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Outline of the lecture

ANEETHIF % Measuring Human
fHAE_Human Vision System

HEt 7 Visual Sensing
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TODAY's TOPIC

1. 7]%551_0))( 51 — X /s Haptic Perception Mechanism
2. BT 4 A7 L A D4FE Classifying Haptic Displays
3. BT 4 A7 L A DI Application of Haptic Interface




Antagonistic muscle pairs & H15H
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I_'_I H > TILEiERELF (Principles of
Triceps Neural Science)
P https://www.medsi.co.jp/kandel/

Musculos del
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https://en.wikipedia.org/wiki/Anatomical term a
s of muscle syousai/index.html
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*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.



Receptors around Muscle and Joint

receptors

muscle
spindle

Golgi tendon
organ

Pacinian
corpuscle

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

muscle [ ﬁj’ﬁ%)ﬁﬁ
spindle Muscle Spindle

e Inside Muscle

« JILVERE
Golgi Tendon Organ

« At the Tendon
(Muscle-Bone
Connection)

. EEEAR
Joint Mechanoreceptor
* Inside Joint



ThHhiE Muscle Spindle

enlarged view of muscle spindle

V-5 motoneuron “\

" ‘ y muscle
fascicles

[/ intrafusal
muscle
fibers

https://en.wikipedia.org/wiki/Muscle smdl

« AR OHER-F N O R R -BREMERiEDYIENEL - /5E
o laffiift (BEE12-20um) : ORI BLUOREICKIS (ﬁ%tu@;o XERIC & > TIERE)
o M (B1E5-12um) @ HBIXSINI@mAHRTERIT TWAHEICKE (XBRIC K > TIZAE)
c YEBZ1—0OY, HEEOI VLOFAMBIED [ 5 A ] %Bmta“% RS (a-yEED) -
« la afferent mainly detects length and velocity. Il afferent is for static length. AR



& & B Stretch Reflex
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enlarged view of a tendon organ

LU EZRE Golgi Tendon Organ

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

« BIEEH E OBITERICFEE, SOOI L TEE,
o |bfiiiE (B 12-20um)
« BRED L D HRKFT T BRI L TIEEHHED A EH,
« R %HE—F IR,

Muscular fibers

Organ of Golgi, showing
ramification of nerve-fibrils



b4 & &F Golgi tendon reflex

Golgi D#EE
Golgi tendon organ
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- AFFICHERBOERSI AL 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 llusions (other than purely cutaneous illusion)

X Rzs BIEDOR]EL
+RERELE Vision + Haptics
RUE +REREYE Cutaneous + Haptics



H@j{}l:? %j] C: :J: % i;%jj ﬁ%% kinetic illusion by tendon vibration

spindle

receptors

Golgi tendon
organ

Leonardis, Haptics Symposium, 2012

® HHZS0HzDOHRE)Z T HIALEBFTI A HhAS > T H IS (Goodwin 1972)
® RENAIKIC X2 HIIRL TBEEE 25N TUB (Burke19764)

® (U AT7x—REL TDHEE S (11112009, Roll2009,Leonardis2012)

® i )7 RE) A3 B = sm AT iRk
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BEEEICL D FHRER
Influences of body shape and orientation by

Test
configuration

MRS
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Test
configuration

Experienced
pattern

Experienced
pattern

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

® FRIF2IEZDFEAKRETIRIR MM THHBEEOEFER 5| T T &,
SVERITENZ BV W ERIRT 5,

® [f a vibrating stimulus is applied to the nose while the tip of the nose is pinched to induce the kinetic 1\.Gsion
of elbow extension, the nasal sensation is interpreted that the nose must have been physically stretched




BIREUC & A EB)EE R Electrical stimulation to
tendon part also induce kinesthetic illusion
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Kajimoto: Illusion of Motion Induced by Tendon Electrical Stimulation. World Haptics 2013J
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BREICLA2NT T4y 78R (1) b4 X-EBEX
\ision Induced Haptics(1): |ze—V\/eight llusion

.

