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Outline of the lecture

ANBEETHIF %, Measuring Human

R85 Human Vision System

Bet > /Visual Sensing

HET 1 A7 LA Visual Display

e FEE A > & 7 — X ,/Auditory Interface
e fMiE A X7 — X,/ Tactile Interface
e e A X7 x— X2/ Tactile Interface
HE. HEA X7 x—2X,/Haptic Interface
BENRE A > KX 7 — X,/ Locomotion Interface
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TODAY's TOPIC

1. IBEEOD X H = X L Haptic Perception Mechanism
2. NEBT 4 X7 L A D%FE Classifying Haptic Displays
3. BT 4 A7 L A4 DL Application of Haptic Interface




Antagonistic muscle pairs &350

Musculosdel
antebrazo

Codo—

Triceps
https://en.wikipedia.org/wiki/Anatomical term

H v TR (Principles of
Neural Science)
https://www.medsi.co.ip/kandel/

s of muscle

syousai/index.html
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-FEFHOEERFICHRH R TS (R X E)

*Two muscles are responsible for one joint.

*Muscle can only exert force when it shrinks.
*By Two muscles, “Force” and “Impedance(softness)” is independently presented.
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Receptors around Muscle and Joint

muscle i ﬁ%%fﬁﬁ
Slellglel Muscle Spindle

e Inside Muscle

« JILVREE
Golgi Tendon Organ

Golgi tendon « At the Tendon
" argan (Muscle-Bone

s B Connection)
spindle =l ,

joint DS - BEEIX AR
receptors Joint Mechanoreceptor
« Inside Joint

Golgi tendon
organ

Pacinian
corpuscle

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




hhE Muscle Spindle

enlarged view of muscle spindle
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https://en.wikipedia.org/wiki/Muscle spindle

« BRI OD 1R — 5 PR O 5 — B PRI S i D W R S T — S5 B
o lafifft (BR12-20um) @ BU/-ESBLUOREICRG (B ERE, XBID & > TIERE)
o M (BR5-12um) I XNABHAMBORT TWBIBAICRG CTIC & > TIRIEB)
c yEBH= 21— 0>, HIEROS VOBREKD (55 EHIET2RER (a-yEH) -
 |la afferent mainly detects length and velocity. Il afferent is for static length. T\
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$A SEIMERR A Spinal Cord

Extrafusal ; e
muscle fibers iR 3=}z
Dorsal root  Gray matter

IR TPIEHR

Dorsal root

ganglion
la FREEARAE \

h#hsE
Muscle
spindle

Ventral root L e L

Alpha motor
neuron

(b)

& & 5F Stretch Reflex

[HERS % Epneis & h, EhiAiER
Gastrocnemius & R RAL, aEE)
muscle y Za—0O P REEICH

maEh, FPIET .

. / !
’ RO5%iBBIC

h—ILy RIS T % Xk (Physiology of Behavior)
https://www.maruzen-publishing.co.ip/item/b294439.html

« A EIRICH| TSI N/BRICZ DEAAINHET D R 5T,

s ME—DE Y+ T X KET,

c WhW L BRERMI D 2 D—1&,

« ZEOHERFICER

o RIEFICHETUAD OESHHNH & N 5 (LadhHl R 5T)



Muscular fibers

Organ of Golgi, showing
ramification of nerve-fibrils

https://en.wikipedia.org/wiki/Golgi tendon organ

« BI8EH EROBITERICHFE. BHDO N2 L TEE,
o |bifiHE(BX12-20um)
« BERETD & D BRRFT T DHRIEIIKT L TIEERRHERD A58,
« R HE—E IR, B IS



IbHDE] 5T Golgi tendon reflex

Golgi DEHE
W Golgi tendon organ

la TREEHRAE

HiR
Daorsal root U3=11
=m Gray matter

#ARMAEE '\ Spinal Cord
Daorsal root

LIS
lroot @EE=2—H>
Alpha motor

| Hh neuron

Muscle

$&

SESL ERERAE |
Extrafusal
muscle
fibers

Inhibitory
~ |interneuron Ventra

H—ILy RS T £ X b (Physiology of Behavior)
https://www.maruzen-publishing.co.jp/item/b294439.htm!|

o TILVREEZRE ICHRRIED I S &ERED I - 7=FDBERMET I 3

s AFICIEMBOEHLEL D

« When a stretching stimulus is applied to the Golgi tendon organ, the tension in the
stimulated muscle is reduced. Antagonistic muscle activity occurs simultaneously. @ =
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Haptic lllusions (other than purely cutaneous |||u5|on)

“REE Vision + Haptics

D NN/

LH 4+ REREYE Cutaneous + Haptics



kinetic illusion by tendon vibration

muscle
spindle

receptors

Golgi tendon
organ

Leonardis, Haptics Symposium, 2012

® [EZ80HzDO#RENZ FT HiAL LB AT HI DS > TIREC H 1D (Goodwin 1972)
® RENMAIRICIDTEEZ I TBEEE ZHIL TN B Burke19764)

® (L AT7x—RELTDHZE S (M2009, Roll2009,Leonardis2012)

® i )7 R E) N A = ni FU T R ) K
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Influences of body shape and orientation by

Test
configuration

Test Experienced

Experienced :
configuration pattern

pattern

R\

a
& & R,

™ \@

!

Some Proprioceptive Influences on the Perceptual Representation of Body Shape and Orientation,” J. R. Lackner, 1988, Brain

BIZ X R2EZ DEAZIKRETIRIR B M THEREDEFHIER 5| LI T &,
S2NYEBHYIZHENIZIHEVNG W ERIRT 5,

If a vibrating stimulus is applied to the nose while the tip of the nose is pinched to induce the kinetic 1{lasion
of elbow extension, the nasal sensation is interpreted that the nose must have been physically stretched



Keigo Ushiyvama, Satoshi Tanaka, Akifumi Takahashi, and Hiroyuki Kajimoto.
The Effects of Simultaneous Multi-Point Vibratory Stimulation on Kinesthetic

[1lusion. Eurohaptics 2020
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CIEEHOBmEHDH Y, EROHTRIKICEGERZELSIELIET

EHERe L YIERSED T ENHEEKD,

®* THERE ARE MANY COOPERATING MUSCLES IN MOTION. THE ILLUSION OF
MOVEMENT CAN BE ENHANCED BY STIMULATING MULTIPLE MUSCLES

SIMULTANEOUSLY.



BELRHIC L BEEEEE Electrical stimulation to
tendon part also induce kinesthetic illusion
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® |-l —BHH DI D72 B <RI
v' 100Hz. 500us® ki 7S A
v B E B SR, HRK10mA —>
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Kajimoto: Illusion of Motion Induced by Tendon Electrical Stimulation. World Haptics 2013
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BRICELDNTT4 v IR (1) A X-BSHER
Vision Induced Haptics(1): Size-Weight lllusion

RILESsLo/NhNSVWHEDELYVECREKLS (RTPUELLD)
If two objects are the same weight, smaller one felt heavier.

b | \*"'
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Augmented Endurance:
Controlling Fatiue while Handling Objects by

Affecting Weight Perception using Augmented Reality

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

Ban et al.: Augmented Endurance: Controlling Fatigue while Handling ObJectf‘ Oy
Affecting Weight Perception using Augmented Reality, CHI2013. Qo



BEINCLDNT T4 v 8RB Q) va— N7 T4
27 Z Vision Induced Haptics(2): Pseudo-Haptics

BENLTEZICL > T, MENLGETIRZZER LS, YU X
H—VILDBEER L EEDT L — %K,

Visual motion induces haptic resistance. (ex) Braking
feeling when mouse cursor is suddenly slowed down.

http://www.irisa.fr/bunraku/GENS/alecuyer/projets_textures.html e



PseudoHaptics

https://github.com/HiroyukiKajimoto/PseudoHaptics
(RTRYEL L)




(IEEEVR2021 Poster) Tatsuya Kure, Shunichi Kasahara
LighterBody: RNN based Anticipated Virtual Body Makes You Feel Lighter

RNN based Anticipated Virtual Body Makes You Feel Lighter

LighterBody:

Tatsuya Kure, Shuniehi.Kasahara
Sony Computer Science Laboratories, Inc.

