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Outline of the lecture
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Elements of application for tactile display
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- MENRERICMHOLIZETHFRRK. RERZLITHIIENHES
The Whole Body
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Touch-PanelMiERE: X
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Sony Ericsson
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BIZZWLWTTA., CORETEZREOMBIRTADODEFZRY LITET,
While interaction research on touch-panel mainly focuses on sensing and

gesture recognitions, we show tactile display examples.
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Make touch panel tangible.
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Active Click TeslaTouch Skeletouch
\_(Fukumoto, CHI2001) /\_ (Bau, UIST2010) / \_ (Kajimoto, 2012) _/

[BHH 1EVOHIRIDT=0D, vl eI E
Transparency is required not to obstruet visual display
v 2R

v BRI

v fREEXE)




£ H#xE) Whole plate vibration

M1 77 F=2z—%ORERR
PDA OEFRICED 17 T3,

Actuator

Active Click
(Fukumoto, CHI2001)

ZRERERE REENTE

L HIRED Low (finger size) Active




FEERZ 20D &1 Friction modulation
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AN\

TeslaTouch

TR RE REENTE
SmHIRE Low (finger size)  Active
JEE 52 15 Potentially High  Passive




Skeletouch

\_ (Kajimoto, 2012) _/

IR E BEENTE
S HIRED Low (finger size) Active
FEE 122 1] 1 Potentially High Passive
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(Indium, Tin, Oxide)
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AL LS HIFIZE 443 Avoid limitation from transparency
(CHI2016) Haptic Edge Display for Mobile Tactile Interaction
Sungjune Jang, Lawrence H Kim, Kesler Tanner, Hiroshi Ishii, Sean Follmer

https://www.youtube.com/watch?v=R1InHeWsSMU
ENAILTNARADAIEIZ1RTMBEIRREITD. BIEO B ARG RELTHEEE.




EBHELVSHIFIZ4Y 9 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_vcg
o ENAITNAADEAICHERTZITI. EXRIHZEZALS,
* Presenting tactile patterns at the back of the smartphone




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

HCI Saarland Informatics THE UNIVERSITY OF
<5 mee QIC | &) sy
Human Computer Interaction Lab
Saarland University

Tactlets ,.

Adding Tactile Feedback to 3D Objects 2,
Using Custom Printed Controls v

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 Sy

o ENAILTNARDOAIEIZEKI T



TOF1T—RIKBHMENIRIREZRET

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

https://www.youtube.com/watch?v=4VV45hoqSMijk

o BRI EFESA\YIILGMERTR, FHU—NMINI—%
BHLTHEISET, A5M4%, BErh)a— L, RMYFFRILL
bR 7 IR AT R,

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




TOFAT—RZLAHMEVIFHIRZRET

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

Onoye

o
t

W’Eﬁﬂb ) |splay W|th

rhangeab IvelDi

Takao Onoye!

! Grad.'School of Information Science and Technology, Osaka University, Japan.

2 Research Institute of Electrical Commumcatlon Tohoku University, Japan

https://www.youtube.com/watch?v=PzQbHAJUNNY
o BEZICE - THBEENKREKELRT DI —FEFEWN, ZYFTARATLAEERK,




TOF1T—RKBDHRENIRIRZRET

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

— oy
] e —

‘v oy 2 '\

/

)k at the magnet vibrate

https://www.youtube.com/watch?v=-IBZ2xzx2iU

A ED— DD, (AR TIXEBEEICEEHRT HILT.

o MWHKAVNRIZKEMEAFTT—R
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YF N )L DEFEIEIE Latency of touchpanel

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

(@)

Touch sensor

Transparent electrode
AS Vibrator

\ Covered with /

conductive material

Elastic sheet
LCD

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
MNEBETIEISMSEEDBETHRICEENELIRD D

Throughput [bps]

High Speed
Projector

Mirror

Screen
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*, Hand Camera

Tablet
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4.0 0 20 40 &0 BO

Latency [ms]
Pt : BIARBE LB EBRICTNANELDRAREIZHFS
REZEGBREDLI—F —~DFEE, BRVRERHNH(2019)
EETOCIIF+ERNATICEHEEBE S RT LT @D
ERDEERE TEHA, 24.3msE TIXIRIFFIE
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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

Gap Contact Interpenetration

https://www.youtube.com/watch?v=aopB5rFlacc

MARBDHBERE L V) TRYTREDRME EMRITIEEL. MRAGM-of-BRRE L2
RG-SR E — B t*é 7'1:? HIETRIERES .

