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[Final Report]
As there are too many participation in this class,

7/5,7/19 are changed to my lectures.

Choose one “Full-paper” from conferences below, and prepare less-than-5
minutes presentation. Take a movie and upload it to Youtube, and submit the
link (submission is done by ordinary report page

Most recent CHI.~UIST~IEEE-VR.” 3DUL.~Siggraph.” Siggraph Asia.”
World Haptics.~Haptics Symposium.~EuroHaptics

Deadline: 2019/7/26

As the contents contains copyright materials, set the option “viewable only by
who knows the link”. Check with your friends if the link is active.

Conversion from pptx to video: Use “narration mode” and “auto play mode”.
Then File — Export — Movie. You can also take movie by videocam.

KEEMDER
Moving skin horizontally.

OREENIF ik K EZKFIZEEE)
Active type: actively drive skin horizontally.
v EE R 2K~ Good for wear type.

OZEMF ik BRFRMELRLL. REABVOTHHTHE

Passive type: friction coefficient is controlled, and
perceived by skin motion.
=

S

VIRERIZRLKS
Good for environmental type.

Active type Horizontal Display

*Horizontal Vibration is

achieved by Micro-Machine
Hayward, Tactile display device using distributed
lateral skin stretch,” ASME, DSC, 2000.
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Active type Horizontal Display

ATAZT AL

BETIVFLI—SICLDREKRFEARMNDERK

Horizontal force generated by electro-static actuator
WATHBERANICEDEBENFEMET IV LBHFERAVERRERE TR TLAJHRVRER RS 2002.

aga, Koichiro Deguchi

Tohoku'University, JAPAN

http://www.youtu be.com/watcH?v=Prg9-uJSgSE

WEEfth, BIBT NE A2 SRTME T AR TLAI12E 112 EEMMMBIRTF X, VRERAR2011

AR EBAKE NIRT
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RN TRYyTEER TS HEBEXY2EBE TERLT. S5I2T
KELTRILNMZZHDOARERITTHEZERLPLTILTLS.

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

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

Micrometer
stide Tt

Load Cell
Phantom Finger

Anodized

Aluminum Plate

Electromagnetic
Shaker

Displacement =
SensorPrabe T * =

Fig 4. cShiver Experimental Apparatus.

High Friction Low Friction

Time
HBEOME T RATILAEKTRESE, REBEAYL TEERREELSEDIILT, —
ABISHEELESESD. DEYFVF/ARILTOHERTER.

Passive type Horizontal Display

BEIRIRENC KD EERRMELDOFIA

Controlling friction coefficient by ultrasonic vibra

P
tion ;
o RVA—AH R ERKIRB CERRHENELTS

Squeeze effect: friction is reduced by high freq. vibration

« EREALEASHE. EERHORTATRE
Combined with pos. sensing, friction distribution is displayed.

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




TPaD(Laura Winfield, 2007)

Passive type Horizontal Display
SEEBLREDERKRSIFIA

Using adhesion between skin and electrode by high
voltage [

Kaczmarek et al., “Polarity Effect in
Electrovibration for Tactile Display,” IEEE Trans.
Biomedical Engineering,, 2006.

Olivier Bau et al., “TeslaTouch: Electrovibration for
Touch Surfaces,” UIST2010

TeslaTouch (2010)

http://www.teslatouch.com/
AUBSYTATLAT LR

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

Conceptiffimage:

Softness Lat. force
Pressing Sliding
1rnotw on @Ec'tion

Friction by Electroadhesion

HESEMARRREBE CROANSBREL S KB LMBTHI FHEER

How to produce Touchable lllusion?

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

A8 TATLRT LY

RRFIHERYUT(RTLA
Reproducing Receptor Activit

EIERERBICESBIRRBGERD LFICT323RY 1 5)
Depth Selective Stimulation by vibrators’ paired movement

Asamura,"’A method of selective stimulation to epidermal skin receptors for realistic touch feedback,” IEEE VR, 1999.




FIRBSFEICEB L2 RRETEER
Reproducing Receptor Activity by Frequency
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Utilizing each receptor’s resonant frequency

X RAE |

>

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

VFAIRILF—BRICERL-ZRHRTHER
Reproducing Receptor_ Activity by Strain Energy

L [T

suction pushing

LWL DERELER.~Using air suction
REIEMT T, REBRMUBICELIEIRILF—DRL-AIFR
B TELRLY

Suction and push produces the same amount of strain energy,

so that human cannot distinguish.
Makino “A cutaneous feeling display using suction pressure,” SICE Annu. Conf., 2003.

