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Outline of the lecture
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TODAY’s TOPIC

1. Haptic Perception Mechanism (other than skin sensation)

a. Haptic lllusions
I.  Vision + Haptics
lI.  Cutaneous+Haptics

2. Classifying Haptic Interface

a. Grounded type
l. Encounter type
lI.  Wearing type
lll. Holding type (pen & tools)

b. Ungrounded type

3. Application of Haptic Interface
a. VR

b. Telexistence & Communication
c. AR



Antagonistic Muscles

[O]

Antagonist
muscle

" | |

*Two muscles are responsible for one joint. Isn’t 1t redundant?
*Answerl: Muscle can only exert force when it shrinks.
*Answer2: By Two muscles, “Force” and “Impedance(softness)” is
independently presented.

*Muscle A — Muscle B = Exerted Force
*Muscle A + Muscle B = Joint Softness



Receptors around Muscle and Joint

e Muscle Spindle
Inside Muscle

React to Muscle Length and

Change
=Position and Velocity

e Golgi Tendon Organ

— At the Tendon (Muscle-Bone
Connection)

— React to Muscle Force
=Force

e Joint Mechanoreceptor

— Inside Joint

— React to Joint Angle=Position

— Limited contribution
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Haptic lllusions (part of. other than purely cutaneous illusion)

1. Vision + Haptics
2. Cutaneous (FRERXER) + Haptics




REICKDINTTaVIEE (1) VA X-ESHEER
Vision Induced Haptics(1): Size-Weight Illlusion
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If two objects are the same weight, smaller one felt hevier.
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excess power

exhausted early

™
Gif

appropriate power less tired

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

A fishing line
stretched
between
&-.._two chairs

-
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Original Image

Reducing Brightness ‘ Enhancing Brightness




RREICKDNTTAVIEE (2): 22— FNTT4OR
Vision Induced Haptics(2): Pseudo-Haptics
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Visual motion induces haptic resistance. (ex) Braking feeling
when mouse cursor is suddenly slowed down.

http://www.1irisa.fr/bunraku/GENS/alecuyer/projets textures.html



PseudoHaptics

Tactile Images

http://www.youtube.com/watch?v=F6h 19PxKO8&



http://www.youtube.com/watch?v=F6h_19PxKO8

MBEICKB/NTT4YI8E (3):
Rubber Hand lllusion

RATWVEWEROFIZMBENLGRIFEZEZ . RFIZTLDFIZH
%E@fmlli%&%%iéo LIS BETLDFENBTDFTHALDIC
L5

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)



ubber Hand Illusion



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

Rubber Hand lllusion D L 5E

BiEXF A&ERHRE
[FEEFERETRVAT L]
@DCExpo02010

http://www.youtube.com/watch?v=aixTxO5¢C
pE&feature=player embedded

A)1—=2a V NELTVDRETHREMNGRIBIZTZE8INT L ARESZoNT
WEWNZEMIDOLTTEDTY I ELIEZREFELD,

While Rubber Hand lllusion is induced, Only visual stimulus is moved.
Then we feel vague tactile sensation.



http://www.youtube.com/watch?v=aixTxO5gCpE&feature=player_embedded
http://www.youtube.com/watch?v=aixTxO5gCpE&feature=player_embedded

MBEICKB/NTT4yI8EE (4):
SS5—R YO RIZKB LR TmDHE

Reduction of phantom pain by mirror box

SIS FRE KSR, VIBTER L (X R REZR

LWDIZHLWVEAZTRELDREK,
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RATTTIVINRE, BBZHLEICREL:

DITfEHZEELEIT S, % T

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 comes wrong, and the brain generates pain
signal.




TRV IRtEIE—
Mirror box therapy

AA—ZIEBHET. WNATEWNNITOFA
BT IEMNTES, CNIZKYLIRRFEZ R
[ZIEB T=5,

Using mirror box, patients can “move” their
lost limb in their brain, so that the phantom
pain is dramatically reduced.



