrina.hauser@umu.se;
?Dept. of Occupational Science & Occup. Therapy, University of British Columbia, Vancouver, Canada, {msuto, liisa.holsti}@ubc.ca;
3School of Nursing, University of British Columbia, Vancouver, Canada, manon.ranger@ubc.ca;
‘Department of Computer Science, University of British Columbia, Vancouver, Canada, maclean@cs.ubc.ca

https://www.youtube.com/watch?v=x35P24MDIiA
s RAARDREFRNREZTIRE, BHEOHRLDIBZREEHLTETR




(WorldHaptics2019) Affective Touch Communication in Close Adult Relationships
Sarah Mclntyre, Athanasia Moungou, Rebecca Boehme, Peder Mortvedt Isager,
Frances W. Y. Lau, Ali Israr, Ellen A. Lumpkin, Freddy Abnousi, Hakan Olausson

100
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% correct
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Cued word

3L FL R TEDRERENMA=-ULRIFEINMMEHENDIEREE,
ToucherEReceiverlZ&HIYSLNDO AR T,

Attention, love, happiness, calming, sadness, gratitude, sympathy, amusement
DVTNELFYUALANILEYBELIED S, FIYEVLDREEFEELLGEM T,
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(CHI2021) Touch without Touching: Overcoming Social Distancing in Semi-Intimate Relationships with
SansTouch
Zhuoming Zhang, Jessalyn Alvina, Robin Héron, Stéphane Safin, Francoise Detienne, Eric Lecolinet

Visual layer
Inflation layer / ‘
| PP fabric
~—— Air chamber

—— Thermal layer

https://www.youtube.com/watch?v=FzzbzD-zGuU

« LEOERNT-ECATERIEF . ERE+E
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Haptic Navigation: Conventional Approach

; —:-u-g:-l--'- LY

J. B. F. van Erp, EuroHaptics 2006 van der Linden et al., CHI 2011

Teach where to move, when to move, how to move,
and what is wrong.



(Ubicomp2004)ActiveBelt: Belt-type Wearable Tactile Display for Directional
Navigation, Koji Tsukada and Michiaki Yasumura

.’J

. GPSEMEHI-LYEM~ESFE S —Sa

(UIST2012) Dynamic Tactile Guidance for Visual Search Tasks, Ville Lehtinen,
Antti Oulasvirta, Antti Salovaara, Petteri Nurmi

PP P P B }‘LSm.BOOpx
R —

« WEOFLEAOHEZE VY BBRUELOBENSIREICESTHA



SwarmCloak

https://www.youtube.com/watch?v=2a4XrG u3RE

Tuy i a i Tha— 2T EITEPESE D, NP IRBEDOIMIHTEZ T DRRTHlE,
Landing drones on palms using projection.

Evgeny Tsykunov et al.: SwarmCloak: Landing of Two Micro-Quadrotors on Human Hands Using Wearable Tactile Interfacs Driven
by Light Intensity, Haptics Symposium 2020 g >
Evgeny Tsykunov et al.: SwarmCloak: Landing of a Swarm of Nano-Quadrotors on Human Arms, Siggraph Asia 2019 Y



Insufficient cue is better for learning?

We designed a glove-type tactile device with eight vibrators situatec 5 Ly o
the root of each finger, excluding the thumbs OIerOChL”J’e

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

F—HR—FHDORF X7 FV5E . FRANDIRENIA DR FRPVIERZUTTH>THE B RE,

Vibration to finger is used for vocabulary learning, which is insufficient but good for learning.

D. Ogawa, S. Ikeno, R. Okazaki, T.Hachisu, H. Kajimoto : Tactile Cue Presentation for Vocabulary Learning with Kexvhourd,
UIST 2014, October 5-8, 2014 .-



Passive Learning?

|

https://www.voutue.com/watch?v=u EdreiY6F-w

¢« BIENOIRINRZALRSZHRITH LD T RO 2R A D
o ARETERNICRDE NI DB ] 2

Huang, K., Starner, T., Do, E., Weinberg, G., Kohlsdorf, D., Ahlrichs, C. and Leibrandt, R. Mobil< Mu<1c
Touch - Moblle Tactlle St1mu1at1on for Passwe Learning. CHI 2010.
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Eternal Sharpener

t Encoder

- -
{

The developed device is composed of.one DC
motor with encoder and speaker. This device
IS used as both a recorder and a player.