How to produce Touchable lllusion?

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

AVBSYTATIRT LI

BRI LYHREREHR

Reproducing Nerve Activity by Electrical Stimulation

iR S MR R \W‘fﬁ%)\)ﬁ

Sensation point Stimulation point

F R TRV R IR EE 1 - IR SRR
SRR EMMLTIE LT - BIRFIEDESR

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

KREREMN>DESRIH

Electrical Stimulation from Skin Surface

HRRIBORHSh FEINSEH T VEL T RE

BREBBDOMEERE DOFHERBLEREIN

Electrical Stimulation from Surface: Stimulate Nerves directly.

If we can “Selectively” Stimulate the Nerves, we can generate ANY tactile
Sensations.

Just Like we make colors by mixing primary colors.

RAT BREARERRNICRRT 2BRMHET 2T (1 BFHMBEFRE, 2001,

MERADEZRIH

Stimulation to nerve bundle

HAERE

SBOAA BT Y REE, HIEBERICEEE
BBLTEEICKDEMTIELS.

R R&

*Matrix electrodes (holes) are embedded, and

nerve will grow into the holes.
AT BEEEREEICNT HHE RRALHLRX, 1998
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() TARTLAI, RIFEEL.

RRFEEZ DL DN TR
BREOMETIRATLIRRIL, MEZDOLO

DEEAESREHHETRYEATNS, 770
NTAVIRRHTHS.

Summary

*Until today, reseachers tried to generate realistic
tactile sensations. Partially, it was achieved. But not
yet enough (Not Hi-Fi enough)

*Tactile sensation itself has many unknown features,
especially about psychophysics.

*Todays tactile research is a combination of science
(why) and engineering (how). It is ideal for
researcher who want to be scientist and engineer at
the same time.

Outline of the lecture

AFEEHBIF £~ Measuring Human

8% ~Human Vision System

B\EE T4~ Visual Sensing

HE T+ RF LA~ Visual Display

S, RS2 4271—X . Auditory Interface
s, s > 27— ~Tactile Interface
s | i E 2271 —R2. Tactile Interface
HE. hEA22T7T—R . Haptic Interface
BEREE 27T —X.~Locomotion Interface
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* Touch Panel

— BIZEELHNEYTFIARIL. FIHHABERTES
* Emotion, Affection

- MEIEENSBEET IREVERINBENTHIENHED
» Navigation, Instruction

- MR EAREECEHERTTES, FLEEHOEHNLFHETED
* Reality, Multimodal

- EAREEICMHEIETALTUYDREREHITHIENAEED
* The Whole Body

- BAREARAOMBRRICEY, MEICHIERGRINELCD
* Tactile AR

— EFREHRTHESETARET S
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FEFFE LS

Active Click
uFukumom, CHI2001)

TeslaTouch
(Bau, UIST2010)

Skeletouch
(Kajimoto, 2012)

Active Click
(Fukumoto, CHI2001)
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TeslaTouch
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(Bau, UIST2010) -
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Skeletouch
(Kajimoto, 2012)
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Passive
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BBAEHH(2012. Mar)

IZUDHPHAYF RO R 2 TV

64 ﬁanbparent electrodes are made of ITO
(Indium, Tin, Oxide)

Haptic Edge Display for Mobile Tactile Interaction
Sungjune Jang, Lawrence H Kim, Kesler Tanner, Hiroshi Ishii, Sean Follmer, CHI2016

ENALTRAZAOREICTRTMERTETS. BEOBRGHREL THEE.

. ,‘HE
BEDHRNDL R BEAAHOIER Emotion (7))
REEERIC. Y—VICHoEIBNEFRRYT DIRE/ Y —VEIRR
Touch Panel

— RIZIZEDLHNAYFINRIL. TENEKXRTED

Emotion, Affection
- MEIEENSBEET IREVERINBENTHIENHED

» Navigation, Instruction
- MR EAREECEHERTTES, FLEEHOEHNLFHETED

* Reality, Multimodal
- EAREEICMHEIETALTUYDREREHITHIENAEED

* The Whole Body
— BAEERAOMEBIRTRICKY, MEICHIEISRINELD (Phillips) Lemmens, P. Crompvoets, F. Brokken, D. van den
. Eerenbeemd, J. de Vries, G.-J. , “A body-conforming tactile jacket to
¢ Tactile AR enrich movie viewing,” Haptics Symposium 2009.
— i EEREHRTHEICETARLET D 42