RILESEA/NEWVWHDZLYECREKLS (RTPYELLD)
IT 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=ijcQlsuzV-YU

A fishing line
stretched
o between

S two chairs

- i 72
Y .
LTS8

Original Image

Reducing Brightness | Enhancing Brightness

Ban et al.: Augmented Endurance: Controlling Fatigue while Handling Objects by
Affecting Weight Perception using Augmented Reality, CHI2013. L I



BECLDNT TR Q) >a— KN T4
27 Z Vision Induced Haptics(2): Pseudo-Haptics

BENLHEICL - T, MENLBENERZERL D, ¥ 7R
H—ILOBEEELLEEEDT L —F 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 Yo



PseudoHaptics

https://github.com/HiroyukiKajimoto/PseudoHaptics
(RTRYELLD)
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BELBNT T4 v IR (4
Reduction of phantom pain by mirror box

https://www.amazon.c

[L 0.ip/dp/4042982115

IR T FRE K> 7-IC, VIMTEBALIEMBEZ L DISH L WEAE R L SRR,
OEDDIRER : Ko T=FROMAEZ(RT 4 < v 7)HEL. FRIC [BULYIAD ]
T ETHRANTREAS 7 FILDRE, ZBA2LEICEEHRWOITEAZE Ul 5,

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.



TRy AT E—
Mirror box therapy

STy IREFEN, MFEEFE-TWSEZ t%%%—véﬁ% & T AR
TEWITOFZ2EHT 2 t#f%% INICE YV IRREEBINICERTE 3,

Using mirror box, patients can "move” their lost limb in their brain, so tiat

N

the phantom pain is dramatically reduced.



BENZ L 5T A DI
Pain is reduced by visually making it small

RELE BT NRR 2 (£ > TRAD B ZEHRT D 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.



HBE+MEICLE5/NT T4 v 7#E  Rubber Hand lllusion

e ————

:’L%b» : — o
http //www.youtube. Com/vvatch’?v nzF DfOafKw

RBATORWRROFICMERLRINE 52, RIS :‘{A@% ISR R R 7R R
525, LIEOKTBETLOFENENPDFTHDLHICEL 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) : :
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)




fg/N—< 3 > Rubber Hand Illusion (finger version)

BOFOEBEEAFRTNISEEICCEXT (RTvP->-THAEL L)

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

W 3
RN



= Cutaneous Induced Haptics
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FRERREIZL A/ N\TT 4 v /& Cutaneous
Induced Haptlcs H) X DR lllusion of moUon

000000
0000000

haseseeey e ATl i 123~ 5
\ 00000000/ &, BN EE) (MDD -10) 12 KL 5
000000 Okabe et al., Fingertip Slip Illusion with an

000000 Electrocutaneous Display, ICAT2011
0L 00000

10mm/sec




FREREIZL /774 v o8 Cutaneous
Induced Haptics : 8= D& [llusion of motion

Vibrator

Potentiometer

Rotating Disk

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

\_ CW lllusion Y,

® FNUVADEERKARIE+ KRB LD FE=>FEHA

BRLALIT DI R,

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
A./

=
g/

e

J

Frontal
c X UNYDMNMIIEELETOMEDEE) 5| T RIT, INH
B —HLABWEES, IBOEEDAMODREY
b, FeZFchRRedirected Walking,
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REREIZL DT T 4 v 7iE Cutaneous
Induced Haptics @ /N> H— & 87, Hanger Reflex

5
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SRISRRREBIC & > THNZAR Sy
OEDEEEDHFEHE (RTV-THEL L) e
®Front temporal pressure induces “rotational” force percepticsi.
®Rotation itself is induced.

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



FERVE(ZL A2/N\T7 7 4 v 7% Cutaneous Induced Haptics : &
BB X245 % llusory external force by pressure

relale in opposite directicn

! m’mta ir sarme direction

operator's
fingar

gareralad
shearing force

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.

FREE. BEM @ FBSCHEBIC L 2R DIRREB DIRE & A /F, HAVRE Minamizawa: Wearable Haptic Display to Present
REREE,2007. Gravity Sensation - Preliminary Observations and

Device Design", WorldHaptics 2007

c RKIEDEBIZK Y BEIFANDH R IRNTAN ZREL

« Simple pressure sensation is perceived as external force. N



TODAY's TOPIC

1. IBEED X = X L Haptic Perception Mechanism
2. 8T 4 X7 LA DH4E Classifying Haptic Displays
3. BT 4 A7 L A DI Application of Haptic Interface




j] %7—_ 4 A 70 L /f 0)%%3 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

BEESTDT 4 A7 LA LRk RER L IEREBRICHFER BE

Like visual and auditory displays, there are environmental type and non—envwonmental tyPq.