VROF THMRIIEYZFED. ELWOIFGEICEWLWTEHHH,
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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.

WM H IR, o — VDTGB 2R DHRE) X — 2R
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Two ways to control emoti

S

Emotional
ange ‘ EXpreSSion

W | . Bard
@. Emotional

Expenence

ATV D)T)T1-ERiERER LS., TNICEK > TIEHZIEE,
BB K> TELSEE DI EERIC IZIRRL. TENITE>TIHEFZHEE,
Contents is “experienced” and it induces emotional state.

Stimuli directly elicit emotional state, and it is recognized as emotional

experience. A

N
" o ii'
)




Affection (Z1E5. &)

:‘ n

All'Mmaling Module :
II|I 3
L ]
'I\ Iiln
i e

| reproduce hugging
© leelng on child

Input Device : \

Sense hug Color Changing :

and convey Mom hugging a doll Child feels for parents 1o convey
ENHESSIONG embedded wilh sensors Virtually Hugged expressons of mood 1o child

Pressure

belt tension f = Soft I-Imn]l
-~ N Soft Hand

Motor

== holder

Output Wearable Jacket

Pressure

o T
Direction of belt tension

Two motors
Pressure

Input Dall Devica Interlor of Jacket

Teh, James & Cheok, Adrian & Choi, Yongsoon & D. Tsetserukou, A. Neviarouskaya, H. Prendinger, N.
Fernando, Charith & Peiris, Roshan & Fernando, Kawakami, M. Ishizuka, S. Tachi, "Enhancing
Owen. (2009). Huggy pajama: a parent and child Mediated Interpersonal Communication througm
hugging communication system. Affective Haptics" INTETAIN'09

4\



Hair as an Emotional Display
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LAY i
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 NS




Tactile presentation to ears

K.Aou, A.Ishii, 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




Tactile presentation to ears

& & UEERA R
EQROFICHBEMR B ERST 4D Bl
MY KLE S,

Positive emotions are better produced
when stimulation is applied in the ear canal.

®Ek. BA, VRSJ2023. 1D1-10 ,__ [CHI2025] FlexEar-Tips: Shape-Adjustable
HIEZRBICLOBEILTYDREIFE  Ear Tips Using Pressure Control
1t https://dl.acm.org/doi/10.1145/3706598.3714177

)?f*+



(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

o https://www.youtube.com/watch?v=kE-6nDyVtKs

« ABLWWFZEREICHnIE ST ETSocial Engage
TR D,




(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
- XRXERARDODREFANREZTRE, BHEOERELIAZFEEHERL TR




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

100

o 1
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% correct
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Cued word
T3 ZIMBETEDREEMEA F=WLRIF IAMEH S DIREL,

Toucher&Receiver(ZEIY ELNDORT,

Attention, love, happiness, calming, sadness, gratitude, sympathy, amusement
DWTNEFYUALRNILEYEELED S, MIYEVDIEEIXEZELGI o1,
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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, Frangoise Detienne, Eric Lecolinet

Visual |ayer ’
_Inflation layer J ;
T PP fabric
~—— Air chamber
‘

—— Thermal layer

A= \'l_-*:j:;__{;; meale

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

o LEOLEINT-ECATEREF ZEXR+E
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Haptic Navigation: Conventional Approach

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

« GPSEDEFIC J:UEEI’]iﬂ’\J’EzEJJTI:b' =

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

\—‘,_J
' 3m: 1280px
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SwarmCloak

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

a7y a s ETRa— 2 T HTERES Y 5. AP RBRDMGERTEZ 9 DRITHRE.

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 . | S
Evgeny Tsykunov et al.: SwarmCloak: Landing of a Swarm of Nano-Quadrotors on Human Arms, Siggraph Asia 2019



Insufficient cue is better for learning?