Y. Kojima, Y. Hashimoto, H. Kajimoto: Eternal Sharpener - A Rotational Haptic Display that Records and Reoldyo
the Sensation of Sharpening a Pencil, [IEEE RO-MANZ2009.



Techtile Toolkit (http://www.techtile.ora/)

BRGIREDRREBEZ. BRELEDERILWLL U TITEICET, Eﬁﬁ’$
TRREMEZRL

Minamizawa, K., Kakehi, Y., Nakatani, M., Mihara, S., & Tachi, S. (2012). TECHTILE toolkit: A prototyping tool for designing haptic
media. : ACM SIGGRAPH 2012 Emerging Technologies, SIGGRAPH'12 (ACM SIGGRAPH 2012 Emerging Technologies, ‘
SIGGRAPH'12). https://doi.org/10.1145/2343456.2343478

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




E<ELI% / pouring bottle feeling

an accelera Ion sensor to present
the vibration generated by the model.
https://www.youtube.com/watch?v=ACJBxextDdE

« IRMLHLECELIREIZE K- BE

S. Ikeno, R. Okazaki, T. Hachisu, H. Kajimoto: Creating an Impression of Virtual Liquid by Modeling Japanese Sake Bottle Vibratidﬁ%‘. N
IEEE 3DUI 2015, March 23-24, 2015




-

{EE K« HISZ R Feeling of existence

+FU7r I

B DGR —DEYPLLEL THBZEB ST DT
VT VT 1E705, 7R E—S)V (BRI A )IITL S — DR,
BB T v o RV BRI 72D TR TUlE A H 5.

Feeling of existence does not come from resolution of the
sensation, but rather, it comes from cross—modal cues.




VR =ETHDEELIE

Fingear Strap

et TR R

12elta
Mechanism ™ —w g

Tactor mation s

Tracker Housing

Wearable Haptics project by SIRS Lab Schorr et al., IEEE ToH, 2017

-

ele-:gtrota_ ctiie
display

L force display for
dexterous
manipulation

Sato et al., Siggraph2007

Sagardia et al., IEEE Aerospace Conference, 2015

Vibration / Pressure / Force vector / Distributed tactile



Gravity Grabber

relate in opposile dirgcticn

operglor's
lingar

gararalad
sheasing lorce

% -
r—n

https://www.youtu b.Com/watch?v:oEGBXu-N51w

Kouta Minamizawa, Hiroyuki Kajimoto, Naoki Kawakami, Susumu Tachi: "Wearable Haptic Display to
Present Gravity Sensation - Preliminary Observations and Device Design", WorldHaptics 2007




The whole hand vibration

SR

We have developed haptic glove with 52 LRA vibrators.

Kenta Tanabe, Seiya Takei, Hiroyuki Kajimoto. The Whole Hand Haptic Glove {sing
Numerous Linear Resonant Actuators, IEEE World Haptics Conference 2015 |



[Haptics Symposium 2020] Multi-Fingertip Vibrotactile Array Interface for 3D Virtual
Interaction by Siyeon Baik, IHwan Han, Jung-Min Park, and Jaeyoung Park

@ IEEE Haptic symposium

Methods

“» Hardware
Type A vibrotactile fingertip interface

Type [ vibrotactile fingertip interface

There are two types of vibrotactile fingertip interface in our study, .

https.//www.youtube.com/watch?v=sNP4D-7uc4o
ZIETHOVRAVES 3 IREBNIRRZHEOE T THEKAIEIZE A, FEH/N
—F v ILYMRICAYAATZEZDDY AHAEZTRIAT 5,
VR interaction with multiple fingers. The vibration presentation is given not
only to the belly of the finger, but also to the side of the finger to express itz
amount of immersion when the finger enters the virtual object. I




whole palm

------

Electro—tactileﬁés/play with 1536 electrodes enables
the whole palm interaction. ﬂ"

(=]

S
A
Kajimoto, “Design of Cylindrical Whole-hand Haptic Interface using Electrocutaneous Display,” EuroHaptics2012.



(CHI2021) ThroughHand: 2D Tactile Interaction to Simultaneously Recognize and Touch Multiple Objects
Jingun Jung, Sunmin Son, Sangyoon Lee, Yeonsu Kim, Geehyuk Lee

https://www.youtube.com/watch?v=0hBngBO65N4

.+ BEREEAODEE/LITVAY . FHEFOFOVLERADOMEIRRE, HEECTOREEML. WA
FESCETHEFEFOLEMNSLEZHENST X,

« 2D screen interaction for the visually impaired. It combines tactile presentation to the entire palm of theé non-
dominant hand and manipulation with the dominant hand. By using a magnet, the user can trace over th&
non-dominant hand.