Affection (1§, B3&)
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® James The et al., Mobile Implementation and User Evaluation of the Huggy
Pajama System

® Anna Flagg et al., Conductive Fur Sensing for a Gesture-Aware Furry Robot
#1ZHaptics Symposium 2012

43

DEMHEFICTLH. ZDO2DEFZ

Sllmulus
ercewed

Emotlonal expression
(gormatic, visceral responss)
Cannon-Bard
theory |

Emotional experience
{fear} 2. i

® OUTUYD) T T4 ERIERERLIE. ThICL->THEBZE
HEiEd 5, 2FD=HIZHME !
o EHL-TELSIBECDEBRIGIZRRL. TNIZLST

Sensnry
stimulus

FREFET 5, >TODICHE !
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i
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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

4

Hairs are affected not only by surroundlng 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.

et al, Facilitating an Feeling with Artificial Piloerection, SIGGRAPH2012

The Trial of Bendi in a Coffeehouse: Use of a Shape-Changing Device for a Tactile-
Visual Phone, 2015

RIEDHE,N L RDIEADHFDMER

* Touch Panel

— BIZEZELHNEYTFIARIL. FIHHABERTES
* Emotion, Affection

- MEIEENSBEET IREVERINBENTHIENHED
» Navigation, Instruction

- MBI GREZRCEERRTES, F-EEHOESHLFALETED
* Reality, Multimodal

- MENRERCMHEIETIVTUYDOREREHTHILAHED
* The Whole Body

- BAREAEAOMBRRICEY, MEICHIERGERINELCD
* Tactile AR

— EFREHRTHESETARIET S




Haptic Navigation: Conventional Approach

tip

a4 fingerboard

-—

van der Linden et al., CHI 2011

J. B. F. van Erp, EuroHaptics 2006

Teach where to move, when to move, how to move,
and what is wrong.
“Understanding” (=central brain process) is required.

EENC LB e —Tar

- o
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_ 3m: 1280px

) ‘ﬁx @/ V\
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c REOFLHEOMBEELL VY BEMEBELOBRINSERBICLSTHAF
- BRRRRMOEHE

Ville Lehtinen et al., Dynamic Tactile Guidance for Visual Search Tasks, UIST2012

BMIiz &% H #yifi# (Lecuyerfth)

Part 2 Part 1

o O Cursor (assistance disabled)
40 px ®  Cursor (assistance enabled)
¢ F Assistance force (repulsive)
o §r b3 & l7 é >
Min distance for assistance
— Border

« MRAF0RESE. WEBICHLTEILSE S,
© BLUFISELADSEBBMICRTAFL TR S,

Laurent George, Maud Marchal, Loeiz GLONDU & Anatole Lécuyer
|Combining Brain-Computer and Haptic Interfaces: Detecting Mental Workload to Adapt Force-Feedback, EuroHaptics2012

100

Navigation, Instruction

il
o BIRAOIRE R BE RS RO BT ZD ?
o ARRERRRIZ R BIER AL D2 S

Touch - Mobile Tactile Stimulation for Passive Learning. CHI 2010.

RIEDHEN L RDIEADHFOMER

* Touch Panel

— BIZEELHNEYTFIARIL. FIHHABERTES
* Emotion, Affection

- MEIEENSBEET IREVERINBENTHIENHED
» Navigation, Instruction

- MR EAREECEHERTTES, FLEEHOEHNLFHETED
* Reality, Multimodal

- EAREEICMHEIETALTUYDREREHITHIENAEED
* The Whole Body
- BRLAADOHERRICEY, MECHIERISRINELSD
Tactile AR
- MEFREHATHESICLTARET S

ARIARELTOMTE

Huang, K., Starner, T., Do, E., Weinberg, G., Kohlsdorf, D., Ahlrichs, C. and Leibrandt, R. Mobile Music
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Hartwig HKD, Changing Reality

Techtile Toolkit ({3 4i) .

tp://www.techtile.org/

. BMORBOLREFEE.
EEEBLEHBIELLYD
TITHSIET. HBRALE
HIffifE% RLT=,

« 2012%Good Design E%2E

RIEDOWRELI LR LIRS EFOMER

* Touch Panel

- BIZEERHNEYF /AR, HENEXTES

Emotion, Affection

- MEFEENSBIFEETBEVNERINEENFTEIENHES

* Navigation, Instruction

- IS AEEICEHBIRTTES, FLEEHOENLFHETED
Reality, Multimodal

- EAREREICNHEIETIAVTUYDBEEREHITHIEANAERD
The Whole Body

- BALAAOMERTICLY, MEICHLIERGEEINELS
Tactile AR

- MEEREHRATHEICLTARBLET S

« BELRFICHLHLEMERISRE-ZA
« i 2 SRRICE > TRKDEENEL S,

FTIZCZETOICRAEFDZL(FEAE?)MNTHEXIT
[FELEHOTLNS.