(BE)VRE(ZLDEHDIER

Visually small reduces pain

Last month, researchers at Oxford
Liniversity announced the <
discovery of a powerful new £ ¥
painkiller: imerted bmoculars, The #‘
scientists found that subjects who '
looked at a wounded hand :
through the wrong end of
bineculars, making the hand
appear smaller, feft significanthy
less pain and even experienced
decreased swelling. According to
the researchers, this
demonstrates that even basic
bodily sensations such as pain are
modulated by what we see. 50
next time you stub your toe or cul
a finger, do yourself a favor; |ook
away,

INCREDIBLE SHEINKING PAIN T G -:'I::- 5
| \l r

AN
RELSET-MNRHEX(F->TRADEREZEHRERITHER/ANFD,

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

G. Lorimer Moseley, Timothy J. Parsons and Charles Spence “Visual distortion of a limb modulates the pain and swelling evoked by
movement,” 2008


http://www.cell.com/current-biology/abstract/S0960-9822(08)01259-1#aff1

RERBIZXKD/\TT1y$EE Cutaneous Induced Haptics:
E /¥ A EEH-1.Pinocchio lllusion-1

THE PINOCCHIO ILLUSION

This requires two chairs and a blindfold,
The person wearing the bindfold should
sit im the rear chair, staring at the back of
the person sitting in front., The
blindfolded persaon should then reach
around and place one hand on the other
person's nose. At the same time, he
should put his other hand on his own
mase, and begin gently siroking bath
nases. After about a minute, mare than
a0 percent of
subjects report
that their nose
feals incredibly
long.

BERDHIDADEF|TOD. BHDELEMTSHE, 19FBET 3|£“$5f®k7fﬁ
B DEMNBEUN=ESIZEEL S, Rubber Hand lllusionDIREELRE L CTEEAZ O BE



RERBIZXKD/\TT1y$EE Cutaneous Induced Haptics:
BEEELE /XAEEE-2Extention lllusion & Pinocchio Illusion-2

. A BRISES M\
13—3 o\ BRI HAICRERRINES
AN aY 25k . RAHI Lo TR 5.

=>UNEEHET HE. FRANMBEUT-
ESLHE

Extention lllusion: Strong vibration to
muscle induces shrink reflex. If this

35 100 0 A shrink is blocked, illusion of muscle
extention occurs.
~ (a)
SEWATEIREETOERLEEN1BUS,
X 2 PEEEEIC L A EEEEE Doing while pinching nose, the nose
(a) (HELEE (b)) v/ 5 A44ey grows like Pinocchio.

Fig.2 Illusory kinesthesia by tendon vibration

(a) An extension illusion, (b) Pinocchio illusion

KA EHMER EZH b —< oAU —R RO L2007 BIRERIEHIC K DEHEERHA 27— ADFHE



EERE(ZLB/INTT1vIEE Cutaneous Induced

~

Haptics: 7\ — & &% Hanger Reflex

o IEEREBICK>TH AZHE
® SEEIDEIEZTLFHFH

® Front temporal pressure induces “rotational” force perception.

® Rotation itself is induced.
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8 head when' eflex



J\N> 71—~ Y Hanger Machine
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REEEBIZEANNER

Illusory external force by pressure

L.tuat.ac.jp/

FEZE. BREA FEEEEICKIABRUR DR TEEDREELHAE BERN—FXILY T T+ FRHHIEE,2007.
Minamizawa, Haptic Interface for Middle Phalanx Using Dual Motors, EuroHaptics, 2006.

® REMDEEIZELY REFNANLGVIKRTHAZERELSD

® Simple pressure sensation is perceived as external force.


http://reality.ei.tuat.ac.jp/

TODAY’s TOPIC

1. Haptic Perception Mechanism (other than skin sensation)

a. Haptic lllusions
I.  Vision + Haptics
lI.  Cutaneous+Haptics

2. Classifying Haptic Interface

a. Grounded type
. Encounter type
.  Wearing type
Ill. Holding type (pen & tools)

b. Ungrounded type
3. Application of Haptic Interface
a. VR

b. Telexistence & Communication
c. AR



How to reconstruct the world?

e Reconstruct Shape
— E1&3Y “Encounter Type
— High Cost, but free hand
— True “Contact”=Natural Tactile Sensation

e Reconstruct Hand Shape
- R RER
Wear Type, or Grip Type
— Low Cost but must equip
— Most Commercial Haptic Interface



&2 Encounter Type(1)
Active Environment Display (Tachi et_al., 1994)

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)


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

Encounter Type Il TELESAR Il master hand (2005)

e Space between finger and display is kept constant.

f When V|rtual ObJect contacts, it is displayed.