( _AE ;l d
We designed a glove-type tactile device with eight vibrators situatec S s
the root of each finger, excluding the thumbs O[l)rf)chu;e

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

F—F—FHDOFRXX7ZVM , FIRAOIRINIA T TR T 00IEBRZ U T D T 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 Kesthoasd,

UIST 2014, October 5-8, 2014



Passive Learning?

“

https://www.youtube.com/watch?v=uEdr6iY6F-w

© HIEANDOWE)REARR2Z BRI THHITLEADLTIROMENT 22D
o PRREIORICI DB RZL DR HH] 2

Huang, K., Starner, T., Do, E., Weinberg, G., Kohlsdorf, D., Ahlrichs, C. and Leibrandt, R. Mobilc Nu“lC
Touch - Moblle Tactlle Stlmulatlon for Passwe Learning. CHI 2010.



[CHI2025] Invisible Light Touch: Standing Balance Improvement by Mid-Air Haptic
Feedback

https://dl.acm.org/doi/10.1145/3706598.3713396

Light Touch Invisible Light Touch
f'éFﬂEﬁl poink
y "“‘u’““‘ r"'

Handrail Transducer array

o IADOTWAHEEDIF/NTVRTEIRS=OIZ. [b&2ELEEMBERIBINHLHER
LI EARIB N TLVS (Light touch effect)

o EFBEFREONOTPO>TH, ZEREBEERZDON>TPO>TH =, RIEDE
BE RBORKZERZEILNHLHE TLE, RIHEAHLIENRLH DA, RFHD
ZIEBNHIOIEMRENELGD

« |tis known that a “slight tactile stimulus™ can help maintain postural balance

while standing—a phenomenon referred to as the light touch effect.
They investigated this effect using mid-air ultrasound stimulation.
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Eternal Sharpener

nn .
y

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 R90|cly.’:
the Sensation of Sharpening a Pencil, IEEE RO-MAN2009.



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

TILE toolkit

- BHUGIREOELIKEBEZ. ERELEOBILVL YO TITHI2ET, BHE
TR RMEZRL

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 ‘ S

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




<L / pouring bottle feeling

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

o RMLOLECEERBZRLHR-BE

S. lkeno, R. Okazaki, T. Hachisu, H. Kajimoto: Creating an Impression of Virtual Liquid by Modeling Japanese Sake Bottle Vibratic;r%. .
IEEE 3DUI 2015, March 23-24, 2015



Y_ﬂp‘ JEN JEEA?

B Feeling of existence

/yw

- y
FUT

EHE DGR —DFEY P LEL TNBZ LS NTZIRHIZHIH T
DT VT 4E785, JORE—F )V (HEIRRME ) IZEDH DK,
bRl HARIZ T o V2 B0 T e O 21 THUME 2 3 5.

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




VR-ERTHDEEXFIE

i - Fingar Strap
e TRE" S
13elta

Machanism ™ —u

Tackor moticn s

Schorr et al., IEEE ToH, 2017

Tracker Hausing

electrotaile
display

L force display for
dexterous
manipulation

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

Vibration / Pressure / Force vector / Distributed tactile



Gravity Grabber

retale in opposite direction

S

SESTERNNES
M

operalors
finger

©rotate in same direction

generated
vertical farce |

operalor's
fingar

paneratad
shaaring lorca

https://www.youtube.com/watch?v=0EGBXu-N51w

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




The whole hand vibration

T

= !

We have developed haptic glove with 52 LRA vibrators.

Kenta Tanabe, Seiya Takei, Hiroyuki Kajimoto: The Whole Hand Haptic Glove -Usiing
Numerous Linear Resonant Actuators, IEEE World Haptics Conference 2015 -



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

@ IEEE Haptic symposium

Metl_lods

<+ Hardware

Type A vibrotactile fingertip interface Type E vibrotactile fingertip interface

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

https://www.youtube.com/watch?v=sNP4D-7uc40
+ BETOVRILATIL Ay, RENZREROBEL T THBIEIS X . 35553
—F v ILIERICAYRAATZEZDDYAAEETRIRT 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. inz
amount of immersion when the finger enters the virtual object. IR




The whole palm

Electro-tactile-display with 1536 electrodes enables
the whole palm interaction.