-

https://www.youtube.com/watch?v=Dnzxbyhz304
s BERDEAEDOEHEZRNNTTAH I, 100msELHEET 3 L HBHRIAEL A >7-LHITKL 5, :
« If you let the RNN predict your body's movement and draw it 100ms earlier, you will feel like your body is lightei
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Reduction of phantom pain by mirror box

V.S.9¥F v+ R
HET- T LA DA —

https://www.amazon.c
0.ip/dp/4042982115

IR T FReRo7BIC, VIMTEBALIERER LWDITEIL WEAZ R L D IRE,
O EDDIRER T Ko TeFROMAEZR(F T « v 7AWV, RIS [BULIAD ]
ZETHMATREAY 7T ILHREE, ZB2H EICRERWCHITREAZE LT %,

Phantom pain: After one’s hand/arm/leg was removed, pain seems to occur
from the removed site. One hypo.: Removed limb’s body map in the brain cames

wrong, and the brain generates pain signal.



STy IR TE—
Mirror box therapy

RN

B2

ST—Ry JRAEFEN, MFEFESTWEIEAAA—VIEE LT, A
THWITOFEZIN T IEATES, INICKYLIEBZEIRICERTE %,
Using mirror box, patients can “move” their lost limb in their brain, so that-

| %‘;

the phantom pain is dramatically reduced.



REIZ L B I8 H DI
Pain is reduced by visually making it small

RELE BT NRFZ2(E > TRAD B ZEHERT 2 EBADED,

Observing the pain region with reverted binocular, the pain is reduced.

« Moseley GL, Parsons TJ, Spence C. s. Curr Biol. 2008;18(22):R1047-R1048. | .
+ Mancini F, Longo MR, Kammers MP, Haggard P. Visual distortion of body size modulates pain perception. Psychol Sci. 2011:22(3):325-330.



BE+EEIC L AT T 4 v 755 Rubber Hand lllusion

T

http://www.youtube.com/watch?v=nzF DfOafKw
R TOAWEROFICMENATNESZ, FBICTLOFICRENARMT
525, LIEBLKTBETLOFIAEDOFTHDLHICREL S

Watching a rubber hand being stroked synchronously with one’s own unseen hand causes the

rubber hand to be attributed to one’s own body, to “feel like it’'s my hand.”

Botvinick, M., & Cohen, J.: Rubber hands "feel" touch that eyes see, Nature, 391, 756 (1998) g =
Armel, K. C., & Ramachandran, V. S.: Projecting sensations to external objects: evidence from skin  * ~
conductance response, Proc R Soc Lond B Biol Sci, 270, 1499-1506 (2003)




5/3—< 3 > : Rubber Hand lllusion (finger version)

HODFOBEZHRINILIBEICTEETS (RTP-THEL L)

You can try the rubber hand illusion using your finger. Take a photo of your hand and make a
simple setup as shown.

b I



%/\7 T 4 v 7 %% Cutaneous Induced Haptics :
Pinocchio |l

usion
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(IEEEVR2021 Poster) Ryota Kondo:
The Onset Time of the Dynamic and Static Invisible Body Illusion

The Onset Time of the Dynamic
and Static Invisible Body lllusion

Ryetagkondo
Toyohashi Univers,ify of Technology, Japan

F RS i

https://www.youtube.com/watch?v=u3DKAz8DgPk

Kondo,R., Sugimoto, M., Minamizawa, K., Hoshi, T., Inami, M., and Kitazaki, M. (2018). lllusory body ownership of an invisible body interpolated between virtual hands

and feet via visual-motor synchronicity, Scientific Reports, 8:7541 DOI:10.1038/s41598-018-25951-2 www.nature.com/articles/s41598-018-25951-2
https://www.jst.go.jp/erato/inami/project 3.html

« Invisible Body lllusion: VRZEEATF & B2 17 2B T %, I &L D> 7 AL > TEH

BEELNDHDEDICRER LN,

* Invisible Body lllusion: Draw only the tips of your hands and foots in VR space. By .~

synchronizing with the movement, the user feels as if there is a transparent body.
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#2252 Cutaneous
llusion of mohon

KEREIZK AT T 4
Induced Haphcs LB D

I
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000000
0000000\

00000000\ HEIANH LR I RT3
\ 00000000/ &, RO EE) (RO 1)) 12K ES
000000 Okabe et al., Fingertip Slip Illusion with an

00000 Electrocutaneous Display, ICAT2011
Q0000
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RERBZIZLH/NTT 4 v 758 Cutaneous
Induced Haptics : g1 mEEE Illusion of motion

Vibrator

Potentiometer

Rotating Disk

Cotton Twill, 8.5 ribs / cm
(from Breugnot et al., 2006)

OO
ST
. /‘% \
\_ CW lllusion )

® FNUSADQEERKIMFH +IRE Ik 25 EH=>FEAT

BrLi(TAIEEE,

Blanchard et al.,, Combined contribution of tactile and proprioceptive feedback to hand movement
perception, Brain Res. 2011.



[WorldHaptics2017] Haptic Feedback of Membrane Puncture with an MR-Compatible
Instrumented Needle and Electroactive Polymer Display* | Supplemental Material
Jung Hwa Bae, Amy Kyungwon Han, Christopher J. Ploch, Bruce L. Daniel, Mark R.

Cutkosky ‘/
//7
=

-

Frontal

e OV UNDMMIZKRE FTOMEOEE ZF| 2RI T, INHAERDIEDIE
e —HLABEWES, IBOFHEZOAHROEINEL, FHFENVICHZoAADLE

b, ¥EFchkRedirected Walking,
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FREREIZL 2/ 77 4 v 758 Cutaneous
Induced Haptics @ /N> — x5,/ Hanger Reflex

A

34
o 11 3332
s R 3
6 ,9" 30
7 29
: @ =
10 26
11 25
12 X 24
—_—— \ _ -\ 13 LA 1223
OISEEREBIC L > TANZHE i) g

O DEEE HbFFKE (RTP-oTHEL L D)
®Front temporal pressure induces “rotational” force perceptiai.
®Rotation itself is induced. e
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(25 SR A~D I H

T. Asahi et al. : Pilot Study of a Device to Induce the Hanger Reflex in Patients with Cervical Dystonia, Neurclagia
medico-chirurgica, Vol.58, No.D, pp.206-211, 2018



% 7 4 v 78 Cutaneous Induced Haptics : &
M HEae lllusory external force by pressure

rlabe in opposile dirgcticn ! .
< rotate in same direction
‘ | | & '

operator's
firgar

generated r pararabad
vertical force . 4 shaaring larce

http://reality.ei.tuat.ac.jp/ https://www.youtube.com/watch?v=0EGBXu-

A pseudo-force-feedback device by fingertip tightening for multi- N51w

finger object manipulation Minamizawa, Haptic Interface for Middle Phalanx
G Inaba, EuroHaptics2016 Using Dual Motors, EuroHaptics, 2006.