Syuhei Nakagawara, Hiroyuki Kajimoto, Naoki Kawakami, Susumu Tachi and Ichiro Kawabuchi: An Encounter-Type Multi-
Fingered Master Hand Using Circuitous Joints, ICRA2005




P

TELESAR Il master hand

ARSI T4T AT LY



TELESAR Il master hand (thumb)

ARSI T4T AT LY



How to reconstruct the world?

e Reconstruct Shape
— &33! “Encounter Type
— High Cost, but free hand
— True “Contact”=Natural Tactile Sensation

e Reconstruct Hand Shape
SRR RER
Wear Type, or Grip Type
— Low Cost but must equip
— Most Commercial Haptic Interface



Wear Type: CyberGrasp/CyberForce

E . .-l':':' '

A

i

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



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

Wear Type(2)SPIDAR-8(WALAIRACHT et al., 1999)

LB

[ - -4 I.I .II | .
5/ TWWW. outug:c() SatCh2v-=Ts

o (left) 4 finger, (right) 4 finger
e One finger is pulled by 3 wires

Somsak WALAIRACHT, Yasuharu KOIKE, Makoto SATO: "A New Haptic Display for Both-Hands-Operation: SPIDAR-8’, ISPACS’99


http://www.youtube.com/watch?v=m-DS1U_INpQ
http://www.youtube.com/watch?v=m-DS1U_INpQ
http://www.youtube.com/watch?v=m-DS1U_INpQ

A LT A A —T x4 X(Kawasaki et al.)

Five-Fingered_ Haptic Interfacg

h;i_-‘"a-" VERV A,

http://www.youtube.com/watch?v=Xx1YY Oxo4gk&feature=related



http://www.youtube.com/watch?v=XxlYY0xo4gk&feature=related

Wear Type(3) Electrical Stimulation

Antagonist
muscle

FRR, Il E: (REBAEREE, FFF7-20978

o FMHDEIRIATENANZIRT
o B8, ELRIFEGSFITOMELELSD

e Antagonist Muscle is electricall stimulated.

e Light weight, but strong tactile sensation also.
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o FHNERIBRICHYRENEENESEHES
o FAM:ERICHYMENEENETEES

e Extrinsic hand muscles: Large & coase finger mc

e [ntrinsic hand muscles: Small & fine finger moti
< ) 7 0

o

http://www.kayatsuri.co.uk/guitar/mechanic/mecuaiucs il



Posessed Hand

i


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

e R E RN

Functional Electrical Stimulation

video

X (Z/N\EYT—LarTRLbGLND,

® H'EAE DB (=REARGRIZE) [CITEHERE.
®Mainly used in rehabilitation.

® Scveral problems remains for long-term stimulation.
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SR BT E HAL General Electric “Hardiman” (1965)


http://sanlab.kz.tsukuba.ac.jp/r_hal.php

How to reconstruct the world?

e Reconstruct Shape
— &33! “Encounter Type
— High Cost, but free hand
— True “Contact”=Natural Tactile Sensation

e Reconstruct Hand Shape
- R RS
Wear Type, or Grip Type
— Low Cost but must equip
— Most Commercial Haptic Interface



Grip type(1)
PHANToM (SensAble)

1 "y \
ORELBRILNTTAVITINAR, 6BHEZYR—h
OIEH Y IRAATERAFEINI=MNELUIRV T YT AL T

®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.




BEHAEHFREO/NSCTKREGEEL

SmaII but significant difference between wear type and grip type

o 5! “Weartype:
- BIEIZTHR—T 0 E

Each finger must be supported
— THHeRYVR/ Classical VR

o EFFE! ~Grip type:

- IRV IFOHEDOFIKEEIZHLTHIE
~EERERY). 5~ HiIERIEREEDN
Force is presented to “Tool”, and
presentation to hand is indirect.