IRiEA = &8 Environment type ~ Encounter type
Active Environment Display (Tachi et al., 1994)

-
. .

j.'.
; ‘5
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)

L I



(CHI2016) Annexing Reality: Enabling Opportunistic Use of Everyday Objects as Tangible
Proxies in Augmented Reality, Anuruddha Lakmal Hettiarachchi, Daniel Wigdor

Annexing Reality

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

Anuruddha Hettiarachchi
Daniel Wigdor

dgp! & ToRoNTo

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

REZROYPERZVREROYEE L THOE S Z & THREZIETR



(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 L 288 ZE IC k>, BEOYEERAEIBF CH-TLE L5 ICEL V3,




(CHI2020) Knock on Wood: Combining Redirected Touching and Physical Props for Tool-
Based Interaction in Virtual Reality, Patrick L. Strandholt;0Oana A. Dogaru:Niels C.
Nilsson;Rolf Nordahl;Stefania Serafin

Knock on Wood: &»%

Combining Redirected Touching and Physical Props for I

Tool-Based Interaction in Virtual Reality @ ®) @

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

I

& R
[ | 7
(a) (b) (c)
BEE N e
(a) (b) (c)

« YA {F > /-HapticsT, |BENLRITHLDOT I/ Zv 7 %FES, FIAMLATL,

e Use visual shifting techniques in haptics with real objects, the nails are sinkinz,



(CHI2019)HapTwist: Creating Interactive Haptic Proxies in Virtual Reality Using
Low-cost Twistable Artefacts, Kening Zhu, Taizhou Chen, Feng Han, Yi-Shiun Wu

HapTW|st

Creating Interactive Haptic Proxies in Virtual Reality
Using Low-cost Twistable Artefacts

Kening Zhu, Taizhou Chen, Feng Han, Yi-Shiun Wu

https://www.youtube.com/watch?v=h9xpVDw\VvMA
o« /N EVRZE FeﬁﬁHODTanglbleT/\/f R & EBIRIE




(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

N

g
.

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

WHEVRIREBE TSR T 222 2% 75, VREIICHE ZDAZ 2T A REINS, VR
R D Virtual HUmanlZ Z DA X DE WM E TS WMo TR ZOAHE) . §5
CERGR, ZERIHEBRG ENEFAIND, WEDOHDEFE-7-H & o & L 7zHapticsH®
IRERA K EIFS 2546,

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).

—t
.

A

https://www.youtube.com/watch?v=7MRCRywAQpA https://dl.acm.ore/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.

b ene 34
https://dl.acm.org/doi/abs/10.1145/3282894.3282898 https://www.youtube.com/watch?v=JJV6fbCambg

(MUM2018) 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 toithis work

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




(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

« https://www.youtube.com/watch?v=JejpEtvHxeY
e XAEBRARY bANT T4 v ITNARELTHEBETS




<ﬁ> j] %7—_ 4 A 70 L /f @ﬁ fﬁ% Grounded and Wearable Haptic Display

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

RIEREDT 4 X7 LA LRtk RIER & IFREICHIEAEE,

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



FERERONET 4 AL A DIERE

Configurations of non-environmental haptic displays

£y
Wear

foEF
Hold

ERiEiE# Environment Grounded B1{#iZih Body Grounded
« EERIMN. BFEIA,Wear or Hold
 HER I FOIRDIEFEVLDEIR Wear type presents “hand, finger” behavior.
o JOEFRL Y — L DIRDELDOEI Hold type presents “tool” behavior.
« IRIBEEHIA . BREEHED,How it is grounded
o IRIEHEEHD | ASRITXT L T % FIE Force is applied from environment.
o BiREER 1 B D BARERRL & DI J] % FEIE Force is exerted in between body parts.



B 13 70 B E 2D Why grounding matters?

RIBICEMT 5 EFME DN DARRAIRE, SRICET 2 EEFRRIEATHONNHET 5.
When grounded to the environment, the desired force can be presented. When groundea o ~
the body, the action-reaction generates other forces.