FEEE. BEM @ BB IC L 2 UK NIRREB DIRE & 3/, HRVRE Minamizawa: Wearable Haptic Display to Present
= EE,2007. Gravity Sensation - Preliminary Observations and

Device Design", WorldHaptics 2007

s KIBDEBIZK Y, BEEIADH LKA THANEZREL S

« Simple pressure sensation is perceived as external force.



ZoNSA L/ u1Ja board‘?

otion in Terms,of Haptie
oticiCue and Another Player

i, trz. 2
Takahiro Shitara’, oJ Yemaptliroyuki lz'émlmoto1

1: University, of Electro-CommuniCationes SEpAnRZAlokyoIVetropolitan Unlversrty Japan
x ‘ f

o ZToKNEAERBRARIZE ST ROEERTEL THH,

«  VRERETHEHBAPZRINDS GRALTHIRIND) LEZE BN,

«  Explains Oui-ja board as an illusion of force sensation through skin sensation.
Movement increases when multiple people are displayed in the VR environment
(responsibilities are shared).

T. Shitara, V. Yem, H. Kajimoto: Reconsideration of Ouija Board Motion in Terms of Haptic lllusions (1V): Effect of Haptic Cue and ', .m?her
Player, SIGGRAPH2019 Poster, 2019.7

-



TODAY's TOPIC

BEEE D X 5 = X L\ Haptic Perception Mechanism
{4 A7 LA DNFE Classifying Haptic Displays
A4 A7 LA DB Application of Haptic Interface

1. OR
2. BT
3. 8T




jj /Ej?— 4 A 70 L /f @%fﬁﬁ Grounded and Wearable Haptic Display

= B —
CAVE automatic virtual environment (Wikipedia) Head Mounted Display (wikipedia)
https://en.wikipedia.org/wiki/Cave automatic virtual environment  https://en.wikipedia.org/wiki/Head-mounted display

RIERDT 4 A7 LA LAk RIFECIFRIFRICHIERIRE?

Like visual and auditory displays, there are environmental type and non-environmental type. -



IRIBT = &8 J/Ermronment type ~ Encounter type
Active Environment Display (Tachi et al., 1994)

___.J

>
= b

& -
http://tachilab.org/modules/projects/aed.html

S. Tachi, T. Maeda, R. Hirata and H. Hoshino: A Construction Method of Virtual Haptic Space, Proceedings of the 4th %
International Conference on Artificial Reality and Tele-Existence (ICAT '94), pp.131-138, Tokyo, Japan (1994.7)




TILT T IV E R
Encounter type + Wearable

(UIST2020) Haptic PIVOT: On-Demand
Handhelds in VR
Robert Kovacs, Eyal Ofek, Mar Gonzalez Franco,

Alexa Fay Siu, Sebastian Marwecki, Christian
Holz, Mike Sinclair

https://www.youtube.com/watch?v=uOhxQ5nK0O6U

(IEEEVR2021) Arata Horie, Mhd Yamen
Saraiji, Zendai Kashino, Masahiko Inami:
EncounteredLimbs: A Room-scale
Encountered-type Haptic Presentation using
Wearable Robotic Arms

https://www.youtube.com/watch?v=pLEdvauF40g

In this study, we propose EncounteredLimbs; an encounter-type tactile presentation method using
a wearable robotic arm.




(CHI2016) Haptic Retargeting: Dynamic Repurposing of Passive Haptics for Enhanced Virtual Reality
Experiences, Mahdi Azmandian, Mark Hancock, Hrvoje Benko, Eyal Ofek, Andrew D. Wilson

https://www.youtube.com/watch?v=v-5u0z4zA 8

HMDIC & 2 BEZHEIC L >, BEOYHEAERAZEF - TLE LS RT3,




Haptic Retargeting 73157
Annexing Reality

Enabling Opportunistic Use of Everyday
Objects as Tangible Proxies in Augmented Reality

Anuruddha Hettiarachchi
Daniel Wigdor

dgp’ & 1RoNTO

https://www.youtube.com/watch?v=xL3WJQuyZil

(CHI2016) Annexing Reality: Enabling Opportunistic Use of Everyday Objects as Tangible
Proxies in Augmented Reality, Anuruddha Lakmal Hettiarachchi, Daniel WigdorlR 2 ZZfE 0¥
FREVREEOYARE L TIOE 2 Z &L THMELZIRT

Knock on Wood:

Combining Redirected Touching and Physical Props for
Tool-Based Interaction in Virtual Reality

Patrick L. Strandholt, Oana A. Dogaru, Niels C. Nilsson, Rolf Nordahl, Stefania Serafin
Aalborg Univeristy Copenhagen

Music: “A White Girl Named Nikki* by Peez. U:

https://www.youtube.com/watch?v=K0eQoFfZXLQ

h permission from the artist

(CHI2020) Knock on Wood: Combining Redirected Touching and Physical Props for Tool-Based Interaction in Virtual Reality, Patrick L. Strandholt;Oana A. Dogaru;Niels C. Nilsson;i¥ f

Nordahl;Stefania Serafin .
EY) % - 7-HapticsT, BEMNATHLDOT /=y 7 %S, FIMLATLL,
Use visual shifting techniques in haptics with real objects, the nails are sinking.

Saarland Informatics ) urqlm?ﬁ:_ﬁﬂ
SIC Campus I!'ll'"

IEEE\R

Blink-Suppressed Hand Redirection

-y cerman
Research Center
- for Artificial

—

André Zenner Kora P. Regitz Antonio Kriger

Saarland University & German Research Center for Arfificial Inteligence (DFKI)
Saarland Informatics Campus, Saarbriicken, Germany

IEEE Conference on Virtual Reality and 3D User Interfaces 2021
March 27" - April 3¢, 2021 - Lisbon, Portugal (virtual)

https://www.youtube.com/watch?v=gNES3EZ9Bcg

(IEEEVR2021) André Zenner, Kora Persephone Regitz, Antonio Kriiger
Blink-Suppressed Hand Redirection
Haptic Retargeting%. B E OBRMICITS . HTOHF(Redirected Walking) TiThhizZ
EEFOEETHEC-72HD,
Haptic Retargeting is performed at the moment of blinking. Similar technique from
Redirected Walking.

I i i

(a) (b) (c)



(IEEEVR2016) The Wobbly Table: Increased Social Presence via Subtle Incidental
Movement of a Real-Virtual Table, Myungho Lee, Kangsoo Kimy, Salam Daherz, Andrew Raij

Virtual Environment

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

WEVRIRBE TSl A A X 22 Z2&%(T5, VREIICH ZDHEXDEHARIREIND, VR
A DVirtual Humanl&d Z OB Z D EICHMMICINET D Mo FTER=ZEHRE) |
CERGR, ZERIEBFRAGENEFAINDG, IREODHEDZE-T-b Lo & LtHaptlcsb\
IR A E EIT 3 254,

In the face-to-face VR environment, the desk wobbles, and this is reflected in the ¥R.
The sense of presence and the sense of shared space are emphasized. “’



Drone based haptics (encounter-type).