- HREIAE/

Practical solution for many applications




Grip type(1)PHANToM (SensAble)

il

http://www. outube.com/watch_‘?\./=a9'thVOme&featurezrelated



http://www.youtube.com/watch?v=u9jdhUvOmMw&feature=related
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http://www.youtube.com/watch?v=REA97hRX0WQ

Omega (force dimension)
I



http://www.youtube.com/watch?v=Oh7saN3hI68

Falcon (Novint)

http://www.youtube.com/watch?v=mW70elK9Yrs&feature=related

o BEINTTAVITINAR, 7T— L& THRE

e Very cheap haptic device is sold for gaming use


http://www.youtube.com/watch?v=mW70elK9Yrs&feature=related




Magrev

http://www.youtube.com/watch?v=cMi75SrDbsk&feature=related


http://www.youtube.com/watch?v=cMi75SrDbsk&feature=related

Large Field Haptic Display
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= Antonia Perez (2009) A NOVEL HAPTIC INTERFACE FOR EXTENDED

RANGE TELEPRESENCE: CONTROL AND EVALUATION
u L
;P'i'.f-‘l.l-r .

ature=related


http://www.youtube.com/watch?v=J3KVekC9_Mg&feature=related

HapticMaster (MOOG FCS)

http://www.youtube.com/watch?v=teGEcE1VS6]

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

o EERONRYMIZNYIRSANE)TADEVRIEE+ Dt Y

e Rigid structure without back-drivability, like industrial robot. With force sensor



http://www.youtube.com/watch?v=tgGEcE1VS6I

B MEHM LMY DLBH? Make it light, or make it rigid?

o /\YOUKSA/\E) T« /back-drivability

=H NEZEERENELINEID I W L
Whether output shaft can be moved directly e e

o HEEDHE/ Ordinary gear
INVIRSANE)T4F. I=ELETEMNK
SWMFERA (1:5082F)

Back-drivable, but reduced if gear ratio is
higher.

e A —LFTF/Worm gear:
INVIRSAINE ) T4
Not back-dribable.

INTTAVIAR3T—RITH hEFEEMEND ., /Ny IRTA/\T
ILINEIMNTHIE AN EH-TLS,

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




BAEHD L oMY DLBHH? Make it light, or make it rigid?

o MERLVHE:
T - DJAVERENE. (ERXTLL.
- NYIRSANEYT )

o [ELVIEIE:
- EXRAARYMNEE.
- &F 7. A—HYEEHNELL.
- N\NRILEIRD DY IZRE
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How to control “light” haptic interface?

0 X
I >

nl e MX=f —cx—kx

C

A~

AE—RXRBDOLIaL—MFE
o FHOEIBEEAL
o MBVLEEICISLENEZEA.

o FEMNEICHYRALECANCHIBT M0, ARTARATLAFIZEED
NETTENEDRE=/\VIrZANE)T1H

g —
%gﬁiia

Impedance based method
e Measure grip position.
e Qutput force according to the position and velocity.

e Asin the first step, position must be changed by the user, the haptic interface
must be back-drivable.



MERLN | R E DA A
How to control “rigid” haptic interface?

0 X
| >

nlr MX=f —cx—kx

C

—\W\~

TRIYRVRAB DU zaL—MFRE
o RHtADNZEE
o ZEDAITEDE, FENESBMHE, TDRHEZH .

o FHRICHEVYBAED, NVIRSANE)TAIFE, EXARRYNEDE
WEEZH A&

Admittance based method
e Measure operator’s force
e (Calculate world’s behavior according to the force, and change position of the grip.

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



TODAY’s TOPIC

1. Haptic Perception Mechanism (other than skin sensation)

a. Haptic lllusions
I.  Vision + Haptics
lI.  Cutaneous+Haptics

2. Classifying Haptic Interface

a. Grounded type
l. Encounter type
lI.  Wearing type
lll. Holding type (pen & tools)

b. Ungrounded type
3. Application of Haptic Interface
a. VR

b. Telexistence & Communication
c. AR



R D F,

1/ Using gyro effect




O AONROF A EFE B RS> R B

Usmg gyro effect Rotation axis is turned

|:|/I . %Eﬂ%ﬁrﬁﬂ SH FEX v/ OF—AUMEAVNEANREERY
FREMXEEVol.7 No.3 (2002)