N
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=o0hBngBO65N4

« REBEFEEAD2DEMEAE57232 . FHEFOFOVLERADMTEIRTE, MSFTOEREZWIL, A
ZHEICETEREFOLEMLLGEDENIIXK,

« 2D screen interaction for the visually impaired. It combines tactile presentation to the entire palm of th& 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

i} Ultrasound transdusess
ay o

mg '
‘ %od-object
‘."I: D

“Centroid

. BERMY VRESTOEBBEEE~OENSHTRTETS.

« Ultrasonic tactile sensation: presenting the grasping sensation in VR environment by
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

BEEEGNFEERIREIORMZREL. A —F—DRETOETRORMNZFALT
EAECIZHEERGR BT EN YT ZERL . EBIR, B BIRBROERMLGEREEES,
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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2514 Whole body haptics

« RE LRBFIENEZZ - ZARIEVSBEZED,
. ﬂE%ﬁ:é%#%ﬁzké:oflﬂ*%@ﬁﬁﬁézuéo

T TICCCETOICAEFI D Z<MNTIEEITIHEN,
The whole-body haptics gives a sensation of presence
and immersion, like large visual display does.
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A B ~DOfit g~ / The whole body hapties

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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Use bone conduction

HllE N IciRE O RIE (mm)

ii ii n

ﬂ!ﬂﬂﬂﬂ{t (/8B #(100Hz)

R. Sakuragi, S. Ikeno, 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

Bonhe
- Fone

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

The Bone Fone surrounds enfire Dodty
maMﬂwm&mM_

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. RN



Jammed particles can efficiently transmit vibration to the skin.

Arm band
Vacuum bag PC

v »
E%E

q

Speaker
Vibration

Particle filter

Vacuum
pump
=

e
iy

Jammed particles

Kurihara et al, “Large-Area Tactile Display Using Vibration Transmission of Jammed Particles,” 82014 *N
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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¥feythe system is highly scalable, enabling
simultafiéous drive of hundreds of units attached to the body.

Tuy v ayiifs R EBEEL RN e AT G- AR G vE. AR OB T, @5 BT
i3 F e Al E S, Latency becomes critical issue in the whole-body hanties.

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,

Tuy 73 a Nz kAT 7 AF %8S Projection based tactile-texture communication.

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




The whole-body haptics: the other merit

i - Fingar Strap
MWloknrs _ - %
13elta

__'I
Machanism ™ —u

Tactor Motic e

Schorr et al., IEEE ToH, 2017

Tracker Hausing

electrotaile
display

-3

h\‘ 1
SRy -
= Jy 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 lkei:Haptic Feedback for Foot Sole Using Pneumatic Pressure Device; Proc. ASIAGRAPHZ(016, &5,
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 ¢ o+\f6r
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‘-%




Transfer fingertip haptics to the other part (3)

Jlfa kayikif K
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lransferring Touch Sense of the Hand to)
the]FacelUsinglSuctioniMechanism

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," SUIZ201%
Takayuki Kameoka et al., Tactile Transfer of Finger Information through Suction Tactile Sensation in HMDs, WHC2021.



£ B itE M isInterpersonalfit &~ .~ 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
o ZADBNENETNAT—FILARALYNEEET S, IREN AN NZBEIL TUOKREER (R
IES)) NELSH, CERICEBMICBIREIANEIRLTLNS),

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.)




FEEAKLYLISHEREIEESEZANDIETR
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

5 50 —
. - vl
:u 20— . 13;? %
E n ‘é‘ -
g 4 E
: ; % 30 —
i s g 20 —
; E |
10 —
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.
REEICELTE. BkELELYLEND,
MO ZEIBEL T, BORRIEDHEL, L
In terms of resolution, lips and tongue are & " §
better than fingertips. = 200 A |
In terms of aging effect, lips are better than § so— . 'j;“”:
fingertips. & 400 [— declin &
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The tongue display unit (TDU) for electrotactile spatiotemporal
pattern presentation. Kakzmarek, Scientia Iranica, 18(6) (2011)

MUANDIET: & &
N 4

High-Re

J G VA -
solution Tactile Display for Lips, Yuhei Tsutsui, Koichi Hirota,
Takuya Nojima, Yasushi lkei, HIMI2016