—
-

- L
I i L o S i

—

https://www.youtube.com/watch?v=7MRCRywAOQpA https://dl.acm.org/doi/abs/10.1145/3027063.3050426

(SUI2016) A Non-grounded and Encountered-type Haptic Display (CHI2017) Tactile Drones - Providing Immersive Tactile Feedback in
Using a Drone, Yamaguchi et al. Virtual Reality through Quadcopters, Knierim et al.

i

https://dl.acm.org/doi/abs/10.1145/3282894.3282898 https://www.youtube.com/watch?v=JJV6fbCqgmb6g S
(MUMZ2018) VRHapticDrones: Providing Haptics in Virtual Reality ~ (CHI2019) Beyond The Force: Using Quadcopters to Appropriate ™
through Quadcopters, Hoppe et al. Objects and the Environment for Haptics in Virtual Reality, Abtahi et al.




(CHI2020) Haptic-go-round: A Surrounding Platform for Encounter-type Haptics in Virtual Reality
Experiences, Hsin-Yu Huang;Chih-Wei Ning:Po-Yao Wang;Jen-Hao Cheng:Lung-Pan Cheng

Haptic-go-round

A Surrounding Platform for Encounter-type Haptics
in Virtual Reality Experiences

Hsin-Yu Huang®*, Chih-Wei Ning*, Po-Yao Wang,
Jen-Hao Cheng, Lung-Pan Cheng

*Both authors contributed equally to this work

« https://www.youtube.com/watch?v=AvB4rxwzbmE
« HapticsHD T /N4 WA Y ICHZHIEBEINT WL S,




e FD. thEZIFS

Room or Wall Haptics

(CHI2020) RoomShift: Room-scale
Dynamic Haptics for VR with
Furniture-moving Swarm Robots
Ryo Suzuki;Hooman
Hedayati;Clement Zheng;James L.
Bohn;Daniel Szafir;Ellen Yi-Luen
Do;Mark D. Gross;Daniel Leithinger

https://www.youtube.com/watch?v=40WU60gTOFE

R EDENRIICEL T B VRHapticsIRiE,

video speed: x 2 first person view in VR

- (UIST2020) ZoomWalls: Dynamic Walls that
: | Simulate Haptic Infrastructure for Room-scale VR
| World
- | YAN YIXIAN, Kazuki Takashima, Anthony Tang,
——— Takayuki Tanno, Kazuyuki Fujita, Yoshifumi Kitamura

https://www.youtube.com/watch?v=t6J65a1S1y0  ° .




(CHI2020) MoveVR: Enabling Multiform Force Feedback in Virtual Reality using Household
Cleaning Robot, Yuntao Wang:Zichao (Tyson) Chen:Hanchuan Li;Zhengyi Cao;Huiyi
Luo; Tengxiang Zhang:Ke Ou;John Raiti;Chun Yu:Shwetak Patel:Yuanchun Shi

e https://www.youtube.com/watch?v=JejpEtvHxeY
s RAWEHRAORY hENT T4y I TNRAXELTHET S




<E> j] Ef_ 14 A 70 L /f @%fﬁl‘?\ Grounded and Wearable Haptic Display

CAVE automatic virtual environment (Wikipedia) Head Mounted Display (wikipedia)
https://en.wikipedia.org/wiki/Cave automatic virtual environment  https://en.wikipedia.org/wiki/Head-mounted display

RIEREDT 4 A7 LA LAk REREIFRIFAICHIEARE,

Like visual and auditory displays, there are environmental type and non-environmental type. -



JERBEDNET 4 A 7L A DFEE
Configurations of non-environmental haptic displays

A

Wear

foFF
Hold

BRiEiEH# Environment Grounded BiXizih Body Grounded
« EERIN . IBIFEAWear or Hold
« XEW I FOIRHELDHEIR Wear type presents “hand, finger” behavior.
« WA L Y —ILDIRDE WL DOEIE Hold type presents “tool” behavior.
 IRIBEEHIA . BREEHEA,How it is grounded
o IRIBEEMH C AT L TJ% FIE Force is applied from environment. qUo
o BREH | B D BRI & DEIZT %Z FEIE Force is exerted in between body parts.



FEHld A EE A Why grounding matters?

RIBICEH T 2 EFTED N D AHIRRAIEE, BEICEMT 5 CIERAREATHO N FEET 5.
When grounded to the environment, the desired force can be presented. When grounded%>\s
the body, the action-reaction generates other forces.



CyberGrasp/CyberForce

Fate

http://www.youtube.com/watch?v=Td7QcAgCtWE&feature=fvw

FEM, BamIIREE, & B AER,
Wear type. The whole arm is environmental
grounded, whereas each finger is body grounded.




SPIDAR-8

)

= f |
« Wear type. Environment grounded. https://www.youtube.com/watch?v=ZUb4-g8J93k
« (left) 4 finger, (right) 4 finger Somsak WALAIRACHT, Yasuharu KOIKE, Makoto S&TO-A

New Haptic Display for Both-Hands-Operation: SPICAR=S,

* One finger is pulled by 3 wires ISPACS’99



FH. FORTEMIHMAIET S

Grounded to wrist, back of the hand, or palm

https://www.youtube.com/watch?v=fgRaw9k-Eug

https://www.youtube.com/watch?v=yt1Q0NWO8maqg
(CHI2018) CLAW: A Multifunctional Handheld Haptic

Controller for Grasping, Touching, and Triggering in Virtual
Reality, Choi et al.

HEINICESE 7L —FTCHERRS “ARIEORDNRETRLEWNT TT7 27 h
0—7, FE7ICER AWM. FEII AL RILE L TER, o

(CHI2018) DextrES: Wearable Haptic Feedback for Grasping in
VR via a Thin Form-Factor Electrostatic Brake, Hinchet et al.



fe[a)+ TEEHE 9 5 Mutual grounding to fingers

https://www.youtube.com/watch?v=kgE7JwlUuX4

-

Choi, I., Hawkes, E. W., Christensen, D. L., Ploch, C. J., and Follmer, S. Wolverine: A wearable haptic interface for graéﬁng n
virtual reality. In Intelligent Robots and Systems (IROS), 2016



Grounded to the other body parts (String or belt based)

Pipe Motor Holder

DC Motor — > =33

Wire o
Encode Pen ::'::.?:":{
DC Motor / .y

Aluminum
frame

(IEEEVR2001) HapticGEAR: The development of a wearable (AH2010) Exolnterfaces: novel exosceleton haptic interfaces
force display system for immersive projection displays. Hirose for virtual reality, augmented sport and rehabilitation,
et al. Tsetserukou et al.

HapticSphere: WIREALITY

Physical Support to Enable Precision Touch

Interaction in Mobile Mixed-Reality Enabling Complex Tangible Geometries in

Virtual Reality with Worn Multi-String Haptics

Chiu-Hsuan Wang, Chen-Yuan Hsieh,
Neng-Hao Yu', Andrea Bianchi?, Liwei Chan

Industrial Design, NTUST, Taiwan'
Industrial Design, KAIST, Korea?
Computer Science, NCTU, Taiwan

[8f
1
&

8siane

https://www.youtube.com/watch?v=VAvPfg4rrNc https://www.youtube.com/watch?v=-0mZJaTVQKQE :
(IEEEVR2019) HapticSphere: Physical Support To Enable (CHI2020) Wireality: Enabling Complex Tangible Geomelrias
Precision Touch Interaction in Mobile Mixed-Reality, Wang et al. in Virtual Reality with Worn Multi-String Haptics, Fang et al.