CyberGrasp/CyberForce

Fa

http://www.youtube.com/watch?v=Td70QcAgCtWE&feature=fvw

=EM, BiaddREE, {5135 RE,
Wear type. The whole arm is environmental

grounded, whereas each finger is body grounded.



SPIDAR-8

« Wear type. Environment grounded. https://www.youtube.com/watch?v=ZUb4-g8)93k

- (left) 4 finger, (right) 4 finger Somsak WALAIRACHT, Yasuharu KOIKE, Makoto SAT0:A
. . . . New Haptic Display for Both-Hands-Operation: SPICER=S,
One finger is pulled by 3 wires ISPACS99



FE. TORZEMEMIET S
Grounded to wrist, back of the hand, or palm

https://www.youtube.com/watch?v=fgRaw9k-Eu8

https://www.youtube.com/watch?v=yt1QNWO8mqgg
(CHI2018) CLAW: A Multifunctional Handheld Haptic

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

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

BESNICLDTL—FTHRERTRY “ARBOEDOARTRILWNT T7 7 7 h
0—7, FE2ICEM AR, FEIICAY L E L T .



s[al+ CEEHb 3 5 Mutual grounding to fingers

https://www.youtube.com/watch?v=kgE7JwlUuX4 =z
Choi, I., Hawkes, E. W., Christensen, D. L., Ploch, C. J., and Follmer, S. Wolverine: A wearable haptic interface forgras‘ng in
virtual reality. In Intelllgent Robots and Systems (IROS) 2016




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

Pipe Motor Holder

Pulley > :
_ DC Motor —>
— Wire R
EnCOde Pen motort:haﬂ
DC Motor 5 / >

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 Geometrie’ in

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

5 .. V " b ‘.
' ; yoRD

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




/Ny 2 TSR + Bk

Passive elastic elements + body grounded

Tracking devices

El'asﬁc Cab;
(S,

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.

e F - IBICHL TRy U TREHYENAEIRRT A2 & T, WZE%?’G@%%@M’%EZ%%@{@
\\

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



FRR, I E: (RABAREE, $550F7-20978 IVRC1993
https://www.youtube.com/watch?v=90QVd45N1j00

s BB DBEXRIMTEN N Z2IRR,. BE, X LRBGEFATOMELEL S,
« ML ERALIZ BAE, FEREERIEIRIZD 2 EF TIEE < oA A

 Antagonist Muscle is electricall stimulated. Light weight, but strong tactile
sensation also. Grounded to joint. Used in the field of Functional Electsical
Stimulation (FES). \.
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> BEGOEVWEDE TIIEE L,

This circuit is not safe and not recommended."“} N



AR

(%) I5Z28N 7 [*J/I\/Iuscles for fingers

_ht_tps://en.vvikipedia.org/vv Deep muscles of the Deep muscles of the Superficial muscles of
iki/Muscles of the hand posterior forearm (#18])  anterior forearm (FE{31) the forearm

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

c ERICHZLOHMMEE, LA FIMICTFE,
« FHE  BIBFIZH Y KRENDEE) T 2B Y Extrinsic hand muscles: Large & coase fmge%m N
« IR BHRICH Y MALEN X AIEY Intrinsic hand muscles: Small & fine finger motion.




EMS for HC

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.

:;,aast?ge, Controlling Maximal Voluhtaf'y Contﬁﬁbn
e of the UpperLimb Mascles ;-

e

by Facial Electrlcal Stlmulation—

adding force feedback to mixed reality

o :
\ ( _ . _ B | 1; Niijina,~ —
using e_[_ectncal muscle_stmulatlon Takashi 1SRy ASHe —r——
# ¥ pedro lopes, sijing you, alexandra ion and patrick baudisch
' Tomoki Way Tomohlro-Yamada_ —

. NTT Callporation
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.