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

LiplO: enabling lips as both
input and output surface ’

arata jingu, yudai tanaka, pedro lopes

CHICAGO

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




A RMRICEOEANDMERT
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

FIEE OMRERR + BRGEEANDIRR+HHMDED R

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



T A RTLADICHEAEO A RS
Elements of application for tactile display

« Touch Panel & Mobile
- MEMAEX, EFMEERLLTOE

Emotion, Affection

- MRIXEEIOBEFT.BLWLVERANBENTEIIENEHES
Navigation, Instruction

- BRI SARERICERIR R TSS, F-EEHDEELFETED
Reality, Multimodal

- MENRERICMHOLIZETHFRRK. RERZLITHIIENHES
The Whole Body

- BA2EAOMBERTICKY ., RICLEERETELD

Tactile AR
— MEFHEHRATHESILETARIET S



B{ELGMEAR: )y oD F5
Simplest Tactile AR: Adding Clicking Sensation

vy j
- “u:f;: ’ : -:--. .

PDA Body

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

X 1: 77 Faxz—F OFRERR
PDA OERFIZEY T TS,

T=1f, T=1/1f,
P —

(b) Panel mounted actuator for PDA.
actile information directly reaches tapping finger-tip. Single Pulse Short Burst

2V90BDMDOYICEREOREZSZ 5,
EMELSITOMEICT) Y IMEMNEBMSNTNHENSEKRTEMEAR

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
- AThin and Feel-Through Tattoo.
for On-Skin Tactile Output

Anusha Withana, Daniel Groeger, and Jurgen Steimlé

—
COMPUTIR SCHINGS

INTERACTION S

https://www.youtube.com/watch?v=LcYvikyKKaM
. BEMET(RILATANBOLSUMEIRTERE. RROMBEMELLL.




¥exal&F 1R D / Keep fingers uncovered

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

O hE, EHRMOBRAMIC Lo THEOBMBERTETS

Tactile presentation to the fingertips by electrical stimulation between the
middle and basal segments of the finger

Methods (Set-Up)

R

Current Amplitude
» »

5
Force (N)

Stimulation Grid .

1iFrequency
= . Stimulation
— & yf;/ - Train 1 Amplitude
Median Nerve b/
7
Ulnar Nerve Pulse Width <
’ Stim to Selected
i Electrodes 1IFrequency
s Stimulation [ ———*
- v, / Train 2* Ampliludﬂ;
; Delay Pulse Width <>

Stimulation Grid

UNC  NC STATE

v UNIVERSITY

https://www.youtube.com/watch?v=0j_Gh9Wpg1Y

[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

BIDEBDEBT, FEOBRREHEZTERIZRH ChEEFOR
BI4—F\vII2ANS

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

FORAMISOESRIBICKIYERICHBEEZERLESES

Electrical stimulation from the back of the hand generates tactile
sensations on the palm side



Bare finger augmentation. Modulate real tactile sense.

Wearable haptics

HHEHANDMRIR T T IEADMREZERTESL (BFEERR)
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

EREANDMREIZERT.IEEDMREZLEATES (BEFRZ, BB, 2IK)
Steeven Villa Salazar, Claudio Pacchierotti, Xavier de Tinguy, Anderson Maciel, Maud Marchal. “Alte:ing

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




IHE DA A9 5 Modulate real texture

Fabric band

Fiqger Camera
/ - FEE L
'- e
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Cgrrent Tracking
signal marker
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] driver %
Material

Direction of
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surface
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TORAFYZFORED AT, IRENIZK>TEER,
EOBSITK LR THSZEL, EENGEBEIRIRE THSZRLT

Vibrotactile Stimulation to Increase and Decrease Texture Roughness. Shuhei Asano, Shogo Or\qmc’fo
and Yoji Yamada, IEEE Trans. Human—Machine Systems (2014)



s #945 Modulate real texture

N20 N40 N70 #180
Spk: 0.021mm Spk: 0.026mm Spk: 0.03mm Spk: 0.032mm
Vmp: 1.05mm? Vmp: 1.33mm? Vmp: 1.448mm’  [RUSSSSREE