[CHI2019] Direct Finger Manipulation of 3D Object Image with Ultrasound
Haptic Feedback. Atsushi Matsubayashi Yasutoshi Makino Hiroyuki Shinoda

¢ /&'ﬂﬂﬁ. VRL%
« Ultrasonic tactile sensation: presentmg the grasping sensatlon in VR environmernt b"
pressure distribution to the fingertip. \



(UIST2022) TipTrap: A Co-located Direct Manipulation Technique for Acoustically

Levitated Content
Eimontas Jankauskis, Sonia Elizondo, Roberto A Montano-Murillo, Asier Marzo, Diego

Martinez Plasencia

https://www.youtube.com/watch?v=pTS3wIFDfdw&list=PLghXYFYmZ-
VdaPIMTFVH5K5brMDJCIfAn&index=82

BERBNTZEERFEIIRMZREL. I—F—DOEETOBERORFZFALT
WEAEECICHEENTGEENS Y TZ/ERL . BN, 1245, BIREROERNGERELTEH,
Directly manipulates acoustic levitation particles, creating a functional acoustic trap near
the fingertip using ultrasonic reflections on the user's skin.
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£ B4 Whole body haptics

o RE . LAFIENTERIFZRE - ZARIEVSEEZED,
« AR 2B RIZCE>TRIERD] I1|E75§£EC%>O

9 TICCZEFTOIGRASEH DL <MTTEE I TIEELL,
The whole-body haptics gives a sensation of presence
and immersion, like large visual display does.
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A ~DOft e~ / The whole body haptics

Synesthesia Suit Synesthesia X1
https://enhance-experience.com/synesthesia-lab

Synesthesia suit Yukari Konishi, Nobuhisa Hanamitsu, Benjamin Outram, Youichi
Kamiyama, Kouta Minamizawa, Ayahiko Sato, Tetsuya Mizuguchi, AsiaHaptics2016
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R. Sakuragi, S. lkeno, R. Okazaki, H. Kajimoto: CollarBeat: Whole Body Vibrotactile Presentation via the
Collarbone to Enrich Music Listening Experience, ICAT2015



The Bone Fone: Radio Shack's
Attempt At Making
Collarbones Musical

By James Grahame
STEREO BREAKTHROUGH

‘-..
W™
e
i
i Te

A new concept in sound technology
. may revolutionize the way we
listen to stereo music.

The Bone Fore surounds your enfine Dody
with & sound adnos! mpossdie fo magne.

The Bone Fone was a floppy fabric covered tube that housed an AM/FM radio and two
speakers. It was designed to be warn around the neck like a scarf, with the speakers
resting on your collarbone. The idea, of course, was that sound was transferred
directly from the little speakers into your body. | played with one briefly as a kid, but
can't recollect what it felt or sounded like. It was marketed through Radio Shack, and

I'm beginning to wish that I'd kept my dad's copies of their catalogs from the early
1980s.



Jammed particles can efficiently transmit vibration to the skin.

Vacuum bag

Arm band

€

e

Jammed particles

'LLL( ’
Lo ’ ot
“"/\r Speaker

Vibration
Particle filter

Vacuum
pump

S

Kurihara et al, “Large-Area Tactile Display Using Vibration Transmission of Jammed Particles,”T—IxSZOM N




assive hapties

Y

TFYMNIXRDI HFHF K. BRIDHN T F15% 125§ 2D ND T, [ 5
AF &2 NN RERAI T D, FEERTIRDIR/T A,

Kinesthetic sensation is augmented by Adding Rotary Switch Feeling
Kurihara et al., “Augmentation of Kinesthetic Sensation by Adding "Rotary Switch Feeling" Feedback, AH2012.
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Using commodity. Shower

K. Hoshino, M. Koge, T. Hachisu, R. Kodama, H. Kajimoto, “Jorro Beat: Shower
Tactile Stimulation Device in the Bathroom,” In CHI 2015 Extended Abstracts on
Human Factors in Computing Systems. ACM, 2015.4, Seoul, Korea




Projection based haptics

Furthermo¥r€ the system is highly scalable, enabling
simultafi€ous drive of hundreds of units attached to the body.