http //intron.kz.tsukuba.ac.jp/gyro/gyro_j.html
L_ U



http://intron.kz.tsukuba.ac.jp/gyro/gyro_j.html

GyroCube : [B]E5 3R EE ZX {E/ Rotation speed is changed

GyroCube

th#f, $2F, "GyroCubeZ F L \f-HapticCompassDIRE", BRERITIRI DL, 2003

-
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F

by
1DMDE—4 [O)Ex

http://staff.aist.go.jp/n-nakamura/HapticNavi/movie.html

£



http://staff.aist.go.jp/n-nakamura/HapticNavi/movie.html
http://staff.aist.go.jp/n-nakamura/HapticNavi/movie.html
http://staff.aist.go.jp/n-nakamura/HapticNavi/movie.html

Virtual Chanbara(2001) (=

BRIR,

HEDRLEEES>F

JEs

Sudden ghange@f rotation speed *duces impulse

L _ ¢ Daijiro Koga et al., Virtual Chanbara, Siggraph2002
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http://www.stooraph.ore/s2002/conterence/etech/virtaal html



http://www.siggraph.org/s2002/conference/etech/virtual.html

{RINEE D F| .~ Using Asymmetric Acceleration
Buru-Navi (Amemiya et al.)

http://www.youtube.com/watch?v=Y; WnNWVE&F4



http://www.youtube.com/watch?v=Yj_WnNWV8F4

Buru-Navi Application(Amemiya et al.)

http:// www.youtube.com/watch?v=xoxbADarD4k



http://www.youtube.com/watch?v=xoxbADarD4k

GyroCube Sensuous : {i@ I03E E ) F| FF
GyroCubeSensuous

http://www.aist.go.jp/aist_j/press_release/pr2005/pr20050411/pr20050411.html
http://www.aist.go.jp/aist j/press release/pr2010/pr20100825/pr20100825.html

] 8%

th4t Bk STRRRICARR - F A EF 525 ER—REEM AT/ FTT—ADAHE
%, CEDEC2010



http://www.aist.go.jp/aist_j/press_release/pr2005/pr20050411/pr20050411.html
http://www.aist.go.jp/aist_j/press_release/pr2010/pr20100825/pr20100825.html

%Fﬁ' E"]t; I‘)I/OGD:]:IEE/_\ FlexTorque (Tsetserukou et al. 2009)
Local torque presentation

Mator Holder

—__*:-
[ Motor —F o

Bl .II———!T.-'
FlexTorque Ll

el Mixator

Innovative Haptic Interface for

Realistic Physical Interaction in
Virtnial Raalitu

D. Tsetserukou et al: Exolnterfaces: novel exosceleton haptic interfaces for virtual
reality, augmented sport and rehabilitation, Augmented Human 2010



http://www.youtube.com/watch?v=wTZs_iuKG1A&feature=related

REREICKSNEDER
Haptic illusion by cutaneous input
Gravity Grabber (Minamizawa et al.)

http:// www.youtube.com/watch?v=xoxbADarD4k



http://www.youtube.com/watch?v=xoxbADarD4k

TODAY’s TOPIC

1. Haptic Perception Mechanism (other than skin sensation)

a. Haptic lllusions
I.  Vision + Haptics
lI.  Cutaneous+Haptics

2. Classifying Haptic Interface

a. Grounded type
l. Encounter type
lI.  Wearing type
lll. Holding type (pen & tools)

b. Ungrounded type
3. Application of Haptic Interface
a. VR

b. Telexistence & Communication
c. AR



What to display?

e Virtual World Information
— CG Modeling
— Video Game
— Cockpit is only Necessary

e Real World Information

— Telexistence, Remote Communicatio
— Surgical Training
— Haptics AR



TE LESARTachi etal., 1 989)

1

Attp://tachilab.org/modules/ or Scts/telesar.html


http://tachilab.org/modules/projects/telesar.html




Remote mutual communication
Robotic User Interface (RobotPHONE)

Dairoku Sekiguchi, Masahiko Inami, Naoki Kawakami and Susumu Tachi: The Design of Internet-Based
RobotPHONE, ICAT2004 ARSDTAT O RT LY,
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Medical Application: Surgical Training
ERARIZIRTE/R Intravenous line insersion
4

o HBEIEMRETI TN —=UF, fEI4
—RN\yHFESSAL—RICBEZMZ S,

e Ordinally, training is done by real-size model.
Haptic simulator will replace it.
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Medical Application: Surgical Training
NIREEF T Laparoscopic Surgery

o BIREERI-AMTBEICES>TIIEZREMGENFENDBLE

e Low-invasive surgery, but operator must be trained.