R




/Ny TSR + SRR

Passive elastic elements + body grounded

Tracking devices

Flastic Cabja
e

Shoulder strap

Hand strap
https://www.youtube.com/watch?v=ub7pz5 TXX8 (3DUI2017) FlexiFingers: Multi-finger Interaction in
(IEEEVR2015) Elastic-Arm: Human-Scale Passive Haptic Feedback for VR Combining Passive Haptics and Pseudo-
Augmenting Interaction and Perception in Ves, Merwan Achibet et al. Haptics

Merwan Achibet et al.

c FHBICHL TNy TRHEENZIRTT S ET, VREEFaﬁ’C‘G)jJ%@%W’%EZ%%gé
\\

« A passive elastic plate enhances realism of force perception in VR space.



F
-

FRR, Il L RBAREE, T 7-20978 IVRC1993
https://www.youtube.com/watch?v=90Vd45N1j00

c BT DEBEXRIM TEI N 21T, BE, LI LRBEZFATOMELLEL %,
« BEHERLLIZ BN, MBEERNEXRIAD DI TIEH < H o FH

* Antagonist Muscle is electricall stimulated. Light weight, but strong tactile

sensation also. Grounded to joint. Used in the field of Functional Elechu,al
Stimulation (FES). IS




36V

Anode
=
ESP32 Cathode H H (ZDEIZLRETIEH WD TIHEERETT,
DA i Tr » BDELLWVLWEHLETLZI L,
B R 200-500us, 60pps This circuit is not safe and not recommended. ) «~

7



(%) &8N 5 Vﬂ/l\/luscles forfmgers

apfipuosyda prpayi

.ht.tps://en.wikipedia.org/w Deep muscles of the Deep muscles of the Superficial muscles of
iki/Muscles of the hand posterior forearm (#18])  anterior forearm (R2{8])  the forearm

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

c FFBICEZ L DEmAIBE, £ <A RIBICFIE,
o« FHE  BIEERIZH Y KREDEE) X ZFE Y Extrinsic hand muscles: Large & coase fmge%)’u =N
« I EHRIZH YA BN E 3B Y Intrinsic hand muscles: Small & fine finger motion.



EMS for HCI

https://www.youtube.com/watch?v=9XBoZyfB8hY https://www.youtube.com/watch?v=KMxIfj7zhlw

(CHI2011) PossessedHand: Techniques for controlling (CHI2015) Proprioceptive Interaction, Lopes et al.
human hands using electrical muscles stimuli, Tamaki et al.

g,gs;ge, Controllmg Maximal Voluhtary Conff%ﬂbn

"8 of the Upper lilb Muscles =
by Facial Electfical Stumulatxgn_ E

-

=
Fo o

adding force feedback to mixed reality — 3 by -—
: : : . G Arir Nlulma = s
using electrical muscle stimulation ! _ —
| — Takashi Is Ryosu e Aoku
# 2¥ pedro lopes, sijing you, alexandra ion and patrick baudisch
Tomoki Way B Tomohito Yamada——= —
N
NTT Cowporation
https://www.youtube.com/watch?v=gHRn05Kmzew https://www.youtube.com/watch?v=R1DDTgT5X04
(CHI2018)Adding Force Feedback to Mixed Reality (CHI2018) Controlling Maximal Voluntary Contraction of the
Experiences and Games using Electrical Muscle Upper Limb Muscles by Facial Electrical Stimulation, Niijima ¢t al.

Stimulation, Lopes et al.



(CHI2021) Increasing Electrical Muscle Stimulation’s Dexterity by means of Back of the Hand Actuation
Akifumi Takahashi, Jas Brooks, Hiroyuki Kajimoto, Pedro Lopes

these fingers are actuated
independently by electrical
muscle stimulation (EMS)

https://www.youtube.com/watch?v=Sp8E09t90A8

c FORAIN S, EHEHMITTATRIOHZERET 5,



JERBEDNET 4 A 7L A DFEE
Configurations of non-environmental haptic displays

A

Wear

foFF
Hold

BR1EiEH Environment Grounded B{Xizih Body Grounded

« BEERIN . ELEFEIA Wear or Hold
« HER  FOIRSE VDB Wear type presents “hand, finger” behavior.

o HEEFA Y —IILDIRDFE L DOHIR Hold type presents “tool” behavior.
- IRIBIEMD . BIRERDHow it is grounded
o IRIBEEMH C AT L TJ% FIE Force is applied from environment. N o

o BREH | B D BRI & DEIZT %Z FEIE Force is exerted in between body parts.



PHANToM (SensAble)

https://en.wikipedia.org/wiki/Thomas Massie

ORLELBNT T4y I TNAR, 6BRHEZYR—F
OIEY Yy VXA THERARINEDZL IRV Ty T 2AT
®Most Famous Haptic Interface with 6DOF

®Fingerstall type was developed, but most are pen-grip type

Massie T. H., Salisbury J. K., “The PHANTOM Haptic Interface: A Device for Probing Virtual
Objects,”Symposium on Haptic Interfaces for Virtual Environmet and Teleoperator Systems, 1994.



PHANToM. PHANToM Omni (SensAble)

http://www.youtube.com/watch?v=u9jdhUvOmMw&feature=related

http://www.youtube.com/watch?v=REA97hRXOWQ N3




EEMN PN O/NS CTREDEND
Small but significant difference between wear type and grip type

« ZER /Wear type :
c JEZ L ICHR— Fd BE Each finger must be supported
« VRt % F CEEMAR S (Z1Z78/ Direct touch in VR is possible

« #8555 Grip type :

s [y | FOFEHOFCERICH L THRR (BEEFRE) | B~ONIRRIIHE
19 Force is presented to “Tool”, and presentation to hand is indirect.

« % { OIS TIRERME/Practical solution for many applications oy



INTLIILY o 2,7
Parallel link type

|

http://www.youtube.com/watch?v=0h7saN3hl68 http://www.youtube.com/watch?v=mW70elK9Yrs
Omega (force dimension) Falcon (Novint)




ASPIDAR

=

103

ZUb4-g8J93k

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




HapticMaster (MOOG FCS)

http://www.youtube.com/watch?v=tgGEcE1VS6|

- EERORY RN Y I RETANREY T ORVERE+ Dt

« Rigid structure without back-drivability, like industrial robot. With force senso-
| S

Van der Linde R.Q., Lammertse P., Frederiksen E., Ruiter B(2002) The HapticMaster, a new high-performance haptic interface



B AEDD LoD DL EM? Make it light, or make it rigid?

Ny 7 RZ A4 Y T 4 /back-drivability = H hEh & BE#SHHE 20 E 5 D
Whether output shaft can be moved directly

BEDOEE/ Ordinary gear : Ny 7 K7 ANNE YT 48, ZLETHAKRZTNIZ
Y (1:50F2) Back-drivable, but reduced if gear ratio is higher.

A —LF7/Wormgear : /X7 K7 A4 /NE'Y T 4 # Not back-dribable. y

H N EhE B D 1280, /SRS ANT L ESNTHIEA S &

As Human handles output shaft directly, control method is closely related to back-drivability




X AEDLD L >H Y DL BH? Make it light, or make it rigid?

e |[[&

. B\ EE
- A VEENE, E¥ L.
- RNy I RSANREYTF4H)

W] EE

ERBORY ML
BETH, I-FEBHH L
Y RSO N I



B EEOSIE A E

How to control “light” haptic interface”

0 X
| B

nlor MX=f —cx—kx

C
A

Ao E—X VBN I 1L — FFEE
e FHDAIE A
s IBVCEEICILLCT=-TZE T,

s FRDEBELHYIAG LB SBAT NS, HET
EZDONT- T TEHABEAINE=/1"v I 74 F 4

Impedance based method

* Measure grip position.
e Qutput force according to the position and velocity.