ERIBAUDNET 4 A7 LA DFEE
Configurations of non-environmental haptic displays

£y
Wear

foEF
Hold

=% Environment Grounded B1{#iZih Body Grounded
« HERIH . EEFEIAWear or Hold
« BEM  FOIRDIEZEVDOHEIE Wear type presents “hand, finger” behavior.
« IO - Y —IILDIRDE VOB Hold type presents “tool” behavior.
« IRIBEEHIA . BREEHED,How it is grounded
o IRIEHEEHD | ASRITXT L T % FIE Force is applied from environment. N
o BREEHD B D BARERL & DFEIC T % FEIE Force is exerted in between body parts.



PHANToM (SensAble)

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

ORLBABNT T Ay ITNARX, 6BRHEZYHR—+
5t Y VXA TEREARINIDAZLIRV Ty TRAT
®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=REA97hRX0WQ N 3




LM EHEFEO/NS CTRELEND

Small but significant difference between wear type and grip type

« BE5T /Wear type :
« FET L ICHYHR— T BE Each finger must be supported
« VRIESR A FCEEALS (C (3 w78/ Direct touch in VR is possible

« R Grip type :
e [V FZOFHOF CEEICH L THIRR BEBRE) | B~ONIRRIEHE
#J Force is presented to “Tool”, and presentation to hand is indirect. l :
« Z < DA TIHRERNRE/Practical solution for many applications Sy



INZLIILY o rAT
Parallel link type

[

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




ASPIDAR

+

g

ZUb4-g8J93k

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




HapticMaster (MOOG FCS)

http://www.youtube.com/watch?v=tsGEcE1VS6|

- EEROKRY FBNRY I RIANREY T DOHEVAEE+ hE Y
- 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



BEDD LoD DL BED? Make it light, or make it rigid?

Ny 2 RS ANEYF 4 [ back-drivability = 8% BEE A £ 24 &5 A
Whether output shaft can be moved directly

1_%0) e/ Ordinary gear : Xy 7 RZANEY T 4H, 1 LETHAKRENE
B> (1:50%2F) Back-drivable, but reduced if gear ratio is higher.

r77f LsF 77/ Worm gear : /Ny 7 K Z A4 /NE ) T 4 # Not back-dribable.

H N E:

-

fmBT=8. /1\vIF1/ {7‘)[,75\5575\(@%“&“75{%1’\&%

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



BEDZD LoD DL ABN? Make it light, or make it rigid?

e [[&

- [BU] KE
— T A VEREIE, {E¥F L.
) - Ny I EZANEY T 4H)

W] EE

EERNRy ML,
S X 7Lk, A —YIIEHh TR,
NV RILEIED X v HIZIGE



B BB OHIE T E

How to control “light” haptic intertace?

0 X
| >

nlsr MX=f —cx—kx

—VW\~

Ao E—X VBT 1L —FFEE
e FEDOUE ).
 (UBOEEICIS U E .

-%55‘675“@;?6:&5‘)?5?{;&;%ﬁ‘bﬁﬁﬁé@f%b 7]%7_‘4X7 LA | ZHRtF
FEOALLT T ELUBE=""y I F 74 EUT 1R

Impedance based method

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

« As in the first step, position must be changed by the user, the haptie
interface must be back-drivable.






| BX] EEOFIETE
How to control “rigid” haptic interface?

0 X
| -

nl e MX=f —cx—kx

—VW\~

TRIvEyZBDI I 2L — FFE
o JRftE D &
c ZDOAITEDE, FENE S HEHE, T EZ H .

s FRICHUCCYRALND, Ny I R7AE) T4 3TE, EERARY FED
[E LR E % M AT 6E

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. \



JEEHI D N IR B (L R e
s non-grounded haptic display possible?

</

XA EDNZEH T,  Somehow exert physical force.
MDD MILY ZHE T, Exerttorque.
FFERNECiEE & M, Substitute with cutaneous cue or use iliusicn.