Juayxylayiifa R EEELRICIE W2 B SRR . OB T, 45 BT
Rk AE S, Latency becomes critical issue in the whole-body hnpllm.

Projection based haptics is solution.
Uematsu et al.: HALUX: Projection-based Interactice Skin for Digital Sports. SIGGRAPH'16




HaptoMapping: Visuo—Haptic Augmented Reality by Embedding User-Imperceptible
Tactile Display Control Signals in a Projected Image Yamato Miyatake, Takefumi
Hiraki, Daisuke Iwai, Kosuke Sato (TVCG2021)

HaptoMapping

Visuo-Haptic Augmented Reality by Embedding

User-Imperceptible Tactile Display.Control Signals
into Projected Images

Yamato Miyatake Takefumi Hiraki @ j&ﬁj&%

Daisuke Iwai Kosuke Sato UNIVERSITY,

Ty a kBB T AF-x {5 Projection based tactile-texture communication.

https://www.youtube.com/watch?v=6Ch1j9zUWoU
https://doi.org/10.1109/TVCG.2021.3136214




The whole-body haptics: the other merit

Fingear Strap
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Tracker Housing

Schorr et al., IEEE ToH, 2017
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display

L force display for
dexterous
manipulation

Sagardia et al., IEEE Aerospace Conference, 2015 Sato et al., Siggraph2007

Fingertip might be too small for dexterous tactile display.



Transfer fingertip haptics to the other part (1)

« Common approach for prosthetic arms.
« Transfer fingertip distributed tactile sensation to sole.

Tetsuhiro Okano, Koichi Hirota, Takuya Nojima, Michiteru Kitazaki, Yasushi Ikei:Haptic Feedback for Foot Sole Using Pneumatic Pressure Device; Proc.ASIAGRAPHZ( 16, =6,
2016.3.

Keigo Hiki, Tetsuhiro Okano, Sho Sakurai, Takuya Nojima, Michiteru Kitazaki, Yasushi lkei, Koichi Hirota: Substitution of hand-object pressure cues with the sole of the*'vfgmg\'f“r
haptic presentation using a tactile pin array; Proc. EuroHaptics 2018, LNCS 10894, 239-251, 2018



Transfer fingertip haptics to the other part (2)

In our previous study, We created a device which adopts an M-shaped Five-bar Linkage
mechanism that can worn on the forearm

« Common approach for prosthetic arms.
» Transfer fingertip force to forearm.

Taha.K.Moriyama, et al. : Development of a Wearable Haptics Device that Presents the Haptics Sensation of the Fingerpad to the Forearm" IEEE Haptics Symposium 201":;3



Transfer fingertip haptics to the other part (3)

2)
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lransferring Touch Sense of the Hand to’

thelFacelUsingjSuctioniMechanism
Embedded]in]HMD

« Common approach for prosthetic arms.
« Transfer fingertip force to face around HMD.

|

Takayuki Kameoka et al., "Haptopus : Transferring the Touch Sense of the Hand to the Face Using Suction Mechanism Embedded in HMD," SUI20.1§
Takayuki Kameoka et al., Tactile Transfer of Finger Information through Suction Tactile Sensation in HMDs, WHC2021. '



£ B fihE Hisinterpersonalfit ® ~ .~ From the whole body to interpersonal
(HS2020) Interpersonal Vibrotactile Feedback Via Waves Transmitted through the Skin: Mechanics and
Perception by Taku Hachisu, Gregory Reardon, Yitian Shao, Kenji Suzuki, and Yon Visell

Stimulus

Interpersonal Tactile Apparent Motion

Hachisu et al., ACM CHI, 2019
Hachisu et al., IEEE Transactions on Haptics, 2019

4

https://www.youtube.com/watch?v=cJDaGbl0la0&feature=emb logo

¢ ZADRENENRAY—FILALYMERET D, IRENAND AZEEL TUOKRER (R
FIEEN) NEL D, (RRICHBMBIICBIREIMNMERLTLS) .

« Two people each wear a smart bracelet. A sensation of vibrations moving from person to
person occurs. (The vibrations are actually transmitted mechanically as well.)




FEEAKEYBLISHEREITEER LA DIRTR
Is there a better location than fingertips?