S
B

2T LA 13eE

* As in the first step, position must be changed by the user, the haptic

interface must be back-drivable.






|BX\ ] LB O E
How to control “rigid” haptic interface”

0 X
| >

nl e MX=f —cx—kx

—VW\~

7RIy VABEDII 2L — FFEE
o JpfitE D% 5HE|
c ZOAITEDE, FENE SFHIHNEHE, ZoEEA H .

CERICNC I IBBED, Ny I ETANE) T ETE, EERAOFRY FEO
B R E % 7P A AE

Admittance based method
 Measure operator’s force

- Calculate world’s behavior according to the force, and change position of the
grip.

- Force sensor is necessary, but back-drivability is not. Rigid robot can be tgea
such as industrial robot. 3



SEEH O N EIRREE L A gED
s non-grounded haptic display possible?

</

XA EDNEH T, Somehow exert physical force.
(Ao DMILT ZH T, Exerttorque.
ERE I E 2 H, Substitute with cutaneous cue or use iliugicn.



B (Fa—>) Z2FB L8R
Haptic display using wind (or drone)

LevioPole

Mid-air Haptic Interactions using Multirotor

1
I 113
3
1 J
AN f
- -

etk
Thor’s Hammeér: ,
An Ungrounded Force Feedback Device
Utilizing Propeller-Induced Propulsive Force

Seongkook Heo Christina Chung Geehyuk Lee Daniel Wigdor

& TORONTO KAIST

https://www.youtube.com/watch?v=Y3hs2RUM4Z0Q https://www.youtube.com/watch?v=0h3SDRaOR 4

, _ (Siggraph2018) LevioPole: Mid-Air Haptic Interactions Using
(CH.I2018). Thor s Hammer: An Ungroundeq Force Feedback Multirotor, Tomoya Sasaki Richard Sahala Hartanto Kao-
Device Utilizing Propeller-Induced Propulsive Force,

Hua Liu Kei Tsuchi A hi Hi Masahik
Seongkook Heo, Christina Chung, Geehyuk Lee, Daniel Wigdor |nl:;:nilu eltarou Tsuchiya  Atsushi Riyama asantxo

7aRZICLBNERR FoO—>I2 &5 hEIRR




it (B0, |, etc) #Z 2 % / Change physical properties

‘ ElastOscillation:

' 3D Multilevel Force Feedback for Damped Oscillation
on VR Controllers

Hsin-Ruey Tsai, Ching-Wen Hung,
' Tzu-Chun Wu, Bing-Yu Chen
‘ National Chengchi University
National Taiwan University

3

.

https://vvvvvv.youtube.com/_watch?\{=TJA7pS_V\/l\/|85Y _ _ https://www.youtube.com/watch?v=VoMLVFoWFwo
(SIGGRAPH2018) Transcalibur: Weight Moving VR Controller for Dynamic Rendering of (CHI2020) ElastOscillation: 3D Multilevel Force Feedback for Damped Oscillation on VR

2D Shape Using Haptic Shape lllusion, Jotaro Shigeyama Takeru Hashimoto Shigeo . AL . .
Yoshida Taiju Aoki Takuji Narumi Tomohiro Tanikawa Michitaka Hirose Controllers, Hsin-Ruey Tsai;Ching-Wen Hung; Tzu Chun Wu;Bing-Yu Chen
BOVMIBEZLEE 2+ EY 27 ILOREAELYE THA LR % BIE, JL+BHY T, RNEZERDH L THEZE

Drag

André Zennl‘er
Antonio Kriiger

DFKI
Saarland Informatics Campus
Germany

https://www.youtube.com/watch?v=bNRKsab2y6c https://www.youtube.com/watch?v=kiNHgsaolxc

(IEEEVR2021) Shuntaro Shimizu, Takeru Hashimoto, Shigeo Yoshida, Reo Matsumura, (CHI2019) Drag: on - A Virtual Reality Controller Prov'\ding Haptic Feedback Bagsedgn Cr=g and
Takuji Narumi, Hideaki Kuzuoka Unident: Providing Impact Sensations on Handheld Objects Weight Shift, André Zenner, Antonio Kriiger y .°
via High-Speed Change of the Rotational Inertia VRIRIEH TORL LFTHO2LOEEHT 2, BFEE) Z & TiERETHY, %

BOBECL DNV FALVEARER, 41 X7 FEOXRRD



(IEEEVR2021) André Zenner, Kristin Ullmann, Antonio Kriger
Combining Dynamic Passive Haptics and Haptic Retargeting for Enhanced Haptic
Feedback in Virtual Reality

Proof-of-Concept Scenario

We investigate the haptic rendering

of mass distribution inside a virtual stick
leveraging physical proxies.

https://www.youtube.com/watch?v=C2zprVoPEzs

« BOFROEY) OBLBE L, BEMREOFOMET o L (Retargeting) ZHAEHE T, FTEDE /MU
BOEZXRIET 5,

« Combining the center-of-gravity shift of the weight in the stick and the hand displacement i
(retargeting) of the visual image, the stick with the desired center-of-gravity position is represented.




>y A ARNEOH A/ Using gyro effect

E@

1L
T
(o] Sm %




A AXNEDOFA ¢ R [AEr— [P ER A )

Using gyro effect: Rotation axis is turned

y i ——y
HFI . ZBEE, 20 Fk Yy O0EFE—AVI%E
BWi-HEEREE, HAVRESHEEV0L.7 No.3 (2002)
http://intron.kz.tsukuba.ac.jp/gyro/gyro_j.html

ehttps://www.youtube.com/watch?v=s26bmD8wR28

+(UIST2017) GyroVR: Simulating Inertia in Virtual Reality using Head Worn Flywheels,
Jan Gugenheimer, Dennis Wolf, Eythor R. Eiriksson, Pattie Maes, Enrico Rukzio

N=RF A4 RIAEGA+EERSTBEOY v A OSSR TIERBRE LS E S, [HMDICHEMA
FNfE] O ZHAIFHME, The hard disk is rotated and the gyroscopic effect
generates torque, which is made to feel like resistance.