J& % F A L 7- 71232 x Haptic display using wind

LevioPole

Mid-air Haptic Interactions using Multirotor

i - ( ! o
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=Y3hs2RUM470 https://www.youtube.com/watch?v=0h3SDRaOR 4

, _ (Siggraph2018) LevioPole: Mid-Air Haptic Interactions Using
(CH!2018). Thor s Hammer: An Ungroundeo_l Force Feedback Multirotor, Tomoya Sasaki Richard Sahala Hartanto Kao-
Device Utilizing Propeller-Induced Propulsive Force,

Seongkook Heo, Christina Chung, Geehyuk Lee, Daniel Wigdor :_rl]:iqli'lu Keitarou Tsuchiya ~ Atsushi Hiyama  Masahiko

7O~RZICKBNERR FO—>Ilk 2 HEER




(SIGGRAPH2018 Emerging Technologies) Transcalibur: Weight Moving VR Controller for
Dynamic Rendering of 2D Shape Using Haptic Shape lllusion

Jotaro Shigeyama Takeru Hashimoto Shigeo Yoshida Taiju Aoki  Takuji Narumi  Tomohiro Tanikawa Michitaka Hirose

4

https://www.youtube.com/watch?v=TJA7psWMS8sY
s BEMIBZZINIHB+EY 2 TILDOEASHE THRA LG EREEZ BN,
e HEHTOTIILELIEEYAZTZ AT EICLE /Ny THEAEIRTRDOH,




(CHI2020) ElastOscillation: 3D Multilevel Force Feedback for Damped Oscillation on VR
Controllers, Hsin-Ruey Tsai;:Ching-Wen Hung; Tzu-Chun Wu:Bing-Yu Chen

ElastOscillation:

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

Hsin-Ruey Tsai, Ching-Wen Hung,
Tzu-Chun Wu, Bing-Yu Chen

National Chengchi University
National Taiwan University

« https://www.youtube.com/watch?v=VoMLVFoWFwo
« JLH+BDHY T, RNEZEZDHDZETHEAREZS




(CHI2019) Drag: on - A Virtual Reality Controller Providing Haptic Feedback Based on Drag
and Weight Shift, Andre Zenner, Antonio Kriger

Drag:on

André Zenner
Antonio Kruger

Saarland Informatics Campus
Germany

A Virtual Reality Controller Providing
Haptic Feedback Based on Drag and Weight Shift

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

* VRIRIER CTOBALBFTHOLDZ2RIRT S, BTeE) J & THERREHT.

~
\




> A AzhEOFIA/ Using gyro effect

EF

(o] $m i
=
(o] Sm i

|~):




v A AMROFA 1 E R A EE— [0 EREH 2 B
Using gyro effect: Rotation axis is turned

e
..1.1_'.' _ 1-‘. -.:"-‘... -:‘ o u:*_'ﬁ.h.l' 4
sy

=Ty, ATPEEE. EH %k Vv A AT—XY FEALEAEZRES,
HAVRF S EVol.7 No.3 (2002)

§
http://intron.kz.tsukuba.ac.jp/gyro/gyro j.html N




(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

(a) Single CMG

(b) Scissored-pair CMG

P

L d

https //www.ncbi.nlm.nih. gov/pmc/artlcles/PI\/IC6078422/
H—DIPvAATYvABPRICES PLIIRRZITO &, BlEE#AMEWNTW /2O
ENOHD ML ERELTLEY, INE2DDT7 74K —ILIZL>THF v i,
When a single gyro is used to provide torque by the gyroscopic effect, an undewﬁo
axis of torque is also generated. This is cancelled by the two flywheels.




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

N—=FTFT 4 R7EER+BEHAIRS 7O ¥ A ORTERMERE KL S 5,
e [HMDICHZAENTMT | O X T H IS, o .~
The hard disk is rotated and the gyroscopic effect generates torque, which is made to feel like resistance.




n|E&r R Z 21t/ Change of rotation speed

GyroCube

s JN—FRILTFe gD _
. mRRE 1 DMDE—74 [BlEx
https://youtu.be/J8YVKIXFmTs?t=492 http://staff.aist.g0.ip/n-
Daijiro Koga et al., Virtual nakamura/HapticNavi/movie.html
Chanbara, Siggraph2002 HHEE, AESHEZEZFRBLE-NERRT
http://www.sigsraph.org/s2002/conference/ete  /NA X, BAERN—F v LY 7 F 4 &3S,
ch/virtual.html 6-2, pp.115-120, 2001

thAT, 184, "GyroCubeZ FH U /-
HapticCompassDIRZE", BAERAIT Sl
v, 2002



BINEE OF A Using Asymmetric Acceleration

/

a

&

Traxtion:
A Tactile Interaction Device
with Virtual Force Sensation
_Jun Rekimoto
The University of Tokyo, Japan :
Sony Computer S@T'ence Laboratories
Jh'ttp://rekimoto.org 2

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

~
N\




18R IR A0 F_T\J{E/j_\_.[ﬁb  lllusory torque presentation

A

V. Yem, R. Okazaki and H. Kajimoto, "Vibrotactile and Pseudo Force Presentation using Motor
Rotational Acceleration." Proc. of IEEE HapticsSymposium 2016.