Joseph C. Stevens & Kenneth K. Choo (1996) Spatial Acuity of the
Body Surface over the Life Span, Somatosensory & Motor Research, 13:2, 153-166

50 —

as a Function of Body Parts, Sex, and Laterality. In D. R. Kenshalo
(Ed.), The skin senses, 1968.
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High-Resolution Tactile Display for Lips,' Yuhei Tsutsui, Koichi Hirota,
Takuya Nojima, Yasushi Ikei, HIMI2016

B =

The tongue display unit (TDU) for electrotactile spatiotemporal
pattern presentation. Kakzmarek, Scientia Iranica, 18(6) (2011)

An initial study on lip perception of electrotactile array stimulation
Wei Liu, MS; Hui Tang, Journal of Rehabilitations Research &
Development (2005)



(CHI2023) LiplO: Enabling Lips as both Input and Output
Surface”, Arata Jingu, Yudai Tanaka, Pedro Lopes

L

LiplO: enabling lips as both
iInput and output surface

arata jingu, yudai tanaka, pedro lopes

CHICAGO

https://www.youtube.com/watch?v=eooxckEqJZA&t=1s




A RMRICHFLIEZEADMREIRT
Presentation to lips by ultrasound

LipNotif

Use of Lips as a Non-Contact Tactile Notification Interface
Based on Ultrasonic Tactile Presentation

MOUTH HAPTICS IN VR USING A HEADSET
ULTRASOUND PHASED ARRAY

Arata Jingu | Takaaki Kamigaki
Masahiro Fujiwara | Yasutoshi Makino | Hiroyuki Shinoda FUTURE Vivian Shen, Craig Shultz, Chris Harrison
INTERFACES
¥ THE UNIVERSITY OF TOKYO GROUP

(UIST2021) LipNotif: Use of Lips as a Non-Contact Tactile (CHI2022)Mouth Haptics in VR using a Headset

Notification Interface Based on Ultrasonic Tactile Ultrasound Phased Array Vivian Shen, Craig Shultz,
Presentation Chris Harrison
https://www.youtube.com/watch?v=4dkOTCIlyWFo https://www.youtube.com/watch?v=LsGnpBoEWdk

B4 E O R RERRR + BRGEADIRR+HMDEDRFNNH

Solving hygiene issues + presentation to sensitive lips + compatibility with HMD




METAATLADISADTEFDARITE
Elements of application for tactile display

* Touch Panel & Mobile
- TEMNEXK, EFEERELTOAE

 Emotion, Affection

- MBEIIBEESHOZIFET. BLLVBFEINEBES N TEHIENEHES
* Navigation, Instruction

- MBI ARERICEERRTES, F-EEHOEHLFETSS
* Reality, Multimodal

- EANRERICNHLIETHFER. RERZLETLHIENHRS
 The Whole Body

— BAREEADMRERRICEY., MBICHERIGREELD
 Tactile AR

- MBEZREHFTHESIZETARET S



BEGARAR: )OO 5
Simplest Tactile AR: Adding Clicking Sensation

(a) Body mounted actuator for PDA.
Tactile information is conveyed to grasping hand.

PDA OEMEIZEEY FHT TS,

T=11,

(b) Panel mounted actuator for PDA.

‘actile information directly reaches tapping finger-tip. Single Pulse Short Burst

V9 0BDMIOYICERREOREESZ S,
BRAEVWSTOMREICV Y IVMENEMSNTNSEVNIEKRTIERMEAR
Fukumoto et al., Active click: tactile feedback for touch panels CHI2001




Almost bare finger augmentation
(UIST2018) Tacttoo: A Thin and Feel-Through Tattoo for On-Skin Tactile Output
Anusha Withana, Daniel Groeger, Jurgen Steimle

cttoo
A Thln and Feel-Through Tattoo.
for On-Skin Tactile Output

Anusha Withana, Daniel Groeger, and Jurgen Steimle

I EWUTER SAARLAND . $aarland Informatics s , d
INTERACTION = -3

arUTIR S

https://www.youtube.com/watch?v=LcYvikyKKaM
« BERMETARIVATANEDLILMBIRTZER. EEOMEZFHEEZLAL.




exTHF IIZIRD / Keep fingers uncovered

——NEN

[EuroHaptics2014] Roughness Modulation of Real Materials Using
Electrotactile Augmentation Shunsuke Yoshimoto et al.,

B, EEEOERRBICE>THRENDMEIRRTETS

Tactile presentation to the fingertips by electrical stimulation between the
middle and basal segments of the finger
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https://www.youtube.com/watch?v=0j Gh9Wpg1lY

[Haptics Symposium 2020] Object Shape and Surface

Topology Recognition using Tactile Feedback Evoked through
Transcutaneous Nerve Stimulation by Luis Vargas, He (Helen)

Huang, Yong Zhu, and Xiaogang Hu

BIDERDEB T, FEDBREMEEER IR ChERFOR
BEI4—F\yIIZAWS
Electrodes on the arm stimulate the sensory nerves of the

fingers individually. For prosthetic hand.