'
i*
1

%)
Ly

https://vvvvvv.ncbi.n|m.nih.gov/pmc/articles/Pl\/lC6078422/

(HapticsSympo2016) A Dual-Flywheel Ungrounded Haptic Feedback System

Provides Single-Axis Moment Pulses for Clear Direction Signals
Julie M. Walker, Michael Raitor, Heather Culbertson, Philipp Stolka, Allison Okamura

H—DYvAO0TY v A AMRICLS PLIRRZTH &, EEREAEHL TN
KI-DFENDHD LT ERELTLED, INE2DDT7 T A KA - LI
E-oTHFxv i,

When a single gyro is used to provide torque by the gyroscopit &ffect, an
undesired axis of torque is also generated. This is cancelled bﬁhwg%’cwo
flywheels.



n|&rEE 21/ Change of rotation speed

GyroCube

1DMDE—43 [\Ex
https://youtu.be/J8YVKIXFmTs?t=492 http://staff.aist.go.jp/n-
Daijiro Koga et al., Virtual nakamura/HapticNavi/movie.html
Chanbara, Siggraph2002 A, BEHEZxFA l,f:jjgéjmﬁx a
http://www.siggraph.org/s2002/conference/ete  /NA X, HAENR—=F v L) 7Y F 4 SHEL
ch/virtual.html 6-2, pp.115-120, 2001

b, FH, "GyroCube& FHULN /-
HapticCompass DigZR", BE1TY sl
L, 2002 L\



BINEE OF A Using Asymmetric Acceleration

Traxtion:

A Tactile Interaction Device
with Virtual Force Sensation

Jun Rekimoto
The University of Tokyo, Japan |
Sony Computer Science Laboratories

Jﬁtp://rekimoto.org ol

Buru-Navi (Amemiya et al. 2004~) Traxion (Rekimoto et al. 2013~)
http://www.youtube.com/watch?v=Y] WnNWV8F4 https://vimeo.com/84665437 @
. . . . N
http://www.kecl.ntt.co.jp/human/burunavi/ https://lab.rekimoto.org/projects/traxion/




EE327< © Multi-DoF presentation

gravity

V. Yem, R. Okazaki and H. Kajimoto, "Vibrotactile and

Pseudo Force Presentation using Motor Rotational Choi (UIST2017) Grabity: A Wearable Haptic Interface for Simulating Weight and
Acceleration." Proc. of IEEE HapticsSymposium 2016. Grasping in Virtual Reality https://www.youtube.com/watch?v=Vi790L cxnDk
BIFHIFREE AEBOBTHEL, 220 L TIREFCLETESERE FILYBEERTR,

Translation Cues Rotation Cues
_ | I" -
= | e S|
Q- : ' - Vibrator (L-ch)
) Electromagnetic =
L ; mation sensor
L L] {Transmitter)
ke hngen — e fingy I L — L. ke firger) .
N g TR Electromagnetic
P Sl il _____ (S S . e e imieng motion sensor
BE= {Raceiver)
s =3 e =3 o e i
by (dy
Culbertson (CHI2017) WAVES: A Wearable Asymmetric Vibration Tanabe (EuroHaptics2020) Motion Guidance Using Tran5|dt|0nd| =
Excitation System for Presenting Three-Dimensional Translation and Force and Torque Feedback by Induced Pulling Illusion "

Rotation Cues http://library.usc.edu.ph/ACM/CHI%202017/1proc/p4972.pdf ~ https://link.springer.com/chapter/10.1007/978-3-030-58147- 3 52




INVFT— B D BARDADHRALA~DE ] (Hifli, 1

Nakamura et al., Application of Hanger Reflex to wrist and waist. IEEE VR 2014 v



Several skm drag type displays (especially on the forearm)

https://ieeexplore.ieee.org/document/  https://dl.acm.org/doi/10.1145/2160125.2160141 https://www.youtube.com/watch?v=H-megrNfgDo

5444675 (HS2010) Skin nonlinearities  (AH2010) Transmission of forearm motion by (CHI2015) Skin Drag Displays: Dragging a Physical
and their effect on user perception for tangential deformation of the skin. Kuniyasu et al. Tactor across the User’s Skin Produces a Stronger
rotational skin stretch, Shull et al. Tactile Stimulus than Vibrotactile, lon et al.

I
@m—n 2021

Springlets: Expressive, Flexible

On-Skin Tactile Interface

Nur Al-huda Hamd
Jurgen Steimle - J:

GugLfleBan

Intuitive 3D Multilevgl = rceﬂ@mdaﬂce on a Wristband jh Virtual Reality

Hsin-Ruey Tsai, Yuan-ChigiChg ff/zu Yuh Wei, Chih-An Tsao,
Xander Chin-yuan Koo, H38-Cfitfan Wang, Bu'm u Chen

Bds @0:35:1 @, 500, @kiow UCDAVIS

SAARLAND
RWTH (| UNIVERSITY
| —
COMPUTER SCIENCE

hci.rwth-aachen.de/Springlets

College

UNIVERSITY OF CALIFORNIA

https://www.youtube.com/watch?v=HsC4gczjDJ0 https://www.youtube.com/watch?v=9gRQG_QzbPg
(CHI2019) Springlets: Expressive, Flexible and Silent On-Skin (CHI2021) GuideBand: Intuitive 3D Multilevel Force Guidancemi &

. Wristband in Virtual Reality
Tactile Interfaces, Hamdan et al. Hsin-Ruey Tsai, Yuan-Chia Chang, Tzu-Yun Wei, Chih-An Tsao, AR\

Xander Koo, Hao-Chuan Wang, Bing-Yu Chen




TODAY's TOPIC

1. AEEED X = X L Haptic Perception Mechanism
2. 18T 4 AT LA DONHE Classifying Haptic Displays
3. 8T 4 X7 L4 DI Application of Haptic Interface




(B) mET 4 X7 LA OISENEO G
Elements of application Tor tactile display

* Touch Panel & Mobile

s MHZHNEKR, ZAMLERE L TOME
 Emotion, Affection

cIRIIEEZANOEETE T, BLWBEEANEENITHI EHNHES
« Navigation, Instruction

c T X EHEIZICEZER RN CE S, F-EEHOERSHFETES
 Reality, Multimodal

c MRENRIEE (CIH D Z & THEER, IREREZ EIT2Z EAHKES
« The Whole Body

s BREEADOMEIRRICLY ., MEICHERGRZEL D
« Tactile AR

- MBEZIREHRTES Z & TARLT 5



NET 4 A7 LA DIGHDEO AR
Elements of application Tor tactile display

« Mobile

s MGZHAEKR, ELERE L TOME
« Emotion, Affection, Communication

c ABERERELEHICOI2=—2a v DERERD
« Navigation, Instruction

c NRIISHEZICEEFERERTE, KERRICHAERICIEEICEH D
TLEDHTZT D,

* Reality, Multimodal
c NBIIFERE L EHIC, BER BERZ LEITHZ EAHEKS
« The Whole Body
« BIEREERANDNEIRKIC . RIBREEL S

« Haptic AR
s NEZIREWHFTHED T & TARLT 5



o5 - 25 - T/ LSPIDAR

%

https://www.youtube.com/watch?v=7Ub4-g8J93k

The Whole
Body

Navigation
Instruction

Mobile




Remote mutual communication Emotion, Affection, Communication

Robotic User Interface

2INOKY:

A RING TEINT AMIMATES YOUR 2LUSEH TOYS

https://www.youtube.com/watch?v=qygCh35 oBA
(CHI2012) PINOKY: a ring that animates your plush toys. Sugiura et al.

http://files.tachilab.org/publications/intconf2000/Sekig
uchi200412ICAT.pdf

(ICAT2004) The Design of Internet-Based RobotPHONE,
Sekiguchi et al.

inTouch: A Medium for N S———— : ‘\‘
Haptic Interpersonal . 2 — - ;
Communication CHI 1997 https://www.youtube.com/watch?v=gVkFL-G2biE

(AsiaHaptics2014) Force Control of Stuffed Toy Robot for Intenticw
https://tangible.media.mit.edu/project/intouch/ Expression, Kleawsirikul et al.