INVFT— B D B ARDADERAL~DE F (Riffig,

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



Several

ﬂ "’ = e

.

https://ieeexplore.ie.org/doument/5444675

(HapticsSymposium2010) Skin nonlinearities and their effect on

user perception for rotational skin stretch, Shull et al.

https://www.youtube.com/watch?v=H-megrNfgDo
(CHI2015) Skin Drag Displays: Dragging a Physical Tactor
across the User’s Skin Produces a Stronger Tactile Stimulus
than Vibrotactile, lon et al.

skin drag type displays (especially on the forearm)

https://dl.acm.org/doi/10.1145/2160125.2160141
(AH2010) Transmission of forearm motion by tangential
deformation of the skin. Kuniyasu et al.

Springlets: Expressive, Flexible

Nur Al-huda Hamdan
Jirgen Steimle - Jan

AACHEN SAARLAND iy
] ARLPIEIN  UNIVERSITY
i:“i'!;(f“\‘_“ \ — —

COMPUTER SCIENCE

aachen.de/Springlets

AP

https://www.youtube.com/watch?v=HsC4gcziDJO &
(CHI2019) Springlets: Expressive, Flexible and Silent Ch«Skin
Tactile Interfaces, Hamdan et al.




TODAY's TOPIC

1. j]%%éﬁl_@)( 51 — X /s Haptic Perception Mechanism
2. BT 4 A7 L A D4FE Classifying Haptic Displays
3. 8T 4 X7 LA DI Application of Haptic Interface




() fET 4 2 7L A DISEADEOH M

Elements of application Tor tactile display

« Touch Panel & Mobile
s MIGHNE KR, EAMLERE L TOME

 Emotion, Affection
cEIIEZTNOLEIFEF T, BEWEIHINBENITEZENEES

« Navigation, Instruction

c MBI BREZEICERRERNTES, F-BEROEEFLFETE S
 Reality, Multimodal

- MENRIBEICINDS Z & THEAERK. RERZ LIFAZ &M HKS
« The Whole Body

s BREERANDOMBERRKICEY, MBICHERSGRZEL S
« Tactile AR

c IR ZIREHFRTEDS T & TARLT S



NET 4 A7 LA DIGANTOFmEME
Elements of application for tactile display

« Mobile

s MGHAE KR, ZAMLERE L TOME
 Emotion, Affection, Communication

e NBIIFERR S EHICAI 22 5— a3 vDERELRD
« Navigation, Instruction

c NREFESFEEBZICEERERTE. HERREICHANRERICIEREICEH D
TEHTZT D,

 Reality, Multimodal

c NBIIFERE L EHIC, FER BERZ LTS ENHEKS
« The Whole Body

« SRR ADNERRIIEY ., BGREEL S
- Haptic AR

s NRZWEMRTHED T & TARLT S



- _ f . Body

w5 - &5 - £/ 1 JLSPIDAR The Whole

Navigation
Instruction

Mobile

https://www.youtube.com/watch?v=7ZUb4-g8J93k




Emotion, Affection, Communication

Remote mutual communication
Robotic User Interface

PINOKT

A RING TEIAT ANMIMAATES (OUR 2LUSE] 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.

— —

https://www.youtube.com/watch?v=gVkFL-G2hiE
(AsiaHaptics2014) Force Control of Stuffed Toy Robot for Intentice

Expression, Kleawsirikul et al.




NEEFINS = 2L —X Navigation,

. ] Instruction
Laparoscopic Surgery Simulator




Oy MZEFBEFITRobotic Tele-Surgery: da Vinci

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

da Vinchi: B ELTIEHDIRTGEL, ADA NSRBI ZRFDO I HR—FEHY,
MEELTIEINRIRTEEDHY, N

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



Navigation
Instruction

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-zl On Haptics, 2016.
I \
H \-l-/j

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

a

https://www.youtube.com/watch?v=Nu7nb@Et/ kis

Yoshida et al. Character Recognition by Flick * +~
Movements Presented on Fingers, AsiaHaptics2016.