(CHI2023) Full-hand Electro-Tactile Feedback without Obstructing
Palmar Side of Hand Yudai Tanaka, Alan Shen, Andy Kong, Pedro
Lopes
FORAMDERRHMICEYERIMBZERSES
Electrical stimulation from the back of the hand generates tactile
sensations on the palm side



Bare finger augmentation. Modulate real tactile sense.

Wearable haptics

HREADHMRIERC.IBEDMREZ LR TES (BFEFR)
Xavier de Tinguy, Claudio Pacchierotti, Maud Marchal, Anatole Lécuyer. Enhancing the Stiffness

Perception of Tangible Objects in Mixed Reality Using Wearable Haptics. IEEE VR 2018
https://www.youtube.com/watch?v=gA4xr8IV4WA

HHEIANDMRIR R T, IBEDMREZ L TES (BFERZ, BB, BIK)
Steeven Villa Salazar, Claudio Pacchierotti, Xavier de Tinguy, Anderson Maciel, Maud Marchal. ”Altesirig

the Stiffness, Friction, and Shape Perception of Tangible Objects in Virtual Reality Using Wearable
Haptics,” 2020. https://www.youtube.com/watch?v=3CSgcOUelUeA




IHE D AR 29 5 Modulate real texture

Fabric band
Finger Camera
4 Micro position 'ﬁ
/ Stimulator compuer [
/ I Cl.lm:m Tracking
signal marker
Current to )
C vibrator ;
: diver %”
Material

Direction of
vibration Textured
surface

50 mm

TIORFYEFORAEDHESE., R J:o’C?"‘
HEOEISICIHLI-IRENTHSZEL . ER/L =,J£¢EEBT¥E§€5JEEB?‘

Vibrotactile Stimulation to Increase and Decrease Texture Roughness. Shuhei Asano, Shogo Cmarnc*'o,
and Yoji Yamada, IEEE Trans. Human—Machine Systems (2014)



IHE D AR 29 5 Modulate real texture

0078
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#320
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: Vmp: 1.084mm”* %{
Jianyao Zhang, Hiroyuki Kajimoto: A Robust Jianyao Zhang, Hiroyuki Kajimoto: Haptic Reproduction of
Approach for Reproducing the Haptic Sensation of Different Human Skins and Comparison of Rendering
Sandpaper With Different Roughness During Bare Approaches, B AR/N\—F v )L 7 T4 EXHHmES,
Fingertip Interaction 27(3),pp.231-234, 2022.
Frontiers in VR, 2022. https://www.jstage.jst.go.jp/article/tvrsj/27/3/27 231/ pdf/-char/ja

https://www.frontiersin.org/articles/10.3389/frvir.2022.829946/full

BERHFHDAN. BGHMOTYDMES, ZHER, REBRZFTAL TNEERS)CEH,

Reproduce human skin of different ages, different sandpaper roughness, and Measure surface topography and convert to acceleration vibration.




(UIST2021) Altering Perceived Softness of Real Rigid Objects by
Restricting Fingerpad Deformation Yujie Tao, Shan-Yuan Teng,
Pedro Lopes

Eoicd THE UNIVERSITY OF

&/ CHICAGO

altering perceived softness of real rigid objects

by restricting fingerpad deformation
yujie tao, shan-yuan teng, pedro lopes

EORAmZTBETACLTHREERENIZIEL. FRELTHEYMDESHMEEZZILSESD
Pressure on the side of the finger changes the skin deformation and consequently
changes the object's perception of hardness

https://www.youtube.com/watch?v=pLVi9Sy9vO8&list=PLghXYFYmZ-VeKUIuttbQWomTQ-oXF6PLf&index=26