NEEFN > I 2L —X& Navigation,

. . Instruction
Laparoscopic Surgery Simulator




ORw b=FEFIT,Robotic Tele-Surgery: da Vinci

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

da Vinchi: R ELTIEADERTEL, ADANDSEBEREDYR—MEHY,
HRELTIENERREEBHY, N

daVinchi: No force presentation. Low pass filtering of human input to eliminate vibration.



e A ERE) L CIEERIZ~ Display by actuation||ay g2t

( lq'hl ' Mobile

It allows us to actuate the user’s finger

Hasegawa et al., Character Reading via Stylus
Reproducing Normal Handwriting Motion, IEEE Trans.

https://www.youtube.com/watch?v=xxA08dxP-z| On Haptics, 2016.
‘ \

‘ '
B

<3
". L -
f - -
&

We report a new method to recognize characters
with only our hands.

https://www.youtube.com/watch?v=Nu7nb@Ets kills

Yoshida et al. Character Recognition by Flick Qe
Movements Presented on Fingers, AsiaHaptics2016.

A. Roudaut et al., "Gesture output: Eyes-free output
using a force feedback touch surface",CHI2013



R Ve e
Robot Golf Training

A EXPECT
RO SSON #1

http://robogolfpro.com/




MEA D EH B %X Adjustment of difficulty

Navigation,
Instruction

Part 2 Part 1

START

END

Cursor (assistance disabled)

Cursor (assistance enabled)

(—\
®) O Assistance force (repulsive)

S Sl
Min distance for assistance

4opx\//—\ ——  Border

cHE A FDES %, MEFICHO L TSI S,
cH L ULWATICES LN D EBEFNICEL A D,

Laurent George, Maud Marchal, Loeiz GLONDU & Anatole Lécuyer
Combining Brain-Computer and Haptic Interfaces: Detecting Mental Workload to Adapt Force-Feedback, EuroHaptlc52012

I @ O

0.0




(CHI2021) Preserving Agency During Electrical Muscle Stimulation Training Speeds up Navigation
Reaction Time Directly After Removing EMS Inst ti ’
Shunichi Kasahara, Kazuma Takada, Jun Nishida, Kazuhisa Shibata, Shinsuke Shimojo, nstruction

Pedro Lopes

https://www.youtube.com/watch?v=cPa71vVQBxs

- BESHACIEEES D0 B0, BRI (Agoncy) H#S L TRO O
£ 7= ) BEICNL—ZVITHENDH - 7=,



BhAL 7S W) A Al B Haptic AR

Touching the non-touchable by sensory conversion

https://youtu.be/GaQtiDuvngE

BPUS B, BIO KB, TER B2, 8 I\ WERRZAHE L. ZEFRERIBFREER Y X T LOHEE,
AAN—F v LU 7 VT 4 F2imXES, Vol.7, No.2, pp.193-200 (2002.5)



Haptic ARQ2): P EFHIENC LY ZoN I Z2BINICEZ 5

Stiffness Modulation by using force sensor and impedance control

Haptic AR

=i
Stiffness Modulation for Haptic Augmented Stiffness Shifting: Improving the Perceived Hardness of a \firtial
Surface, Gabjong Han, Seokhee Jeon, Seungmoon Choi, Haptics Symposium 2010




T (BREMHR) & L ThHaptic AR Haptic AR

Haptic AR as a ruler (reducing DoF)

¥ L

http://web.media.mit.edu/~amitz/Research/Entries/2011/11/15 FREE-D.html
Zoran et al.: FreeD — A Freehand Digital Sculpting Tool, CHI2013

IS KWEZ —~TORSITEANBOHN T, BOBZ2BITR T0A0RHT, B2 T FLE, BUKRZ —ZNTHIS T JEOKRE 25
DFE L TIRATZE RS0, INRDOBSFIUHNEZD BOM A TEHEBIRE EBSTHRE. ZD IO AN ST BOPIZHEERE THHT=.
ZOLTALL R HUIFEATROLALIICRA T,
[ XD HEEEITERZ T, BOLIRIERLRP TERLDER IEAMEIDAEVERLLEPOI S DIINT S ok, TEHEZHSEDLE WD,
[720Z. HITECREZB TERAL LR HDOBIDERCEBARDPIZHESTNADE, BEMOHTHRVH I TE, $5TLOHL00
ZHVH T 5L EPHITF L TREESIZFIT RV & =0Tz,

H 7 EZDRHED TR A LIZZ ARLDODPER LT, 13720 TEIRGHEIZTH TEXAHELRBWHL =, ZhTAIZH ﬁ%{:f?ﬁm:‘{? I
1200120 R R0 TESEENR-T=. (BEBRE [2+%] Fm LY ki)



(UIST2020) HandMorph: a Passive Exoskeleton that Miniaturizes Grasp
Jun Nishida, Soichiro Matsuda, Hiroshi Matsui, Shan-Yuan Teng, ziwei Liu,

Kenji Suzuki, Pedro Lopes Haptic AR

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

« WVRCHEDEGR, Fa/IhSLLTEH1y > TTNAZ,




(%) EVR=LLH ? Emotion, Affection, Communication
When people really need haptics. Haptic AR

NS

A ‘\\ — - \ AE

https://ja.wikipedia.org/wiki/%E7%B4%99%E3%83%86%E3%83%BC%E3%83%97

~e. i

¥ SnFEEOFEL (H0F] 7
ZUINEDTTIER
- https://www.asahi.com/articles/AS

E= L #kf]sRPEX] e P4K3RCIP4KUHBIOOM.htm
TRBR, MEFELES BPRROE, by Bh s, LERLEDF A SHUT
ABDREFICHF -7,

In the Heian period, when people were on their deathbed, they would lie down and hold inhgir
hands a five-colored thread that extended from the hand of a Buddhist statue or painting.



WX b —EEIMUAICR T
Mini Test: Submit in one week

LUTFTOL2TIZI00F2UARNIRE THRERE & Answer all questions within 50 words

LM BSOS IC DWW TErAAE & Explain merit of antagnistic muscle
structure.

2. EDKZRENC DWW TERAAE L Explain role of muscle spindle
.OLVEERE DRI DLW TCEREE L Explain role of Goldi tendon organ.
4H A4 X -EEZIEREICOWTEHHAYE L Explain size-weight illusion.

5.2 — N7 T4 7 XIZDOWTERBRH £ Explain pseudo-haptics illusion
6.7/N—=NY A1) a1—2 3 (CDWWTERBAE & Explain rubber-hand illusion
7.5 12 DWW T a8 & Explain phantom pain.

8./ H—REIZDWTERARHE £ Explain hanger reflex

O.BBEINT T 4 v 7T /NA RIZDWTERRAE & Explain encounter type haptic
device.

10.EEBRNTT 4 v 7T/, ZI2DWTEBAE & Explain wear type haptic
device.

INEEREBEFRDONT T 4y 7T /834 ZDOEWIZDWTERAE & Explain
difference between wear type and grip type haptic device.

12y 7 K24 T 4 122WTERRAE & Explain back-drivability



EELA— b iEHEOKRE
Report: Try some haptic illusions

s BETBNLEZUTOBRERRE ZBRICKRT 5, LR— b CTREROKT
DEBE#H Y, BREBND,

« Pseudo Haptics : > 7 a—FafFE-ThW, b TH LW, BFEREIHGNITEER
BATCHD, YNTREED DHERIZN Ry F /3y b2 ED D,
« Rubber Hand (finger) illusion

e Experience the following illusions introduced in class. In your report, you will include pictures
of your experience and describe the results.

« Pseudo Haptics: You can use the sample code (or may write your own code) . Change photos if you
have time. Mouse is recommended but how about touchpad?

§ :
« Rubber Hand (finger) illusion 3