B A v, T -
e AR - #240

Spk: 0.029mm

Vmp: 1.388mm’

#320

Spk: 0.022mm

Vmp: | 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 RK/N\—F v )LUT T4 ZRHXES,
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

ELQHFmD AN, BELHMOTYDHES, 2BI . REMRZFAL TIEERS KR,

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

Feisd THE UNIVERSITY OF

&/ CHICAGO

altering perceived softness of real rigid objects

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

EOREZEETALTHREERIEILLL. HRELTHEYMDESMELZELSESD
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




(CHI2024) vARitouch: Back of the Finger Device for Adding Variable Compliance to Rigid Objects
Gabriela Vega, Valentin Martinez-Missir, Dennis Wittchen, Nihar Sabnis, Audrey Girouard, Karen Anne Cochrane, Paul

Strohmeier
Ihttimme hananasvimistishha ~Aamahiriatr Al i —ATALO A~ LIANO

Exploration #1

|ls compliance perceived Va
from the back-of-finger? ~

How does it relate to
stimulation
parameters?

How strong is it?

o FEDOINMADIRENGrain Vibration) TEYIDEOMNSFTEZR D, KUY TEHEFETEL

e Vibration to the finger nail to modulate real-object softness. Nail mounted sensor also enables pressure measurement.



ERDRIVIIREZ(TE T HETREZILE
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

q Photo Source

:; [ Operating part
|_ _-\_ C 3
’r = ( 1 { T O Ccasepart https://dl.acm.org/doi/10.1145/2818384.2818394
y I S— APyt bl 2 ..
Gﬁ: """""""""""""""""" " output https://www.gizmodo.jp/2015/11/haptic_media_and_contents_desi.html

Photo Sensing Unit

AUGMENTING PHYSICAL BUTTONS

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

i:/lwww.youtube.com/watch?v=GIMEwPrSew0

Vibration Patterns




Re NHLAREL TORALREAR
Tactile AR as ablility augmentation
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FLWLWAITZBIRZELTHEE
Works as a new artificial receptor




EARELTHDEINAZETR
Breast Cancer Checker as Tactile AR

EDZ 4 LRI, TOZ 504K
ARCHRUAERESND.
FOBRES/AANANOREEREL
HEABROMOEES R LIOT,
HRZLZYoMuhEHatERizEDS.

ZL.NA B CE2#E . Checking Breast Cancer
HEAAMILDAST=RILIZETSE,. RADTIVAFYIZIKEE
TREDLZY(EEZ. tumonZFEHETES

Rub breast through oil-contained thin plastic bag. The oill 2
reduces surface texture, and internal tumor can be observed <




fEOAR: i a0 X
Tactile Contact Lens as Tactile AR

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



Sensing->Display
Haptic Radar

Haptic radar

¢

headband w:th wireless

‘hght s:gnalmg

Alvaro Cassinelli

Alexis Zerroug

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 profem S emsorOnT

Electrodes Photo-transistors

. “y‘-‘,iq

>mr tTpucf

Tachﬁ Lab o

Visual images ERPTITE
translated intdEACTIIEN |f.,.1.

Kajimoto, H., Kawakami, N., Tachi, S., & Inami, M. (2004). SmartTouch Electric Skm to Toudnhe
Untouchable. IEEE Computer Graphics and Applications




AT75ar: R EHREE
Optacon: Vision-Tactile Converter (1976)

Braille Display (Optacon), Linville 1976

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

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

o \\:



RE-AnR T
Vision-Tactile Conversion for the blind

IMAGE |5 T.W. CAMERA
TRANSMITTED
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N
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— 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=CNR2gLKndOg




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



EaOXMETEHIT:HamsaTouch

HamsaTouch:
Feel the Wo d‘through Your Palm

Hiroyuki Kajimoto
Masaki Suzuki, Yonez

o (EyePlusPlus, Inc.)

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



INTF RN —BEELAIIZIRE
Mini Test: Submit in one week

SEIEFTERTEBLLEY . saICEARLEE A

(BAUL)FARI AMREL BEXDHRERNBTZHA TS,
(B3UT) ZBEBHZHA TS,
(ZB)BEXORBEEZHATTSL,

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.