ERORIVICIRZ 5T S ETRREZLER
Physical Button + Vibration

D. Ogawa, V. Yem, T. Hachisu, H. Kajimoto:
Multiple texture button by adding haptic
vibration and displacement sensing to the
physical button, ACM SIGGRAPH Asia 2015
Haptic Media And Contents Design, 2015,

q Light Source

l:;' Photo Source

[l operating part
Ver P 4 P

R | T B cesepan https:/dl.acm.org/doi/10.1145/2818384.2818394

e j uhumut https://www.qgizmodo.jp/2015/11/haptic media and contents desi.html

AUGMENTING PHYSICAL BUTTONS

(UIST2020) Augmenting
Physical Buttons with
Vibrotactile Feedback for
Programmable Feels Chaeyong
Park, Jinhyuk Yoon, Seungjae
Oh, Seungmoon Choi

i//'www.youtube.com/watch?v=GIMEwPrSew0

Vibration Patterns
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BE LR EL TOAEAR
Tactile AR as ability augmentation
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LW T2 &L THEEE
Works as a new artificial receptor




EARELTHDENAZETE .~
Breast Cancer Checker as Tactile AR

EmT o LRIz, TOZ 4 LI
AEICHEUHEEFE=NG.
POEES LN ARNOEE EREL
EEALBOMOEEYRS LLIDT,
HRIC LD UunMmaEiatissizEbS.

ZL.MNA B T2 E . Checking Breast Cancer
HBAAINDAST=RILIZIETSE, REDTIVAFYIZIKRFE
THREDLY(FERZ. tumonZ&IHE TES

Rub breast through oil-contained thin plastic bag. The oll | %
reduces surface texture, and internal tumor can be observed -




iR MDAR: i gAML X
Tactile Contact Lens as Tactile AR

Sano, A., Mochiyama, H., Takesue, N., Kikuuwe, R., & Fujimoto, H. (2004). TouchLens: Touci
enhancing tool. TExXCRA2004



Sensing->Display
Haptic Radar

<
Alexis Zerrou
_ g.mg
Carson Reynolds®
and Masatoshidshikawa ISshikawa-Komuro lab

Cassinelli, A., Reynolds, C. and Ishikawa, M. "Haptic Radar". SIGGRAPH2006



Sensing -> Display at fingertip: SmartFinger

Ando, H., Miki, T., Inami, M., & Maeda, T. (2002). Smartfinger: Nail-mounted tactile
display. : ACM SIGGRAPH 2002




Sensing -> Display at fingertip: SmartTouch

O e SEms T O My

Electrodes Photo-transistors

Visual imagzesSNpmne _
translated midNCTHENNIOTT

Kajimoto, H., Kawakami, N., Tach| S., & Inami, M. (2004). SmartTouch EIectrlc Skin to Tourh h
Untouchable. IEEE Computer Graphics and Applications .



753V AMEEIREE
Optacon: Vision-Tactile Converter (1976)

Braille Display (Optacon), Linville 1976

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

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

V.



HE-fE TR
Vision-Tactile Conversion for the blind

IMAGE 15 : [ _ T.V. CAMERA
TRANSMITTED 'I.
TO BACK Via _J S P

A BANK g
OF 400

OBJECT

COMMUTATOR

— Collins, “Tactile television - mechanical and electrical image
projection,” IEEE Man-Machine Systems, 1970.



BrainPort: Tongue display for the blind

https://www.youtube.com/watch?v=CNR?2




Forehead
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Tactile-vision substitution system (T'VSS) for visually handicapped.
Forehead was used for intuitive understanding
(what you are facing is what you are feeling on your face).

Kajimoto et al., “Forehead Electro-tactile Display for Vision Substitution,” EuroHaptics 2006



EaXMETE1IT: HamsaTouch

HamsaTouch:
Feel the World through Your Palm

0&AYNOJ, D3N
—

‘ I . s s 4 \—-——-
f . . : : v : e \

Hiroyuki Kajimoto (UEC Tokyo / JST)
Masaki Suzuki, Yonezp Kanno (EyePlusPlus, Inc.)

Kajimoto et al., HamsaTouch: Tactile Vision Substitution with Smartphone
and Electro-Tactile Display , CHI 2014



INTF AR —ERUAIZIEE
Mini Test: Submit in one week

SEIEITERTHERELLET . AEICEZRLEE A,

(B4 L)FTERT AMREL, BT OMEATEHATTSUY,
(B3UT) ZBEBZHATTSUY,
(ZR)BXODREBEHATTL,

Please do the following this time. It does not affect your grade.

(B4 or above) Please tell us the laboratory you belong to and your research.
(B3 and below) Please tell us your reason for taking the class.

(All) Please tell us your impressions of the class.