BIEWSiEEF
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The Whole Palm

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

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

10



Forehead as a Canvas @

Tactile-vision substitution system (TVSS) 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

e I TN R B R O R
2O N B AT ATV B I
BRSO BEOL A A EDRIHEI
PRSI I TR,
STOIRE, L HORIT
0, MEHFIHITEL T3,

-

We propose a mobile whole body
tactile presentation system.

A, 0, B, B BEENLRBERCLIARMERT, TV8T/0 AV
SEa—T42%2014

El ﬁ@ﬁﬁ;%!ﬁ& : “/3("7—01’.&5%’7?5&%5@ 7913:‘)17?‘/3‘/%%1/ ‘TC%%%%

HALUX

Projection-based Interactive Skin for Digital Sports

Taku Hachisu
Hiroyuki Kajimoto
Sound is included in the video
Tuvzlal s RS a3 S .
DB T, BT RT Tk AR ED,

1 ,
Uematsu et al.: HALUX: Projection-based Interactice Skin for Digital Sports. SIGGRAPH'16

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

11
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* Touch Panel

— BIZIZELHNAYF/ARIL. HBEAEXTES
« Emotion, Affection

- MEEEENSBEET IREVERANBENTHIENHED
» Navigation, Instruction

- MEEEAREZICEERRTE, F-EEHOEHLFEETED
* Reality, Multimodal
- MENREECMHEIETIAVTUYDREREH FHILAH KD
The Whole Body
- BREERAOMERRICEY. MECHTERISERINELD
Tactile AR
- EFREMHRTHEIETARILT S

HELMEAR: V)V IBRD TS
Simplest Tactile AR: Adding Clicking Sensation

l":[_i

(2) Body mounted actuator for PDA.
Tactile information s conveyed to grasping hand.

PDA OEKIZHED TS,

e e
(b) Panel mounted actuator for PDA.
scile information irely reaches apping foger . Single Pulse Short Burst

Vv BEDOIDYICEREORBESZ 5,
Bt EWSTOMBEICY) v VBB AGEINEN TVSELNVSERTHEAR ?
Fukumoto et al., Active click: tactile feedback for touch panels CHI2001

it =E DAR ? ~Tactile AR?
P

-
Sensor

V. - |m$nml/aclile Display
3 L s \} , Skin
L ‘ .

Rectptor

FLOWAILZAZRELTHEE 69

EARELTOINAZEE,
Breast Cancer Checker as Tactile AR

I by
EOT 4 LLIEHIZ, FO? (LA
ARRUMEERENS
TOMEES A ALARANOEEEREL
HEAROMOERENRCZI0T,
HWRIZLD Y oMEEHAEEICED .

FLHA B T2 E .~ Checking Breast Cancer

BB ANDASTRILICETHE, REDTIRAFYITKREE
FHEDLIY (B, tumon)Z 5 H TES

Rub breast through oil-contained thin plastic bag. The oil

reduces surface texture, and internal tumor can be observed

fMEDAR: MEI 2L X
Tactile Contact Lens as Tactile AR

%t AEaL 29> X (ROBOMEC'04)

SmartFinger (Ando 2000)

12



SmartTouch(Kajimoto 2003) A 7Ry REEEHEE .~ Optacon: Vision-

Tactile Converter (1976)

Electrodes

RE-ARE L

Vision-Tactile Conversion for the blind

IMAGE IS

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

BrainPort (Wicab)

Smartphone

P o
oy >
- Z7—h @féﬁ% LB )

7 AT 2 LB i 4 )
¥ BRMEETARTUA (i HE)

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

4




Haptic Radar

Haptic ‘radar

L

headband with wireless
‘Iight sigm'gﬁn g

Alwai'i':)‘i Cassinelli
Alexis Zerroug (@,
Carson Reynolds!

and/Masatoshijshikawa Ishikawa-Komuro lab

INFR R Mini Test REIRIEET

SEFEL
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