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



(A R RL—= 7 T Navigaton
Robot Golf Training

v -

& ST
RO SSON #1

http://robogolfpro.com/




SEA D BB HEE  Adjustment of difficulty

Navigation,
Instruction

Part 2 Part 1

START

END

20.0

Cursor (assistance disabled)

® O

Cursor (assistance enabled)

(\
F—O Assistance force (repulsive)

P ~ _ L
O— ¥l k r's uii .
Min distance for assistance

amm\//—\ ——  Border

cEHNA FDOBIZ, MEENICIS L TELESHE 5,
cHLWTICE LD D EBFHNICEL 5,

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

M

0.0



B AL W\ & il A Haptic AR

Touching the non-touchable by sensory conversion

https://youtu.be/GaOtiDuvngE

BPIS BXB, B0 KB=, R R B2, & F: WRREREHNH L e ERRARRRFESIE S X7 LS,
HAN=F v LY T U T 4 F2WXGEs, Vol.7, No.2, pp.193-200 (2002.5)



Haptic AR(2): At > B EHEIIC K D ZoDh I ABINICEZ 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 Virtial
Surface, Gabjong Han, Seokhee Jeon, Seungmoon Choi, Haptics Symposium 2010




TR (BHEMRZE) & L TohHaptic AR Haptic AR

Haptic AR as a ruler (reducing DoF)

http: //vveb media.mit. edu/ am|tz/Research/Entr|es/2011/11/15 FREE-D.html
Zoran et al.: FreeD — A Freehand Digital Sculpting Tool, CHI2013

HEEHI A KWEZ T ORSITREANBOHN T, BOM2 BITE TR ERRHT, LDz FLz, BOAZ —ANTHI> T, JEWARE O
DREIZIC TIRATEE R STED, INEDBSFIROWERZN BB THELIRFE EB-> TR, ZDTID AN DBOPIZHIERE TH ol
%5LT’}‘L%§EA7EJ?ELM$AJT%BAJJ:90 Rziz,
[ JLBHEEIENFITE A>T, BHOIIRIESLCHEDBTESLDER IELH FIEHAFEVRLLIEPOMEDINTE T, THEZHSZDE NI,
[7212. HIUIERE BB THEDIALLR ., HDBIDFRLEBERDOHPIZTHESTWEDZE, BLHEO I THVHTETE, $53THO5L1HH
2V T XD TEPLIT LU TRIENT TII RV 1 =oTz, -
E NI DGO TR LT Z AR DDPE RN 72, 13720 TEIRLHEIZTHL TELRIZE MWL, ZNTRAICH M ED ke =CH
1202 pb R R TEHZEE Nz, (BEERA [Z2+%] EARL Y k)



INT 2k Mini Test X[BIFEE £ T

LT o2 TIZI00FLUANIRE CHREE L Answer all questions within 50 words

LIETE B EDOH SI2 DWW TEAE & Explain merit of antagnistic muscle
structure.

2. FnhsEDEENC D W TERBEE X Explain role of muscle spindle

ORISR EOKENC D WTEBBE & Explain role of Goldi tendon organ.
A A4 X -FBIEEITDODWTEREAE & Explain size-weight illusion.

5. 2a— N7 T4 7 XIZDOWTEEYE & Explain pseudo-haptics illusion
6.7/ N—=/NNV K1) 12— 3 I DWTEAE L Explain rubber-hand illusion
1.5 E D> W T ErBAH & Explain phantom pain.

8N\ H—KRENZDWTERAAHE & Explain hanger reflex

9.3%%@/\ 7T 4y 7T /NA RIZTDWTERAE L Explain encounter type haptic
evice.

1%.%:%_%’_}'&/\ 7T 4w 7T/ RITDWTERRAE & Explain wear type haptic

evice.

INEEMCEBFREONT T4 v 7 T4 ZDEWIZDWTEAYE £ Explain
difference between wear type and grip type haptic device.

12y 7 824D T 4 (2DWTErAHE & Explain back-drivability