NtREFEF T TaL—4 Laparoscopic Surgery Simulator




F1i7.~ Robotic Tele-Surgery: da Vinci

da Vinchi: REBFRAGV AT L, TDIR

REL. ADAADLIRENZFR<F DY
—kEHY,

daVinchi: No force presentation. Low

pass filtering of human input to eliminate

vibration.
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Bt FH : &6 / Medical Application: Summary
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BEECERLTLS,

EE(TINTTAVvIA R TTI—A+CGTHERIBEE E.3IDTY A
DHENEHAEDLESEEELH S,

— 3DTYATIREFEDZETYTILVEME, f-IFLaRMS
EEDM P TDNT T4 9I2&B Y R—KIEER,

Conventional mecical training used mockups, which is still
prevailing way.

Haptic interface is glowing in the field of medical training

Two strategies. (1) Pure haptic device + CG. (2) Using 3D printer
output. (2) can present more realistic feeling, but still high cost.

Haptic support during true surgery is still limited.



Haptic AR(1): B*RZE(Z K-> THNZ L\ Zi S

Touching the non-touchable by sensory conversion

IS K4, B0 K, fR R B2, & & W RERTEZFAAL-ERERREERIE I ATLDIRE, H
RKIN—F ¥ )L T T4ERFHXES, Vol.7, No.2, pp.193-200 (2002.5)




Haptic AR(2): At B ERllfEIZKYFELoNSZEIRIZEZ S

Stiffness Modulation by using force sensor and impedance control

Interaction with
a soft sponge block

Stiffness Modulation for Haptic Augmented Stiffness Shifting: Improving the Perceived Hardness of a Virtual Surface,

Gabjong Han, Seokhee Jeon, Seungmoon Choi, Haptics Symposium 2010



Haptic AR(3): KIADIGFE

Zoran et al.: FreeD — A Freehand Digital Sculpting Tool, CHI2013


http://web.media.mit.edu/~amitz/Research/Entries/2011/11/15_FREE-D.html
http://web.media.mit.edu/~amitz/Research/Entries/2011/11/15_FREE-D.html
http://web.media.mit.edu/~amitz/Research/Entries/2011/11/15_FREE-D.html

HHYIZ Summary

o NITTAvIA AT —RIFIREBTEEILIREE, /\—F
DIF7ELTIEHAENGRRAIZITLDDHS,

e HICIWWAZRELIZBS. [EREIOBEDAMNFD
BIOBERELYE, CORHOHE R TIHEERATR,

e Numerous haptic interface is now commercially available.

e For specific application, reproducing the behaviour of
“tool”, not hand, is easier, naturally leading to grip type
interface.



INT A/ Mini Test R[EIFAIRE T

LUTDOETIZI00F LINTEE THEZH £~ Answer all questions within 50 words

1. BERHEEDOF RIZDUVTERBAE & Explain merit of antagnistic muscle
structure.

ARANEED & EZDULVTERBAE K Explain role of muscle spindle

SILUEEZRE DEENZDUVTERBAHE & Explain role of Goldi tendon organ.

HA X —FIERITDLVTERAH & Explain size-weight illusion.

O a—RNT T4 RIZDULVTERBAE &K Explain pseudo-haptics illusion

FIN—INUR A1) 2—2 322 DUVTERBAHE & Explain rubber-hand illusion

KIRIEIZ DUV TERBAHE &K Explain phantom pain.

NF—REHZDUNTERBAHE & Explain hanger reflex

EBENT T4 T 1 A RIZDVTERBAE & Explain encounter type haptic

device.

10. ZFJEINT T4 I TN L RIZDUVTERBAHE & Explain wear type haptic device.

11EBREBEHERONT T4 T NARADEWNIZDULNTERBAHE & Explain
difference between wear type and grip type haptic device.

12. 7N\ RZA/\E) 7412 DUVTERBAE & Explain back-drivability
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